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Abstract 

 This dissertation consists of two parts, the first focused on the Pamir orogenic system and 

the second focused on the use of petrology to understand tectonic processes more generally.  The 

Pamir Mountains are located at the western end of the Tibetan Plateau and are part of the Alpine-

Himalayan orogenic belt.  The Pamir has evolved from a Cordilleran-style orogen during the 

Mesozoic into a continent-continent collisional orogen during the Cenozoic.  The examination of 

the Pamir Mountains takes an orogenic systems approach and investigates the foreland basin 

system, the retro- fold and thrust belt, the orogenic plateau hinterland, and the magmatic arc in 

the Pamir.  Methods of analysis include structural geology, geochronology, thermochronology, 

petrology, geochemistry, sedimentology, stratigraphy, and numerical modeling, Tectonic 

processes and phenomena investigated include; intracontinental subduction, lithospheric 

delamination, crustal shortening, low-angle subduction, thrust belt evolution, subduction roll-

back, crustal anatexis, mantle drips, hinterland extension, high-flux events, crustal assimilation, 

syntectonic sedimentation, decoupled upper-lower crustal deformation, foreland basin 

sedimentation, subsidence dynamics, and sediment routing.   

 The second part of the dissertation is focused on convergent orogenic systems more 

broadly and the development of petrologic and geochemical methods for interpreting tectonic 

processes.  Igneous rocks and accessory minerals are studied, focusing on major and trace 

elements, radiogenic isotopic systems, and stable isotopic systems.  Specific methods 

investigated include; geochemical proxies for crustal thickness, relating zircon element 

concentrations to whole rock compositions, interpreting the origin of spatial and temporal trends 

in radiogenic isotopic data, estimating mantle melt source regions, and the role of crustal 

assimilation in continental arcs. 
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Chapter 1: Introduction 

 Convergent orogenic systems are the tectonic machines that manufacture, modify, and 

destroy continental lithosphere.  They are the primary topographic feature of the continents and 

represent the highest concentration of Earth’s most valuable natural resources as well as most violent 

natural hazards.  Elucidating the inner workings of these machines, the interconnectedness of their 

components, is the driving force behind my research.  This chapter introduces some of the main 

tectonic problems examined in the dissertation and provides background information on material 

discussed in subsequent topical chapters. 

 

The Pamir 

 Chapter 2 in this dissertation focuses specifically on the Pamir Mountains, which are 

currently part of the India-Asia continental collisional orogenic system, but also have an older 

Mesozoic history of Cordilleran tectonics associated with the northward subduction of Tethyan 

oceanic lithosphere (Burtman and Molnar, 1993).  The Pamir Mountains form the western end of the 

Tibetan Plateau and like Tibet, the Pamir are composed of several Gondwanan terranes that were 

accreted to Asia during the Mesozoic including the Karakul-Mazar subduction accretion complex, 

the Central Pamir terrane, and the South Pamir terrane (Allégre et al., 1984; Schwab et al., 2004; 

Robinson et al. 2012).  The Karakul-Mazar complex formed on the southern margin of Asia, 

which in the Pamir includes part of the Paleozoic Kunlun arc (Xiao et al., 2002).  The Karakul-

Mazar complex contains Late Triassic intermediate intrusive rocks emplaced into a Triassic 

accretionary complex (Schwab et al., 2004; Robinson et al., 2012).  The Central Pamir terrane 

was accreted to the Karakul-Mazar complex along the north-dipping Tanymas suture (Burtman 
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and Molnar, 1993).  The South Pamir terrane was accreted to the Central Pamir along the 

Rushan-Pshart suture zone during the Early Jurassic, which created the Rushan-Pshart arc 

(Schwab et al., 2004). The Karakoram terrane is located south of the Pamir and was accreted to 

the South Pamir terrane along the Tirich-Kilik suture during the Jurassic (Zanchi and Gaetani, 

2011).  By the end of the Jurassic, all of the constituent terranes of the Pamir were fully sutured 

(Burtman and Molnar, 1993). 

 

Cretaceous 

 During the Early to mid-Cretaceous, northward subduction of oceanic lithosphere was 

occurring south of the Pamir, which constructed an arc regionally called the Trans-Himalayan 

batholith, and locally referred to as the Karakoram batholith and South Pamir batholith (Debon et 

al., 1987; Searle et al., 1987).  The Pamir may have contained moderately thickened crust at this 

time and was actively shortening (Robinson, 2015).  Retro-foreland basin sedimentation may 

have started north of the Pamir (Hamburger et al., 1992).   

 During the Late Cretaceous, the Kohistan island arc was accreted to the Karakoram 

terrane along the Shyok suture zone and northward subduction beneath the Karkoram terrane 

ended (Petterson and Treloar, 2004; Borneman et al., 2015).  Following collision, the 

NeoTethyan slab may have rolled back, resulting in regional extension and extension-related 

magmatism in the Pamir (Treloar et al. 1989; Debon and Khan, 1996; Jagoutz et al., 2007; Burg, 

2011).  There is no evidence for upper Cretaceous shortening in the Pamir and subsidence and 

sediment accumulation slowed in the Tajik Basin (Leith, 1985).   

 

Paleogene 
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 The timing for the initial collision of India with Asia at the longitude of the Pamir is still 

debated, but is most often cited to have occurred between 40 Ma and 50 Ma (Searle et al., 1987; 

Treloar et al., 1989; Burg, 2011; Bouihol et al., 2013; Borneman et al., 2015).  Prograde 

metamorphism in Pamir interior suggests that burial and crustal thickening associated with the 

collision started by the Middle to Late Eocene (Fraser et al., 2001; Smit et al., 2014; Stearns et 

al., 2013; 2015; Hacker et al., 2017).  Eocene magmatism locally occurred in the Central and 

South Pamir terranes (Schwab et al., 2004; Stearns et al., 2015; Volkov et al., 2016).   

Eocene sedimentation in the Tajik Basin occurred at a low rate and was characterized by 

numerous transgression and regression cycles (Bosboom et al., 2013; 2017).  A regionally 

extensive disconformity or weak angular unconformity developed in the Tajik Basin during the 

Late Eocene to Early Oligocene (Burtman, 2000; Nikolaev, 2002).   

 During the Late Oligocene to Early Miocene, a series of gneiss domes started to be 

exhumed in the South Pamir terrane and Central Pamir along low-angle detachment faults 

(Stübner et al., 2013a; Stearns et al., 2013; 2015; Hacker et al., 2017; Rutte et al., 2017a).  There 

is no evidence for contractional deformation or magmatism in the Pamir interior during this time.  

In the Tajik Basin, sediment caliber and sedimentation rate increases dramatically in the 

Oligocene and forms and upward coarsening foreland basin succession (Nikolaev, 2002; Klocke 

et al., 2017).   

 

Neogene 

 The Tajik fold and thrust belt migrated into the present-day Tajik Basin starting during 

the Oligocene to Pliocene (Burtman, 2000; Nikolaev, 2002).  The TFTB is still active today and 
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GPS measurements indicate ~5-10 mm/yr convergence across the TFTB in a northwest-southeast 

direction (Mohadjer, 2010; Ischuk et al., 2013). 

 Two oppositely inclined zones of intermediate-depth seismicity have been identified in 

the upper mantle beneath the Pamir, the Hindu Kush seismic zone that dips steeply northward, 

and the Pamir seismic zone, which dips steeply southward (Schneider et al., 2013; Sippl et al., 

2013).  Both of these seismic zones have been interpreted at subducted slabs (Roecker, 1982).  

Tomographic and receiver function data indicates a low-velocity layer at the top of the Pamir 

slab, which has been interpreted a lower crustal material (Koulakov and Sobolev, 2006; 

Schneider et al., 2013; Sippl et al., 2013).  The Pamir slab could be part of the Tajik-Tarim basin 

lithosphere that was subducted southward (Schneider et al., 2013; Sippl et al., 2013) or may be 

related to lithospheric delamination (Kufner et al., 2016).  

 Neogene magmatism is localized to the Taxkorgan intrusive complex (Robinson et al., 

2007; Jiang et al., 2012) and the ultrapotassic Dunkeldik volcanic field (Ducea et al., 2003; 

Hacker et al., 2005), which have been interpreted to be related to decompression melting and 

asthenosphere upwelling.  The Pamir gneiss domes also contain Miocene leucogranite plutons, 

dikes, sills, and leucosomes in migmatitic regions (Robinson et al., 2007; Searle et al., 2010; 

Stearns et al., 2015).   

 Exhumation of the Pamir gneiss domes accelerated during the Miocene, with 

thermochronologic cooling ages of 20-10 Ma (Stübner et al., 2013b; Rutte et al., 2017b).  

Outside of the gneiss domes, Cretaceous to early Paleogene cooling ages in the Central and 

South Pamir terranes indicate limited (<10 km) exhumation in the Neogene (Stübner et al., 2013; 

Rutte et al., 2017b). 
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Tectonic Petrology 

Sr/Y and Crustal Thickness 

 Plagioclase is stable at low pressures (<~1 GPa) and incorporates Sr, however, at high 

pressures (>1.2 Gpa) plagioclase is unstable and Sr preferentially enters the melt.  Conversely, Y 

partitions into garnet and amphibole at high pressure (Lee et al., 2007).  Because of this 

behavior, Sr/Y van be used to estimate the pressure or depth of magmatic differentiation and 

fractionation. larger Sr/Y ratios indicate greater pressures or depths.  

 

Rare Earth Element Partition Coefficients 

 Rare Earth Element (REE) zircon-rock partition coefficients (𝐷𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑧𝑧𝑧𝑧𝑧𝑒/𝑏𝑏𝑒𝑏 𝑧𝑧𝑧𝑏) vary by 

up to several orders of magnitude (Hanchar and van Westrenen, 2007) and the factors that cause 

this variability are varied (Watson, 1985; Hoskin and Schaltegger, 2003; Rubatto and Hermann, 

2007; Burnham and Berry, 2012; Trail et al., 2012; Taylor et al., 2015).  In spite of the variation, 

constant partition coefficients are often still employed when estimating bulk rock composition.   

There is large variability in REE concentrations in zircon, which suggests that REE 

concentrations variability is responsible for the large range of partition coefficients.  The 

relationship can be explored using a power law relating partition coefficient and REE 

concentration in zircon, 

 𝐷𝑅𝑅𝑅
𝑧𝑧/𝑏𝑧 =

𝑋𝑅𝑅𝑅𝑧𝑧

𝑋𝑅𝑅𝑅𝑏𝑧 = 𝛼(𝑋𝑅𝑅𝑅𝑧𝑧 )𝛽 (1) 

where 𝑋𝑅𝑅𝑅𝑧𝑧 and 𝑋𝑅𝑅𝑅𝑏𝑧 are the concentration of an individual REE in zircon and bulk rock 

respectively and α and β are theoretical variables.   
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Spatial and Temporal Trends in Radiogenic Isotopic Data 

 The Hf, Nd, Pb, and Sr radiogenic isotopic systems are most commonly used to study 

orogenic magmatism.  The Lu/Hf, Sm/Nd, and Rb/Sr systems behave in a coherent manner with 

respect to fractionation between the crust and mantle.  Many Cordilleran orogens display a trend 

toward more evolved isotopic compositions away from the trench (Kistler and Peterman, 1973; 

1978; Farmer and DePaolo, 1983; 1984; Harris, 1988; Rogers and Hawkesworth, 1989; Glazner 

and O’Neil, 1989; Stern, 1991; Ghosh, 1995; Kay et al., 2005; Mamani et al., 2010; Zhu et al., 

2011; Boekhout et al., 2015; Jones et al., 2015).  The nature and origin of these trends are 

debated, but include three end-member components: the depleted asthenospheric mantle, the 

deep lithosphere including the mantle lithosphere and lower crust, and a sedimentary component.  

The depleted asthenospheric mantle is the isotopically juvenile component in the spatial isotopic 

trend in Cordilleran orogens, but the more isotopically evolved component is uncertain.  

 

Chapter 2: The Pamir Orogenic System 

Foreland Fold and Thrust Belt 

 Appendix A focuses on the Tajik fold and thrust belt, on the northwest side of the Pamir 

Mountains.  A new regional cross-section is created for the Tajik fold and thrust belt using 

structural, stratigraphic, well-log, and geophysical data.  The cross-section shows that the thrust 

belt is composed of a series of thrust faults and folds that verge inward, toward the center of the 

Tajik Basin.  Sandstone samples were collected from the base of all the major thrust sheets in the 

thrust belt and new apatite (U-Th)/He, zircon (U-Th)/He, and apatite fission track cooling ages 

were determined and combined with thermokinematic modeling in order to asses; 1) the timing 

of deformation, 2) the magnitude of deformation, and 3) the relationship between thrusting and 
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growth of the Pamir Mountains and Tian Shan.  The results suggest that the Tajik fold and thrust 

belt is actually two distinct thrust belts.  One thrust belt emanates from the Tian Shan and the 

other thrust belt is associated with the Pamir Mountains.  The thrust belt associated with the 

Pamir Mountains records ~30 km of shortening that has accumulated during the Miocene to 

present.  This amount of shortening is at odds with previous intracontinental subduction models 

that had suggested ~300 km of lithosphere has been underthrust or subducted southward beneath 

the Pamir Mountains.  A new model is proposed, in which intermediate depth seismicity and a 

low-velocity zone in the upper mantle are related to delamination of the Pamir lower crust and 

mantle lithosphere. 

 

Magmatic Arc and Igneous History 

 Appendix B investigates the tectonic history of the Pamir Mountains using the Mesozoic 

to Cenozoic igneous rock record.  New data is collected from all of the major magmatic 

complexes in the Pamir, including; zircon U-Pb isotopes, zircon Lu-Hf isotopes, zircon O 

isotopes, whole rock major and trace elements, and whole rock Rb-Sr and Sm-Nd isotopes.  A 

period of low-angle subduction during the mid-Cretaceous created the South Pamir batholith and 

includes a high-flux event at ~ 105 Ma.  Slab roll-back during the Late Cretaceous caused low-

volume, extension-related magmatism in the Central Pamir terrane.  Potentially 

contemporaneous with India-Asia collision, there is a major pulse of magmatism in the Central 

Pamir terrane at ~40 Ma that created the Vanj magmatic complex.  This complex is interpreted to 

be related to a mantle drip or small mantle delamination event.  Miocene igneous rocks in the 

Pamir are mainly limited to leucogranite and migmatite located within the Pamir gneiss domes 

and are associated with decompression melting during exhumation and crustal anatexis.  The 
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Cretaceous to Paleogene record of magmatism in the Pamir has direct analogies to the magmatic 

history in the Tibetan Plateau and suggests that the tectonic processes may be characteristic of 

collisional orogens. 

 

Orogenic Plateau 

 Appendix C explores crustal shortening within the interior of the Pamir Mountains and 

the processes that created the Pamir orogenic plateau.  New geologic mapping in the South Pamir 

terrane suggests that there was been relatively little internal Cenozoic shortening in the South 

Pamir.  Mapping reveals a transpressional thrust belt with coarse clastic sedimentary rocks in the 

footwalls of major structures that record syn-kinematic growth.  New detrital zircon U-Pb and 

detrital zircon fission track dating of the sedimentary rocks suggest that the thrust belt was active 

during the Cretaceous.  The total amount of shortening in the thrust belt is ~10 km.  The results 

suggest that the Pamir orogenic plateau may have been built by underthrusting of Indian 

lithosphere, rather than internal shortening.  New zircon (U-Th)/He and apatite (U-Th)/He data 

from the South Pamir is combined with previously published thermochronology data to show 

that areas outside of the Pamir gneiss domes have not experienced significant burial or 

exhumation during the Cenozoic, which supports a model of lower crustal thickening driven by 

underthrusting of India. 

 

Foreland Basin 

 Appendix D uses the Tajik retro-foreland basin to interpret the tectonic history of the 

Pamir orogen.  New stratigraphic sections are measured at different locations in the Tajik Basin, 

including a ~6 km thick section on the western margin of the Pamir Mountains.  Samples are 
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analyzed by zircon U-Pb geochronology, zircon fission track thermochronology, 

micropaleontology, and sandstone petrography to help establish the age of units and to interpret 

their provenance.  Measured sections are analyzed sedimentologicaly to understand the 

distribution and evolution of depositional systems.  The results suggest that the Tajik Basin has 

been part of a foreland basin system since at least the Early Cretaceous.  A new subsidence curve 

is generated for the Tajik Basin that display a stair-step pattern that is interpreted to reflect 

changing tectonic conditions in the Pamir hinterland and at the subduction margin.  Rapid 

subsidence during the mid-Cretaceous is related to low-angle subduction and regional 

shortening.  Slow subsidence during the Late Cretaceous to early Paleogene is associated with 

slab roll-back and hinterland extension.  A return to fast subsidence during the Oligocene marks 

a return to a contractional tectonic regime and growth of the Pamir associated with India-Asia 

collision. 

 Appendix E focuses on foreland basins and foreland fold-thrust belt systems globally.  A 

linkage between basin stratigraphic architecture and thrust belt decollement position is 

recognized to be a common feature in many orogenic systems.  Fine-grained sediments deposited 

in backbulge and distal foredeep depozones are regularly exploited as decollements and/or roof 

thrusts in thin-skinned thrust systems.  These patterns can help explain thrust belt geometry in 

many orogens, including the Tajik fold thrust belt. 
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Chapter 3: Tectonic Petrology: Evaluating Orogenic Systems 

 Tectonic petrology is the use of petrology and geochemisty to evaluate specific tectonic 

and geodynamic processes.  This chapter focuses on methods and techniques that were 

developed or investigated in order to advance the field of tectonic petrology.   

 

Proxies for Crustal Thickness 

 Appendix F quantifies the relationship between whole Sr/Y ratios in intermediate 

continental arc magmas and crustal thickness.  Amphibole and garnet are stabilized at high 

pressure whereas plagioclase is unstable at high pressure, which results in high Sr/Y ratios for 

igneous rocks that differentiated in the lower crust.  A global compilation of geochemical data is 

used to calibrate an equation relating Sr/Y to Moho depth.  The new equation is tested on the 

U.S. Cordillera and suggests that; 1) crustal thickening in the Great Basin region started in the 

Late Jurassic to Early Cretaceous, 2) a 55-65 km thick orogenic plateau was present during the 

Late Cretaceous, and 3) the plateau started to collapse during the Oligocene.  The results are 

consistent with independent geologic evidence and support the use of Sr/Y to investigate ancient 

orogenic systems. 

 

Zircon and Whole Rock Composition 

 Whole rock geochemical data can be a powerful tool, however, in some cases there is 

only a detrital record of past orogenic events.  In these cases, it would be useful to be able to 

estimate parent rock geochemical concentrations from detrital minerals like zircon.  Appendix G 

examines rare earth element (REE) partitioning between zircon and whole rocks to advance our 
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understanding of element partitioning.  The results show that partition coefficient increase for 

REE concentration in zircon, following a power law.  Coefficient and exponents terms for the 

power law are empirically defined using new and previously published data.  Several examples 

are used to test the new method and assess its applicability. 

 

Radiogenic Isotopic Trends 

 Radiogenic isotopic data from continental arcs has the potential to reveal tectonic 

processes.  Appendix H reviews spatial and temporal isotopic trends in the U.S. Cordillera, 

Andes, and Tibetan Plateau.  The results indicate that spatial trends, rather than temporal trends, 

are the most constant Cordilleran orogenic systems.  The most robust spatial trend is trend 

toward more evolved compositions away from the trench.  This trend persists through time and 

across different geochemical compositions.  The trend is hypothesized to be related to a thinning 

of the mantle lithosphere toward the trench.  Delamination or removal of the mantle lithosphere 

is expected to cause temporal shifts in the isotopic composition of igneous rocks.  Large 

temporal changes in the isotopic composition of magmatism may be often related to arc 

migration rather than a change in melt components. 

 The model presented in Appendix H is tested in the southwest U.S. Cordillera using 

Mesozoic to Paleogene igneous rocks in Appendix I.  New zircon U-Pb ages, zircon Lu-Hf 

isotopes, and zircon O isotopes are collected from a ~1,600 km long transect across the 

Cordillera.  The data show that there is a spatial trend toward more juvenile isotopic 

compositions away from the trench.  Near the California-Arizona border, the isotopic 

composition of magmatism starts to become more juvenile, which is interpreted to reflect 

younger lithosphere provinces and a primary melt source within the continental mantle 
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lithosphere.  Temporal changes in the Mojave Desert region are interpreted to reflect removal or 

destruction of the mantle lithosphere during the Laramide orogeny, when low-angle subduction 

emplaced the Pelona-Orocopia-Rand schist. 

 

Big Data 

 During the preparation of Appendix H and as a result of research into the Pamir 

Mountains, large geochronological, geochemical, and isotopic datasets on Mesozoic to 

Quaternary igneous rocks in the Himalayan-Tibetan orogenic system was created.  Appendix J 

presents an online database that was created to host new and previously published geochemical 

data from the Himalaya-Tibet region.  The database allows for the rapid comparison of large 

datasets and is used to illustrate that high-flux events in the Gangdese arc are commonly 

associated with period of arc magmatism, which suggests there may be a genetic link between 

period of slab shallowing and arc flare up events. 
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Abstract 

 A regional, balanced cross-section is presented for the thin-skinned Tajik fold and thrust 

belt (TFTB), constrained by new structural and stratigraphic data, industrial well-log data, 

flexural modeling, and existing geologic and geophysical mapping.  A sequential restoration of 

the section is calibrated with 15 new apatite (U-Th)/He ages and 7 new apatite fission track ages 

from samples of the major thrust sheets within the TFTB.  Thermokinematic modeling indicates 
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that deformation in the TFTB began during the Miocene (≥ ~17 Ma) and continues to the near 

present with long-term shortening rates of ~4 to 6 mm/yr and Pliocene to present rates of ~6 to 8 

mm/yr.  The TFTB can be characterized as two distinct, oppositely verging thrust belts.  

Deformation initiated at opposite margins of the Tajik foreland basin, adjacent the southwest 

Tian Shan and northwest Pamir Mountains, and propagated toward the center of the basin, 

eventually incorporating it entirely into a composite fold-thrust belt.  The western TFTB records 

at least 35-40 km of total shortening and is part of the greater Tian Shan orogenic system.  The 

eastern TFTB records ~30 km of shortening that is linked to the Pamir Mountains.  The amount 

of shortening in the TFTB is significantly less than predicted by models of intracontinental 

subduction that call for subduction of an ~300 km long slab of continental Tajik-Tarim 

lithosphere beneath the Pamir.  Field observations and structural relationships suggest that the 

Mesozoic and younger sedimentary rocks of the Tajik Basin were deposited on and across the 

Northern Pamir terrane and then subsequently uplifted and eroded during orogenic growth, rather 

than subducted beneath the Pamir.  The Paleozoic – Proterozoic (?) meta-sedimentary and 

igneous rocks exposed in the Northern Pamir terrane are equivalent to the middle-lower crust of 

the Tajik Basin, which has become incorporated into the Pamir orogen.  We propose that the 

south-dipping zone of deep seismicity beneath the Pamir, which is the basis for the 

intracontinental subduction model, is related to gravitational foundering (by delamination or 

large-scale dripping) of Pamir lower crust and mantle lithosphere.  This contrasts with previous 

models that related the Pamir seismic zone to subduction with or without roll-back of Asian 

lithosphere.  Delamination may explain the initiation of extension in the Pamir gneiss domes and 

does not require a change in plate boundary forces to switch between compressional and 

extensional regimes.  Because the Pamir is the archetype for active subduction of continental 
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lithosphere in the interior of continental plates (intracontinental subduction), the viability of this 

particular tectonic processes may need to be reassessed. 

 

Introduction 

 The Pamir region is the most prominent and widely-cited example of intracontinental 

subduction in the world (Roecker et al., 1982; Hamburger et al., 1992; Burtman and Molnar, 

1993; Fan et al., 1994; Pavlis et al., 1997; Kumar et al., 2005; Negredo et al., 2007; Mechie et 

al., 2012; Schneider et al., 2013; Sippl et al., 2013; Sobel et al., 2013; Kufner et al., 2016).  The 

intracontinental subduction model suggests that the Pamir has advanced ~300 km over its 

foreland, the Tajik-Tarim Basin, and that Asian continental lithosphere is subducted beneath the 

Pamir, forming a “Pamir slab” that generates deep seismicity (Burtman and Molnar, 1993; 

Mechie et al., 2012; Schneider et al., 2013; Sippl et al., 2013) (Fig. 1).  In some versions of this 

model, Asian lower crust and mantle lithosphere is first underthrust or subducted at a low-angle 

beneath the Pamir and then rolls back northward (Sobel et al., 2013).  Other hypotheses for the 

origin of the Pamir slab include aspects of subduction, underthrusting, roll-back, foundering, and 

forced-delamination (Stearns et al., 2015; Kufner et al., 2016; Rutte et al., 2017b).  A 

straightforward test of the intracontinental subduction model can be accomplished by quantifying 

the amount and timing of shortening in the Northern Pamir and Tajik fold and thrust belt 

(TFTB).  The intracontinental subduction model predicts ~300 km of Cenozoic shortening, 

which is the approximate down-dip length of the Pamir “slab” as seismically imaged in the 

mantle (Burtman and Molnar, 1993; Bourgeois et al., 1997; Burtman, 2000; Schneider et al., 

2013; Sippl et al., 2013).  Structural reconstructions of the Pamir slab indicate it may be as long 

as 380 km (Rutte et al., 2017b). 
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 In order to test the intracontinental subduction model in the Pamir, a structurally balanced 

cross-section across the TFTB and Northern Pamir is presented along with new apatite (U-

Th)/He (AHe) and apatite fission track (AFT) thermochronological ages collected from major 

structures within the TFTB.  Structural and thermochronologic data are combined in a 

thermokinematic model that produces synthetic thermochronologic ages based on a sequence of 

partially restored cross-sections.  This modeling provides constraints on the geometry, magnitude 

of deformation, timing of deformation, and structural evolution of the TFTB.  The results suggest 

that >50% of the shortening in the TFTB is related to Miocene and younger convergence 

between the Tian Shan and Tajik-Tarim lithosphere.  The remaining shortening in the TFTB 

(~30 km) is significantly less than the ~ 300 km of shortening required by models of subduction 

of Tajik continental (Asian) lithosphere.  We advocate an alternate explanation in which the 

Pamir lower crust and mantle lithosphere have delaminated or foundered as a result of internal 

orogenic thickening and potential eclogitization (Fig. 1C).  Although the kinematics of roll-back 

of previously subducted Asian lithosphere and delamination of thickened Pamir lithosphere may 

be similar (Sobel et al., 2013; Stearns et al., 2015; Kufner et al., 2016; Rutte et al., 2017b), the 

driving mechanisms are distinct and have important implications for: 1) the feasibility of 

continental subduction in the Pamir; 2) whether subduction can occur outside of plate margins; 

3) the long-term evolution of convergent orogenic plateaus, and 4) the relationship between 

contemporaneous deformation in the upper crust, lower crust, and mantle lithosphere.  It is 

important to distinguish between subduction-related processes like roll-back, which are driven by 

the dynamics of the slab or lower plate (Schellart, 2008) and delamination of thickened orogenic 

roots, which is a function of upper plate processes (Bird, 1979) that do not necessarily need to be 

mechanically or kinematically coupled to the subducting plate (DeCelles et al., 2009; 2015).  
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Subduction, including flat-slab subduction, is driven by forces acting on the lower plate (e.g., 

slab pull, ridge push, mantle traction) (Forsyth and Uyeda, 1975), whereas underthrusting (low-

angle thrust faulting) within the interior of a continent is driven by forces acting on the upper 

plate (e.g., plate boundary, gravitational). 

 

Regional Geology 

Tian Shan 

 The Tian Shan consists of a collection of terranes that were accreted to Eurasia during the 

Paleozoic (Windley et al., 1990).  The Tian Shan was reactivated during the Cenozoic in 

response to India-Asia collision (Tapponnier and Molnar, 1979).  Uplift and exhumation of the 

Central Tian Shan began during the late Oligocene to early Miocene (Hendrix et al., 1994; Sobel 

and Dumitru, 1997; Sobel et al., 2006; Heermance et al., 2008) and cooling ages near the Alai 

Valley (Fig. 1) indicate that denudation of the southwestern Tian Shan may have also begun 

during the early Miocene (20-22 Ma) (DeGrave et al., 2012, Sobel et al., 2013).  Deformation 

progressed into thin-skinned foreland thrust belts south of the Central Tian Shan during the 

middle to late Miocene (Yin et al., 1998; Heermance et al., 2008; Fu et al., 2010) in response to 

underthrusting of Tarim continental lithosphere (Roecker et al., 1993; Allen et al, 1999; Scharer 

et al., 2004; Makarov et al., 2010).  The southern margin of the Tian Shan consists of several 

thin-skinned fold and thrust belts including the Kashi, Kepintage, and Kuqa (a.k.a. Kuche) 

segments (Fig.1).  These thrust belt segments experienced 10-40 km of shortening during the 

Miocene and shortening rates have accelerated during the last 2-4 Ma (Scharer et al., 2004; Chen 

et al., 2007; Heermance et al., 2008; Yin et al., 1998; Allen et al., 1999; Sun et al., 2009).  In this 

contribution, we will make a direct comparison between the style, magnitude, and timing of 
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deformation in the western TFTB and the thrust belts bordering the southeast margin of the 

Central Tian Shan orogenic system.  

 

Pamir  

 The Pamir consists of the Northern, Central, and Southern Pamir terranes (Burtman and 

Molnar, 1993).  These three terranes, and the Pamir in general, are regarded as the westward 

prolongation of the Tibetan Plateau.  The Northern Pamir terrane is equivalent with the Kunlun 

terrane and the Central and Southern Pamir terranes are equivalent with the Qiangtang terrane 

(Robinson et al., 2012).  The Northern Pamir terrane comprises the Kunlun magmatic arc and the 

Karakul-Mazar arc-accretionary complex, which are part of a Cordilleran-style margin that 

formed the southern continental edge of Central Asia during Carboniferous to Triassic time 

(Schwab et al., 2004) (Fig. 1).  The Central and Southern Pamir terranes were accreted to Asia 

during the early Mesozoic (Burtman and Molnar, 1993; Schwab et al., 2004; Robinson et al., 

2012; Angiolini et al., 2013).  The sutures between the Northern, Central, and Southern Pamir 

terranes appear to be deflected northward and wrap around the Pamir salient (Fig. 1).  The 

geometry of these sutures has been used to suggest that the Pamir were thrust northward across 

the Tajik-Tarim Basin (Burtman and Molnar, 1993).  Other geological evidence mustered for the 

northward displacement of the Pamir salient are paleomagnetic vertical-axis rotations (Bazhenov 

and Burtman, 1986; Pozzi and Feinberg, 1991; Bosboom et al., 2014) and Cenozoic shortening 

within the Pamir and TFTB (Burtman and Molnar, 1993).  Internal shortening within the Pamir 

during the Cenozoic has been estimated at 80 to >95 km (Robinson, 2015; Rutte et al., 2017a), 

which is less than the ~300 km of internal shortening suggested by Burtman and Molnar (1993).  

Regardless, if the Tajik-Tarim lithosphere is subducting beneath the Pamir, then the amount of 

internal shortening in the upper plate (Pamir Mountains) is not indicative of the amount of 
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subduction (slab length) in the lower plate.  The length of subducted Tajik-Tarim lower crust and 

mantle lithosphere should balance the amount of shortening in upper crust of the Tajik-Tarim 

lithosphere (e.g. Tajik Basin), not the Pamir.  Detrital thermochronology of modern sands from 

the rivers draining the western Pamir suggests that exhumation started in the late Oligocene to 

early Miocene (20-25 Ma) (Lukens et al., 2012; Carrapa et al. 2014).  These results are consistent 

with significant topography and regional erosion and with the timing for tectonic exhumation of 

the Pamir gneiss domes (Stearns et al., 2013; 2015).  There are no bedrock thermocrhonological 

ages in the western part of the north Pamir outside of the gneiss domes, although Amidon and 

Hynek (2010) and Sobel et al. (2013) report low-temperature cooling ages as young as early 

Miocene for the northwestern Pamir margin, approximately 200 km from the line of the cross-

section presented in this study. 

 In addition to the geological evidence, several geophysical studies have suggested that 

the Pamir is thrust over the Tajik-Tarim Basin.  The Pamir sits above two oppositely inclined 

zones of intermediate-depth seismicity.  Beneath the westernmost Pamir, the Hindu Kush seismic 

zone dips steeply northward, whereas across the rest of the Pamir, the Pamir seismic zone dips 

steeply southward.  Tomographic and receiver function studies have indicated the presence of a 

low-velocity layer within these seismic zones, suggesting that they may include a component of 

continental crust (Roecker, 1982; Koulakov and Sobolev, 2006; Schneider et al., 2013; Sippl et 

al., 2013).  These seismic zones have been interpreted as: (1) remnant pieces of oceanic 

lithosphere with a small component of Indian crust attached (Pegler and Das, 1998; Pavlis and 

Das, 2000), (2) Indian continental lithosphere (Roecker, 1982; Koulakov and Sobolev, 2006), (3) 

subducted Asian continental lithosphere (Schneider et al., 2013; Sippl et al., 2013), or (4) a 

combination of subducting Indian lithosphere in the Hindu Kush seismic zone and subducting 



38 
 

Asian lithosphere in the Pamir seismic zone (Hamburger et al., 1992; Burtman and Molnar, 

1993; Fan et al., 1994; Pavlis et al., 1997; Burtman, 2000; Kumar et al., 2005; Negredo et al., 

2007; Mechie et al., 2012; Kufner et al., 2016).  The south-dipping Pamir seismic zone extends 

~250 km into the mantle and projects up-dip toward the Main Pamir Thrust (MPT) and Pamir 

Frontal Thrust (PFT), an active fault zone at the surface located in the Alai Valley between the 

Pamir and Tian Shan (Figs. 1, 2).  Focal-mechanisms (Fan et al., 1994), structural studies (Pavlis 

et al., 1997; Coutand et al., 2002), neotectonic markers (Strecker et al., 2003; Thompson et al., 

2015), and GPS measurements (Mohadjer et al., 2010; Ischuk et al., 2013) indicate that the 

northern margin of the Pamir is actively accommodating convergence.   

 

Tajik Basin 

 The Tajik Basin is underlain by continental crust that was accreted to the southern 

Eurasian margin during late Carboniferous to early Permian time (Burtman and Molnar, 1993, 

Schwab et al., 2004; De Grave et al., 2012; Schneider et al., 2013).  No rocks older than the 

Jurassic are exposed within the Tajik Basin, but Permian and Triassic sedimentary rocks are 

locally present along the basin margins and increase in thickness eastward and southward 

(Nikolaev, 2002) (Fig. 2).  The Tajik Basin crust is interpreted to have experienced limited 

Triassic extension, which may give rise to east-west oriented basement structures (Leith, 1985; 

Thomas et al., 1994; Brookfield and Hashmat, 2001; Nikolaev, 2002).  Regional, basin-wide 

deposition began during the early Jurassic with nonmarine conglomerates and coal that transition 

to shallow marine carbonate rocks and eventually evaporites in the upper Jurassic (Brookfield 

and Hashmat, 2001).  Upper Jurassic evaporite facies in the Guardak Formation are an important 

décollement level within the TFTB (Thomas et al., 1994; Bekker, 1996).  During Cretaceous 

through Paleogene time, the axis of the Tajik Basin trended approximately east-west and shallow 
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marine to nonmarine clastic facies were deposited.  Numerous fluctuations in relative sea-level 

produced minor disconformities (Burtman, 2000; Nikolaev, 2002).  Foreland basin subsidence 

associated with growth of the Pamir started no later than Eocene time (Leith, 1985; Carrapa et 

al., 2015).  Sediment grain size increased through the Oligocene and culminated with deposition 

of thick, coarse-grained conglomerates during the Miocene (Coutand et al., 2002; Nikolaev, 

2002; Klocke et al., 2015).   

 

Tajik Fold and Thrust Belt 

 The TFTB consists of a series of thrust faults and folds that roughly parallel the margin of 

the Pamir salient (Fig. 2).  Structures in the east half of the TFTB verge toward the Tian Shan, 

structures in the west half of the TFTB verge toward the Pamir, and the intervening middle of the 

thrust belt forms a large synclinorium in the Yovon Valley (Thomas et al., 1994; Bekker, 1996; 

Bourgeois et al., 1997) (Fig. 3).  This contrasts sharply with typical thrust belts in which thrusts 

predominantly verge toward the foreland (Bonini, 2007).  Some researchers have hypothesized 

that the east-verging structures in the western TFTB are backthrusts near the toe of a thrust belt 

that is kinematically linked to growth of the Pamir (Leith and Alvarez, 1985; Reiter et al., 2011).  

 Total shortening in the TFTB across the Tajik Basin has been reported to be as much as 

300 km, which includes shortening across the southwest Gissar Range (Burtman and Molnar, 

1993; Bourgeois et al., 1997; Burtman, 2000).  Shortening estimates between the Pamir and the 

Tian Shan in the Peter the First Range (~60 km) (Hamburger et al., 1992) and Alai Valley (~16 

km) (Coutand et al., 2002) are significantly smaller than the reported shortening in the Tajik 

Basin (Thomas et al., 1994; Bourgeois et al., 1997) (Fig. 1).  Paleomagnetic data indicate 

counterclockwise vertical axis rotations of up to 50 degrees in the TFTB (Bazhenov and 

Burtman, 1986; Thomas et al., 1994) and some researchers have also suggested that many of the 
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currently north-south trending structures in the TFTB were oriented northeast-southwest or east-

west prior to the indentation of the Pamir salient (Burtman and Molnar, 1993; Bourgeois et al., 

1997; Burtman, 2000).   

 Initiation of deformation in the TFTB is poorly constrained, mainly owing to a lack of 

age control on synorogenic sedimentary rocks (Klocke et al., 2015).  An undeformed foreland 

basin occupied the present Tajik basin in the Paleogene (Carrapa et al., 2014) suggesting that 

incorporation of the foreland into the wedge-top and fold and thrust belt started post Oligocene 

time.  Nikolaev (2002) suggested Oligocene-age growth strata in the TFTB, and Burtman (2000) 

proposed that deformation in the interior of the TFTB began during the Pliocene.  Some studies 

have hypothesized that the TFTB may have initiated in the Miocene as a result of gravitational 

collapse of the Pamir (Stübner et al., 2013; Rutte et al., 2017b).  The TFTB is still active today 

and GPS measurements indicate ~5-10 mm/yr convergence across the TFTB in a northwest-

southeast direction (Mohadjer, 2010; Ischuk et al., 2013).  Apart from sparse biostratigraphic 

data (Wang et al., 2013), our thermochronological results provide some of the first constraints on 

the timing of exhumation and deformation in the TFTB.  

 

Methods 

Cross-Section Construction and Restoration 

 We built two cross-sections: 1) cross-section A-A’, a regional, ~350 km long, balanced 

cross-section that crosses the southwest Gissar Range in Uzbekistan, the central Tajik Basin and 

TFTB in Tajikistan, and ends within the Northern Pamir terrane in Afghanistan,  and 2) cross-

section B-B’, a ~100 km long, balanced cross-section that starts in the Southern Tian Shan, 

crosses the Peter 1st Range, Northern Pamir terrane, and ends near the suture between the 
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Northern and Central Pamir terranes in Tajikistan (Figs. 2, 3).  Cross-section A-A’ was 

constructed by combining our observations with previous geologic mapping (Vlasov et al., 

1991), new structural and stratigraphic data collected in the 2014 and 2015 field seasons, well-

log data provided by a grant from TGS-NOPEC Geophysical Company, and depth-to-basement 

maps generated from gravity, magnetic, and refraction seismic data (Nikolaev, 2002).  The 

orientation of the cross-section is sub-orthogonal to fold axes within the TFTB and parallel to the 

inferred tectonic transport direction (e.g., Boyer and Elliott, 1982); we assume plane strain and 

incompressibility (e.g., Judge and Allmendinger, 2011).  Paleomagnetic data indicate that fault-

slip on individual structures may increase to the northwest (Bourgeois et al., 1997), but we do 

not observe any out-of-plane component of displacement along the length of our section.  

Apparent dips were calculated from surface data and projected onto the section line.  Structural 

and well data were perpendicularly projected onto the plane of section from up to 5 km and 20 

km away, respectively (Fig. 2).  No attempt was made to incorporate deformation at a scale 

below ~1 km.  Where unknown, thrust fault names were assigned based on the names of the 

mountain ranges in the hangingwall.  Hangingwall cut-off positions that have passed through the 

erosion surface were constructed using conservative geometries that minimize fault offset and 

shortening.  No penetrative deformation was observed in the Mesozoic and younger sedimentary 

cover and flexural slip and line-length balancing methods were used to restore the section by 

hand and with Midland Valley’s Move software.  Field observations support the use of 

concentric fold geometry.  Estimates of shortening are based on line length restoration of 

Cretaceous and younger stratigraphic contacts (e.g., Bally et al., 1966; Dahlstrom, 1969; Price 

and Mountjoy, 1970; Hossack, 1979; Woodward et al., 1989; Judge and Allmendinger, 2011).   



42 
 

 Cross-section B-B’ is located close to the plane of the cross-section presented in 

Hamburger et al. (1992) that crossed the PFT (Fig. 3).  The geometry of the PFT was adopted 

from Hamburger et al. (1992) and the cross-section was extended into the Pamir to illustrate the 

geometry of the Mesozoic to Cenozoic sedimentary rocks and the MPT.  It is constrained by 

surface structural data and previous geologic mapping (Vlasov et al., 1991, Hamburger et al., 

1992) and was constructed and restored using the same techniques described above. Igneous 

intrusions in both cross-section A-A’ and B-B’ are not shown because they obscure structural 

relations. 

 

Flexural and Subsidence Modeling 

 Cross-section A-A’, combined with previous geophysical studies, indicates significant 

structural relief on the upper Jurassic décollement (Fig. 3a).  At least part of this relief may be 

related to flexure of the Tajik Basin lithosphere in response to loading by the Tian Shan and 

Pamir Mountains.  To estimate the potential role of these loads, flexure of the Tajik Basin 

lithosphere was modeled in two-dimensions using a centered finite-difference technique that 

solves the flexural equations of Turcotte and Schubert (2014) (Fig. 4).  Using a numerical model, 

rather than an analytical solution, allows flexural rigidity to vary spatially across the Tajik Basin.  

First, the thickness of the pre-Miocene section in the central Tajik Basin (~3.3 km) was added to 

the depth of the décollement to model the flexural deflection from zero elevation.  Next, the 

geometry of the modern décollement (Fig. 3) was approximated with a flexural profile using a 

flexural rigidity of 5×1022 for the region west of Yovon valley and 1×1022 Nm east of Yovon 

valley (Fig. 4).  The loads used are 2 km (height) × 200 km (width) rectangular blocks with a 

density of 2700 kg/m3, each centered on the Pamir and Tian Shan mountain fronts.  The modern 
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topographic relief between the Tajik Basin and the western Pamir or SW Gissar range is also ~2 

km.  

 The heights of the loads were progressively reduced for each partially restored cross-

section to simulate flexural subsidence.  Load height was reduced by 150 m/Myr from 0 Ma to 8 

Ma and by ~ 65 m/Myr from 8 Ma to 20 Ma. These rates were chosen to match the observed 

thicknesses of Miocene and younger sedimentary rocks (Nikolaev, 2002).  No correction was 

made for sediment compaction and the load position, density, and horizontal extent did not 

change through time.  A MATLAB script containing the model and a table with detailed 

information on the flexural parameters for each time step is presented in the supporting 

information (File S1, Table S1).  Although this approach does not rigorously relate thrust belt 

kinematics to foreland subsidence and deposition (e.g., Robinson and McQuarrie, 2012), it does 

broadly capture changes in subsidence as recorded by measured sediment thicknesses and makes 

predictions for how the geometry of the Jurassic décollement may have changed through time in 

response to flexure. 

 

Low-Temperature Thermochronology 

 To constrain the timing of deformation and the pattern of thrust propagation within the 

TFTB, samples were collected for apatite fission track (AFT) and apatite (U-Th)/He (AHe) 

thermochronology (Table 1) along the trace of cross-section A-A’.  These techniques allow 

determination of the ca. 120°C - 40°C temperature-time history of the sample, which 

encompasses the temperature range of the AHe partial retention zone (~ 40°C - 80°C) and AFT 

partial annealing zone (~ 80°C - 120°C) (Green and Duddy, 1989; Farley, 2002; Reiners and 

Brandon, 2006).  Assuming that cooling was associated with displacement of hangingwall rocks 
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and erosion, cooling ages can be used as a proxy for deformation (Lock and Willet, 2008; 

Carrapa et al., 2011).  Eleven Lower Cretaceous sedimentary rocks (the oldest clastic unit 

exposed in the Tajik Basin) were analyzed from the hangingwall of each of the major thrust 

sheets and from the crests of major detachment folds.  One Lower Cretaceous sandstone and one 

Lower Jurassic sandstone from the Dashtijum Valley region were also analyzed (Fig. 2).  

Additionally, two samples of Neogene sandstone from the footwall of the Bobotogh thrust and 

the Aruntau thrust were analyzed (Fig. 3).  All samples were collected from near the same 

elevation in the Tajik Basin, ranging from 700-1300 m.  For AFT analysis, apatites were 

separated, mounted, and etched in 5.5 M nitric acid for 20s at 21°C according to the protocols of 

Donelick et al. (1999; 2005).  Fission track ages were calculated using the external detector 

method (Hurford and Green, 1983).  Irradiation was performed at the Oregon State University 

reactor.  After irradiation, the mica prints were etched in 49% hydrofluoric acid for 15 minutes at 

23°C following Donelick et al. (1999; 2005) and analyses were conducted at the University of 

Arizona Fission Track Laboratory.  AHe analyses were performed at the University of Arizona 

(U-Th-[Sm])/He Laboratory following the methods described in Reiners et al. (2004).   

 

Thermokinematic Modeling 

 To constrain the geometry and kinematic evolution of the TFTB, thermochronological 

ages were forward modeled using FETKin (Finite Element ThermoKinematic modeling).  

FETKin is a computer program that solves the advection-diffusion equation for heat in two 

dimensions using the finite element method (Almendral et al., 2015).  The primary inputs into 

FETKin are a series of displacement vector fields for each partially restored cross-section, 

topography, a fixed temperature at the base of the model, and heat production.  The primary 
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outputs of FETKin are calculated time-temperature paths, isotherms, and thermochronometer 

ages.  FETKin cooling ages are calculated from time-temperature paths, in a forward sense, 

using the same algorithms as the thermal history modeling program HeFTy (Ketcham, 2005; 

Ketcham et al., 2007).  Models were evaluated by how well the predicted thermochronometer 

ages match observed thermochronologic data and how well predicted geothermal gradients 

matched the modern geothermal gradient.  Details of a typical FETKin workflow can be found in 

Mora et al. (2015).   

 After building and retro-deforming cross-section A-A’ to ensure it balanced, the fully-

restored geometry of the TFTB was simplified to aid in the modeling process.  Faults were 

modeled as planar ramps and flats. The restored-state cross-section was then forward modeled to 

simulate progressive deformation through a series of 2 Myr time steps, from 20 Ma to 0 Ma, 

spanning the range of ages in the thermochronological dataset (Fig. 5).  Fault-parallel-flow and 

detachment fold algorithms were used within MOVE for the forward modeling.  The final 

geometry and magnitude of cumulative slip on individual faults in the present-day modeled 

section was required to match the present-day cross-section (Fig. 3).  For all other time steps, the 

magnitude of slip on individual faults or folds was varied in an iterative process until the 

synthetic cooling ages predicted by FETKin converged on the measured (observed) cooling ages 

(Fig. 6).   

 The final (0 Ma time step) model geometries are shown in Figure 6 and only cover the 

parts of the cross-section for which reliable thermochronological cooling ages are available.  The 

FETKin finite element grid in all model runs was 225 km wide and 25 km deep with 1 km node 

spacing in both dimensions.  Model topography was kept flat and constant with an elevation 

equal to the mean elevation in the Tajik Basin (~800m).  The surface temperature was kept 
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constant at 15 °C.  All models use constant thermal conductivity of 0.25 W/(m K), constant rock 

density of 2500 kg/m3, and constant specific heat of 1000 J/kg °C.   

 All model runs begin with model nodes prescribed an inherited age.  Experimentation 

with different inherited ages showed little effect on the final reset or partially reset ages in the 

model.  Therefore, 30 Ma was prescribed as a uniform inherited age in order to easily show 

synthetic inherited and partially reset ages on the same plot (Fig. 6).  The thermochronological 

samples are all sandstones and the true inherited age for each grain is not known so that it is 

impossible to precisely model partially reset ages without additional information.  However, the 

similarities between AFT and AHe ages suggest that the samples cooled relatively rapidly 

through the respective closure temperature windows. 

 The topographic relief between adjacent ridgetops and valleys in the Tajik Basin is 

everywhere < 1 km, commonly < 0.5 km, and most of the valleys in the Tajik Basin are actively 

accumulating sediment.  Undated growth strata on structures in the TFTB indicate 

contemporaneous fault slip, erosion, and deposition.  No evidence of significant normal faulting 

exists in the Tajik Basin.  The range in thermochronological cooling ages across the Tajik Basin 

(including unreset ages in valleys) indicates that the calculated cooling ages are not a result of a 

basin-wide erosional event.  For these reasons, we assert that exhumation and cooling were 

caused by erosion in response to deformation-related rock uplift.   

 The modern geothermal gradient for the Tajik Basin was estimated by plotting bottom-

hole temperatures recorded in wells in the Tajik Basin against the total depth of the wells 

(supporting information Figure S1).  Linear regression of these data was anchored to a y-

intercept of 18°C, which is the approximate modern mean annual surface temperature for the 

Tajik Basin area (temperature data from the National Oceanic and Atmospheric Administration, 
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www.ncdc.noaa.gov).  The regression indicates a modern geothermal gradient of ~22 °C/km.  

Temperatures recorded in boreholes are generally considered minimum temperatures because 

drilling fluids pumped from the surface tend to cool the borehole and may be mixed with 

formation fluids (Bullard, 1947).  Therefore, the modern geothermal gradient is estimated at 22 - 

25 °C/km.   

 Geothermal gradients in FETKin (calculated from model isotherms) are controlled by the 

basal temperature, the advection of material through the erosion surface (by rock uplift or 

sediment deposition), and radiogenic heat production.  Heat production can significantly change 

predicted cooling ages if the synthetic sample is close to the closure temperature for the relevant 

thermochronometer (Whipp et al., 2006; McQuarrie and Ehlers, 2015).  Average heat production 

for continental crust is ~0.9 μW m−3 (Rudnick and Gao, 2003; Mareschal and Jaupart, 2013), 

with high heat production (> 1.0 μW m−3) in the uppermost crust (≤ 10-15 km depth) that rapidly 

decreases to lower values (≤ 0.5 μW m−3) in the lower crust (Ketcham, 1996; Brady et al., 2006).  

We could not find heat production data from the Tajik Basin, but data from the Tarim Basin 

indicate that radiogenic heat production in Mesozoic to Cenozoic sedimentary rocks (at the 

surface or in boreholes) is ≤ 1.2 μW m−3 (Qui et al., 2012).  Although not ideal, the current 

version of FETKin employs a constant heat production value throughout the model that 

competes with the basal temperature of the model to determine geothermal gradient.   There is a 

natural trade-off between heat production and basal heat flow in thermokinematic models such 

that similar isotherms can be generated by increasing heat production and reducing basal heat or 

vice versa (Coutand et al., 2014; Erdos et al., 2014; McQuarrie and Ehlers, 2015).  In the suite of 

models presented below, the effect of increasing heat in the system is evaluated by varying basal 

temperature in the model and setting heat production to zero.  Model geothermal gradients were 
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calculated at each location in the model by regressing a line through the upper 10 km of model 

isotherms at that location (Fig. 7).  This avoids isotherm perturbations that are caused by the 

fixed (horizontal isotherm) basal temperature.  None of the modeled tsamples was exhumed from 

or buried to a depth > 10 km.  

 

Results 

The Tajik Fold and Thrust Belt 

 Similar to previously published cross-sections across the Tajik Basin (Thomas et al., 

1994; Bourgeois et al., 1997), cross-section A-A’ shows bivergence toward the center of the 

basin.  Based on this bivergence, the TFTB is separated into the east-vergent West TFTB and the 

west-vergent East TFTB.  The hinterland regions for these thrust belts are the southwest Gissar 

Range and the Pamir, respectively.  

 

The Southwest Gissar Range 

 The southwest Gissar Range in the southwest Tian Shan includes three large basement-

involved reverse faults that verge to the east and one reverse fault that verges to the west (Fig. 2, 

3).  We define basement in the southwest Tian Shan as Early Permian and older rocks, which are 

primarily Early Permian igneous rocks and penetratively deformed Carboniferous and older 

metasedimentary rocks that were metamorphosed during the collision of the Tian Shan and 

Tajik-Tarim craton (Kässsner et al., 2016).  Based on previous geologic mapping and the cross-

section reconstruction of Mesozoic and younger strata (Fig. 3), 20-25 km of shortening are 

estimated across the southwest Gissar Range.  The structure of the southwest Gissar Range at 

depth is unknown.  One of many viable geometric possibilities is presented that allows the 
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regional cross-section to balance (Fig. 3a).  Other possibilities include a series of duplexes or a 

mid-crustal detachment.  Equal-area balancing methods (Mitra and Namson, 1989) on Upper 

Cretaceous strata indicate the folding observed at the surface in the southwest Gissar Range 

could be balanced by a horizontal detachment at ~15 km depth.  The structural interpretation for 

the Gissar Range suggests that uplift of the southwest Gissar Range was accomplished in part by 

underthrusting of the middle to lower crust of Tajik Basin, which is balanced by shortening in 

the West TFTB (Fig. 3). 

 

West Tajik Fold and Thrust Belt 

 In the West TFTB, the Bobotagh thrust fault is the first major thin-skinned structure east 

of the Tian Shan front (Fig. 3).  Thin layers of evaporite and sandstone, interpreted to be Jurassic 

in age, are locally exposed along the fault trace and appear to be unconformably (10-20° angular 

discordance) overlain by the Cretaceous section.  A major décollement is inferred in evaporite 

facies of the upper Jurassic Guardak Formation that the Bobotogh thrust, and all other major 

thrust faults in the TFTB, sole into at depth.  Lower Cretaceous strata at the base of the Bobotogh 

thrust sheet dip 35-45° NW, which is interpreted to indicate the dip of the underlying frontal 

thrust ramp.  This dip angle is nearly constant throughout the Cretaceous and lower Paleogene 

section.  Cenozoic sedimentary rocks overlie in angular unconformity lower Paleogene strata 

along the west side of Bobotogh Ridge (Fig. 3).  Bedding in the Cenozoic section dips to the 

northwest at angles decreasing upsection from 25° to 5°, recording growth of the Bobotogh 

structure (Fig. 3).  Based on age assignments from Soviet-era geologic mapping (Vlasov et al., 

1991) and sparse mammalian fossils (Wang et al., 2013), these growth strata record deformation 

during Oligo-Miocene time.  The reconstruction suggests a minimum of 12.5 km of slip on the 

Bobotogh thrust.   
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 Cenozoic strata in the footwall of the Bobotagh thrust fault are significantly steeper with 

dips up to 75° on the northwest limb of a large hangingwall anticline in the Karshi thrust sheet 

(Fig. 3).  We interpret the steep dips to result from progressive rotation of the Karshi thrust sheet 

during emplacement of additional structurally lower thrust sheets to the southeast.  The moderate 

dip of bedding in the Bobotogh thrust sheet contrasts with the steeply dipping Cenozoic to 

Mesozoic strata in the Karshi thrust sheet.  These field relationships suggest that at least part of 

the slip on the Bobotogh thrust post-dates movement on the Karshi thrust.  The hangingwall 

anticline in the Karshi thrust plunges northeastward, which provides a constraint on hangingwall 

cut-off positions and slip estimates.  The reconstruction suggests ~8 km of slip on the Karshi 

thrust.   

 The next three thrust faults east of the Karshi thrust are the Rangon, Aruntau, and 

Jetimtau thrusts.  Rocks in the hangingwalls of each of these thrust sheets are folded into large 

concentric anticlines, the backlimbs of which dip toward the northwest.  The northwest dipping 

panels are inferred to result from the shapes of the underlying thrust ramps (Fig. 3), and the 

general southeastward decrease in backlimb dip of each of these three thrust sheets corresponds 

to a forward-breaking, southeastward progression of thrust sheet emplacement (i.e., footwall 

imbrication).  There is no hangingwall cut-off constraint for the Rangon thrust and slip is 

conservatively estimated at ~6 km.  Hangingwall anticlines and cut-off positions are preserved 

along strike for both the Aruntau and Jetimtau thrust sheets.  Estimates of slip based on the 

structural reconstruction for these two faults are ~6 km and ~ 7 km respectively.  The presence of 

hangingwall cut-offs in Cretaceous to Cenozoic strata indicates that these thrust faults can each 

be considered a single frontal ramp that merges with the bedding-parallel Jurassic décollement.  

In total, there is 35-40 km of shortening recorded in the West TFTB (Fig. 3).   
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East Tajik Fold and Thrust Belt 

 Separating the West TFTB and East TFTB is the 20-25 km wide Yovon Valley (Figs. 2, 

3).  The East side of Yovon Valley is bounded by the west-vergent Karatau thrust fault with 

evaporitic rocks locally exposed along the fault trace.  A large hangingwall anticline in the 

Karatau thrust sheet plunges to both the north and south, preserving hangingwall cut-offs (Fig. 

2).  The reconstructed section suggests ~7 km of fault slip and ~2 km of detachment fold-related 

shortening in the Karatau thrust sheet (~9 km of total shortening).  North of the Karatau thrust 

sheet a west-verging hangingwall anticline plunges beneath the Yovon Valley with no surface 

expression at the latitude of the cross-section.  This structure is represented schematically 

beneath the Yovon Valley on the cross-section (Fig. 3).   

 Sandwiched between the Karatau thrust sheet and the Sarsarak thrust sheet to the east is 

the Vakhsh River (Fig. 2), one of the largest rivers in Tajikistan.  Sub-vertically dipping slivers 

of upper Cretaceous to lower Paleogene strata are exposed in the Vakhsh River Valley and likely 

represent minor thrust flats or small duplex systems.  The Sarsarak thrust fault locally cuts down-

section in the transport direction into older rock units within the Karatau thrust sheet, which 

strongly suggests that at least some movement on the Sarsarak thrust post-dates the formation of 

the Karatau anticline (Fig. 3).  Furthermore, the structural relief of the Sarsarak thrust sheet 

requires structural duplication or thickening at depth, which can readily be accomplished with a 

footwall thrust flat (Fig. 3).  The corresponding hangingwall flat would have been eroded by the 

Vakhsh River and can help to explain the absence of middle Paleogene and younger rocks in the 

Vakhsh River Valley.  The reconstruction suggests ~4 km of slip on the Sarsarak thrust fault. 

 Structurally above and east of the Sarsarak thrust sheet is the Sangyaak thrust, which is 

exposed north of the plane of section, near the town of Nurek where it is west-verging.  The 
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Sangyaak thrust tips out to the south within the core of the upright Sangyaak anticline, rather 

than in a synclinal limb or at the base of a hangingwall anticline (Fig. 2).  This fault-fold 

relationship is indicative of a faulted detachment fold (Mitra, 2002).  The along-strike exposure 

suggests that the Sangyaak structure initially formed as a detachment fold that was eventually 

broken by a thrust fault with continued shortening.  This structural style is characteristic of most 

of the East TFTB and characterizes the Vakhsh thrust, which also tips out to the south in a 

detachment fold (Fig. 2).  We estimate 1.5 km of slip on the Sangyaak detachment fold and 4 km 

of slip on the Vakhsh detachment fold/thrust in the plane of the cross-section.   

 East of the Vakhsh detachment fold and west of the Dashtijumb Valley, the landscape 

consists of vegetated grassland and farmland characterized by bucolic rolling hills and poor 

exposure.  Most of this landscape appears to be covered by unconsolidated loess deposits of 

unknown age.  This area was not examined in detail and the cross-section relies on previous 

geologic mapping and sparse well-data.  Previous mapping of Neogene strata in this region 

suggests a series of upright, gentle folds with wavelengths of 15-25 km (Vlasov et al., 1991).  

The axes of these folds trend northeastward, toward the Peter the First Range, where deeper 

structural levels reveal a series of tight detachment folds in the Mesozoic section (Hamburger et 

al., 1992).  The interpretation at depth in this region is based on the more tightly folded Mesozoic 

rocks along strike and suggests that much of the Neogene section at the surface is composed of 

growth strata with relatively lower dip angles.   

 

Dashtijum Valley: The Pamir Foothills 

 The Dashtijum Valley region contains a large overturned syncline (Fig. 3).  The 

corresponding anticline that shares the overturned fold limb has been eroded, but must have had 

an amplitude of > 5 km assuming line-length balancing and constant bed thickness in the eroded 
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section (Fig. 3; Cross-section A-A’).  Bedding in the Mesozoic section is overturned and dips 

55° to 65° E.  The Paleogene section is also overturned with bedding dipping 65° to 90° E.  

Bedding becomes upright in the Miocene (?), and progressively flattens up-section.  The 

Miocene (?) and younger rocks in the east limb of the large overturned syncline contain growth 

strata that record progressive westward tilting of bedding (Fig. 3, 8), presumably associated with 

growth of the overturned syncline and/or structural thickening at depth.  

 The topographic expression of the Dashtijum Valley follows the surface exposure of 

upper Jurassic evaporites in the Guardak Formation.  These evaporites are locally exposed along 

both sides of the valley floor and display bedding that dips steeply to vertical and may be 

overturned in many locations (Fig. 2).  Our observations are consistent with Vlasov et al. (1991) 

who mapped the main strand of the Darvaz Fault along the base of the Dashtijum Valley within 

upper Jurassic units, suggesting a bedding-parallel fault.  The structural character and 

stratigraphic position of the Darvaz Fault suggests that it is an exposed part of the Jurassic 

décollement that underlies that rest of the TFTB (Fig. 3).  Previous geologic (Trifonov, 1978) 

and geodetic (Mohadjer et al., 2010) studies have suggested the Darvaz Fault is an active 

sinistral strike-slip fault.  However, evidence for strike-slip displacement across the Darvaz Fault 

zone in the Dashtijum Valley was not observed.   

 East of the Darvaz Fault, Permian carbonate rocks rest unconformably on Carboniferous 

and older metamorphic rocks (Fig. 2, 3).  Thus, the Dashtijum Valley region represents a 

relatively complete stratigraphic section, from Paleozoic metamorphic basement in the Pamir to 

synorogenic Neogene sedimentary deposits in the Tajik Basin, with a bedding-parallel 

décollement (the Darvaz fault) in the Jurassic.  There is no evidence that the Jurassic and 

younger stratigraphic section has been thrust more than a few km beneath the Pamir margin 
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along the Darvaz Fault.  Instead, the Mesozoic and younger section was uplifted above the Pamir 

margin, perhaps as a passive roof duplex (e.g., Banks and Warburton, 1986).  This is a critical 

observation that suggests the Mesozoic and younger sedimentary rocks of the Tajik Basin were 

not subducted beneath the Pamir margin.  Transfer of slip from deeper stratigraphic or crustal 

levels in the Pamir to the Jurassic décollement in the Tajik Basin must occur on structural ramps 

located deeper in the subsurface as shown in Figure 3, bypassing the Darvaz Fault.  As a result, 

the amount of slip on the bedding-parallel Darvaz Fault in the Dashtijum region is likely small (< 

10 km) and should be only a fraction of the total estimated shortening in the TFTB.  The total 

estimated shortening in the East TFTB is ~30 km, which is unlikely to be a gross underestimate 

because all of the major structures have hangingwall cut-offs preserved along strike.  Increasing 

the magnitude of slip on the Darvaz Fault requires reducing the amount of Tajik Basin 

lithosphere underthrust beneath the Pamir. 

 Other faults besides the main Darvaz Fault are present in the Dashtijum Valley, including 

an unnamed reverse fault dipping moderately to steeply eastward that places Permian carbonate 

rocks over overturned lower Jurassic clastic rocks (Fig. 2, 3).  Based on reports of the thickness 

of the Jurassic and Permian sections in the Dashtijum Valley region (Leven et al., 1992), there is 

minimal stratigraphic separation across this fault and it cannot be a major thrust ramp.  Vlasov et 

al., (1991) indicated local faulting along the Jurassic-Permian contact in the Dashtijum Valley 

region as well, but showed that these faults tip-out within 10 km along-strike and that the 

Jurassic-Permian contact is largely an unconformable (depositional) contact along the northwest 

margin of the Pamir (Fig. 2).  Based on the limited along-strike extent and minimal stratigraphic 

separation, these faults at the Jurassic-Permian contact are not interpreted to have significant 

displacement or to be major, unrecognized strands of the Darvaz Fault.   
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 A plausible fault is shown above the modern erosion level in the Dashtijum region that 

breaches the anticline-syncline pair.  This fold pair is interpreted to have originated as a 

detachment fold that formed above the Jurassic decollement, similar to the Vakhsh fold and other 

folds in the East TFTB (Fig. 3A).  The fault breaching the fold pair is not required to exist, but it 

may link with, or have been reactivated by, the fault that offsets the Jurassic-Permian contact.  

The reverse fault offsetting the Jurassic-Permian contact may have cut-up section and through 

the Jurassic decollement, offsetting the decollement and younger stratigraphic section (dashed 

fault in Fig. 3A).  The high angle between this fault and the projection of the Jurassic 

decollement (Darvaz Fault) suggest it may have formed after the proposed passive roof duplex 

(Fig. 3).   

 

Peter 1st Range and Northern Pamir 

 Cross-section B-B’ illustrates that the Peter 1st Range consists of a single large thrust 

sheet associated with the PFT (Fig. 3D).  The leading edge of the PFT thrust sheet contains a 

tight, upright to overturned anticline-syncline pair that can be observed along much of the 

Vakhsh River.  Folds in the PFT thrust sheet are nearly similar (class II; Ramsey and Huber, 

1987).  Along strike to the southwest, the PFT splits into a series of thrust faults and folds that 

make up the East TFTB (Fig. 2).  No Permian to Jurassic sedimentary rocks are present in the 

Tian Shan, but they are inferred to appear and thicken to the south and east.  Two faults mark the 

position of the MPT in cross-section B-B’, which are referred to here as the north MPT and south 

MPT (Fig. 2, 3D).  In the plane of section, the north MPT places upper Cretaceous rocks on 

Miocene rocks with ~2 km of stratigraphic separation.  However, within ~ 5 km along strike to 

the northeast, the stratigraphic separation on the north MPT decreases to zero or near zero (Fig. 

2), indicating that the north MPT is both a hangingwall ramp and footwall ramp in the plane of 
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section with limited (< 5 km) displacement (Fig. 3).  The north MPT continues along strike to the 

northeast (near 71°E longitude), where Vlaslov et al. (1991) mapped the structure as a bedding-

parallel fault that separates the lower Cretaceous and Jurassic sections.  The north MPT here may 

be a thrust flat, whose slip is constrained by the thrust ramp along strike; alternatively, it may not 

be a fault contact.  The lower Cretaceous-Jurassic contact was mapped by Vlaslov et al. (1991) 

as a depositional contact west of 71°E longitude (Fig. 2).  The north MPT cross-cuts the Jurassic 

decollement and appears to have formed after slip on the PFT.  Slip on the north MPT, post-

dating and cross-cutting the Jurassic decollement, is similar to the fault that offsets the Permian-

Jurassic contact in the Dashtijum Valley (Fig. 3A, dashed fault), which may also cross-cut 

Jurassic decollement at a high-angle, although direct evidence for this structural relationship has 

been eroded in the Dashtijum region. 

 The south MPT was mapped by Vlasov et al (1991) as a bedding-parallel fault separating 

the Jurassic and Permian sections with little to no stratigraphic separation.  It is overlapped by 

Neogene synorogenic sedimentary rocks to the southwest along strike.  Along strike to the 

northeast, the Jurassic-Permian contact is mapped as a depositional contact, similar to the 

Jurassic-Permian contact relation in much of the Dashtijum Valley region (Fig. 2).  Where the 

south MPT cuts across stratigraphic section (east of 71°E longitude) it displays little to no 

stratigraphic offset, indicating minimal (< 2 km) displacement (Fig. 2).  Like the north MPT, the 

south MPT may not be a fault, may only have localized slip, or could be a flexural-slip fault that 

accommodates differential movement of beds while folding. 

 The Northern Pamir is a broad anticlinorium that is defined by gently folded Permian 

volcaniclastic and sedimentary rocks deposited in angular unconformity on penetratively 

deformed Paleozoic meta-sedimentary rocks and Proterozoic (?) rocks (Fig. 2, 3).  In addition to 
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the Permian rocks, deformation structures in the Paleozoic section within the Northern Pamir are 

cross-cut by plutonic rocks, likely of Triassic age (Schwab et al., 2004); this suggests little to no 

late Mesozoic to Cenozoic internal deformation in the Northern Pamir, consistent with the 

observations of Burtman and Molnar (1993).  The anticlinorium in Northern Pamir is interpreted 

to have been formed above a large basement ramp (Fig. 3D, cross-section B-B’).  The contact 

relationships along the Pamir margin show that the Mesozoic to Cenozoic sedimentary rocks in 

the Tajik Basin were deposited on top of the Northern Pamir and were subsequently eroded.  The 

thickness and original extent into the Pamir of these deposits are unknown.  The thin-skinned 

thrust structures in the TFTB and Peter 1st Range may have also been present above the Northern 

Pamir prior to uplift and erosion, which could help balance shortening in the Paleozoic section 

(Fig. 3).  Cross-section B-B’ suggests 55-60 km of total shortening, which is similar to previous 

estimates for the Peter 1st Range (Hamburger et al., 1992). 

 The Permian rocks in the Northern Pamir are truncated to the south by a steeply dipping 

shear zone that juxtaposes meta-sedimentary rocks against Permian rocks (Fig. 2, 3).  The shear 

zone is referred to here as the Dashtak shear zone, which is the name of a small village near its 

exposure along the Panj 

River (Fig. 2).  The metasedimentary rocks were originally mapped as Carboniferous (Vlaslov et 

al., 1991), but are here interpreted to be part of the Karakul-Mazar accretionary complex, which 

Robinson et al. (2012) showed to be Triassic in age in the Chinese Pamir.  The suture zone 

between the Northern Pamir and Central Pamir terranes is the Tanymas Fault (Fig. 2).  No 

attempt was made to incorporate deformation south of the Dashtak shear zone into cross-section 

B-B’ (Fig. 3D), but a cross-section for this region is presented in Stearns et al. (2015). 
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Structure below the Jurassic Décollement 

 In both the East and West TFTB, in cross-section A-A’, there is significant structural 

relief on the upper Jurassic décollement (Fig. 3A).  The nature and timing of development of this 

relief are of particular interest because Middle Jurassic carbonate rocks, located below the 

décollement, are potential hydrocarbon reservoirs (Ulmishek, 2004).  One possible explanation 

for the structural relief of the Jurassic décollement is lithospheric flexure in response to loading 

(Fig. 4).  The Tajik Basin is an active flexural basin with thick accumulations of synorogenic 

deposits adjacent to the Tian Shan and Pamir.  Iterative modeling suggests a flexural rigidity of 

5x1022 Nm for the Tian Shan side of the basin and a flexural rigidity of 1x1022 Nm for the Pamir 

side of the basin (Fig. 4).  The shallower décollement dip beneath the West TFTB suggests a 

higher flexural rigidity, which may reflect older lithospheric domains located farther away from 

the Pamir.  This indicates that a reasonable range of flexural rigidities and loads can match the 

estimated geometry of the Jurassic décollement.  The presence of two loads results in a 

composite flexural high separating the Tian Shan and Pamir flexural depocenters.  A similar 

composite flexural response is found in the Adriatic Sea where the Puglia high separates the 

Apenninic and Hellenic foreland basins (Allen and Allen, 2013).  The modeled flexural high is 

centered near the Yovon Valley.  Although this composite flexural geometry can explain much 

of the structural relief on the Jurassic décollement (Fig. 4), additional shorter-wavelength 

structural relief on the décollement requires additional mechanisms other than flexure.   

 Previous interpretations of the TFTB have suggested that relief on the Jurassic 

décollement may largely be a result of thickening and movement of salt within the Guardak 

Formation (Bekker, 1996).  Assuming sub-horizontal Paleozoic rocks beneath the décollement 

and no salt beneath the structurally lowest parts of the TFTB, area balancing suggests that an 

initial horizontal layer of salt >3 km thick is required to explain the structural relief.  Exposures 
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of the Guardak Formation in the southwest Gissar Mountains are 350 to 400 m thick 

(Mesezhnikov, 1988) and even the thickest parts of the Guardak Formation in the undeformed 

Amu Darya Basin to the west in Turkmenistan are < 1 km thick (Ulmishek, 2004).  These 

observations suggest that thickening in response to salt movement alone could not have produced 

the relief on the Jurassic décollement. 

 Another possible explanation for the structural relief on the Jurassic décollement is 

deformation of Paleozoic and older basement rocks.  Basement-involved structures are exposed 

on the margins of the Tajik Basin in both the Tian Shan and Pamir and the proposed basement 

geometry at depth in the Tajik Basin helps to balance shortening in the upper crust.  

Alternatively, shortening in the upper crust could be balanced by shortening of the basement 

entirely beneath/within the Pamir and Tian Shan.  Earthquakes in the Tajik Basin indicate 

deformation at depths below the inferred position of the Jurassic décollement (Fan et al., 1994).  

Existing interpretations for basement deformation in the TFTB suggest that basement blocks are 

uplifted by high-angle reverse faults and that these faults may locally offset the Jurassic 

décollement (Thomas et al., 1994; Bourgeois et al., 1997).  Apart from the mountain front faults 

bounding the Tajik Basin, there is no clear evidence that basement faults offset the Jurassic 

décollement.  Here, we interpret the basement-involved faults to merge with the Jurassic 

décollement, which may act as a roof thrust to a large duplex in the Paleozoic and older section.  

The Jurassic décollement is folded above these basement structures and shortening occurred after 

or contemporaneous with the shortening recorded in the Cretaceous and younger stratigraphic 

section.  It is likely that some combination of basement faulting and salt movement was 

superimposed upon a flexural signal to produce the modern structural relief on the Jurassic 

décollement.  The timing and amount of slip on these faults is assessed below. 
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Low-Temperature Thermochronologic Data 

Apatite (U-Th)/He and Apatite Fission Track Results 

 AHe ages are presented in Table 1 and data from AHe analyses of individual aliquots are 

presented in supporting information Table S2.  AHe ages reported in Table 1 are weighted mean 

averages of individual aliquots.  All of the AHe ages are significantly younger than the 

respective depositional age of the sedimentary rock hosting the apatites (Late Cretaceous) except 

for samples IS-13-06 and IS-13-07, which were collected from Neogene deposits within the 

Tajik Basin (Fig. 2, 3).  AHe cooling ages in the Tajik Basin range from 12.4 ± 4.6 Ma to 1.2 Ma 

± 0.4 Ma and show a general decrease in age towards the geographic center of the Tajik Basin, 

around Yovon Valley (Fig. 3).  Samples that deviate from this pattern are IS-13-01 and IS-13-03 

from the Bobotogh thrust sheet, sample 14-05 from the Sarsarak thrust sheet, and DS-13-08 and 

DS-13-01 from the Dashtijum Valley (Fig. 3).  There are no discernable age-eU (effective 

Uranium content) trends in the data, except for samples DS-13-01 and DS-13-08, which have a 

positive age-eU trend and sample 14-08 that may have a slight negative age-eU trend, although 

the range of eU values is relatively restricted for this sample (supporting information Figure S2).  

Data from DS-13-01 and DS-13-03 were not used in subsequent thermokinematic modeling.   

 AFT central ages are presented in Table 1 and data for each AFT sample analysis are 

presented in supporting information Table S3.  AFT cooling ages range from 16.7 ± 4.1 Ma to 

3.6 ± 1.1 Ma and are all significantly younger than the Late Cretaceous age of the sandstone 

hosting the apatite grains.  The AFT ages are all within 4 Myr of the AHe cooling age for the 

same sample, except for sample IS-13-03, for which the AFT age is significantly older (16.7 ± 

4.1 Ma) than the AHe age (3.0 ± 1.0).  Single-grain analyses of sample IS-13-03 show relatively 

little age dispersion (Table S3), which indicates that IS-13-03 may be fully reset after deposition.  
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Apatite grains from sample SHSH-95 had very low uranium concentrations and many grains 

displayed no spontaneous tracks.  The average AFT age for sample SHSH-95 from grains with 

spontaneous tracks is 5.8 Ma ± 1.5 Ma and the oldest single grain age is 6.8 ± 6.9 Ma.  The AFT 

age for sample SHSH-95 is estimated to be < ca. 7 Ma, with no lower age constraint, except for 

the AHe age estimate of 5.1 ± 1.6 Ma for the same sample if we assume that there is no age 

inversion (AHe cooling ages > AFT cooling ages).  Like the AHe data, AFT cooling ages 

decrease toward the center of the Tajik Basin and Yovon Valley (Fig. 3).  Also like the AHe 

data, sample 14-05 from the Sarsarak thrust sheet deviates from this trend and yields younger 

AFT ages.  All of the AFT data were used to constrain thermokinematic modeling. 

 

Interpretation of AFT and AHe Results 

 Except for samples IS-13-06 and IS-13-07, which were collected from Neogene 

sandstone, all of the AHe and AFT ages are interpreted to be fully reset and thus record cooling 

and exhumation associated with thrust activity.  The range of AHe ages in samples IS-13-06 and 

IS-13-07 can be considered detrital ages which suggests a Pliocene maximum depositional age.  

Individual aliquots from AHe samples show a range of ages, but there is no clear clustering of 

data or correlations between aliquot ages and eU, excluding samples DS-13-01 and DS-13-08 as 

discussed above.  AHe sample ages in Table 1 are interpreted to represent a single age 

population and are weighted means of all aliquots reported in Table S2. 

 

Thermokinematic Modeling 

 Thermokinematic modeling was only performed on cross-section A-A’, for which 

thermochronologic data were obtained.  Modeling consists of a baseline model (preferred model) 

in which the timing and magnitude of slip on the major faults/folds and the basal temperature 
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were adjusted iteratively until an acceptable fit was achieved between the predicted 

thermochronologic cooling ages and the measured (observed) cooling ages and between the 

predicted model geothermal gradient and the modern geothermal gradient (Fig. 6, 7).  Next, a 

suite of models were run to assess how changing the basal temperature or the timing of slip 

affects the results of the baseline model.  

 

Baseline (preferred) Model 

 Figure 6 presents a preferred “baseline” model that returns predicted AHe and AFT ages 

from FETKin forward modeling that are in close agreement with the measured AHe and AFT 

ages.  It should be emphasized that the results are non-unique and are not inverted to determine a 

“best-fit” model.  The results are presented as a plausible scenario constrained by the available 

structural and thermochronologic data (e.g., Ballato et al., 2013).  The basal temperature (at 25 

km depth) that most closely reproduced the modern geothermal gradient was 500°C (Fig. 6).  

The magnitude and timing of slip on the major structures in the TFTB for the baseline model is 

presented in Table 2 and shown graphically in the incrementally restored cross-sections of Figure 

5.  The results suggest that deformation in the TFTB started at the margins of the Tajik Basin, 

adjacent to the southwest Gissar Range during the middle Miocene and adjacent to the Pamir 

Mountains during the late Miocene.  Throughout the Miocene and into the Pliocene, deformation 

propagated towards the center of the Tajik Basin and Yovon Valley.  Cumulative shortening 

within the confines of the model is ~60 km and indicates a middle Miocene to present shortening 

rate of ~4 to 6 mm/yr (Fig. 9).  The Pliocene to present shortening rate is similar or slightly 

faster, ~ 6 to 8 mm/yr, which is consistent with estimates of modern shortening rates (5-10 

mm/yr) calculated from GPS studies (Ischuk et al., 2013).  Subsequent suites of models, 
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presented below, were run to test the robustness of the shortening rate and its acceleration during 

the Pliocene.   

 There is a spatial correlation between the location of the highest structural relief on the 

Jurassic décollement and the youngest AHe and AFT cooling ages (Fig. 3, 6).  Slip on the 

basement structures and folding of the Jurassic décollement are interpreted to be Pliocene in age, 

contemporaneous with or post-dating deformation on the major thrust faults and folds.  Cooling 

through the retention/annealing zones was primarily related to faulting and folding above the 

Jurassic décollement and locally influenced by uplift on basement structures (Fig. 6).   

 Models that reproduce the small differences between the measured AHe and AFT cooling 

ages require relatively short periods of rapid exhumation so that the modeled samples pass 

quickly through the partial retention zone (AHe) and partial annealing zone (AFT)  towards the 

erosion surface.  In turn, this suggests rapid slip on the thrust faults.  More protracted periods of 

slip produce a greater difference between the two thermochronometers (e.g., Lock and Willett, 

2008).  The large difference between the AHe and AFT age for sample IS-13-03 from the 

hangingwall of the Bobotogh thrust fault indicates a long period of minor displacement, or no 

slip, after initial movement during the early to middle Miocene and then a reactivation of the 

Bobotogh thrust fault during the Pliocene.  All other fault displacements and folds in the TFTB 

can be adequately modeled as single pulses of deformation.   

 

Effects of Varying Basal Temperature  

 To explore the effects of varying the amount of heat in the system, a suite of models were 

run in which the basal temperature (a fixed parameter) was changed from the baseline model.  

The results of these models were compared against the observed thermochronologic ages and the 

modern geothermal gradient (Fig. 6, 7).  Increasing or decreasing the basal temperature by 25°C 
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has relatively little effect on the modeled AFT and AHe ages, which fit the observed cooling 

ages within error.  Increasing or decreasing the basal temperature by 25°C also yielded final 

model geothermal gradients that were largely within the estimated range of the modern 

geothermal gradient (Fig. 7).  Decreasing the basal temperature by 50°C (to 450 °C ) resulted in 

partially reset (too old) AFT model cooling ages for the Bobotogh thrust sheet, Karshi thrust 

sheet, Rangon thrust sheet, and Sangyak anticline (Fig. 6).  The decreased basal temperature also 

produced model geothermal gradients almost entirely below the estimated range of the modern 

geothermal gradient (Fig. 7).  Raising the basal temperature by 50°C (to 550 °C ) has relatively 

little effect on the model.  AFT and AHe ages, except for perhaps the synthetic AFT ages in the 

Bobotogh thrust sheet.  The subdued effect of higher basal temperatures on modeled cooling 

ages is because most synthetic thermochronologic samples are well below their respective 

annealing/retention zone depths prior to exhumation.  Only the Bobotogh thrust sheet, which is 

interpreted to be reactivated in the last 2 Ma, spent time within the AFT partial annealing zone as 

a result of previous (early Miocene) slip.  The period of previous slip on the Bobotogh thrust 

could be pushed forward in time to match the model AFT ages without affecting the model AHe 

ages for the 550 °C model, although the final geothermal gradients from this model are almost all 

above the estimated modern geothermal gradient (Fig. 7).  The results from the suite of models 

that varied basal temperature indicate that the amount of heat in the system has relatively little 

effect on the predicted model thermochronologic cooling ages for synthetic samples that exhume 

quickly.  There is a minimum amount of heat in the system, corresponding to a basal temperature 

of ~450 °C (or 50 °C below the baseline model), below which synthetic samples do no become 

fully reset.  Conversely, the maximum amount of heat in the system is only constrained by the 

estimated modern geothermal gradient.   
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Effects of Varying Timing of Slip  

 Unlike the amount of heat within the model, varying the timing of slip on the structures 

in the model has significant effects on the synthetic cooling ages (Fig. 6).  Cooling age changes 

were investigated by shifting the initiation of slip on the major structures in the baseline 

(preferred) model either 2 Myr earlier (toward the past) or 2 Myr later (toward the present).  2 

Myr is the time step between the partially restored sections input into FETKin.  Earlier slip 

resulted in partially reset synthetic AFT ages for the Bobotogh thrust sheet, the Karshi thrust 

sheet, and the Sangyak anticline and poor fits (outside of measured cooling age errors) for 

synthetic AFT and AHe ages for the Bobotogh, Aruntau, Jetimtau, and Karatau thrust sheets 

(Fig. 6).  Delaying the initiation of slip on these faults/folds allows time for thicker 

accumulations of sediment as a result of flexural subsidence and can fully reset the synthetic 

AFT samples.  However, because the observed AHe and AFT ages are relatively close together, 

exhumation must occur as a short-lived pulse of deformation.  Synthetic AFT and AHe cooling 

ages for the model with later slip was within, or close to within, error for most of the measured 

thermochronoligical samples except for the samples from the Bobotogh thrust sheet, Aruntau 

thrust sheet, and Sangyak anticline (Fig. 6).  The similarity between the late and early synthetic 

cooling ages for the Sarsaryak thrust sheet and Vakhsh anticline suggest that their exhumation 

may be largely controlled by uplift associated with slip on the faults in the Permian-Paleozoic 

section beneath the Jurassic décollement.   

 For all thrust sheets or folds for which the early model or late model synthetic cooling 

ages fell within error of the measured ages, the cumulative displacement is plotted and compared 

to the baseline model as a qualitative measure of uncertainty (Fig. 9).  The results suggest that 

the mid-Miocene to present shortening rate is on the order of 4 to 6 mm/yr, while the Pliocene to 
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present shortening rate is on the order of 6 to 8 mm/yr.  The results cannot distinguish between a 

constant shortening rate (of ~ 6 mm/yr) from the Miocene to present and an acceleration of 

shortening in the Pliocene.   

 

Discussion 

Structural Evolution of the Tajik Fold and Thrust Belt 

 Previous studies have suggested that uplift of the Pamir and central Tian Shan started in 

late Eocene to early Miocene (Sobel and Dumitru, 1997; Sobel et al., 2006; Heermance et al., 

2008; DeGrave et al., 2012; Sobel et al., 2013; Smit et al., 2014; Carrapa et al., 2015).  

Unpublished AHe and AFT from the southwest Gissar Range also suggest that uplift may have 

started during the Miocene (Gagala et al., 2014).  The results show that deformation migrated out 

of the Tian Shan and Pamir and into the Tajik Basin during the middle Miocene to form the 

TFTB.  In general, shortening in the TFTB is clustered near the center of the Tajik Basin (Fig. 3).  

Rapid synorogenic sedimentation in the Tian Shan and Pamir flexural basins may have 

suppressed deformation in these depocenters and shifted the locus of shortening toward the 

foreland (e.g., Stockmal et al., 2007; Fillon et al., 2013).   

 Deformation within the Tajik Basin began at the outer margins of the TFTB and 

propagated toward the center of the thrust belt (Fig. 3, 5, 6).  Initial, contemporaneous shortening 

on faults and folds both proximal and distal to the hinterland (Pamir Mountains or southwest 

Gissar Range) prior to the establishment of a regional orogenic taper is inconsistent with most 

models for thrust belt mechanics on a single thrust wedge.  Thrust wedges can exist in three 

states: subcritical, critical, and supercritical (Davis et al., 1983; Dahlen, 1984).  Feedback loops 

in thrust belt systems tend to push thrust wedges toward a critical state with temporally restricted 
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excursions into subcritical and supercritical fields (e.g., DeCelles and Mitra, 1995).  In 

subcritical wedges, shortening is concentrated in the interior, proximal (toward the hinterland) 

parts of the thrust belt with no deformation at the foreland (distal) side.  In critical wedges, 

deformation propagates uniformly into the foreland on more or less evenly spaced (self-similar) 

thrust sheets.  In supercritical wedges, deformation is concentrated at the most distal structure 

and the entire thrust wedge in transported as a coherent wedge.  The unique geometry and 

deformation history of the TFTB does not fit any of these descriptions and is better understood as 

two separate (critical) thrust belt wedges that have encroached upon one another.  In this context, 

the peculiar inward vergence of the TFTB belt can be explained as a Tian Shan thrust belt 

verging toward the east and a Pamir thrust belt verging toward the west.  None of the major 

thrust faults in the Tajik Basin is interpreted as a backthrust; instead, all of the major thrusts in 

the TFTB are foreland-verging thrust faults.  The Yovon Valley, at the center of the TFTB, is the 

remnant of a shared foreland basin.  The overall pattern of decreasing AHe and AFT cooling 

ages towards the center of the TFTB (Figs. 3, 5, 6) is a result of in-sequence propagation of 

deformation in both thrust belts, which is corroborated by structural observations such as 

progressive hindward steepening of thrust faults.  In the two instances where cooling ages do not 

appear to decrease toward the center of the TFTB (the Bobotogh and Sarsarak thrusts), field 

relationships and thermokinematic modeling demonstrate that these represent reactivated or out-

of-sequence faults.   

 Our interpretation suggests that the West TFTB is a thin-skinned thrust belt in the larger 

Tian Shan orogenic belt.  The West TFTB records 35-40 km of shortening, which is similar to 

the amount of shortening (10-40 km) reported for thin-skinned fold-thrust belts all along the 

southern margin of the Tian Shan, including the Kashi, Kepingtage, and Kuqa segments (Yin et 
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al., 1998; Heermance et al., 2008; Fu et al., 2010) (Fig. 1).  In addition to similar magnitudes of 

shortening, the timing for deformation is comparable between the West TFTB and the central 

Tian Shan thrust belts.  Uplift and exhumation of the central Tian Shan hinterland began during 

the late Oligocene to early Miocene and thin-skinned deformation migrated into the foreland in 

middle to late Miocene time (Sobel and Dumitru, 1997; Chen et al., 2007).  Finally, shortening 

rates may have accelerated in both the West TFTB and the central Tian Shan thrust belts during 

the Pliocene (Yin et al., 1998; Allen et al., 1999; Heermance et al., 2008), although the 

magnitude and effect of climate on this signal remains uncertain (Molnar, 2004).  For example 

an increase in erosion within the Pamir as suggested by a global acceleration in mountain erosion 

during the Pliocene (Hermann et al., 2013) would predict the wedge to deform internally to 

adjust for taper, rather than having deformation migrate outward into the foreland as observed in 

the TFTB. The similarity in structural character, magnitude of shortening, and timing of 

deformation for > 1,000 km along strike of the southern margin of the Tian Shan are 

representative of a kinematically linked orogenic system (Fig. 1).  Stress from the India-Asia 

collision is transferred through the old and strong Tarim-Tajik lithosphere to the relatively young 

and weak lithosphere that forms the Tian Shan (Molnar and Tapponnier, 1975; 1981; Tapponnier 

and Molnar, 1979; Avouac et al., 1993), which explains the broad synchroneity of deformation 

throughout the Tian Shan.   

 The structural configuration at different locations along the Tian Shan orogenic system 

may provide a template for understanding how systems like the TFTB have evolved.  Figure 10 

shows schematic cross-sections across the Tarim Basin, Tajik Basin, and Alai Valley that all 

show oppositely verging thrust belts.  The differences between cross-sections are primarily 

related to the distance between the Tian Shan and Pamir/Tibetan orogens.  With continued 
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shortening, the structural style of the TFTB may resemble the Alai Valley with overlapping 

thrust systems, as suggested by Pavlis et al. (1997) for the Peter the First Range and Alai Valley 

regions.   

 

Origin of the Northern Pamir  

 Along the boundary between the Pamir and the Tajik Basin the upper Jurassic to 

Cenozoic sedimentary rocks of the Tajik Basin are either in depositional contact with lower 

Jurassic to Paleozoic rocks or are separated from these rocks by a bedding-parallel fault.  Only 

locally do strands of the MPT or Darvaz Fault have contact relationships indicative of thrust 

ramps, and when they do, the stratigraphic separation across these ramps suggests limited 

displacement (< 5 km).  We propose that in many locations, the Darvaz Fault-MPT system is a 

bedding-parallel décollement that was folded and uplifted along with the stratigraphic section.  

For example, the bedding-parallel Darvaz fault in the Dashtijum Valley region is interpreted to 

be an exposure of the Jurassic décollement present throughout the TFTB (Fig. 3A).  Structural 

reconstructions suggest that the sedimentary rocks of the Tajik Basin were deposited on the 

Northern Pamir and subsequently uplifted and eroded.  The structural geometry of the northwest 

Pamir margin can be characterized as a frontal monocline (Couzens-Schultz et al., 2003), similar 

to the Sulaiman Range in Pakistan (Banks and Wharburton, 1986) and the frontal Alberta thrust 

belt of western Canada (Price, 1986; Vann et al., 1986).  These types of structures have also been 

described as mountain front flexures or basement steps where a large thrust ramp exhumes 

deeper structural levels and uplifts the overlying sedimentary cover (McQuarrie, 2004).  

Deformation style commonly transitions from thick-skinned to thin-skinned across these 

boundaries (e.g., Bolivian Andes; Kley, 1996).  Unlike the Central and Southern Pamir terranes, 
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the Northern Pamir has been part of Asia since at least the Late Carboniferous, perhaps longer 

(Burtman and Molnar, 1993).  We propose that the Northern Pamir is simply the uplifted and 

deformed edge of the Tajik lithosphere.  This interpretation requires that the Tajik Basin crust 

was incorporated into the Pamir during orogenic growth, rather than subducted beneath the 

Pamir. 

 

Implications of Shortening Estimates 

 Geological and geophysical evidence indicates that shortening in the central Tian Shan 

thrust belts (10-40 km) is a result of underthrusting of the Tarim lithosphere (Abdrakhmatov et 

al., 1996; Allen et al., 1999; Sobel et al., 2006; Li et al., 2009; Lei et al., 2011; Gao et al., 2013; 

Gilligan et al., 2014).  Thrust faults in the West TFTB are kinematically linked to the expansion 

of the Tian Shan and shortening in the West TFTB is similarly related to underthrusting of the 

Tajik Basin lithosphere beneath the southwest Gissar Range.  This distinction is important 

because shortening in the West TFTB should not be used to balance potential subduction of 

Tajik-Tarim lithosphere beneath the Pamir (Burtman and Molnar, 1993).   

 In addition to shortening in the West TFTB, our results indicate 20-25 km of basement-

involved shortening within the southwest Gissar Range that is related to the growth of the Tian 

Shan.  Previous estimates of shortening across the TFTB have included deformation within the 

southwest Gissar Range (Thomas et al., 1994; 1996; Bourgeois et al., 1997), but like the West 

TFTB this shortening should not be included in estimates for the length of lithosphere 

underthrust beneath the Pamir.  Discarding shortening in the West TFTB and southwest Gissar 

Range leaves only ~30 km of shortening in the East TFTB that could be attributed to 

intracontinental subduction beneath the Pamir (Burtman and Molnar, 1993).  This amount of 
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shortening is comparable to estimates of shortening in the Peter the First Range (< 60 km) (Leith 

and Alvarez, 1985; Hamburger et al., 1992; Bekker, 1996), the Alai valley (< 20 km) (Coutand et 

al., 2002), and on the northeast margin of the Pamir (30-35 km) (Li et al., 2012).  These results 

are an order of magnitude less than the 250-300 km length of Tajik-Tarim lithosphere proposed 

to have subducted beneath the Pamir Mountains (Burtman and Molnar, 1993).  Although the 

exposure of hangingwall cut-offs in the East TFTB suggests that the estimate of shortening is not 

grossly underestimated, the restored cross-section A-A’ (Fig. 3B) does represent conservative 

(minimum) values.  However, even if the estimated amount of shortening in the East TFTB was 

doubled or tripled (for which there is no evidence) or if the amount of shortening in the West 

TFTB was included, there is still not enough shortening to balance the 250-300 km length of the 

“Pamir slab.”   

 In order to reconcile models of intracontinental subduction with the lack of evidence for 

shortening in the upper crust, some authors have proposed that upper to middle crustal rocks 

were subducted beneath the Pamir and then underplated, interleaved into the Pamir crust, or 

subducted along with the lower crust and mantle lithosphere (Burtman and Molnar, 1993; 

Mechie et al., 2012; Schneider et al., 2013; Sippl et al., 2013; Sobel et al., 2013).  By subducting 

or underplating the upper crust, the record of shortening may be destroyed and any correlation 

between the magnitudes of shortening and subduction may not be necessary.  However, the 

results of this study suggest that the rocks in the eastern part of the Tajik Basin were neither 

underthrusted nor subducted, but were uplifted and eroded above the Pamir or incorporated into 

the upper structural levels of the Pamir.  A relatively complete stratigraphic section of 

metamorphic Paleozoic basement rocks through Neogene synorogenic rocks is exposed all along 

the northwest margin of the Pamir.  This observation links together the Tajik Basin and Northern 
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Pamir and eliminates the possibility of significant subduction of the Tajik Basin lithosphere 

beneath the Pamir.   

 If intracontinental subduction of Asian lithosphere is not occurring beneath the Pamir, 

what is generating earthquakes in a contorted Benioff zone and what could be producing the low-

velocity zone at such great depths in the mantle (Roecker, 1982; Koulakov and Sobolev, 2006; 

Schneider et al., 2013; Sippl et al., 2013)?  We suggest that the lowermost crust and mantle 

lithosphere of the Pamir have delaminated or foundered into the mantle (Fig. 11).  The 

delaminated lithosphere in the upper mantle beneath the Pamir is part of the Northern, Central, 

and Southern Pamir terranes, rather than cratonic Asian lithosphere (e.g., Kufner et al., 2016; 

Rutte et al., 2017b).  In this model, there is no requirement for shortening of the Asian 

lithosphere in the Pamir foreland and the kinematics of the TFTB, including the MPT, may be 

partially or wholly unrelated to the delaminated material.  Likewise, the timing and rate of 

delamination are not necessarily related to the rate or amount of shortening at the Pamir margin.   

 Fast seismic velocities beneath the Pamir crust suggest that Indian mantle lithosphere 

extends as far north as the Central Pamir terrane (Mechie et al., 2012; Sippl et al., 2013).  Thus, a 

first-order observation is that the original mantle lithosphere beneath the Pamir is missing and 

has been replaced by Indian mantle lithosphere.  India has been subducting continuously beneath 

the Pamir since at least ~20-25 Ma, when many researchers have proposed a slab break-off event 

or roll-back of the Indian continental lithosphere (Mahéo et al., 2002; Replumaz et al., 2010; 

Amidon and Hynek, 2010; DeCelles et al., 2011; Carrapa et al., 2014).  Since that time, India and 

Asia have been converging at a roughly steady rate of ~4-5 cm/yr (DeMets et al., 1990; Bilham 

et al., 1997; Molnar and Stock, 2009).  Assuming that all of this convergence was accommodated 

in the Indian mantle lithosphere by underthrusting beneath the Pamir, as suggested by Negredo et 
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al. (2007), it is possible to restore the leading edge of Indian mantle lithosphere 100-125 km to 

the south, near the Karakoram batholith (Fig. 11).  The resulting gap in mantle lithosphere 

beneath the Pamir is roughly equivalent to the along-arc length of the Pamir seismic zone, which 

can be “restored” to fit beneath the Pamir (Fig. 11).  Indentation of India may be actively 

facilitating northward delamination of mantle lithosphere (Stearns et al., 2015; Kufner et al., 

2016; Rutte et al., 2017b), analogous to the model for the removal of Qiantang mantle 

lithosphere in Tibet during the Eocene (DeCelles et al., 2011).  The Qiantang terrane and the 

Southern/Central Pamir terranes are equivalent along strike of the orogen (Robinson et al., 2012).  

The exact mechanisms for this lithospheric interaction at depth are unclear, but Stearns et al. 

(2015) suggested the increased gravitational potential energy ± mantle downwelling could have 

triggered delamination/roll-back.  If the start of delamination is related to the resumption of 

Indian underthrusting following the late Oligocene to early Miocene slab-breakoff event, it 

would indicate delamination also started at that time.  A possible argument against the initiation 

of delamination during the early Miocene is that the delaminated material may have sunk deeper 

into the upper mantle than is currently imaged today.  The depth of the Pamir slab indicates a 

sinking velocity on the order of 10 mm/yr, assuming early Miocene delamination.  Sinking 

velocities can be approximated using a Stokes sinking sphere (Morgan, 1965).  A sinking 

velocity of ~10 mm/yr is consistent with a sphere with radius of 55 km and 50 kg/m3 excess 

density in an upper mantle with constant viscosity of 1021 Pa∙s.  This back-of-the-envelope 

sinking velocity estimate is poorly constrained, but it does suggest that a 10 mm/yr velocity is 

within the realm of feasibility.  Alternate hypotheses suggest that roll-back or delamination of 

the Pamir slab started in the late Miocene (Kufner et al., 2016; Rutte et al., 2017b). 
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 Roll-back of subducted Asian lithosphere has been suggested to have caused a change in 

boundary forces in the upper plate (Pamir orogen) that could drive extension within the Pamir 

and may explain the initiation of extension in the Pamir gneiss domes at ~ 20 Ma (Sobel et al., 

2013; Stearns et al., 2015).  An alternative explanation for initiation of gneiss dome extension is 

the delamination of (potentially eclogitized) Pamir lower crust and mantle lithosphere, which 

would regionally raise gravitational potential energy and would not require a change in boundary 

forces (e.g., Molnar and Lyon-Caen, 1988).  Delamination was originally envisioned as a peeling 

away of the mantle lithosphere along the Moho (Bird, 1979); however, recent studies have 

shown that delamination may occur within the lower crust in response to eclogitization (Sobolev 

et al., 2006; Krystopowicz and Currie, 2013; Currie et al., 2015).  The timing of crustal 

thickening in the Pamir is unclear (Robinson, 2015), but most researchers suggest that it occurred 

from the late Eocene to early Miocene based on prograde metamorphic ages measured in the 

Pamir gneiss domes (Schmidt et al., 2011; Stearns et al., 2013).  On the other hand, Smit et al. 

(2014) suggested that prograde metamorphism may be related to high mantle heat flow following 

detachment of the Tethyan oceanic lithosphere during the Eocene.  The Smit et al. (2014) model 

favors earlier (Cretaceous) Cordilleran-style crustal thickening in the Pamir as proposed by 

Robinson et al. (2012).  In either model, crustal thickening in the Pamir may have been sufficient 

to eclogitize the lower crust.  Evidence for eclogitization comes from eclogitic xenoliths in the 

Southern Pamir terrane, which were derived from Pamir crust and were buried to depths >90 km 

prior to magmatic entrainment and surface eruption during the middle to late Miocene (Ducea et 

al., 2003; Hacker et al., 2005; Gordon et al., 2012).  Foundering or delamination of lower Pamir 

crust along with mantle lithosphere is one possible mechanism to generate these xenoliths 

(Gordon et al., 2012).  Thus, the low-velocity zone beneath the Pamir (e.g., Sippl et al., 2013) 
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may represent delaminated lower crust, rather than subducted lower crust of the Tajik-Tarim 

(Asian) lithosphere (Fig. 11).  Foundering of the lithosphere beneath the Pamir may also explain 

the seismic gap (Peglar and Das, 1998) located between a cloud of deep mantle seismicity and 

shallow crustal seismicity associated with ongoing shortening at the northern margin of the 

Pamir (Fig. 11) (Schurr et al., 2014).  The deficit of shortening in the Pamir and TFTB leaves 

open an important question: how did the Pamir crust thicken?  If internal shortening and 

intracontinental subduction are not responsible for the thick crust in the Pamir, then upper crustal 

shortening in the Himalaya and northward underthrusting of Indian lithosphere remain a viable 

mechanism (Kapp and Guynn, 2004). 

 

Conclusions 

 New AHe and AFT thermochronologic data indicate that deformation in the thin-skinned 

TFTB initiated during the middle Miocene.  Sequential reconstructions of a balanced cross-

section (Fig. 3) and thermokinematic modeling (Fig. 6, Table 2) suggest ~70 km of total 

shortening in the TFTB with a Miocene to present shortening rate of 4-6 mm/yr and a Pliocene to 

recent shortening rate of 6-8 mm/yr.  Deformation in the TFTB propagated toward the center of 

the Tajik Basin, migrating away from both the southwest Gissar Range and the Pamir almost 

simultaneously.  The West TFTB and East TFTB are two distinct thrust belts that have 

propagated toward each other (Fig. 3, 5, 6).  Field observations and modeling results indicate that 

these two thrust belts generally display in-sequence patterns for fold and thrust propagation.  The 

East TFTB has propagated from the Pamir and the West TFTB has propagated from the 

southwest Gissar Range of the Tian Shan.  The structural style, timing of deformation, and 

magnitude of shortening in the West TFTB are consistent with thin-skinned thrust belts located 
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along the northwest margin of the Tarim Basin.  The West TFTB is part of the greater Tian Shan 

orogenic system and is related to northwestward underthrusting of the Tajik-Tarim lithosphere.  

As a result, as little as 30 km of shortening recorded in the TFTB is related to underthrusting of 

the Tajik lithosphere beneath the Pamir.  This amount of shortening is not consistent with models 

that propose ~300 km of subducted continental lithosphere to explain deep seismicity and fast 

seismic velocities beneath the Pamir (e.g., Burtman and Molnar, 1993).   

 In addition to this shortening deficit, the structural architecture of the northern Pamir 

margin is consistent with a convergent orogenic margin rather than a subduction zone.  A 10-15 

km crustal section, spanning Paleozoic metamorphic basement to Neogene synorogenic 

sedimentary rocks, is exposed in a large frontal monocline along the northern margin of the 

Pamir.  The Northern Pamir and Tajik Basin are part of the same lithospheric assemblage that 

has been incorporated into the Pamir during orogenesis.  Mesozoic sedimentary rocks, and 

perhaps thin-skinned structures, like those observed in the TFTB, were once present above the 

Northern Pamir before being uplifted and eroded.  There is no evidence for underplating or 

interleaving of upper to middle crust. 

 The ~300 km long, south-dipping zone of deep seismicity beneath the Pamir (e.g., 

Schneider et al., 2013) is not related to subduction of Asian lithosphere, but may be associated 

with the delamination of Pamir lower crust and mantle lithosphere (Fig. 11).  This delamination 

may be facilitated by subducted Indian mantle lithosphere (Kufner et al., 2016; Rutte et al., 

2017b).  Although the geometry of the proposed delaminated lithosphere is similar to that shown 

in models that propose roll-back of subducted Asian lithosphere (Sobel et al., 2013; Stearns et 

al., 2015), these two models have distinct mechanical and geodynamic implications.  Subduction 

roll-back is fundamentally driven by lower plate processes, primarily slab buoyancy and rate of 
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subduction (Schellart, 2008).  In the case of the Pamir, removal of the middle to upper crust, by 

underthrusting, is required to raise the integrated density of the lithosphere and allow continental 

subduction to be self-sustaining (Molnar and Gray 1979; Burtman and Molnar, 1993).  This 

model predicts that slab forces would be driving upper plate shortening, recorded by deformation 

along the MPT, analogous to a subduction accretionary complex (e.g., Sobel et al., 2013).  

Conversely, delamination of continental mantle lithosphere is fundamentally controlled by upper 

plate processes, primarily crustal thickening or magmatic emplacement (Bird, 1979; Ducea and 

Saleeby, 1998).  In the case of the Pamir, orogenic thickening, perhaps starting as early as the 

Cretaceous (Robinson, 2015) may have primed the lithosphere for delamination by moderately 

thickening the crust prior to India-Asia collision.  Shortening recorded on the MPT and in the 

TFTB may be largely decoupled from the foundering lithosphere.  Increased gravitational 

potential energy following lithospheric delamination is a plausible alternative to changes in 

boundary forces driven by slab migration to explain the initiation of Miocene extension as 

recorded in the Pamir gneiss domes.   

 Whereas delamination of continental mantle lithosphere is commonly observed in 

orogenic systems that have experienced protracted crustal thickening and/or concentrated arc 

magmatism (DeCelles et al., 2009; 2015; Wells et al., 2012; Beck et al., 2015), intracontinental 

subduction is a relatively rare phenomenon, for which the Pamir is the archetype (Burtman and 

Molnar, 1993).  If intracontinental subduction is not occurring in the Pamir, as we propose, then 

it may be time to reevaluate whether it is a viable tectonic process at all and whether continental 

lithosphere can initiate and sustain subduction without the assistance of negatively buoyant 

oceanic lithosphere (e.g., Capitanio et al., 2010).  Discriminating between crustal shortening and 
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subduction in the interior of continental plates is critical for understanding the geodynamics of 

convergent orogenesis.   
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Figures and Tables 
 
 

 
Figure 1: 
Overview map of the Southern Tian Shan and Pamir Mountains region.  Lower panels: 
schematic end-member models for the origin of the Pamir Seismic Zone (PSZ) as it is observed 
today (models are not to scale).  A) Overturned slab of subducted Indian lithosphere, with small 
rotational arrows showing overturning of the portion of the slab that has broken off (e.g., 
Koulakov and Sobolev, 2006).  B) Subduction of Asian lithosphere (e.g., Schneider et al., 2013; 
Sippl et al., 2013), that may have initially been subducted at a low-angle and then rolled back to 
the north (e.g. Sobel et al., 2013; Stearns et al., 2015).  C) Delamination of Pamir lithosphere 
(Stearns et al., 2015; Kufner et al., 2016; Rutte et al., 2017b, this study).  Previously detached 
portions of the Indian lithosphere (e.g., Mahéo et al., 2002) are not shown in panels B or C.  
MPT=Main Pamir Thrust, DF=Darvaz Fault, TBZ=Tirich-Mir Fault Zone, MBT=Main 
Boundary Thrust, CHMF=Chaman Fault, PFR=Peter the First Range, FTB=Fold and Thrust 
Belt.   
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Figure 2: 
Geologic Map of the northern Tajik Basin and Tajik Fold and Thrust Belt.  Cross-section A-A’ is 
presented in Figure 3A and cross-section B-B’ in presented in Figure 3D.  Geology is modified 
from (Vlasov et al., 1991).  Thermochronological sample information is presented in Table 1.  
AHe=apatite (U-Th)/He, AFT=apatite fission track, DF=Darvaz fault, MPT=Main Pamir thrust, 
NMPT = north MPT, SMPT = south MPT, DSZ = Dashtak shear zone, TMS = Tanymas suture, 
YGD = Yazgulem gneiss dome.  Stratigraphic nomenclature adopted from Burtman (2000) and 
Nikolaev (2002).  AHe ages are weighted means. 
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Figure 3: 
A) Cross-section A-A’, see Figure 2 for location.  Well names for wells plotted in cross-section 
A-A’ are 1) Yakkasaray-6, 2) Mirshadi-1, 3) Kurgancha-21, 4) Beshtentyak-22.  B) Restoration 
of cross-section A-A’ from panel A.  C) Close-up of cross-section A-A’ across the Tajik fold and 
thrust belt (TFTB) that is basis for subsequent FETKin modeling.  Compare panel C to the 0 Ma 
(fully deformed) section in Figure 5 and Figure 6C.  Sample locations and structural (dip) data 
were projected from along strike and plotted at correlative structural level.  D) Cross-section B-
B’, see Figure 2 for location.  A portion of the section in the Peter 1st Range is based on 
Hamburger et al. (1992).  E) Restoration of cross-section B-B’ from panel D.  The colors and 
labels for geologic features in all panels is the same as in Figure 2.  DF = Darvaz fault, PFT = 
Pamir frontal thrust, MPT = Main Pamir thrust, NMPT = north MPT, SMPT = south MPT, DSZ 
= Dashtak shear zone, TMS = Tanymas suture.    
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Figure 4: 
Results from flexural modeling that suggests some of the structural relief on the Jurassic 
décollement can be explained by lithospheric loading associated with the Tian Shan and Pamir.  
The actual elevation of the Jurassic décollement is 3.3 km lower (the thickness of the Miocene 
and younger sedimentary section).   
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Figure 5: 
Sequential cross-sections from 20 Ma to 0 Ma.  These sections were forward modeled in MOVE 
and then imported into FETKin and form the basis for the preferred, baseline model.  Compare 
the geometry in the 0Ma section to Figure 3C. Structures are labeled in the time step at which 
they become active in the model.  Note subsidence at each time step in the model, which is based 
on flexural modeling (Fig. 4). 
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Figure 6: 
Predicted (modeled) AHe and AFT ages compared against measured cooling ages from Table 1.  
Preferred model refers to the baseline model.  All modeled ages have a prescribed inherited age 
of 30 Ma.  Deformation appears to propagate towards the center of the Tajik fold and thrust belt.  
A) Preferred model cooling ages compared to predicted ages from models with higher or lower 
prescribed basal temperature.  B) Preferred model cooling ages compared to predicted ages from 
models with slip on each individual structure moved forward (late model) or back (early model) 
in time by 2 Myr. C) Close-up of the final (0 Ma) model geometry used in FETKin modeling. 
Compare to Figure 3C.   
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Figure 7: 
A) Geothermal gradient vs. distance in the upper 10 km of the final time step (0 Ma) in FETKin 
models with varying basal temperatures.  The geothermal gradient profile for the 500°C basal 
temperature corresponds to the preferred baseline model and is located almost entirely within the 
estimated range of modern geothermal gradients.  B) Isotherms for the preferred baseline model 
showing their deflection resulting from the advection and deposition of material in the FETkin 
modeling. 
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Figure 8: 
Photo of Neogene growth strata located just west of the large overturned synclinorium in the 
Dashtijum Valley region. Location: 37.85°N, 69.95°E.   
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Figure 9: 
Plot of cumulative shortening in the Tajik fold and thrust belt based on FETKin model results for 
the preferred baseline model and models in which slip on individual structures was moved 
forward (late model) or backward (early model) in time.  Results from early and late models are 
only plotted when the predicted AHe and AFT cooling ages fall within error of the measured 
cooling ages (Fig. 6B). The results indicate Miocene to present shortening rates of 4-6 mm/yr.   
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Figure 10: 
A series of cartoon cross-sections across the A) Tajik Basin, B) Alai Valley, and C) Tarim Basin 
that show how shortening and deformation may have evolved to produce the bivergent structural 
geometries (structures on opposite margins of the basins verging inward toward the center of the 
basin) observed in the Tajik fold and thrust belt (TFTB).  The total amount of shortening in each 
section is comparable.  TS=Tian Shan.   
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Figure 11: 
A schematic cross-section across the Tian Shan, Pamir, and Himalaya showing delamination of 
the Pamir mantle lithosphere and lower crust.  Arrows in the Northern Pamir terrane indicate 
underthrusting of Tajik Basin/Northern Pamir lithosphere beneath the Pamir and Tian Shan.  
Seismicity and Moho locations are from Mechie et al. (2012) and Schneider et al. (2013).  
Himalayan thrust belt and Kohistan geometry modified from DiPietro and Pogue (2004) and 
Burg (2011).  MPT=Main Pamir Thrust, SPB=South Pamir Batholith, KKB=Karakoram 
Batholith, KHB=Kohistan Batholith, MBT=Main Boundary Thrust, MFT=Main Frontal Thrust, 
CML=Continental Mantle Lithosphere.   
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Table 1: 
For AHe aliquots from the same sample, we report a weighted mean age and 2 sigma weighted 
uncertainty or a 1 sigma age standard deviation, whichever uncertainty is larger.  #gr = number 
of grain analyses included in AHe age. AFT ages are central ages with 2 sigma uncertainties. 
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Table 2: 
Each column is a time step (Ma) in the preferred (baseline) thermokinematic model.  The value 
in each cell is the amount of displacement (km) for a particular structure at that time step.  For 
example, we modeled 3 km of slip on the Rangon thrust at the 12 Ma to 10 Ma time steps.  The 
total amount of slip on each structure is shown in the right-hand column.  The total amount of 
slip for each time step is shown in the bottom row.  These slip values produced the model 
geometries presented in Figure 5. 
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Supplementary Material 
 

 
 
Supplementary Figure 1: Bottom hole temperature plotted against well-depth to estimate 
modern geothermal gradient. 
  



112 
 

 
 
Supplementary Figure 2: Apatite (U-Th)/He (AHe) ages for individual aliquots of each sample 
plotted against effective uranium concentration (eU). 
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Supplementary Table 1: Flexural parameters for modeling. 
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Supplementary Table 2: Apatite (U-Th)/He (AHe) data for individual aliquots. 
 

 
 
  

Lab. Ref. Sample Name Raw Age (Ma) Corr. Age (Ma) 1σ (Ma) eU (ppm) U (ppm) Th (ppm) nmol 4He/g (Ca) mass ap (g) Ft 238U Ft 235U Ft 232Th Ft 147Sm
14C159 14-10-Ap2 2.01 2.90 0.16 39.50 37.93 6.67 0.43 1.62E-06 0.693 0.652 0.652 0.900
14C160 14-10-Ap3 1.96 3.11 0.11 27.03 23.35 15.67 0.29 1.39E-06 0.638 0.591 0.591 0.881
14C161 14-10-Ap4 1.87 3.07 0.18 93.87 55.05 165.20 0.95 9.37E-07 0.628 0.580 0.580 0.878
14C162 14-10-Ap5 2.25 3.11 0.10 16.91 12.41 19.16 0.21 2.77E-06 0.732 0.696 0.696 0.914

14C163 14-03-Ap1 6.42 9.73 0.26 57.91 51.73 26.28 2.01 1.53E-06 0.666 0.622 0.622 0.891
14C164 14-03-Ap2 2.78 3.72 0.13 7.99 5.37 11.13 0.12 5.12E-06 0.757 0.723 0.723 0.922
14C165 14-03-Ap3 5.55 7.24 0.23 2.33 1.42 3.88 0.07 6.72E-06 0.776 0.745 0.745 0.928
14C167 14-03-Ap5 8.19 10.16 0.16 31.88 17.14 62.72 1.42 1.01E-05 0.818 0.793 0.793 0.942

14C169 14-05-Ap2 1.05 1.47 0.06 38.90 19.80 81.29 0.22 3.22E-06 0.730 0.694 0.694 0.913
14C170 14-05-Ap3 1.26 1.78 0.13 12.44 5.34 30.20 0.09 2.54E-06 0.726 0.689 0.689 0.912
14C172 14-05-Ap4 0.71 1.06 0.10 20.08 8.23 50.41 0.08 2.01E-06 0.695 0.654 0.654 0.901
14C173 14-05-Ap5 0.79 1.04 0.05 38.12 15.88 94.62 0.16 4.49E-06 0.772 0.740 0.740 0.927

14C174 14-08-Ap1 0.88 1.27 0.05 40.16 20.58 83.32 0.19 2.33E-06 0.712 0.673 0.673 0.907
14C175 14-08-Ap2 1.89 2.78 0.11 22.08 20.42 7.07 0.23 1.86E-06 0.682 0.640 0.640 0.897
14C176 14-08-Ap3 2.11 3.23 0.22 20.13 14.24 25.10 0.23 1.72E-06 0.665 0.621 0.621 0.891
14C178 14-08-Ap5 1.34 1.98 0.60 1.72 0.71 4.29 0.01 2.11E-06 0.701 0.661 0.661 0.903

14C179 SHSH95-Ap1 2.53 3.55 0.23 26.40 24.85 6.59 0.36 2.76E-06 0.715 0.677 0.677 0.908
14C180 SHSH95-Ap2 3.52 4.89 0.14 10.44 6.94 14.88 0.20 2.77E-06 0.732 0.695 0.695 0.914
14C181 SHSH95-Ap3 4.63 7.02 0.17 74.39 33.20 175.30 1.88 1.86E-06 0.683 0.641 0.641 0.897
14C182 SHSH95-Ap4 2.66 3.44 0.17 6.44 5.51 3.95 0.09 5.44E-06 0.778 0.747 0.747 0.929
14C183 SHSH95-Ap5 4.48 6.02 0.17 27.17 23.57 15.33 0.66 3.21E-06 0.750 0.715 0.715 0.920

14C185 DS-13-08-Ap1 2.22 2.76 0.08 27.09 22.85 18.05 0.33 7.23E-06 0.808 0.781 0.781 0.939
14C186 DS-13-08-Ap2 1.84 2.30 0.15 10.64 6.87 16.05 0.11 6.58E-06 0.811 0.784 0.784 0.940
14C187 DS-13-08-Ap3 4.03 4.87 0.09 37.45 34.27 13.54 0.82 1.63E-05 0.831 0.807 0.807 0.946
14C188 DS-13-08-Ap4 4.44 5.62 0.08 147.38 53.14 401.01 3.56 6.39E-06 0.808 0.781 0.781 0.939

14C190 14-11-Ap1 6.95 10.49 0.19 142.66 98.21 189.15 5.37 1.37E-06 0.676 0.633 0.633 0.895
14C191 14-11-Ap2 2.73 3.89 0.23 24.01 12.59 48.63 0.36 1.72E-06 0.718 0.680 0.680 0.909
14C192 14-11-Ap3 5.11 6.99 0.23 9.80 9.13 2.87 0.27 1.83E-06 0.734 0.698 0.698 0.914
14C193 14-11-Ap4 9.51 13.50 0.33 30.68 28.29 10.19 1.59 2.37E-06 0.706 0.667 0.667 0.905
14C194 14-11-Ap5 10.11 15.07 0.33 51.78 29.42 95.16 2.84 2.23E-06 0.689 0.648 0.648 0.899

14C195 14-07-Ap1 2.87 3.86 0.08 72.78 55.87 71.97 1.13 3.82E-06 0.753 0.719 0.719 0.921
14C196 14-07-Ap2 2.11 3.15 0.11 25.31 19.25 25.77 0.29 1.75E-06 0.678 0.635 0.635 0.895
14C197 14-07-Ap3 2.30 3.43 0.18 16.65 7.65 38.29 0.21 1.68E-06 0.692 0.651 0.651 0.900
14C322 14-07-Ap4 2.63 3.63 0.20 12.60 9.20 14.44 0.18 2.02E-06 0.733982 0.697792 0.697792 0.9143937
14C323 14-07-Ap5 1.32 1.79 0.08 31.98 22.31 41.15 0.23 2.66E-06 0.74462 0.70971 0.70971 0.9179503
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Lab. Ref. Sample Name Raw Age (Ma) Corr. Age (Ma) 1σ (Ma) eU (ppm) U (ppm) Th (ppm) nmol 4He/g (Ca) mass ap (g) Ft 238U Ft 235U Ft 232Th Ft 147Sm
14C324 DS-13-01-Ap1 6.22 8.85 0.27 45.69 22.46 98.85 1.55 3.08E-06 0.721495 0.683824 0.683824 0.9101926
14C325 DS-13-01-Ap2 2.24 3.24 0.15 20.33 3.15 73.12 0.25 2.32E-06 0.721019 0.683293 0.683293 0.910032
14C326 DS-13-01-Ap3 1.43 2.23 0.12 23.90 10.32 57.80 0.19 1.52E-06 0.667466 0.623665 0.623665 0.8916855
14C328 DS-13-01-Ap5 8.31 10.51 0.18 110.15 66.98 183.73 4.97 2.54E-06 0.801982 0.774245 0.774245 0.9367711

14A136 IS-13-01-Ap1 1.47 2.43 0.12 30.24 20.00 43.58 0.24 1.00E-06 0.62027 0.57152 0.57152 0.8750816
14A137 IS-13-01-Ap2 3.29 5.17 0.20 62.82 55.37 31.71 1.12 1.35E-06 0.643261 0.596872 0.596872 0.8832211
14A138 IS-13-01-Ap3 1.78 2.60 0.15 32.87 24.57 35.36 0.32 1.94E-06 0.697052 0.656551 0.656551 0.9018863
14A139 IS-13-01-Ap4 1.57 2.65 0.14 65.07 43.28 92.75 0.55 9.61E-07 0.6109 0.561216 0.561216 0.8717366
14A140 IS-13-01-Ap5 3.44 5.20 0.18 54.23 32.23 93.59 1.01 1.63E-06 0.6792 0.636691 0.636691 0.8957504

14A141 IS-13-03-Ap1 2.31 3.51 0.15 18.02 9.84 34.79 0.23 1.82E-06 0.676466 0.633653 0.633653 0.8948055
14A142 IS-13-03-Ap2 1.45 2.44 0.12 27.09 17.80 39.52 0.21 9.04E-07 0.613051 0.56358 0.56358 0.872506
14A143 IS-13-03-Ap3 2.90 4.87 0.32 81.45 71.12 43.97 1.28 9.14E-07 0.603031 0.552576 0.552576 0.868915
14A144 IS-13-03-Ap4 1.94 2.80 0.11 18.37 10.20 34.75 0.20 2.08E-06 0.709789 0.670751 0.670751 0.9062283
14A145 IS-13-03-Ap5 2.57 3.85 0.27 29.53 17.34 51.85 0.41 2.25E-06 0.684779 0.642892 0.642892 0.8976743

14A146 IS-13-04-Ap1 8.86 12.54 0.19 55.90 35.49 86.84 2.68 4.58E-06 0.720545 0.682762 0.682762 0.9098718
14A147 IS-13-04-Ap2 15.21 22.16 0.53 9.94 6.98 12.61 0.82 2.21E-06 0.698895 0.658604 0.658604 0.9025165
14A148 IS-13-04-Ap3 8.47 11.77 0.19 42.30 35.48 29.00 1.94 2.98E-06 0.726269 0.689162 0.689162 0.9118023
14A150 IS-13-04-Ap4 8.03 10.99 0.27 15.49 10.31 22.02 0.67 3.36E-06 0.742745 0.707609 0.707609 0.9173251
14A151 IS-13-04-Ap5 9.28 12.50 0.32 78.91 70.78 34.61 3.96 3.58E-06 0.746631 0.711965 0.711965 0.9186203

14A152 IS-13-05-Ap1 1.69 2.71 0.11 28.12 13.53 62.07 0.26 1.02E-06 0.6468 0.600783 0.600783 0.8844652
14A153 IS-13-05-Ap2 2.99 5.21 0.13 126.71 71.78 233.76 2.05 7.51E-07 0.596872 0.545822 0.545822 0.8666987
14A154 IS-13-05-Ap3 1.48 2.70 0.15 44.17 26.80 73.90 0.36 5.52E-07 0.567934 0.514195 0.514195 0.8561922
14A155 IS-13-05-Ap4 1.47 2.64 0.19 31.64 11.65 85.05 0.25 7.17E-07 0.587811 0.535901 0.535901 0.8634256
14A156 IS-13-05-Ap5 1.50 2.48 0.09 39.33 22.64 71.04 0.32 1.03E-06 0.626614 0.578506 0.578506 0.8773374

14A157 IS-13-06-Ap1 3.29 5.41 0.25 13.60 9.33 18.17 0.24 1.09E-06 0.623259 0.57481 0.57481 0.8761454
14A158 IS-13-06-Ap2 57.56 84.40 1.71 32.33 28.41 16.69 10.11 1.96E-06 0.686553 0.644865 0.644865 0.8982849
14A159 IS-13-06-Ap3 7.04 12.23 0.44 89.11 75.91 56.19 3.39 7.25E-07 0.584821 0.532629 0.532629 0.8623419
14A160 IS-13-06-Ap4 9.71 16.71 0.47 64.24 32.67 134.35 3.39 8.07E-07 0.60621 0.556064 0.556064 0.8700562
14A161 IS-13-06-Ap5 6.05 10.26 1.18 50.71 42.88 33.31 1.66 6.28E-07 0.599246 0.548425 0.548425 0.8675539

14A163 IS-13-07-Ap1 5.94 7.24 0.13 30.90 24.07 29.06 1.00 1.10E-05 0.825263 0.80056 0.80056 0.9442377
14A164 IS-13-07-Ap2 177.81 216.56 14.64 1.08 0.52 2.38 1.08 1.21E-05 0.828966 0.804751 0.804751 0.9454161
14A165 IS-13-07-Ap3 4.02 4.69 0.07 40.44 25.12 65.18 0.88 1.99E-05 0.865709 0.846431 0.846431 0.9569733
14A166 IS-13-07-Ap4 3.88 4.75 0.10 23.34 20.00 14.21 0.49 7.25E-06 0.820591 0.795273 0.795273 0.9427472
14A167 IS-13-07-Ap5 9.70 13.74 0.32 38.55 25.43 55.83 2.03 2.52E-06 0.719382 0.681463 0.681463 0.909479
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Supplementary Table 3: Apatite fission track (AFT) data for samples analyzed. 
 

 
 
  

Sample Number IS_13_03 Mineral Apatite
Position (#) 31 Glass (U ppm) 11
Area of Graticule Square 3.94761E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9
Rho d (% Relative Error) 1511467.675 1.702513
N d 3450

N s N i N g ρ s ρ i ρ s / ρ i U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
0 5 32 0 395809.1 0 2.880578 0 0 0 38.97767 212.211
2 51 80 63329.46 1614901 0.039215686 11.75276 10.30234 7.504082 1.215731 13.86214 39.08424
4 42 100 101327.1 1063935 0.095238095 7.742993 24.99147 13.33589 6.518006 29.40747 68.64818
2 18 75 67551.42 607962.8 0.111111111 4.424567 29.14732 21.93795 3.286427 39.67728 120.8785
1 12 80 31664.73 379976.7 0.083333333 2.765355 21.87283 22.88061 0.512521 37.72119 146.4082
2 20 100 50663.57 506635.7 0.1 3.68714 26.23851 19.65154 2.97887 35.65348 107.3343
2 18 75 67551.42 607962.8 0.111111111 4.424567 29.14732 21.93795 3.286427 39.67728 120.8785
0 7 75 0 236430 0 1.720665 0 0 0 27.30927 138.9249
1 12 100 25331.78 303981.4 0.083333333 2.212284 21.87283 22.88061 0.512521 37.72119 146.4082
1 16 80 31664.73 506635.7 0.0625 3.68714 16.41158 17.00352 0.391842 28.11099 104.9161
0 6 60 0 253317.8 0 1.84357 0 0 0 32.11756 168.044
3 16 100 75995.35 405308.5 0.1875 2.949712 49.10992 31.32164 9.198394 61.33384 169.9623
3 63 90 84439.28 1773225 0.047619048 12.90499 12.50785 7.506215 2.514166 15.38837 38.18421
0 17 100 0 430640.3 0 3.134069 0 0 0 10.9324 50.46656
0 12 60 0 506635.7 0 3.68714 0 0 0 15.6151 74.12802
1 22 85 29802.1 655646.1 0.045454545 4.771592 11.93984 12.27188 0.289568 20.33805 73.51438
0 6 60 0 253317.8 0 1.84357 0 0 0 32.11756 168.044
1 32 90 28146.43 900685.6 0.03125 6.554915 8.211012 8.382427 0.201788 13.92185 48.9993
0 8 32 0 633294.6 0 4.608924 0 0 0 23.75246 118.3295
0 4 80 0 126658.9 0 0.921785 0 0 0 49.55534 286.6205

********** **************** **************************** ******************************************************
23 387 1554 37492.34 630849.4 0.059431525 4.591129 15.60682 3.726089 9.779948 16.07303 23.74981

Pooled Ratio 0.059431525 ± 0.014189
Mean Ratio 0.053247254 ± 0.012246

Pooled Age 15.6068173 ± 3.726089 1 S.E.
Mean Crystal Age 13.98457781 ± 3.218928 1 S.E.
Binomial Age 16.07303222 + 7.676778 "+95%"

- 6.293084 "-95%"

Central Age 16.6591682 ± 4.13397

Age Dispersion 0.002661583 %
Chi-squared 10.91143169 with 19 degrees of freedom
P (Chi-Sq) 92.67816756 %
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Sample Number IS-13-04 Mineral Apatite
Position (#) 33 Glass (U ppm) 11
Area of Graticule Square 6.4E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9 Count Date
Rho d (% Relative Error) 1533112 1.702513 Locality
N d 3450 Rock Type

N s N i N g Rho s Rho i Rho s / Rho i U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
1 32 100 25331.78 810617.1 0.03125 5.816137 8.328516 8.502384 0.204677 14.12099 49.69826
1 11 100 25331.78 278649.6 0.090909091 1.999297 24.19859 25.401 0.563225 41.83478 164.6837
2 29 100 50663.57 734621.7 0.068965517 5.270874 18.36587 13.56367 2.126211 24.83084 72.29526
1 26 100 25331.78 658626.4 0.038461538 4.725612 10.24895 10.49905 0.250182 17.41795 62.13565
3 37 100 75995.35 937276 0.081081081 6.724909 21.5869 13.15382 4.263935 26.65374 67.93026
1 29 100 25331.78 734621.7 0.034482759 5.270874 9.189473 9.395853 0.225154 15.59715 55.22697
2 56 100 50663.57 1418580 0.035714286 10.17824 9.517427 6.920912 1.125683 12.79872 35.94827
1 74 100 25331.78 1874552 0.013513514 13.44982 3.602841 3.646623 0.09004 6.073452 20.67753
1 14 100 25331.78 354645 0.071428571 2.54456 19.02082 19.78867 0.450489 32.67491 124.0014
2 19 100 50663.57 481303.9 0.105263158 3.453332 28.01113 21.02832 3.169837 38.09416 115.3212
2 31 100 50663.57 785285.3 0.064516129 5.634383 17.18255 12.66386 1.994865 23.21429 67.26523
2 30 100 50663.57 759953.5 0.066666667 5.452629 17.75451 13.09835 2.058445 23.99537 69.68989
2 40 100 50663.57 1013271 0.05 7.270172 13.32047 9.75162 1.560955 17.95431 51.21492
2 20 100 50663.57 506635.7 0.1 3.635086 26.61346 19.93237 3.021517 36.1626 108.8584
3 47 100 75995.35 1190594 0.063829787 8.542452 17 10.2783 3.388154 20.95139 52.66691
2 36 100 50663.57 911944.2 0.055555556 6.543154 14.79882 10.86193 1.728004 19.96485 57.29297
1 18 100 25331.78 455972.1 0.055555556 3.271577 14.79882 15.28292 0.355589 25.29087 93.16038
2 36 100 50663.57 911944.2 0.055555556 6.543154 14.79882 10.86193 1.728004 19.96485 57.29297
3 25 100 75995.35 633294.6 0.12 4.543857 31.923 19.78895 6.181644 39.58081 104.0353
2 46 100 50663.57 1165262 0.043478261 8.360697 11.58457 8.454972 1.363274 15.5981 44.18099

********** ********************************************** ******************************************************
36 656 2000 45597.21 830882.5 0.054878049 5.961541 14.61855 2.93248 10.15187 14.89674 20.44123

Pooled Ratio 0.054878 ± 0.011009
Mean Ratio 0.062311 ± 0.00606

Pooled Age 14.61855 ± 2.93248 1 S.E.
Mean Crystal Age 16.59611 ± 1.616013 1 S.E.
Binomial Age 14.89674 + 5.544496 "+95%"

- 4.744865 "-95%"

Central Age 14.61855 ± 2.93248

Age Dispersion 0.006663 %
Chi-squared 7.620875 with 19 degrees of freedom
P (Chi-Sq) 99.00958 %
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Sample Number jbc_14_011 Mineral Apatite
Position (#) 25 Glass (U ppm) 11
Area of Graticule Square 3.94761E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9 Count Date
Rho d (% Relative Error) 1450000 1.702513 Locality
N d 3450 Rock Type

N s N i N g Rho s Rho i Rho s / Rho i U ppm Age (Ma) Age error "-95%" 50% Age
1 11 100 25331.78 810617.1 0.03125 5.816137 8.328516 8.502383983 0.204677 14.12099
1 11 40 25331.78 278649.6 0.090909091 1.999297 24.19859 25.40100084 0.563225 41.83478
1 27 100 50663.57 734621.7 0.068965517 5.270874 18.36587 13.5636724 2.126211 24.83084
3 50 100 25331.78 658626.4 0.038461538 4.725612 10.24895 10.49905086 0.250182 17.41795
3 56 100 75995.35 937276 0.081081081 6.724909 21.5869 13.15382259 4.263935 26.65374
2 31 100 25331.78 734621.7 0.034482759 5.270874 9.189473 9.395852981 0.225154 15.59715
1 21 50 50663.57 1418580 0.035714286 10.17824 9.517427 6.920912024 1.125683 12.79872
3 53 80 25331.78 1874552 0.013513514 13.44982 3.602841 3.64662288 0.09004 6.073452
1 17 70 25331.78 354645 0.071428571 2.54456 19.02082 19.78866562 0.450489 32.67491
3 56 80 50663.57 481303.9 0.105263158 3.453332 28.01113 21.02831777 3.169837 38.09416
2 51 90 50663.57 785285.3 0.064516129 5.634383 17.18255 12.66385562 1.994865 23.21429
1 14 90 50663.57 759953.5 0.066666667 5.452629 17.75451 13.09834837 2.058445 23.99537
1 17 100 50663.57 1013271 0.05 7.270172 13.32047 9.751619955 1.560955 17.95431
2 57 100 50663.57 506635.7 0.1 3.635086 26.61346 19.93236862 3.021517 36.1626
3 88 90 75995.35 1190594 0.063829787 8.542452 17 10.27829511 3.388154 20.95139
2 39 96 50663.57 911944.2 0.055555556 6.543154 14.79882 10.86193034 1.728004 19.96485
1 15 20 25331.78 455972.1 0.055555556 3.271577 14.79882 15.28291697 0.355589 25.29087
1 27 80 50663.57 911944.2 0.055555556 6.543154 14.79882 10.86193034 1.728004 19.96485
1 51 75 75995.35 633294.6 0.12 4.543857 31.923 19.78895035 6.181644 39.58081
2 33 80 50663.57 1165262 0.043478261 8.360697 11.58457 8.454971924 1.363274 15.5981

********** ********** ********** **************************** **************************** ******************
35 725 1641 45597.21 830882.5 0.054878049 5.961541 14.61855 2.932479904 10.15187 14.89674

Pooled Ratio 0.048275862 ± 0.009762
Mean Ratio 0.054370331 ± 0.004042

Pooled Age 12.16501449 ± 2.459888 1 S.E.
Mean Crystal Age 13.69912662 ± 1.019473 1 S.E.
Binomial Age 12.40239946 + 4.668466 "+95%"

- 3.993385 "-95%"

Central Age 12.16501449 ± 2.459888

Age Dispersion 2.92715E-07 %
Chi-squared 3.233531037 with 19 degrees of freedom
P (Chi-Sq) 99.99801802 %
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Sample Number jbc_14_007 Mineral Apatite
Position (#) 22 Glass (U ppm) 11
Area of Graticule Square 3.94761E-07 Irradiation UA-15-1  
No. of Crystals 9 Analyst JBC
Zeta Factor ± Error 347.9 35.9
Rho d (% Relative Error) 1414069.996 1.702513
N d 3450

N s N i N g Rho s Rho i Rho s / Rho i U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
2 66 80 63329.46 2089872 0.03030303 16.25704 7.449557 5.403315 0.884189 10.00933 27.95238
1 36 100 25331.78 911944.2 0.027777778 7.093981 6.829089 6.960031 0.168369 11.56599 40.44983
1 26 100 25331.78 658626.4 0.038461538 5.123431 9.453737 9.684428 0.230756 16.06718 57.33239
2 100 100 50663.57 2533178 0.02 19.7055 4.917673 3.549382 0.587657 6.596427 18.21571
0 20 100 0 506635.7 0 3.941101 0 0 0 8.668546 39.62457
1 49 100 25331.78 1241257 0.020408163 9.655697 5.017995 5.096036 0.124583 8.478223 29.24327
1 53 80 31664.73 1678231 0.018867925 13.0549 4.639415 4.708048 0.115352 7.834645 26.94539
0 16 80 0 506635.7 0 3.941101 0 0 0 10.88116 50.45093
1 33 100 25331.78 835948.8 0.03030303 6.502816 7.449557 7.601619 0.183231 12.62725 44.37151

********** ******************* **************************** ******************************************************
9 399 840 27141.2 1203260 0.022556391 9.360114 5.545978 1.95731 2.518053 5.962856 10.63063

Pooled Ratio 0.022556391 ± 0.007961
Mean Ratio 0.020680163 ± 0.004427

Pooled Age 5.545977776 ± 1.95731 1 S.E.
Mean Crystal Age 5.084848272 ± 1.088786 1 S.E.
Binomial Age 5.962855594 + 4.667777 "+95%"

- 3.444803 "-95%"

Central Age 5.545977776 ± 1.95731

Age Dispersion 1.41562E-09 %
Chi-squared 1.460402959 with 8 degrees of freedom
P (Chi-Sq) 99.33460376 %
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Sample Number jbc_14_005 Mineral Apatite
Position (#) 21 Glass (U pp 11
Area of Graticule Squa 3.95E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9 Count Date 40949
Rho d (% Relative Erro 1403248 1.702513 Locality
N d 3450 Rock Type

N s N i N g Rho s Rho i Rho s / Rh  U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
2 112 100 50663.57 2837160 0.017857 22.24037 4.357366 3.141739 0.52144 5.842823 16.09709
0 14 100 0 354645 0 2.780046 0 0 0 12.37755 57.9793
0 8 40 0 506635.7 0 3.971495 0 0 0 22.05471 109.9291
2 102 60 84439.28 4306403 0.019608 33.75771 4.7844 3.452541 0.571879 6.417257 17.71348
0 10 100 0 253317.8 0 1.985747 0 0 0 17.49578 84.69932
0 5 100 0 126658.9 0 0.992874 0 0 0 36.19472 197.2469
1 76 100 25331.78 1925216 0.013158 15.09168 3.210976 3.249432 0.080272 5.41233 18.41616
1 72 100 25331.78 1823888 0.013889 14.29738 3.389317 3.431133 0.084671 5.714299 19.47034
1 44 100 25331.78 1114598 0.022727 8.737289 5.545228 5.637796 0.137369 9.376136 32.48198
0 17 100 0 430640.3 0 3.375771 0 0 0 10.15026 46.8663
1 45 100 25331.78 1139930 0.022222 8.935863 5.422052 5.511218 0.134382 9.166353 31.72511
0 13 100 0 329313.2 0 2.581472 0 0 0 13.35428 62.9501
0 26 100 0 658626.4 0 5.162943 0 0 0 6.5916 29.74037
0 11 70 0 398070.9 0 3.12046 0 0 0 15.85669 75.96035
0 7 100 0 177322.5 0 1.390023 0 0 0 25.35779 129.0769
0 9 40 0 569965.1 0 4.467932 0 0 0 19.51262 95.69175
3 191 100 75995.35 4838371 0.015707 37.92778 3.832813 2.265926 0.783676 4.699388 11.36469
0 11 50 0 557299.2 0 4.368644 0 0 0 15.85669 75.96035
0 2 20 0 253317.8 0 1.985747 0 0 0 100.3228 796.2646
1 39 100 25331.78 987939.5 0.025641 7.744415 6.25581 6.369198 0.154546 10.5877 36.88063

************************************************************************************************************
12 814 1680 18094.13 1227385 0.014742 9.621419 3.597448 1.111722 1.851389 3.799274 6.317285

Pooled Ratio 0.014742 ± 0.004556
Mean Ratio 0.00754 ± 0.002204

Pooled Age 3.597448 ± 1.111722 1 S.E.
Mean Crystal Age 1.840325 ± 0.538085 1 S.E.
Binomial Age 3.799274 + 2.518011 "+95%"

- 1.947886 "-95%"

Central Age 3.597448 ± 1.111722

Age Dispersion 2.01E-09 %
Chi-squared 2.881503 with 19 degrees of freedom
P (Chi-Sq) 99.99922 %
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Sample Number SHSH_95-1 Mineral Apatite
Position (#) 17 Glass (U ppm) 11
Area of Graticule Square 3.94761E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9 Count Date 40942
Rho d (% Relative Error) 1359960.175 1.702513 Locality
N d 3450 Rock Type

N s N i N g Rho s Rho i Rho s / Rho i U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
0 34 100 0 861280.6 0 6.966444 0 0 0 4.870433 21.75279
0 19 100 0 481303.9 0 3.893013 0 0 0 8.783599 40.27449
1 35 100 25331.78 886612.4 0.028571429 7.17134 6.755461 6.88762113 0.166426 11.44442 40.08796
0 6 90 0 168878.6 0 1.365969 0 0 0 28.90534 151.3957
0 16 50 0 810617.1 0 6.556653 0 0 0 10.46513 48.52766
0 16 75 0 540411.4 0 4.371102 0 0 0 10.46513 48.52766
0 29 95 0 773286 0 6.254702 0 0 0 5.719867 25.69298
0 13 64 0 514551.8 0 4.161938 0 0 0 12.94274 61.01736
0 9 100 0 227986 0 1.844059 0 0 0 18.91157 92.76096
0 43 72 0 1512870 0 12.23681 0 0 0 3.843114 17.04617
1 59 100 25331.78 1494575 0.016949153 12.08883 4.008331 4.063837515 0.099842 6.764744 23.18325
0 14 90 0 394050 0 3.187262 0 0 0 11.99608 56.19851
0 28 100 0 709289.9 0 5.737072 0 0 0 5.926592 26.65858
0 20 100 0 506635.7 0 4.097908 0 0 0 8.337056 38.1128
0 26 64 0 1029104 0 8.323876 0 0 0 6.388361 28.82498
0 28 90 0 788099.9 0 6.374524 0 0 0 5.926592 26.65858
0 20 100 0 506635.7 0 4.097908 0 0 0 8.337056 38.1128
1 36 100 25331.78 911944.2 0.027777778 7.376235 6.567905 6.693838962 0.161927 11.12379 38.90666
0 42 80 0 1329919 0 10.75701 0 0 0 3.935345 17.46612
0 26 90 0 731807.1 0 5.919201 0 0 0 6.388361 28.82498

********** ******************* **************************** **************************** ***************************
3 519 1760 4317.918 746999.7 0.005780347 6.042087 1.367283 0.804490475 0.281075 1.674626 4.017211

Pooled Ratio 0.0058 ± 0.0034
Mean Ratio 0.0037 ± 0.0021

Pooled Age 1.37 ± 0.80 1 S.E.
Mean Crystal Age 0.87 ± 0.49 1 S.E.
Binomial Age 1.67 + 2.34 "+95%"

- 1.39 "-95%"

Central Age 1.37 ± 0.80

Age Dispersion 0.28 %
Chi-squared 9.491 with 19 degrees of freedom
P (Chi-Sq) 96.44 %
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Sample Number jbc_14_003-2 Mineral Apatite
Position (#) 20 Glass (U ppm) 11
Area of Graticule Square 3.94761E-07 Irradiation UA-15-1  
No. of Crystals 20 Analyst JBC
Zeta Factor ± Error 347.9 35.9 Count Date
Rho d (% Relative Error) 1392426.068 1.702513 Locality
N d 3450 Rock Type

N s N i N g Rho s Rho i Rho s / Rho i U ppm Age (Ma) Age error "-95%" 50% Age "+95%"
0 10 100 0 253317.8 0 2.001181 0 0 0 17.36103 84.05035
0 12 100 0 303981.4 0 2.401417 0 0 0 14.38664 68.3206
0 3 100 0 75995.35 0 0.600354 0 0 0 62.6507 402.4268
1 19 90 28146.43 534782.1 0.052631579 4.224715 12.73544 13.134 0.306801 21.74539 79.69806
1 15 50 50663.57 759953.5 0.066666667 6.003542 16.12731 16.7414 0.38356 27.66377 104.1111
2 18 75 67551.42 607962.8 0.111111111 4.802834 26.85648 20.21374 3.027653 36.56119 111.44
2 24 95 53330.07 639960.8 0.083333333 5.055614 20.15284 14.9811 2.311661 27.31172 80.79113
1 19 64 39580.91 752037.3 0.052631579 5.941005 12.73544 13.134 0.306801 21.74539 79.69806
0 10 100 0 253317.8 0 2.001181 0 0 0 17.36103 84.05035
2 23 72 70366.06 809209.7 0.086956522 6.39266 21.02763 15.65699 2.406506 28.51401 84.67843
0 10 100 0 253317.8 0 2.001181 0 0 0 17.36103 84.05035
0 23 90 0 647367.8 0 5.114128 0 0 0 7.406368 33.60697
1 35 100 25331.78 886612.4 0.028571429 7.004132 6.916646 7.051959 0.170399 11.71738 41.04192
0 8 100 0 202654.3 0 1.600945 0 0 0 21.88491 109.0884
1 24 64 39580.91 949941.9 0.041666667 7.504428 10.0843 10.34614 0.245411 17.15697 61.5948
1 42 90 28146.43 1182150 0.023809524 9.338843 5.764387 5.863681 0.142652 9.75017 33.84701
0 16 100 0 405308.5 0 3.201889 0 0 0 10.71475 49.68169
0 32 100 0 810617.1 0 6.403778 0 0 0 5.301583 23.7267
1 10 80 31664.73 316647.3 0.1 2.501476 24.17586 25.48161 0.558099 41.92564 168.051
1 23 90 28146.43 647367.8 0.043478261 5.114128 10.52239 10.80489 0.255642 17.91293 64.52864

********** ******************* **************************** ******************************************************
14 376 1760 20150.28 541179 0.037234043 4.27525 9.012248 2.627906 4.881226 9.450343 15.30433

Pooled Ratio 0.037234043 ± 0.010857
Mean Ratio 0.034542834 ± 0.008581

Pooled Age 9.012248461 ± 2.627906 1 S.E.
Mean Crystal Age 8.361281749 ± 2.078126 1 S.E.
Binomial Age 9.450343008 + 5.853988 "+95%"

- 4.569117 "-95%"

Central Age 9.01224867 ± 2.627907

Age Dispersion 0.096576826 %
Chi-squared 11.48237691 with 19 degrees of freedom
P (Chi-Sq) 90.65445647 %
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Abstract 

 New geochronologic, geochemical, and isotopic data for Mesozoic to Cenozoic igneous 

rocks and detrital minerals from the Pamir Mountains help to distinguish major regional 

magmatic episodes and constrain the tectonic evolution of the Pamir orogenic system. After final 

accretion of the Central and South Pamir terranes during the Late Triassic to Early Jurassic, the 

Pamir was largely amagmatic until the emplacement of the intermediate (SiO2> 60 wt. %), calc-

alkaline, and isotopically evolved (-13 to -5 zircon εHf(t)) South Pamir batholith between 120-

100 Ma, which is the most volumetrically significant magmatic complex in the Pamir and 

includes a high flux magmatic event at ~105 Ma.  The South Pamir batholith is interpreted as the 

northern (inboard) equivalent of the Cretaceous Karakoram batholith and the along-strike 
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equivalent of an Early Cretaceous magmatic belt in the northern Lhasa terrane in Tibet.  The 

northern Lhasa terrane is characterized by a similar high-flux event at ~110 Ma.  Migration of 

continental arc magmatism into the South Pamir terrane during the mid-Cretaceous is interpreted 

to reflect northward directed, low-angle to flat-slab subduction of the Neo-Tethyan oceanic 

lithosphere.  Late Cretaceous magmatism (80–70 Ma) in the Pamir is scarce, but concentrated in 

the Central and northern South Pamir terranes where it is comparatively more mafic (SiO2< 60 

wt. %), alkaline, and isotopically juvenile (-2 to +2 zircon εHf(t)) than the South Pamir batholith.  

Late Cretaceous magmatism in the Pamir is interpreted here to be the result of extension 

associated with roll-back of the Neotethyan oceanic slab, which is consistent with similarly aged 

extension-related magmatism in the Karakoram terrane and Kohistan.   

There is an additional pulse of magmatism in the Pamir at 42-36 Ma that is geographically 

restricted (~150 km diameter ellipsoidal area) and referred to as the Vanj magmatic complex.  

The Vanj complex comprises metaluminous, high-K calc-alkaline to shoshonitic monzonite, 

syenite, and granite that is adakitic (La/YbN = 13 to 57) with low Mg# (35-41).  The Vanj 

complex displays a range of SiO2 (54-75 wt. %) and isotopic compositions (-7 to -3 εNd(i), 0.706 

to 0.710 87Sr/86Sr(i), -3 to +1 zircon εHf(i), 6.0 to 7.6 ‰ zircon δ18OVSMOW), which reflects some 

juvenile mantle input and subsequent assimilation or mixing with the Central/South Pamir 

terrane lower crust.  The Vanj complex is speculatively interpreted to be the consequence of a 

mantle drip or small delamination event that was induced by India-Asia collision.  The age, 

geochemistry, outcrop pattern, and tectonic position of the Vanj magmatic complex suggest that 

it is part of a series of magmatic complexes that extend for >2,500 km across the Pamir and 

northern Qiangtang terrane in Tibet.  All of these complexes are located directly south of the 

Tanymas-Jinsha suture zone, an important lithospheric and rheological boundary that focused 
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mantle lithosphere deformation after India-Asia collision.  Miocene magmatism (20-10 Ma) in 

the Pamir includes:1) isotopically evolved migmatite and leucogranite related to crustal anataxis 

and decompression melting within extensional gneiss domes, and; 2) localized intra-continental 

magmatism in the Dunkeldik/Taxkorgan complex.   

 

Introduction 

 The Tibetan-Pamir orogen is the preeminent natural laboratory for studying continental 

collisional orogenesis and is also examined to understand Andean-style orogenesis and oceanic 

subduction that preceded India-Asia collision (Allégre et al., 1984; Yin and Harrison, 2000; 

Kapp et al., 2007).  Magmatic, mostly subduction-related, rocks are a central component of this 

effort (Ding et al., 2003; Chung et al., 2005; Zhu et al., 2015); however, few syntheses of the 

magmatic history of the Pamir Mountains, at the western end of the Tibetan plateau exist 

(Schwab et al., 2004).  We present new geochronologic, geochemical, and isotopic data from 14 

Mesozoic (pre-collisional) to Cenozoic (syn-collisional) igneous rocks in the Pamir and combine 

these data with detrital geochronologic and isotopic data to identify and characterize the major 

magmatic events in the Pamir.  Detrital analyses are a powerful tool to obtain an overview of the 

magmatic history of a region and combining detrital and bedrock analyses allows for more 

detailed interpretations that are tied to a specific area or magmatic complex.  Future studies and 

additional data from the Pamir will help to improve upon the interpretations presented.  

 Several discrete magmatic episodes in the Pamir have along-strike equivalents in Tibet or 

across-strike equivalents in the Karakoram, which are interpreted to reflect orogen-scale 

geodynamic processes.  The magmatic history of the Pamir is used to reconstruct the tectonic 

evolution of the Tibetan-Pamir orogen from the Cretaceous to the Miocene. 
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Geologic background 

 The Pamir and Tibet are part of a single contiguous orogenic plateau consisting of a 

series of allochthonous Gondwanan continental fragments that were accreted to Asia during the 

early Mesozoic (Allégre et al., 1984; Burtman and Molnar, 1993; Robinson et al., 2012).  In 

Tibet, these fragments include the Qiangtang terrane and the Lhasa terrane, separated by the 

Bangong suture zone (Fig. 1) (Yin and Harrison, 2000).  The Qiangtang terrane is laterally 

equivalent to (from north to south) the Central Pamir terrane, the South Pamir terrane, and the 

Karakoram terrane, whereas there is no direct equivalent of the Lhasa terrane in the Pamir (Fig. 1 

and 2) (Robinson et al., 2012).  The Central Pamir terrane was accreted to the Triassic Karakul-

Mazar arc-accretionary complex along the Tanymas suture (Fig. 2) (Burtman and Molnar, 1993) 

and the Qiangtang terrane was accreted to the Triassic Songpan-Ganzi turbidite complex along 

the Jinsha suture in Tibet during Late Triassic-Early Jurassic time (Yin and Harrison, 2000).  The 

Karakul-Mazar complex in the Pamir consists of relatively undeformed Late Triassic 

intermediate intrusive rocks that were emplaced into a Triassic accretionary complex (Schwab et 

al., 2004; Robinson et al., 2012).  The Karakul-Mazar magmatic rocks are believed to have 

originated above a north-dipping subduction zone (Schwab et al., 2004).  Structural relationships 

exposed in the Muztaghata extensional system (Fig. 2), however, show that the accretionary 

complex was underthrust southward beneath the Central Pamir terrane and possibly beneath the 

South Pamir terrane during the Early Jurassic (Robinson et al., 2012).  The Central Pamir terrane 

is separated from the South Pamir terrane by the Rushan-Pshart suture zone (Fig. 2).  Southward 

subduction and closure of the Rushan-Pshart ocean basin during the Jurassic resulted in 

emplacement of the Rushan-Pshart arc (Schwab et al., 2004).  The Karakoram terrane was 
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accreted to the South Pamir terrane along the Tirich-Kilik suture during the Jurassic to Early 

Cretaceous (Zanchi and Gaetani, 2011).  

 During the Cretaceous, an Andean-style continental arc associated with the northward 

subduction of oceanic lithosphere developed on the southern margin of Asia (Searle et al., 1987).  

The intrusive component of this arc has been called the Trans-Himalayan batholith and consists 

of the Gangdese batholith in Tibet and the Karakoram batholith in the Pamir (Allégre et al., 

1984; Debon et al., 1987).  Schwab et al. (2004) suggested that Cretaceous igneous rocks in the 

South Pamir terrane are part of a composite Tirich-Mir-Karakoram-Kohistan-Ladakh-Gangdese 

arc, however, we refer to these rocks as the South Pamir batholith to distinguish them from other 

magmatic complexes.  A belt of Early Cretaceous magmatic rocks in the northern Lhasa terrane 

in Tibet (distinct from the Gangdese batholith in the southern Lhasa terrane) has been variably 

interpreted to be related to low-angle northward subduction of Neotethyan oceanic lithosphere 

(Ding et al., 2003; Kapp et al., 2007), southward subduction of an ocean basin separating the 

Lhasa and Qiangtang terranes (Zhu et al., 2009), doubly vergent subduction beneath both the 

Lhasa and Qiangtang terranes (Zhu et al., 2016), and oceanic slab foundering following suturing 

of the Lhasa and Qiangtang terranes (Chen et al., 2017).  This magmatic belt experienced a high 

flux event at ~110 Ma (Zhu et al., 2009; Sui et al., 2013; Chen et al., 2014).   

 The timing for the closure of the Neotethyan ocean basin and initial collision of India 

with Asia is debated.  On the Tibetan (east) side of the orogen, estimates for the timing of 

collision between India and Asia along the Indus-Yarlung suture range from 70 Ma to 25 Ma, 

with most authors favoring an initial collision at 60-50 Ma (Hu e al., 2016, and references 

therein).  India-Asia collision on the Pamir (west) side of the orogen is complicated by the 

presence of the Kohistan-Ladakh island arc, which is separated from the Karakoram terrane by 
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the Shyok suture (Fig. 1).  Traditionally, Kohistan has been interpreted to have been accreted to 

the Karakoram terrane in the middle Cretaceous (95-90 Ma) (Searle et al., 1987; Treloar et al., 

1989; Borneman et al., 2015), however, other studies have suggested that Kohistan first accreted 

to India at ~50 Ma and then accreted to the Karakoram terrane at or after ~40 Ma (Bouihol et al., 

2013, and references therein).   

 Prograde metamorphism in the Karakoram and Pamir suggest that crustal thickening and 

burial associated with India-Asia collision was underway by the Middle to Late Eocene (Fraser 

et al., 2001; Smit et al., 2014; Stearns et al., 2013; 2015; Hacker et al., 2017).  Structural 

relationships within the north Karakoram terrane (Zanchi and Gaetani, 2011) and the Central 

Pamir terrane (Rutte et al., 2017a) also record shortening and crustal thickening during this time. 

Metamorphism in the Karakoram and Pamir peaked during the Late Oligocene to Early Miocene 

(Searle et al., 2010; Stearns et al., 2015; Rutte et al., 2017b). Peak metamorphism was 

immediately followed by the exhumation of a series of extensional gneiss domes (north-south 

directed extension) in the South and Central Pamir terranes that lasted until the Late Miocene to 

Early Pliocene (Stübner et al., 2013; Stearns et al., 2013; 2015; Rutte et al., 2017b).  These 

gneiss domes include the Shakdhara-Alichur dome in the South Pamir terrane and the Yazgulem, 

Sarez, Muskol, and Shatput domes in the Central Pamir terrane (Fig. 2).   

 

Cenozoic magmatism in the Pamir 

 The most-well studied magmatic rocks in the Pamir are also the youngest; the 10 to 12 

Ma potassic Taxkorgan intrusive complex (Robinson et al., 2007; Jiang et al., 2012) and the 

ultrapotassic Dunkeldik volcanic field (Ducea et al., 2003; Hacker et al., 2005).  The Taxkorgan 

and the Dunkeldik suite magmas have been interpreted to be related to decompression melting 
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and asthenosphere upwelling, which entrained near ultra-high lower crustal xenoliths prior to 

eruption (Hacker et al., 2005; 2017; Jiang et al., 2012).   

 The Pamir gneiss domes and the Karakoram metamorphic complex contain abundant 

early to middle Miocene leucogranite plutons, dikes, and sills as well as leucosomes of similar 

age in migmatitic regions (Robinson et al., 2007; Searle et al., 2010; Stearns et al., 2015).  

Previous studies have also identified Eocene igneous rocks in the Central and South Pamir 

terranes (Schwab et al., 2004; Stearns et al., 2015; Volkov et al., 2016), although there has been 

no effort to correlate this magmatism along strike or evaluate its tectonic significance.  The 

results presented in this paper suggest that the Eocene igneous rocks are part of single magmatic 

complex that we refer to as the Vanj complex, because the rocks are most readily accessible 

along the Vanj river valley in the western Pamir (Fig. 2).   

 

Eocene magmatism in Tibet 

 Eocene magmatism in Tibet is concentrated in two locations; 1) south of the Jinsha suture 

in the northern Qiangtang terrane and within the Gangdese batholith along the southern margin 

of the Lhasa terrane (Fig. 1) (Chung et al., 2005).  Eocene magmatism in the southern Lhasa 

terrane, near the India-Asia suture, has been attributed to Neotethyan slab break-off (e.g., Ji et 

al., 2016, and references therein).   

 There are several hypotheses concerning the origin of Eocene magmatism at the northern 

margin of the Qiangtang terrane, including; southward intracontinental subduction of the 

Songpan-Ganzi terrane (Roger et al., 2000; Ding et al., 2003; Kapp et al., 2005; Wang et 

al.,2008; Lai and Qin, 2013; Long et al., 2015; Ou et al., 2017), delamination (Chen et al., 2013; 
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Liu et al., 2017), convective removal and upwelling (Guo et al., 2006), and combinations of the 

above (Jiang et al., 2006).   

 

Analytical methods 

 Major elements of eleven rock samples were measured by x-ray fluorescence 

spectrometry by ALS Global in Vancouver, Canada (Fig. 3; Supplementary Table 1).  Whole 

rock trace elements and Sr and Nd isotopes of five samples were measured by Q-ICP-MS and 

TIMS, respectively, at the University of Arizona (Figs. 3 and 4; Supplementary Table 1).  Zircon 

U-Pb geochronology (Supplementary Table 2) and zircon Lu-Hf isotope geochemistry 

(Supplementary Table 3) of fourteen rock samples were analyzed by LA-ICP-MS at the 

University of Arizona Laserchron Center.  Zircon oxygen isotope geochemistry of four rock 

samples was analyzed by SIMS at the WiscSIMS laboratory at the University of Wisconsin 

(Supplementary Table 4).  Detailed analytical procedures are presented in Supplementary File 1.  

A summary of sample information, ages, and isotopic values are presented in Table 1.  To help 

recognize major magmatic events in the Pamir, >1700 Mesozoic and younger detrital zircon U-

Pb dates (Fig. 5) and detrital zircon εHf(t) values (Fig. 6) were compiled from previous studies 

that sampled major rivers draining the Pamir and Cenozoic sandstone located along the Pamir 

margins (Supplementary Table 5).  Sixty-one new detrital zircons εHf(t) measurements were 

made on four sandstone samples from the Tajik Basin that were previously dated by Carrapa et 

al. (2015) (Fig. 6; Supplementary Table 3). 

 

Results 

Detrital zircon U-Pb and Hf isotopic data 
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 The compilation of previously published detrital zircon U-Pb data (Supplementary Table 

5) from the Pamir exhibit a broad Triassic to early Jurassic age peak that matches igneous rock 

ages from the Triassic Karakul-Mazar arc complex (Schwab et al., 2004; Robinson et al., 2007) 

(Figs. 2 and 5).  There is no distinct Jurassic age peak that records the Jurassic Rushan-Pshart arc 

(Schwab et al., 2004) (Fig. 5), however, this peak may overlap or be amalgamated with the broad 

Triassic Karakul-Mazar age peak.  Detrital zircon U-Pb dates from 120 Ma to 185 Ma are scarce.  

The largest age peak in the entire dataset occurs in the middle Cretaceous (~104 Ma) and is 

consistent with igneous rock ages from the South Pamir batholith (Schwab et al., 2004; Jiang et 

al., 2014; Stearns et al., 2015; Li, J., et al., 2016; this study) (Fig. 2).  There are relatively few 

detrital zircon U-Pb dates between 90 Ma and 50 Ma, but there is a small age peak in the 

Paleocene (~60 Ma).  Detrital zircon grains of this age appear in almost all detrital datasets and 

are most common in Cenozoic sandstones in the Tajik Basin (Carrapa et al., 2015).  The origin of 

this age peak is unclear, it may represent a magmatic suite that has been completely eroded or yet 

to be identified.  The second largest age peak in the dataset occurs in the middle Eocene and 

matches the ages of igneous rocks in the Vanj complex (Schwab et al., 2004; Stearns et al., 2015; 

this study) (Figs. 2 and 5).  Finally, there are two small age peaks at ~11 Ma and 20 Ma (Fig. 5), 

which are consistent with igneous rock ages from the Taxkorgan complex (Jiang et al., 2012) and 

leucogranite from the Pamir gneiss domes (Stübner et al., 2013; Stearns et al., 2015; Rutte et al., 

2017b; this study). 

 Detrital zircon εHf(t) data help to supplement zircon analyses from igneous rocks and can 

reveal temporal isotopic trends (Fig. 6).  Early Cretaceous zircon Hf isotopic values are clustered 

between -5 to -15 εHf(t).  The most isotopically juvenile samples (>0 εHf(t)) in the 100 to 110 Ma 

range all come from a single detrital sample (1071-6, Carrapa et al., 2014) (Fig. 6).  There is a 
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prominent shift to more isotopically juvenile compositions (-5 to +5 εHf(t)) during the Late 

Cretaceous.  Zircon Hf isotopic compositions remain similar (-5 to +5 εHf(t)) from the Late 

Cretaceous to the end of the Eocene, when the detrital zircon Hf record ends.   

 

The Rushan-Pshart arc and South Pamir batholith 

 One granodiorite sample (14-73) of the Jurassic Rushan-Pshart arc yielded a zircon U-Pb 

age 198 ± 7 Ma and an average zircon εHf(t) value of -6.7  ± 2.6 (Table 1).  A sample from the 

same outcrop previously analyzed by Schwab et al. (2004) yielded a whole rock Nd isotopic 

composition of -5.6 εNd(t) and a nearby granitic intrusion (~170 Ma), also analyzed by Schwab et 

al. (2004), yielded a Nd isotopic composition of -6.6 εNd(t) (Fig. 2).  Three granodiorite samples 

and one porphyritic andesite from the South Pamir batholith were analyzed and have zircon U-Pb 

ages that range from 120 to 104 Ma and zircon Hf isotopes that range from -5 to -13 εHf(t) (Table 

1). The samples are calc-alkaline to high-K calc-alkaline, metaluminous (aluminum saturation 

index (ASI) [Al2O3/(CaO +Na2O +K2O) mol %] = 1.0 to 1.1), and have Mg# of 38-50 (Fig. 3), 

consistent with other analyses of igneous rocks from the South Pamir batholith (Schwab et al., 

2004; Jiang et al., 2014; Li, J., et al., 2016).   

 

Late Cretaceous magmatism 

 Two monzonite samples, 14-37 and 14-93, were collected and yielded zircon U-Pb ages 

of 72  ± 2 Ma and 74 ± 2 Ma, respectively (Table 1; Fig. 2).  Ages are concordant and there is no 

evidence for zircon inheritance.  The similarity of the ages of these samples to a pair of Late 

Cretaceous magmatic rocks reported in Schwab et al. (2004) (Fig. 2) suggest that this may be a 

distinct magmatic event.  However, there is no obvious corresponding age peak in the detrital 
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zircon U-Pb record (Fig. 5), which may indicate a local and/or low-volume magmatic event.  The 

two samples analyzed contain modal biotite and amphibole, are weakly shoshonitic (4-5 wt. % 

K2O), metaluminous (ASI = 0.9 to 1.0), and have Mg# of 36 to 44. Average zircon Hf isotopic 

compositions for the 74 Ma and 72 Ma samples are relatively high, -1.7 to +1.3 εHf(t) and are 

more isotopically juvenile than any sample from the South Pamir batholith (Fig. 2).   

 

The mid-Eocene Vanj magmatic complex 

 Five samples were collected from the Vanj magmatic complex (14-17, 15-19, 15-45, 15-

46, and 15-47). Interpreted zircon U-Pb ages from these samples range from 41 to 36 Ma (Table 

1).  Most single spot U-Pb zircon rim and core analyses overlap within uncertainty 

(Supplementary Table 2).  Those that did not were not included in the weighted mean age 

interpretations. The Vanj complex rocks have not been documented north of the Tanymas suture 

(Fig. 2).  The rocks are exposed in both the footwalls and hanging walls of the Central Pamir 

gneiss domes (Yazgulem, Sarez, and Muskol domes) and are concentrated in an ~150 km 

diameter circular region south of the Vanj river (Fig. 2).   

 The Vanj complex samples are monzonite, syenite, and granite. The samples are 

generally high-K calc-alkaline to shoshonitic, except for samples 14-17 and 15-47, which have 

anomalously low wt. % K2O and plot within the tholeiitic field in a K2O vs. silica diagram (Fig. 

3A).  However, these specific samples also have low wt. % Fe2O3 and MgO and plot within the 

evolved calc-alkaline region on alkaline-total Fe-MgO (AFM) ternary diagram.  Samples 14-17 

and 15-47 were collected from within the Yazgulem gneiss dome and show evidence for some 

hydrothermal alteration, including sericitic alteration of feldspar in thin-section.  Potassium 

depletion is a known problem in altered rocks and Hastie et al. (2007) have suggested using Th 
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vs. Co (fluid immobile elements) diagrams in place of K2O vs. silica plots.  Samples 14-17 and 

15-47 plot in the calc-alkaline to high-K calc-alkaline fields on these diagrams (Fig. 3B) and are 

interpreted to be altered high-K calc-alkaline rocks.  The Vanj magmatic complex samples have 

low Mg# (35-41) and are metaluminous (ASI = 0.95 to 1.04). On a mid-ocean ridge basalt 

(MORB) normalized trace element diagram (Fig. 3C), the Vanj magmatic complex samples are 

enriched in LILE and depleted in high field strength elements (HFSE) with negative Ta and Nb 

anomalies.  The samples have concave up chondrite normalized REE patterns, are moderately 

depleted in HREE (e.g., Y an Yb), and plot within the adakitic field on La/Yb vs. Yb diagrams 

(Fig. 3D).  The samples have weak to no negative Eu anomalies and sample 15-19 has a strong 

positive Eu anomaly.  

 For the Vanj complex samples, whole rock initial Sr isotopes range from 0.705 to 0.710 

87Sr/86Sri, whole rock initial Nd isotopes range from -1.7 to -7.5 εNd(t), and average zircon initial 

Hf isotopes range from -3.1 to +1.0 εHf(t) (Table 1).  The sample (14-17) with the most negative 

zircon εHf value (-3.1 εHf(t)) is the only sample that contains dates interpreted as inherited ages 

in zircon cores. Average zircon εHf(t) and whole rock εNd(t) decrease with increasing wt. % SiO2 

(Fig. 4).  Zircon oxygen isotopes(δ18OVSMOW) in the samples range from 6.0 to 7.6 ‰ (Table 1).  

There is no clear relationship between zircon δ18O and SiO2.  Zircon cores and rims from most 

samples have similar average δ18O values, although sample 15-47 has an average δ18O of 6.5‰ 

in zircon cores and 7.6 ‰ in zircon rims, despite no U-Pb age difference between zircon rims 

and cores in this sample (Fig. 7).   

 

Miocene gneiss dome magmatism 
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 Two leucogranite samples were analyzed, one from the Yazgulem (14-19) and one from 

Sarez (15-07) gneiss domes (Fig. 2).  Both samples are high-K calc-alkaline granite with zircon 

U-Pb crystallization ages of ~18-20 Ma (Table 1).  Zircons from the gneiss dome samples have 

abundant inherited cores (Supplementary Table 2).  The samples have average zircon Hf isotopes 

of -4.6 to -7.3 εHf(t) (Table 1, Fig. 2).  Sample 15-07 has a whole rock Sr isotopic value of 0.708 

87Sr/86Sri and an Nd isotopic value -5.8 εNd(t) (Table 1).  These samples are among the most 

felsic magmatic rocks in the Pamir (> 70 wt. % SiO2, Mg# 18-24) and are metaluminous (ASI = 

1.0).  Sample 15-07 displays LILE enrichment and negative Ta and Nb anomalies in a MORB-

normalized trace element plot and has minor HREE depletion enrichment (Sr/Y = 8, (La/Yb)N = 

19) (Fig. 3). 

 

Discussion 

Isotopic composition of Pamir lithosphere 

 In the footwall of the Muztaghata extensional system, Robinson et al. (2012) identified 

upper amphibolite facies schist that may be representative of Central/South Pamir terrane lower 

crust.  The most isotopically evolved sample from that study (sample 9-4-03-1) is a plausible 

end-member in εNd-87Sr/86Sr binary isotopic mixing models for the rocks of the South Pamir 

batholith (Fig. 4A).  A plot of εHf(t) vs. SiO2 suggests that the South Pamir batholith and the Late 

Cretaceous to Eocene magmatic rocks in the Central Pamir terrane assimilated more isotopically 

evolved crustal material during differentiation (Fig. 4B).  The Central/South Pamir terrane lower 

crust samples from Robinson et al. (2012) have isotopic values of -9 to -15 εNd(100) (the εNd 

isotopic composition at 100 Ma), consistent with the Early Cretaceous assimilation trend in Fig. 

4B.  In contrast to the South Pamir batholith samples, the Late Cretaceous and Eocene magmatic 
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rocks in the Central Pamir terrane require more isotopically juvenile end-members with higher 

Sr/Nd for viable binary mixing models (Fig. 4A).   

 During the Late Triassic, the Karakul-Mazar arc-accretionary complex was Underthrust 

~100 km beneath the Central Pamir terrane (Robinson et al., 2012).  It is possible that the 

majority of the deep lithosphere in the Central Pamir terrane consists of Karakul-Mazar complex 

material, which is a potential isotopically evolved end-member for the assimilation trend for the 

Late Cretaceous and Eocene magmatic rocks in Figure 4B.  The metasedimentary and igneous 

rocks of the Karakul-Mazar complex have εNd(40) values of -5 to -9) (Schwab et al., 2004; 

Robinson et al., 2012).  However, the Sr and Nd isotopic composition of the Eocene magmatic 

rocks is better fit by a mixing model with a relatively evolved (< -10 εNd(t)) end-member similar 

to the Central/South Pamir terrane lower crust and input from a depleted mantle source (Fig. 

4A). 

 

Magmatic history of the Pamir 

 The new and compiled geochemical and geochronologic data for the Pamir help to 

constrain and clarify the Mesozoic to recent tectonic history of the Pamir Mountains and allow 

comparisons to magmatism in other parts of the broader orogenic system (Karakoram-Kohistan-

Himalaya-Tibet).  A series of schematic cross-sections is presented in Figure 8, which depicts the 

Pamir orogen during each of the major magmatic events since the Cretaceous.   

 

Early to mid-Cretaceous 

 Geochemical data suggests that the calc-alkaline South Pamir batholith represents part of 

an Early Cretaceous continental arc, which we interpret to be equivalent to the Cretaceous 
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Karakoram batholith (Searle et al., 1987; Schwab et al., 2004) and an Early Cretaceous magmatic 

belt in the northern Lhasa terrane (Zhu et al., 2009).  The oldest and youngest samples that have 

been dated from the South Pamir batholith are 120 Ma and 104 Ma (Fig. 2; Table 1) and the 

detrital zircon U-Pb data suggest that most magmatism occurred between 120 and 90 Ma with a 

higher volumetric output at ~105 Ma (Fig. 5).  Subduction-related magmatism in the Karakoram 

batholith occurred from ~130 Ma to 95 Ma, and there is a cluster of ages between 110 and 105 

Ma that may represent a high-flux event (Debon et al., 1987; Fraser et al., 2001; Heuberger et al., 

2007).  Magmatism was also active in Kohistan during the Early Cretaceous, supporting models 

for two north-dipping subduction zones (Fig. 8) (Burg, 2011).  Early Cretaceous magmatism in 

the northern Lhasa terrane occurred from 130 Ma to 105 Ma, with a high-flux event at ~110 Ma 

(Zhu et al., 2009; Sui et al., 2013; Chen et al., 2014).   

 The South Pamir batholith is presently located up to 200 km north of the Shyok suture 

and the Early Cretaceous magmatic belt in the northern Lhasa terrane is located up to ~300 km 

north of the Indus-Yarlung suture (Fig. 1).  These distances do not include a restoration of post-

magmatic shortening.  Because the Central Pamir and South Pamir terranes were sutured 

together prior to emplacement of the South Pamir batholith (Schwab et al., 2004), southward 

directed subduction cannot explain the batholith.  A period of low-angle to flat subduction may 

be required during the Early Cretaceous to generate magmatism in the South Pamir terrane so far 

from the subduction margin (Fig. 8).  The Pamir was also actively shortening during this time 

(Robinson, 2015) and low-angle to flat subduction may have influenced this early phase of 

orogenesis.  

 

Late Cretaceous 
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 The end of subduction-related magmatism in the Karakoram and South Pamir batholiths 

is interpreted to reflect suturing of the Kohistan island arc with the Karakoram terrane at ~90 Ma, 

along the Shyok suture zone (Petterson and Treloar, 2004; Borneman et al., 2015).  Evidenced in 

part by the ~85 Ma Chilas magmatic complex (Jagoutz et al., 2007), Kohistan is thought to have 

experienced intra-arc extension and the development of an intra-arc basin during the Late 

Cretaceous, which has been linked to Neo-Tethyan slab roll-back (Treloar et al. 1989; Burg, 

2011).  This extension may have split Kohistan into two arcs and there is evidence in the Ladakh 

region for the presence of a second island arc system, the Spong arc, located south of the main 

Kohistan arc (Corfield et al., 2001) (Fig. 8).  Late Cretaceous extension is recorded in the 

Karakoram terrane by mafic alkaline magmatism (~88 Ma; Debon and Khan, 1996).  This 

magmatism may also be related to break-off and foundering of Shyok basin oceanic lithosphere 

following collision of the Kohistan arc (Fig. 8).   

 Late Cretaceous magmatic rocks (~75 Ma) in the Pamir are relatively alkaline and mafic 

(Fig. 3) and the most mafic samples from the Late Cretaceous and Eocene magmatic complexes 

are ~5 εHf(t) units higher than the most mafic samples from the Early Cretaceous South Pamir 

batholith (Figs. 4 & 6). The shift from isotopically evolved to more isotopically juvenile 

magmatism during the Late Cretaceous is consistent with enhanced juvenile (depleted mantle) 

magmatic input and is interpreted to reflect a period of lithospheric extension (Fig. 8).  Back-arc 

rifting in other convergent orogens has been associated with shifts to more isotopically juvenile 

magmatism (Kemp et al., 2009).  Thinned or modified mantle lithosphere, associated with 

underthrusting of the Karakul-Mazar accretionary complex beneath the Cenral Pamir terrane 

during the early Mesozoic, may have helped localize Late Cretaceous extensional deformation in 

the Central Pamir terrane, as there is no evidence that the South Pamir terrane experienced 
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extension during this time.  In addition to the Late Cretaceous magmatic rocks described in this 

study, Rutte et al. (2017a) reported a basalt flow within a Maastrichtian(?) section in the Central 

Pamir terrane that may be related to the proposed extensional event. 

 

Eocene 

 A Neotethyan oceanic slab-break off event has been proposed for the Tibet-Karakoram-

Pamir region at ca. 45 Ma (Chemenda et al., 2000; Replumaz et al., 2010; Smit et al., 2014), 

which may have produced the ~44 Ma Teru/Shamran volcanic group along the Shyok suture 

(Khan et al., 2004; Petterson and Treloar, 2004).  The spatially restricted Vanj magmatic 

complex in the Pamir is located 300-400 km north of the Indus suture and is considered unlikely 

to be related to foundering of the Neotethyan slab.   

 We interpret the Vanj magmatic complex to be an along-strike equivalent of the Eocene 

magmatic complexes in the northern Qiangtang terrane (Ding et al., 2003; Wang et al., 2008; 

Long et al., 2015).  The Vanj and northern Qiangtang complexes are both located directly south 

of the Jinsha-Tanymas suture zone and are clustered into a series of ellipsoidal “centers” that are 

up to a few hundred kilometers in diameter (Fig. 1).  The Vanj and north Qiangtang complexes 

were erupted or emplaced within a narrow time range during the Eocene: 42-36 Ma for the Vanj 

complex (Schwab et al., 2004; Stearns et al., 2015; this study), 44-38 Ma for the north-central 

Qiangtang terrane (Ding et al., 2003; Wang et al., 2008; Chen et al., 2013; Lai and Qin, 2013; 

Long et al., 2015; Ou et al., 2017) and 49-36 Ma for the eastern Qiangtang terrane (Roger et al., 

2000; Jiang et al., 2006; Liu et al., 2017) (Fig. 1).  Detrital zircon U-Pb data suggest a peak in 

magmatism at ~40 Ma in the Pamir (Fig. 5) and Chen et al. (2013) reported a magmatic peak 

(marked by a predominance of zircon dates) at ~42 Ma in the north Qiangtang terrane.  The 
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geochemistry of the northern Qiangtang terrane magmatic rocks and the Vanj magmatic complex 

rocks in the Pamir are similar.  Both complexes are intermediate in composition, high-K calc-

alkaline to moderately shoshonitic, metaluminous to weakly peraluminous, have pronounced 

negative Nb and Ta anomalies in MORB normalize trace element variation diagrams, are LREE-

enriched, HREE-depleted, have relatively low Y and Yb contents, classified as adakitic, have 

small to no negative Eu anomalies, have Nd isotopic compositions of -3 to -7 εNd(t), and 

87Sr/86Sri ratios of 0.706 to 0.710 (Wang et al., 2008; Chen et al., 2013; Lai and Qin, 2013; Long 

et al., 2015; Ou et al., 2017; this study).   

 One explanation for the Eocene magmatic event in the northern Qiangtang terrane is that 

continental lithosphere of the Songpan-Ganzi terrane was subducted southward beneath the 

Qiangtang terrane (intracontinental subduction model) in response to India-Asia collision (Roger 

et al., 2000; Ding et al., 2003; Kapp et al., 2005; Spurlin et al., 2005; Wang et al., 2008; Lai and 

Qin, 2013; Long et al., 2015; Ou et al., 2017).  This model is appealing because Eocene 

magmatism did not occur north of the Tanymas-Jinsha suture (Fig. 1).  However, it is unclear if 

intracontinental subduction produces magmatism as there is no modern volcanism associated 

with intercontinental subduction of Indian continental lithosphere beneath Tibet (Chung et al., 

2005; Zhu et al., 2015).  Also, while there is evidence for Eocene shortening in northern Tibet, 

most of this shortening occurred south of the Jinsha suture and the absolute magnitude of 

shortening is modest (< 100 km) (Kapp et al., 2005; Spurlin et al., 2005).  In the Pamir, the 

Tanymas suture is a south-verging thrust fault zone that has been inactive since the Cretaceous 

and there is no evidence for Eocene shortening north of the suture zone (Robinson, 2015), 

inconsistent with Eocene south-directed subduction.   
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 We prefer the interpretation that the Eocene magmatic event is related to a series of drips 

(i.e., Rayleigh-Taylor instability) or delamination events in which Pamir-Tibetan mantle 

lithosphere and possibly lower crust was removed (e.g., Chen et al., 2013) (Fig. 8).  The short-

lived nature of the magmatic events and their ellipsoidal map-patterns are consistent with 

drip/delamination related magmatism (Ducea et al., 2013).  MORB-normalized trace element 

patterns for Mesozoic and younger magmatic rocks show that the Central/South Pamir terrane 

lithosphere was modified by subduction processes (Fig. 3C).  It is likely that the deep lithosphere 

was volatile-rich, particularly if the metasedimentary Karakul-Mazar terrane makes up a 

significant portion of the Central/South Pamir terrane lower crust.  Depending on the rate of 

sinking, delaminated lithosphere may melt itself or may release fluids that produce melting in the 

overlying asthenosphere, mantle lithosphere, or crust (Elkins-Tanton, 2007; Ducea et al., 2013).  

Upwelling asthenosphere following the drip or delamination event may also result in adiabatic 

melting in the asthenosphere or dehydration melting in the lithosphere (Elkins-Tanton, 2007).  

The wide variety of plausible melt mechanisms associated with delamination is one of the 

challenges of recognizing delamination events or distinguishing these events from magmatism 

associated with intracontinental subduction, about which even less is known.  High La/Yb and 

small or absent negative Eu anomalies in the Vanj magmatic complex (excepting one sample, 

15-19, which has the geochemistry of a cumulate) and in the north Qiangtang magmatic 

complexes suggest melting in the absence of plagioclase and in the presence of amphibole and/or 

garnet, which occurs at high pressure (≥ 50 km depth) (Ducea, 2002; Richards and Kerrich, 

2007).  Because the most mafic samples from the Vanj complex have the highest La/Yb, it is 

unlikely that fractional crystallization alone produced melts with adakitic compositions (Castillo 

et al., 2012).  The high La/Yb Eocene melts could have originated from delaminated material, 
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analogous to slab melts (Defant and Drummond, 1990), or from partial melting and 

differentiation in tectonically thickened crust.  The moderately juvenile radiogenic isotopic 

composition of the Vanj complex rocks, the general lack of inherited zircon cores, the mantle-

like zircon δ18O, and the εHf-SiO2 and Nd-Sr mixing models lead us to suggest that the Vanj 

complex melts originated in the asthenosphere and were emplaced into the lower Central/South 

Pamir terrane crust where the melts assimilated more evolved crustal material. 

 Recent numerical modeling studies of continental collisional orogens indicate that 

deformation in the mantle lithosphere tends to accumulate adjacent to rheological boundaries, 

such as a between a relatively weak (low viscosity) accreted terrane and a relative strong (high 

viscosity) lithospheric block (Kelly et al., 2016; Li, Z., et al., 2016).  Subsequently the thickened 

mantle lithosphere may drip or delaminate along the rheological boundary because if its negative 

buoyancy (Kelly et al., 2016; Li, Z., et al., 2016).  Depending on the viscosity of the accreted 

terrane in the numerical model, density instabilities and mantle drips at the inboard edge of the 

accreted terrane begin to form 10–30 Myr after intial collision (Kelly et al., 2016; Li, Z., et al., 

2016), which is consistent with the time difference between initial India Asia collision (~55 Ma) 

and the age of the Vanj complex (42-36 Ma).  We propose that the Tanymas-Jinsha suture, which 

separates Mesozoic accreted terranes to the south from the para-autochonous North 

Pamir/Kunlun terrane and Tarim block to the north, is a significant rheological boundary that 

focused mantle lithosphere thickening during India-Asia collision and led to a series of mantle 

drip or small delamination events in the Eocene. 

 

Miocene 
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 The Pamir and Karakoram terranes experienced crustal anataxis, migmatization, and 

intrusion of leucogranite during the late Oligocene to Miocene.  Zircon and titanite U-Pb 

crystallization ages for various leucogranite bodies in the Central Pamir gneiss domes range from 

21-16 Ma and are as young as 7 Ma in the Shakhdara gneiss dome (Stearns et al., 2015; this 

study).  Leucogranite in the Baltoro batholith, in the Karakoram metamorphic complex, has 

similar ages of 24-13 Ma (Searle et al., 2010).  The evolved isotopic composition and the 

presence of inherited zircon cores in the Pamir leucogranite suggests partial melting of the lower 

Central/South Pamir terrane crust. Foundering or break-off of an Indian continental slab is 

postulated to have occurred at ~25 Ma beneath the Karakoram and heat from upwelling 

asthenosphere has been invoked to explain the origin of the Karakoram and Pamir leucogranite 

(Mahéo et al, 2009; Stearns et al., 2015).  Leucogranite and migmatite are common in core 

complexes and gneiss domes globally in occurrences that are not necessarily associated with 

continental subduction or a slab-break off event (Whitney et al., 2013).  Two alternative 

mechanisms to generate the Pamir leucogranite are: 1) dehydration melting from thermal 

relaxation and crustal heat production following crustal thickening (England and Houseman, 

1984), and 2) near-isothermal decompression melting in response to crustal extension and rapid 

exhumation (Teyssier and Whitney, 2002).  Peak metamorphic temperatures in the Central and 

South Pamir gneiss domes are ≤ 800 °C (Stearns et al., 2015; Hacker et al., 2017) and the timing 

of leucogranite emplacement (24 to 7 Ma) slightly predate and overlap with exhumation ages (20 

to 5 Ma) (Stübner et al., 2013, Rutte et al., 2017b), both of which support decompression melting 

during gneiss dome extension as a contributing mechanism.   
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Conclusions 

 Studies of igneous rocks and detrital minerals from the Pamir Mountains record a rich 

history of magmatism during the Mesozoic and Cenozoic.  New and compiled whole rock and 

detrital geochemical, isotopic, and geochronologic data help to identify and characterize the 

major magmatic events that have occurred in the Pamir during this time.  These are presented 

below from oldest to youngest with estimates of their principal age ranges and zircon εHf 

equivalent isotopic values. 

 

1) The Karakul-Mazar arc (250-200? Ma, with a peak in magmatism at 220-210 Ma; -2 to -3 

εHf(t)) is associated with northward directed subduction of Paleotethys oceanic 

lithosphere beneath Asia. 

2) The Rushan-Pshart arc (210?-170 Ma; -6 to -7 εHf(t)) is associated with southward 

directed subduction of oceanic to transitional lithosphere of the Rushan-Pshart basin 

beneath the South Pamir terrane. 

3) A prominent magmatic gap from 180 to 130 Ma reflects final accretion of the 

Karakoram, Central Pamir and South Pamir terranes and preceded the initiation of 

northward subduction of the Shyok basin. 

4) The South Pamir batholith (120-100 Ma, with a high-flux event at ~105 Ma; -3 to -15 

εHf(t)) may be considered the northward extension of the Karakoram batholith, both of 

which are attributed to northward subduction of Shyok basin or Neotethyan oceanic 

lithosphere.  Migration of magmatism into the South Pamir terrane is attributed to an 

episode of low-angle or flat slab subduction.  
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5) Relatively low-volume Late Cretaceous magmatism (80-70 Ma; -2 to +2 εHf(t)) in the 

Pamir may record lithospheric extension in response to Neotethyan slab-roll back.   

6) The Vanj magmatic complex (42-36 Ma; -4 to +2 εHf(t)) is attributed to a mantle drip or 

delamination event induced by the collision between India and Asia. 

7) Pamir gneiss dome (leucogranite) magmatism (20-10 Ma; -4 to -8 εHf(t)) reflects crustal 

anataxis and is attributed at least in part to decompression melting during north-south 

directed extension and gneiss dome exhumation. 

8) The Dunkeldik/Taxkorgan complex (12-10 Ma; -6 to -10 εHf(t)) is associated with a 

localized mantle drip or delamination event. 

 

 Of these magmatic events, the Eocene Vanj complex and South Pamir batholith are 

particularly interesting because we interpret them to be along-strike equivalents of magmatic 

complexes in Tibet and thus manifestations of orogen-wide tectonic processes that operated for 

>2,500 km along strike (Fig. 1).  The tectonic processes are interpreted to be:1) Early Cretaceous 

northward directed, low-angle to flat-slab subduction that includes a regional high-flux event 

during the Albian (110-105 Ma) and; 2) a series of mantle drips or localized delamination events 

during the Middle Eocene (~40 Ma) related to deformation and thickening of the mantle 

lithosphere along a rheological boundary represented by the Tanymas-Jinsha suture zone.  

Spatially restricted magmatism accompanying small mantle drip events may be characteristic of 

continental collisional orogens globally and the locus of drip or delamination magmatism in 

collisional orogens may be up to several hundred km away from the suture zone. 
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Figures and Tables 
 

 
 
Figure 1: 
Regional map of the Pamir-Tibetan plateau showing major faults and terrane boundaries.  Blue 
polygons represent Eocene magmatic rocks exposed in the Qiangtang terrane and the laterally 
equivalent Central/South Pamir terrane.  Labels are rock crystallization ages (primarily zircon U-
Pb ages).  Red dashed lines outline the major Eocene magmatic centers.  Eocene magmatic rocks 
present in other parts of the orogen (e.g., southern Lhasa terrane) are not shown.  Orange 
polygons represent Early Cretaceous intrusive rocks exposed in the central-northern Lhasa 
terrane and Central/South Pamir and Karakoram terranes.  Data sources: (Roger et al., 2000; 
Ding et al., 2003; Schwab et al., 2004; Jiang et al., 2006; Wang et al., 2008; Zhu et al., 2009; 
2016; Chen et al., 2013; 2014; Sui et al., 2013; Long et al., 2015; Stearns et al., 2015; Ou et al., 
2017, this study).  Map projection: WGS84, UTM z44N.   
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Figure 2: 
Geologic map of the Pamir Mountains showing exposures of igneous rocks, color-coded by age.  
For igneous bodies without labels, ages and locations were adopted or modified from Vlasov et 
al. (1991), Schwab et al. (2004), and Robinson et al., (2012).  Non-igneous rocks are shown in 
light gray and gneiss domes are shown in dark gray.  White boxes contain rock crystallization 
ages in red and zircon εHf(t) in blue.  For comparison purposes, samples with only εNd(t) values 
available were converted to εHf(t) using the terrestrial array of Vervoort et al. (1999).  Yellow 
circles denote samples analyzed in this study.  Other sources of data are denoted by superscripts 
and come from: 1) Stearns et al. (2015); 2) Schwab et al.  (2004); 3) Volkov et al. (2016);4) 
Jiang et al. (2014); 5) Jiang et al. (2012); 6) Robinson et al. (2007).   
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Figure 3: 
Major and trace element data for samples analyzed in this study and from literature sources.  
Early Cretaceous literature data are from the South Pamir batholith in the southeastern Pamir 
(China) (Jiang et al., 2014; Li, J., et al., 2016).  Eocene literature data are from the northern 
Qiangtang terrane in Tibet (Wang et al., 2008; Chen et al., 2013; Lai and Qin, 2013; Long et al., 
2015; Ou et al., 2017).  Miocene literature data come from the Taxkorgan complex (Jiang et al., 
2012).  A) Total alkali silica diagram. B) K2O vs. SiO2 diagram.  Stars mark samples with 
anomalously low wt. % K2O that are interpreted to have lost potassium during hydrothermal 
alteration (see text).  Inset diagram is Co vs. Th, which Hastie et al. (2007) proposed as an 
alternative to K2O vs. SiO2 diagrams for altered rocks.  C) Mid-ocean ridge basalt (MORB) 
normalized trace element diagram, normalizing values from Pearce and Parkinson (1993), LILE 
= large-ion lithophile elements.   D) Chondrite normalized trace element diagram, normalizing 
values from McDonough and Sun (1995), MREE = middle rare earth elements, HREE = heavy 
rare earth elements.  Inset shows chondrite normalized La/Yb vs. Yb, adakitic field from 
Richards and Kerrich (2007).   
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Figure 4: 
A) Plot of εNd(t) vs. 87Sr/86Sri showing three binary mixing lines. All mixing lines use an N-type 
MORB (mid-ocean ridge basalt) from Sun and McDonald (1989) as the isotopically juvenile 
end-member.  The more isotopically evolved end-members used are: 1) Triassic granite from the 
Karakul-Mazar complex (Schwab et al., 2004), 2) Triassic schist (metasedimentary accretionary 
complex material) from the Karakul-Mazar complex (Robinson et al., 2012), and 3) an 
amphibolite schist from the footwall of the Muztaghata gneiss dome thought to be representative 
of the Central/South Pamir terrane lower crust (Robinson et al., 2012).  Sources of literature data 
are the same as in Fig. 3.  B) Variation in zircon εHf(t) with SiO2 suggests that open-system 
contamination was important part of magmatic differentiation.  Mixing curves and the 
composition of the juvenile mantle source are for illustrative purposes only and show potential 
mixing with the Central/South Pamir terrane lower crust and the Karakul-Mazar arc-accretionary 
complex.  Evolved end-member sources are from Schwab et al. (2004) and Robinson et al. 
(2012).  Sources of literature data are the same as in Fig. 3, and only native zircon εHf(t) (i.e., not 
converted from εNd(t)) is plotted.  
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Figure 5: 
Compiled detrital zircon U-Pb geochronologic analyses from major rivers draining the Pamir and 
from Cenozoic sandstones on the northern Pamir margin.  Data and data sources are reported in 
Supplementary Table 5.  Data without interpretation is shown in Supplementary Figure 1.  
Yellow line shows an adaptive kernel density estimate (KDE; bandwidth=2.34) and the blue line 
and polygon shows a probability density plot (PDP) for the U-Pb dates (Vermeesch, 2012).  The 
age peaks help to identify major magmatic events and sources within the Pamir Mountains.  
Vertical bars are the magmatic complexes interpreted to correspond to the age peaks and are 
color-coded to match the igneous rocks plotted in Fig. 2.  
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Figure 6: 
New and compiled zircon εHf(t) data plotted against zircon U-Pb ages.  Weighted mean zircon 
εHf(t) from rock samples are plotted as squares with 2σ uncertainty error bars, single detrital 
zircon εHf(t) analyses are plotted as blue dots.  Only native εHf(t) data is plotted.  Isotopic data for 
rock samples come from this study (Table 1) and from literature sources listed in Fig. 3.  Isotopic 
data for detrital zircon come from this study (Supplementary Table 3) and from Carrapa et al. 
(2014) and Sun et al. (2016).  The zircon U-Pb probability density plot (PDP) shown in gray is 
reproduced from Fig. 5.  Vertical blue bars denote interpreted tectonic events for the Pamir. Data 
without interpretation is shown in Supplementary Figure 1. 
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Figure 7: 
Representative cathodoluminescence (CL) images of polished zircon crystals from sample 15-47 
from the Eocene Vanj magmatic complex in the Pamir.  Individual zircon δ18O secondary ion 
mass spectrometer (SIMS) analysis locations are shown by yellow circles and zircon δ18O values 
(red text) are reported in ‰ relative to Vienna standard mean ocean water (VSMOW).  Sample 
15-47 is the only sample that showed systematic differences in zircon δ18O between zircon rims 
and cores. 
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Figure 8: 
Schematic cross-sections for the Pamir orogenic system at different periods in the past that show 
some of the major tectonic and magmatic events that have affected the Pamir.  Details of the 
cross-sections are discussed at length in section 6 of this report.  Early Cretaceous) Low-angle 
subduction of Shyok basin oceanic lithosphere resulted in emplacement of the South Pamir and 
Karakoram batholiths.  Late Cretaceous) Foundering of Shyok basin oceanic lithosphere and 
roll-back of the Neotethyan oceanic slab resulted in extension and extension-related magmatism 
in Kohistan, the Karakoram, and the Pamir.  Eocene) Localized thickening of the mantle 
lithosphere during India-Asia collision occurred near a rheological boundary between the 
structurally and magmatically weakened Central/South Pamir terrane and strong North Pamir-
Tarim basement.  Negative buoyancy of the thickened mantle lithosphere led to the development 
of a mantle drip or small delamination event.  Eocene igneous rocks in the Karakoram terrane are 
attributed to break-off of the Neotethyan slab.  Miocene) Formation of leucogranite and 
migmatite within the Karkoram metamorphic complex and Pamir gneiss domes are attributed to 
crustal anataxis and syn-extensional decompression melting.  TKSZ = Tirich-Kilik suture zone, 
RPSZ = Rushan-Pshart suture zone, TSZ = Tanymas suture zone, TF = Tanymas fault, SSZ = 
Shyok suture zone, IYSZ = Indus-Yarlung suture zone, SPGD = South Pamir gneiss domes, 
CPGD = Central Pamir gneiss domes, MPT = Main Pamir thrust. 
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Table 1: 
Summary of geochronologic and isotopic data. 
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Supplementary Material 
 
Supplementary Table 1: Whole rock major elements, trace elements, and Sm-Nd and Rb-Sr 
isotopes. 
 

 
 
  

Sample 15-019 14-17 15-45 15-46 15-047 14-37 14-93 14-60 14-87 15-007 14-19
Age (Ma) 36 40 41 40 41 74 72 109 105 18 20

SiO2 59.54 72.16 70.41 54.1 74.65 59.64 58.29 69.45 64.23 73.79 72.65
TiO2 0.49 0.24 0.29 1.14 0.17 0.91 0.91 0.53 0.57 0.14 0.17

Al2O3 19.9 14.9 15.62 20.43 13.57 17.03 17.88 14.76 15.51 13.98 14.02
Fe2O3 3.8 1.13 1.68 6.41 0.66 7.1 6.03 3.26 4.58 1.45 1.83
MnO 0.04 0.01 0.01 0.04 0.02 0.11 0.09 0.08 0.11 0.04 0.02
MgO 1.02 0.4 0.49 2.11 0.18 2.77 1.72 1.02 2.29 0.16 0.29
Mg# 34.7 41.2 36.6 39.5 35.1 43.6 36.1 38.3 49.8 17.9 23.9
CaO 3.25 1.44 1.52 4.04 1.06 4.08 4.97 2.76 3.36 1.05 1.5
Na2O 5.86 7.51 4.25 6.26 6.13 3.22 3.62 2.6 4.3 3.98 3.63
K2O 4.63 0.68 4.86 2.5 1.22 3.86 4.58 3.97 2.2 4.71 4.49

A/CNK 0.97 0.95 1.04 1.00 1.02 1.01 0.90 1.09 1.00 1.03 1.03
BaO 0.3 0.01 0.08 0.18 0.01 0.07 0.06 0.1 0.05 0.09 0.06

P2O5 0.18 0.08 0.09 0.6 0.05 0.16 0.26 0.12 0.2 0.02 0.02
SO3 0.05 0.01 0.02 0.21 0.05 0.01 0.01 0.01 0.02 0.01 0.01
SrO 0.12 0.01 0.02 0.13 0.01 0.05 0.05 0.04 0.06 0.02 0.02

Total 99.6 99.71 99.75 99.64 99.09 99.56 99.62 99.53 99.57 99.82 98.89
LOI 1000 0.36 1.12 0.39 1.38 1.3 0.48 1.08 0.76 2.04 0.35 0.16

Sr/Y 175.56 9.53 76.40 12.29 8.10
La/Yb_n 32.26 13.15 57.16 26.66 18.70

Rb/Sr 0.20 1.94 0.10 2.43 1.94
Sc 6.93 7.90 5.73 2.77 6.95
V 147.44 40.24 125.70 25.01 15.70
Cr 1.21 5.62 1.32 1.20 0.58
Co 3.31 1.76 8.99 0.63 0.71
Ni 1.12 2.13 1.85 2.02 0.49
Cu 2.08 1.48 4.22 18.71 3.77
Zn 34.00 10.97 28.05 2.44 50.95
Ga 63.10 28.29 46.80 12.03 43.26
Ge 0.92 0.27 0.86 0.11 0.41
Rb 278.65 508.69 176.94 176.93 695.74
Sr 1399.09 262.11 1743.26 72.88 358.32
Y 7.97 27.51 22.82 5.93 44.23
Zr 9.10 31.63 32.27 12.55 78.90

Vanj Magmatic Complex Late Cretaceous South Pamir batholith Miocene
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Sample 15-019 14-17 15-45 15-46 15-047 14-37 14-93 14-60 14-87 15-007 14-19
Nb 5.04 8.36 16.33 8.04 13.81

Ba/Nb 1163.08 159.08 181.52 47.10 131.31
Mo 0.42 0.19 0.13 0.48 0.13
Ag 0.01 0.02 0.03 0.01 0.06
Cd 0.00 0.00 0.01 0.00 0.01
Sn 0.51 4.51 1.41 2.05 3.67
Sb 0.01 0.02 0.09 0.06 0.75
Cs 3.79 18.66 9.82 2.08 37.10
Ba 5860.80 1329.54 2964.46 378.59 1812.98
La 30.66 32.13 96.43 15.94 78.80
Ce 36.06 88.05 230.19 21.23 191.21
Pr 3.90 9.85 11.02 1.11 9.16
Nd 13.31 32.82 68.17 8.90 53.94
Sm 2.12 6.58 8.55 1.65 8.06
Eu 2.62 1.09 3.29 0.45 1.55
Gd 2.04 5.95 8.36 1.45 7.79
Tb 0.24 0.79 0.81 0.19 0.90
Dy 1.23 3.93 3.42 0.95 4.49

Dy/Yb 1.91 2.37 2.98 2.33 1.57
V/Sc 21.28 5.09 21.94 9.01 2.26
Ho 0.25 0.72 0.61 0.18 0.90
Er 0.70 1.91 1.69 0.49 2.72

Tm 0.10 0.26 0.19 0.07 0.41
Yb 0.65 1.66 1.15 0.41 2.86
Lu 0.10 0.23 0.16 0.06 0.43
Hf 0.16 0.59 0.40 0.19 0.99
Ta 0.20 1.05 0.49 0.46 0.67
W 0.27 0.61 0.58 2.28 5.86
Au 0.00 0.00 0.00 0.00 0.00
Pb 5.85 18.92 6.96 0.90 41.71
Th 1.93 19.25 18.00 4.80 54.31
U 0.33 3.22 0.87 0.39 4.66

Eu/Eu* 3.97 0.55 1.22 0.92 0.62

Rb 53.062176 183.964973 64.925741 30.660809 182.1648
Sr 962.62554 168.924505 1025.386588 45.983527 182.03

Rb/Sr 0.055122 1.089037 0.063318 0.666778 1.00074
87Rb/86Sr 0.158484 3.132797 0.182031 1.917642 2.878028

87Sr/86Sr (0) 0.706259 0.711695 0.705254 0.709258 0.708959
std err% 0.0011 0.001 0.0008 0.0012 0.0008

87Sr/86Sr (i) 0.70617796 0.709870555 0.705150577 0.708141224 0.708223

Sm 2.662211 4.934761 5.704112 1.343426 4.974043
Nd 20.591437 27.839356 39.268876 8.356854 34.30823

Sm/Nd 0.129287 0.177258 0.145258 0.160757 0.144981
147Sm/144Nd 0.07816 0.107155 0.087816 0.097183 0.087645

143Nd/144Nd(0) 0.51247 0.512231 0.512523 0.512366 0.512327
std err% 0.0012 0.0008 0.001 0.0009 0.0013
e (Nd)0 -3.28 -7.95 -2.25 -5.31 -6.07

143Nd/144Nd(t) 0.5124516 0.512202264 0.512500024 0.512339938 0.512317
143/144_CHUR(t) 0.51259168 0.51258525 0.512586537 0.51258525 0.512615

Ep_Nd(0) -3.27716634 -7.939325606 -2.24329839 -5.305888366 -6.06666
Ep_Nd(t) -2.73292879 -7.471658314 -1.687758327 -4.785778245 -5.81648

Vanj Magmatic Complex Late Cretaceous South Pamir batholith Miocene
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Supplementary Table 2: Zircon U-Pb data. 
 

 
 
  

*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Miocene
Sample: 15-007
Shane2-Spot 48_14-007 4217 40587.02 10.842 19.36058 1.08 0.018744 2.33 0.002632 2.07 16.94418 0.35 18.8559 0.44 269.9834 24.7 16.94418 0.35
Shane2-Spot 60_14-007 548.08 762.9877 2.0076 36.7572 2.98 0.009948 4.06 0.002652 2.76 17.07293 0.47 10.05085 0.41 1470.127 98.4 17.07293 0.471
Shane2-Spot 56_14-007 3373.5 13415.39 2.767 18.8052 1.46 0.019595 2.29 0.002673 1.76 17.20553 0.3 19.70434 0.45 336.3242 33.1 17.20553 0.303
Shane2-Spot 44_14-007 2798 6279.497 4.0871 21.21804 1.41 0.017526 2.08 0.002697 1.53 17.36279 0.27 17.64144 0.36 55.78783 33.7 17.36279 0.265
Shane2-Spot 54_14-007 2519.5 6809.33 2.0528 21.7247 1.9 0.01723 2.86 0.002715 2.14 17.47695 0.37 17.34598 0.49 0.758853 45.8 17.47695 0.374
Shane2-Spot 45_14-007_rim 3897.3 2648.831 1.9983 15.53883 1.61 0.024113 2.31 0.002718 1.66 17.49463 0.29 24.19382 0.55 753.2953 33.9 17.49463 0.29
Shane2-Spot 59_14-007 4392.2 24356.17 0.7905 18.97351 1.88 0.019793 2.97 0.002724 2.3 17.53447 0.4 19.9015 0.59 316.0985 42.8 17.53447 0.404
Shane2-Spot 53_14-007 1939 5707.506 2.2524 22.19735 2.57 0.017013 3.15 0.002739 1.82 17.63246 0.32 17.12973 0.53 52.90455 62.6 17.63246 0.32
Shane2-Spot 51_14-007 4775.8 27835.48 1.9183 19.42869 1.45 0.019477 3.01 0.002745 2.64 17.66825 0.47 19.58677 0.58 261.9488 33.2 17.66825 0.465
Shane2-Spot 61_14-007 1169.1 3162.134 1.4401 22.61638 1.84 0.016886 2.77 0.00277 2.07 17.8306 0.37 17.0026 0.47 98.64156 45.3 17.8306 0.368
Shane2-Spot 62_14-007 2404.2 13371.92 2.1606 20.83694 1.66 0.018344 2.8 0.002772 2.25 17.84616 0.4 18.45745 0.51 98.86504 39.4 17.84616 0.4
Shane2-Spot 47_14-007 1371.5 1387.402 1.5021 11.43002 2.04 0.03408 2.94 0.002825 2.11 18.18677 0.38 34.02803 0.98 1371.269 39.3 18.18677 0.383
Shane2-Spot 55_14-007 824.31 2051.317 1.4396 25.11754 3.24 0.015606 4.46 0.002843 3.06 18.30064 0.56 15.7236 0.7 363.0604 83.9 18.30064 0.559
Shane2-Spot 52_14-007 381.63 440.826 1.6997 9.383029 19.9 0.043534 20.1 0.002963 3 19.0698 0.57 43.26855 8.52 1741.637 368 19.0698 0.571
Shane2-Spot 46_14-007_core 890.6 918.5165 6.2812 4.77347 24.2 0.101213 24.8 0.003504 5.07 22.54896 1.14 97.89516 23.1 2901.6 400 22.54896 1.141

Sample: 14-19
JBC_14_019_02 <> 46.396 82.46631 0.5913 29.61415 6.73 0.011451 6.85 0.00246 1.26 15.83595 0.2 11.56157 0.79 -809.421 191 15.83595 0.199
JBC_14_019_13 <> 146.91 719.8789 0.6741 20.51216 2.93 0.019722 5.56 0.002934 4.72 18.88628 0.89 19.83063 1.09 135.9125 68.8 18.88628 0.89
JBC_14_019_09 <> 1911.8 7003.179 1.8055 20.88848 1.15 0.019544 5.8 0.002961 5.68 19.05847 1.08 19.65291 1.13 93.00673 27.3 19.05847 1.081
JBC_14_019_25 <> 3993.5 6583.516 2.5621 18.98657 1.15 0.021832 1.5 0.003006 0.96 19.35104 0.19 21.92929 0.32 314.5433 26.1 19.35104 0.185
JBC_14_019_20 <> 197.99 585.9744 0.7463 21.95988 2.57 0.019113 3.09 0.003044 1.72 19.59409 0.34 19.22431 0.59 -26.7806 62.2 19.59409 0.337
JBC_14_019_019 <> 3363.1 9885.038 1.2748 20.98348 0.89 0.020089 2.03 0.003057 1.82 19.67811 0.36 20.19555 0.41 82.22955 21.1 19.67811 0.357
JBC_14_019_26 <> 4363.3 17984.96 4.108 20.65808 0.7 0.020496 1.83 0.003071 1.69 19.76596 0.33 20.60125 0.37 119.2408 16.5 19.76596 0.334
JBC_14_019_23 <> 2178.5 5325.751 12.193 19.78751 1.53 0.021406 2 0.003072 1.29 19.77359 0.25 21.50633 0.43 219.7532 35.5 19.77359 0.254
JBC_14_019_01 <> 5032.5 14913.13 8.2542 20.98776 0.71 0.020211 2.23 0.003076 2.12 19.80193 0.42 20.31745 0.45 81.74585 16.8 19.80193 0.419
JBC_14_019_30 <> 2752.7 14633.88 1.6721 20.67862 0.93 0.020573 1.71 0.003085 1.43 19.8591 0.28 20.67714 0.35 116.8834 21.9 19.8591 0.283
JBC_14_019_14 <> 4803.8 25736.24 6.427 20.76971 0.8 0.020663 2.49 0.003113 2.36 20.0336 0.47 20.76672 0.51 106.4777 19 20.0336 0.472
JBC_14_019_29 <> 3778 14227.18 3.8383 20.73088 0.55 0.020988 2.75 0.003156 2.7 20.31017 0.55 21.08993 0.57 110.9296 12.9 20.31017 0.547
JBC_14_019_17 <> 5602.6 21154.91 5.8947 20.9341 0.62 0.020812 2.61 0.00316 2.54 20.33785 0.52 20.91551 0.54 87.86476 14.8 20.33785 0.516
JBC_14_019_018 <> 4623.5 10670.23 2.5883 21.09204 0.87 0.020661 2.3 0.003161 2.13 20.34193 0.43 20.76461 0.47 69.99403 20.7 20.34193 0.433
JBC_14_019_12 <> 5301.4 13085.22 4.173 21.05264 0.82 0.020737 1.91 0.003166 1.72 20.37872 0.35 20.84038 0.39 74.45711 19.6 20.37872 0.35
JBC_14_019_32 <> 3842.5 8303.405 2.8297 20.93366 0.53 0.020872 1.7 0.003169 1.62 20.39531 0.33 20.97452 0.35 87.91371 12.5 20.39531 0.33
JBC_14_019_05 <> 4700.7 13513.47 4.9186 20.89315 0.8 0.020922 2.56 0.00317 2.43 20.40482 0.5 21.02449 0.53 92.48559 19 20.40482 0.496
JBC_14_019_06 <> 4218.8 32756.38 6.413 20.69732 0.81 0.021158 2.7 0.003176 2.57 20.44154 0.53 21.2592 0.57 114.72 19.1 20.44154 0.525
JBC_14_019_24 <> 3911.9 13480.93 1.4105 20.70516 0.99 0.021153 2.14 0.003177 1.9 20.44469 0.39 21.25448 0.45 113.863 23.3 20.44469 0.388
JBC_14_019_22 <> 3583.8 8794.112 1.2498 20.86199 0.53 0.02105 3.02 0.003185 2.97 20.49931 0.61 21.15221 0.63 96.03977 12.5 20.49931 0.608
JBC_14_019_27 <> 2887.4 7809.808 1.9666 20.69477 0.94 0.021305 1.87 0.003198 1.61 20.5805 0.33 21.40504 0.4 115.0107 22.2 20.5805 0.331
JBC_14_019_15 <> 5802.7 30626.8 4.1585 20.89653 0.83 0.021104 1.41 0.003198 1.14 20.58527 0.23 21.20538 0.3 92.08601 19.7 20.58527 0.234
JBC_14_019_08 <> 1250.1 3116.653 2.4549 20.78914 1.46 0.021248 3.53 0.003204 3.22 20.61983 0.66 21.34925 0.75 104.272 34.6 20.61983 0.662
JBC_14_019_03 <> 368.9 1374.449 3.5391 20.57962 2.34 0.025268 3.1 0.003771 2.04 24.26668 0.49 25.33808 0.78 128.2025 55.1 24.26668 0.493
JBC_14_019_28 <> 333.59 2367.973 0.9404 20.14833 1.8 0.027294 2.33 0.003988 1.48 25.66007 0.38 27.34235 0.63 177.7686 41.9 25.66007 0.379
JBC_14_019_11 <> 688.95 45275.06 1.3626 17.17101 0.92 0.633604 3.22 0.078906 3.09 489.5923 14.6 498.3385 12.7 538.7191 20.1 489.5923 14.55
JBC_14_019_10 <> 210.59 17050.52 1.9455 16.84 0.6 0.671116 5.62 0.081967 5.59 507.8519 27.3 521.3906 22.9 581.1647 13 507.8519 27.29
JBC_14_019_21 <> 524.18 59765.69 1.4058 17.06532 0.62 0.663997 2.82 0.082183 2.75 509.1368 13.5 517.056 11.4 552.2265 13.5 509.1368 13.45
JBC_14_019_04 <> 351.22 28565.37 1.0839 16.80035 0.54 0.681969 2.24 0.083096 2.17 514.5776 10.8 527.9636 9.23 586.2833 11.8 514.5776 10.75
JBC_14_019_16 <> 108.38 20091.81 1.5627 13.95327 0.55 1.599522 4.72 0.161869 4.68 967.1577 42.1 970.0235 29.5 976.503 11.1 976.503 11.13
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Eocene
Sample: 15-19
Shane1-Spot 19_15-19 28.575 339.5952 1.7718 77.1404 22.8 0.008996 24 0.005033 7.24 32.36379 2.34 9.093579 2.17 0 0 32.36379 2.339
Shane1-Spot 44_15-19 31.329 214.5277 1.5366 -51.7298 8.88 -0.01396 10.3 0.005238 5.16 33.67632 1.73 14.27516 1.48 0 0 33.67632 1.734
Shane1-Spot 34_15-19 40.327 742.1757 2.1582 34.19901 6.14 0.021645 7.28 0.005369 3.91 34.51636 1.35 21.7435 1.57 1238.36 192 34.51636 1.346
Shane1-Spot 43_15-19 39.017 467.7204 1.5882 35.19402 33 0.021136 33.4 0.005395 5.04 34.68491 1.74 21.23752 7.02 1329.021 1078 34.68491 1.744
Shane1-Spot 21_15-19_rim 69.399 496.5223 1.7644 58.54215 26.3 0.012786 26.7 0.005429 4.87 34.90226 1.7 12.90067 3.43 0 1018 34.90226 1.696
Shane1-Spot 29_15-19_core 114.63 599.6044 0.8999 43.62961 13.8 0.017188 14.2 0.005439 3.25 34.96649 1.13 17.30438 2.43 2077.944 529 34.96649 1.135
Shane1-Spot 17_15-19_rim 48.819 414.2428 1.6206 170.3002 86.9 0.00446 87 0.005509 4.64 35.41612 1.64 4.518825 3.92 0 34.9 35.41612 1.64
Shane1-Spot 35_15-19 29.707 382.9854 1.6734 47.09817 96.2 0.016184 96.3 0.005528 4.5 35.53885 1.6 16.30119 15.6 2381.321 2195 35.53885 1.596
Shane1-Spot 37_15-19_rim 55.925 1297.452 1.8286 28.35777 5.02 0.026903 7.74 0.005533 5.89 35.57039 2.09 26.95571 2.06 687.786 139 35.57039 2.09
Shane1-Spot 16_15-19 91.783 1435.852 1.8843 27.20578 7.7 0.028165 8.34 0.005557 3.2 35.72616 1.14 28.2031 2.32 574.3044 209 35.72616 1.139
Shane1-Spot 11_15-19 114.85 760.5788 1.7658 38.60022 29.1 0.019879 29.3 0.005565 3.17 35.77563 1.13 19.98642 5.8 1634.779 1016 35.77563 1.131
Shane1-Spot 20_15-19_core 110.16 1195.804 1.3303 33.21061 6.41 0.02315 7.43 0.005576 3.75 35.84576 1.34 23.23822 1.71 1147.558 197 35.84576 1.342
Shane1-Spot 9_15-19_rim 168.24 770.1134 1.7824 36.20667 4.53 0.021272 5.68 0.005586 3.42 35.90918 1.22 21.37279 1.2 1420.601 148 35.90918 1.224
Shane1-Spot 25_15-19 59.94 817.213 1.7303 28.96823 27.3 0.026643 27.7 0.005598 5.15 35.98373 1.85 26.69854 7.31 747.1485 776 35.98373 1.847
Shane1-Spot 18_15-19_core 98.418 1754.537 0.8728 23.98255 4.25 0.032327 5.86 0.005623 4.04 36.14645 1.46 32.30534 1.86 244.7833 107 36.14645 1.455
Shane1-Spot 10_15-19_core 104.49 4167.142 1.2231 22.32356 3.74 0.034904 5.07 0.005651 3.42 36.32716 1.24 34.83646 1.74 66.72793 91.3 36.32716 1.24
Shane1-Spot 36_15-19_core 134.65 782.3517 0.893 33.785 13.1 0.023083 13.4 0.005656 2.78 36.35905 1.01 23.17192 3.07 1200.422 407 36.35905 1.008
Shane1-Spot 45_15-19 57.878 1186.69 1.6669 26.57984 7.09 0.029424 8.64 0.005672 4.94 36.462 1.8 29.4454 2.51 511.7795 189 36.462 1.795
Shane1-Spot 26_15-19 61.237 5002.536 1.3814 20.29689 5.03 0.038666 7.11 0.005692 5.02 36.58794 1.83 38.52039 2.69 160.6403 118 36.58794 1.832
Shane1-Spot 12_15-19 44.307 1402.865 1.4223 24.15981 5.47 0.03258 6.94 0.005709 4.27 36.6963 1.56 32.55353 2.22 263.434 139 36.6963 1.564
Shane1-Spot 38_15-19 68.61 1445.719 1.5258 25.79952 5.42 0.030688 6.7 0.005742 3.94 36.91069 1.45 30.69145 2.03 432.9023 142 36.91069 1.45
Shane1-Spot 8_15-19 130.87 1586.639 1.1449 24.26596 3.25 0.032658 4.46 0.005748 3.05 36.94485 1.13 32.63004 1.43 274.5684 82.7 36.94485 1.125
Shane1-Spot 42_15-19 21.403 1657.495 1.7863 25.24756 6.63 0.03165 9.76 0.005796 7.16 37.25275 2.66 31.63906 3.04 376.4431 172 37.25275 2.66
Shane1-Spot 46_15-19 76.859 1086.731 1.5195 28.32006 6.15 0.028376 7.19 0.005828 3.71 37.46261 1.39 28.41118 2.01 684.1014 170 37.46261 1.385
Shane1-Spot 27_15-19 39.141 1859.83 1.2579 23.04604 5.27 0.03516 7.4 0.005877 5.19 37.77316 1.95 35.08713 2.55 145.0782 131 37.77316 1.955

Sample: 15-47
Shane1-Spot 72_15-47 248.02 2896.902 5.1181 22.64997 3.87 0.037079 5.49 0.006091 3.89 39.14619 1.52 36.96787 1.99 102.2882 95.2 39.14619 1.52
Shane1-Spot 75_15-47 285.18 4045.685 5.7134 22.69371 2.92 0.037474 4.31 0.006168 3.17 39.63826 1.25 37.35467 1.58 107.0327 72 39.63826 1.252
Shane1-Spot 68_15-47 376.27 5137.948 3.8534 22.00072 2.57 0.038668 3.91 0.00617 2.95 39.6521 1.17 38.52249 1.48 31.28281 62.2 39.6521 1.166
Shane1-Spot 70_15-47rim 237.83 12478.49 5.1566 22.31008 2.24 0.038551 3.73 0.006238 2.99 40.08735 1.19 38.40877 1.41 65.25265 54.6 40.08735 1.195
Shane1-Spot 52_15-47 370.26 5848.93 5.0316 21.11513 1.89 0.04076 3.24 0.006242 2.63 40.11388 1.05 40.56595 1.29 67.41173 44.9 40.11388 1.051
Shane1-Spot 66_15-47 393.54 47821.52 4.2239 21.76194 2.27 0.039602 3.94 0.00625 3.22 40.16765 1.29 39.43527 1.53 4.88864 54.9 40.16765 1.29
Shane1-Spot 59_15-47 230.74 3408.989 2.5775 22.39661 5.24 0.038561 6.04 0.006264 3.02 40.25277 1.21 38.41856 2.28 74.70929 128 40.25277 1.21
Shane1-Spot 56_15-47 485.55 3619.448 3.4419 22.94732 2.08 0.037657 3.89 0.006267 3.28 40.27464 1.32 37.53345 1.43 134.4495 51.5 40.27464 1.317
Shane1-Spot 53_15-47 255.85 2726.24 5.0325 23.00772 2.87 0.037577 4.26 0.00627 3.15 40.29508 1.26 37.45542 1.57 140.9565 71.1 40.29508 1.265
Shane1-Spot 65_15-47 250.75 6861.829 5.1013 21.66842 2.65 0.039988 3.92 0.006284 2.88 40.38388 1.16 39.8119 1.53 5.479546 63.9 40.38388 1.159
Shane1-Spot 67_15-47 306.1 14680.19 4.4695 21.6763 1.98 0.040016 3.77 0.006291 3.21 40.4275 1.29 39.83999 1.47 4.592282 47.6 40.4275 1.293
Shane1-Spot 54_15-47 332.3 2435.785 5.4947 23.93521 3.47 0.036249 4.4 0.006293 2.69 40.43806 1.08 36.15546 1.56 239.79 87.8 40.43806 1.085
Shane1-Spot 51_15-47 242.42 1353.439 6.1088 26.5704 3.18 0.032772 4.39 0.006315 3.02 40.58389 1.22 32.74275 1.41 510.8305 84.8 40.58389 1.223
Shane1-Spot 61_15-47 326.22 3843.5 4.4892 22.80476 2.7 0.038285 3.7 0.006332 2.53 40.6915 1.03 38.14861 1.39 119.0575 66.7 40.6915 1.027
Shane1-Spot 55_15-47 629.63 17448.58 3.4561 20.86571 1.38 0.041863 3.3 0.006335 3 40.71056 1.22 41.64119 1.35 95.5892 32.7 40.71056 1.216
Shane1-Spot 73_15-47 286.8 2176.342 4.3427 24.66324 8.78 0.035466 9.02 0.006344 2.05 40.76653 0.83 35.38755 3.14 316.0361 226 40.76653 0.831
Shane1-Spot 60_15-47 206.4 1427.968 4.5809 27.07679 8.87 0.032329 9.45 0.006349 3.25 40.79786 1.32 32.3073 3 561.4719 240 40.79786 1.323
Shane1-Spot 62_15-47 391.68 3241.455 5.8183 23.96581 2.4 0.036645 3.74 0.006369 2.88 40.9298 1.17 36.54277 1.34 243.0186 60.5 40.9298 1.174
Shane1-Spot 50_15-47 302.39 7367.401 4.9517 21.45194 2.75 0.040941 4.4 0.00637 3.44 40.93184 1.4 40.74226 1.76 29.6143 65.9 40.93184 1.403
Shane1-Spot 57_15-47 382.52 4053.574 6.0235 22.07624 2.88 0.039833 3.87 0.006378 2.59 40.98345 1.06 39.6614 1.5 39.60019 69.8 40.98345 1.058
Shane1-Spot 74_15-47 395.76 4723.444 5.5638 21.69449 2.02 0.040535 3.29 0.006378 2.59 40.98451 1.06 40.34667 1.3 2.593994 48.7 40.98451 1.059
Shane1-Spot 58_15-47 396.3 7230.278 5.9737 21.53277 1.79 0.040952 3.05 0.006396 2.46 41.09683 1.01 40.75323 1.22 20.58816 43 41.09683 1.01
Shane1-Spot 71_15-47_Core 1161.9 30175.11 3.2363 19.10502 2.66 0.046677 4.06 0.006468 3.07 41.55917 1.27 46.3222 1.84 300.4128 60.6 41.55917 1.272
Shane1-Spot 64_15-47 608.26 4542.084 1.0738 22.18759 3.95 0.040242 4.72 0.006476 2.59 41.61091 1.08 40.06056 1.86 51.83317 96.1 41.61091 1.076
Shane1-Spot 63_15-47 695.92 4281.383 4.9199 23.02954 1.78 0.039484 3.5 0.006595 3.02 42.37404 1.27 39.32056 1.35 143.3038 44.2 42.37404 1.274
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: 15-46
Shane1-Spot 111_15-46 82.175 346.4176 0.9572 202.9251 22.7 0.004043 23.2 0.00595 4.85 38.24432 1.85 4.096911 0.95 0 0 38.24432 1.848
Shane1-Spot 98_15-46 39.984 226.3643 1.3354 -67.2688 231 -0.01221 231 0.005958 4.6 38.29099 1.76 12.47531 29 0 0 38.29099 1.757
Shane1-Spot 108_15-46 40.445 484.547 1.8094 44.02812 47.3 0.018702 47.6 0.005972 4.84 38.38275 1.85 18.81407 8.86 2112.832 80.8 38.38275 1.854
Shane1-Spot 114_15-46 37.853 886.6627 1.8646 34.30082 5.14 0.024194 7.52 0.006019 5.49 38.68309 2.12 24.27347 1.8 1247.67 161 38.68309 2.116
Shane1-Spot 95_15-46 110.12 606.6354 0.9531 43.82316 9.13 0.01897 9.76 0.006029 3.45 38.75085 1.33 19.08136 1.85 2094.891 351 38.75085 1.334
Shane1-Spot 109_15-46_core 44.518 650.934 1.2877 38.56478 9.39 0.02165 11 0.006056 5.78 38.91915 2.24 21.74892 2.37 1631.628 322 38.91915 2.242
Shane1-Spot 115_15-46 77.374 614.9983 1.3384 41.45497 52.2 0.020404 52.3 0.006135 3.79 39.42559 1.49 20.50925 10.6 1887.127 107 39.42559 1.49
Shane1-Spot 117_15-46_core 179.96 1642.293 1.0124 24.33646 4.43 0.034775 5.09 0.006138 2.51 39.44687 0.99 34.70991 1.74 281.9518 113 39.44687 0.986
Shane1-Spot 112_15-46 181.34 1406.128 1.3919 25.14972 5.67 0.033726 6.7 0.006152 3.58 39.53541 1.41 33.68029 2.22 366.3763 147 39.53541 1.411
Shane1-Spot 107_15-46_rim 86.389 1226.017 1.5525 27.58074 4.14 0.030785 5.5 0.006158 3.62 39.57536 1.43 30.78684 1.67 611.4602 113 39.57536 1.427
Shane1-Spot 93_15-46_core 94.49 368.2093 0.8997 138.4394 9.76 0.006138 10.5 0.006163 3.96 39.60444 1.57 6.213019 0.65 0 0 39.60444 1.565
Shane1-Spot 100_15-46 158.58 1736.492 0.8707 24.64546 3.84 0.034531 5.2 0.006172 3.5 39.66715 1.39 34.47079 1.76 314.1871 98.6 39.66715 1.386
Shane1-Spot 99_15-46 210.87 4599.945 1.3618 21.8645 2.4 0.038943 3.77 0.006175 2.91 39.68727 1.15 38.79178 1.44 16.24549 58 39.68727 1.153
Shane1-Spot 92_15-46_rim 107.2 1128.227 1.4246 30.56458 3.76 0.02787 4.52 0.006178 2.51 39.70363 0.99 27.91131 1.24 900.1203 109 39.70363 0.992
Shane1-Spot 97_15-46 109.39 4255.913 1.5719 22.26227 3.49 0.038295 5.22 0.006183 3.88 39.73684 1.54 38.1584 1.95 60.01882 85.1 39.73684 1.536
Shane1-Spot 96_15-46 162.3 982.4508 1.5425 31.35321 3.29 0.027216 4.15 0.006189 2.53 39.77252 1 27.26532 1.12 974.6012 97 39.77252 1.003
Shane1-Spot 105_15-46 105.93 4025.591 1.4527 20.98769 3.38 0.040868 4.54 0.006221 3.03 39.97762 1.21 40.67109 1.81 81.75443 80.2 39.97762 1.206
Shane1-Spot 102_15-46 268.67 1368.286 1.4493 27.04441 2.6 0.03172 3.67 0.006222 2.58 39.98294 1.03 31.7073 1.14 558.2457 70 39.98294 1.03
Shane1-Spot 106_15-46 147.36 850.9682 1.4595 33.51102 6.11 0.025667 6.51 0.006238 2.23 40.08863 0.89 25.73255 1.65 1175.241 189 40.08863 0.893
Shane1-Spot 104_15-46 50.77 2343.287 1.3632 21.84277 4.84 0.039383 7.12 0.006239 5.23 40.09393 2.09 39.22116 2.74 13.84135 117 40.09393 2.089
Shane1-Spot 94_15-46 396.36 35756.95 0.913 20.57888 1.88 0.042161 3.37 0.006293 2.79 40.43786 1.13 41.93185 1.38 128.2868 44.3 40.43786 1.126
Shane1-Spot 113_15-46 88.434 3502.982 1.2886 23.31905 3.99 0.037257 5.69 0.006301 4.06 40.49198 1.64 37.14227 2.08 174.3538 99.5 40.49198 1.638
Shane1-Spot 103_15-46 230.13 1788.873 0.8071 24.67724 8.99 0.035238 9.39 0.006307 2.73 40.52872 1.1 35.16441 3.25 317.4917 231 40.52872 1.102
Shane1-Spot 110_15-46 113.49 2511.265 0.9869 24.39236 4.46 0.035684 5.32 0.006313 2.89 40.56701 1.17 35.60112 1.86 287.7983 114 40.56701 1.169
Shane1-Spot 116_15-46_rim 90.706 525.9006 1.2857 53.56006 17.2 0.016349 17.5 0.006351 3.1 40.81164 1.26 16.46665 2.86 2949.72 1069 40.81164 1.262

Sample: 15-45
Shane2-Spot 8_15-45 18529 98171.05 1.8463 21.21064 0.61 0.032151 1.6 0.004946 1.47 31.80491 0.47 32.13183 0.5 56.65923 14.6 31.80491 0.467
Shane2-Spot 18_15-45 18953 484331.4 1.8258 21.02621 0.64 0.032467 1.42 0.004951 1.27 31.83855 0.4 32.44304 0.45 77.39917 15.3 31.83855 0.403
Shane2-Spot 19_15-45 17660 4795.99 2.5772 17.26296 2.61 0.040423 3.12 0.005061 1.7 32.54347 0.55 40.23693 1.23 527.0413 57.3 32.54347 0.552
Shane2-Spot 34_15-45 17374 5083.902 3.2548 16.81224 3.34 0.041964 3.79 0.005117 1.79 32.90107 0.59 41.73969 1.55 584.7487 72.6 32.90107 0.587
Shane2-Spot 26_15-45 10115 24088.91 1.9036 19.77329 1.57 0.038306 2.39 0.005493 1.8 35.31634 0.63 38.16906 0.89 221.4054 36.3 35.31634 0.634
Shane2-Spot 30_15-45 4529.6 17100.74 2.6796 21.36889 0.81 0.036953 1.91 0.005727 1.72 36.81403 0.63 36.84526 0.69 38.85751 19.5 36.81403 0.633
Shane2-Spot 24_15-45 7082.4 78562.1 1.5422 20.79531 0.75 0.038035 1.82 0.005737 1.66 36.87441 0.61 37.90391 0.68 103.6059 17.7 36.87441 0.609
Shane2-Spot 38_15-45 5299.6 46575.29 3.2102 20.90859 0.77 0.038446 2.16 0.00583 2.02 37.47416 0.75 38.30587 0.81 90.74179 18.2 37.47416 0.754
Shane2-Spot 37_15-45 5444 24701.86 2.901 21.02101 0.86 0.038574 2.08 0.005881 1.89 37.80041 0.71 38.4313 0.78 77.98691 20.5 37.80041 0.712
Shane2-Spot 17_15-45 5513.7 18125.96 1.9532 19.21002 2.23 0.043587 2.72 0.006073 1.55 39.02849 0.6 43.31966 1.15 287.8719 51.1 39.02849 0.603
Shane2-Spot 25_15-45 4451.5 29911.39 3.6416 21.18659 1.18 0.039562 1.95 0.006079 1.56 39.06976 0.61 39.39643 0.76 59.36454 28.1 39.06976 0.607
Shane2-Spot 9_15-45 3416.4 20531.12 3.5553 21.13894 0.79 0.03998 1.94 0.00613 1.77 39.39284 0.7 39.8047 0.76 64.69503 18.7 39.39284 0.696
Shane2-Spot 22_15-45 1921.7 27520.58 2.4139 20.92021 1.14 0.040401 2.32 0.00613 2.02 39.39581 0.79 40.21572 0.92 89.43856 27 39.39581 0.795
Shane2-Spot 10_15-45 1602.6 6745.012 2.616 21.68969 1.32 0.038972 2.24 0.006131 1.81 39.40016 0.71 38.82014 0.85 3.098433 31.8 39.40016 0.71
Shane2-Spot 15_15-45 3520.7 15930.57 2.4542 20.91194 0.85 0.040453 1.83 0.006135 1.62 39.43068 0.64 40.26634 0.72 90.33209 20.1 39.43068 0.637
Shane2-Spot 6_15-45_rim 1015 11684.11 3.0943 21.00295 1.75 0.040314 2.68 0.006141 2.03 39.46571 0.8 40.13028 1.06 80.02746 41.6 39.46571 0.799
Shane2-Spot 32_15-45_core 575.55 2580.972 1.9287 23.35623 3.33 0.036302 4.2 0.006149 2.56 39.52032 1.01 36.20732 1.5 178.3275 83.1 39.52032 1.01
Shane2-Spot 33_15-45 2172.7 33734.19 1.9324 20.90363 1.37 0.040607 2.22 0.006156 1.75 39.56498 0.69 40.41694 0.88 91.2866 32.4 39.56498 0.689
Shane2-Spot 31_15-45_rim 1577.9 7820.824 2.0671 20.08436 1.29 0.042753 2.37 0.006228 1.99 40.02149 0.79 42.50838 0.99 185.178 30.1 40.02149 0.794
Shane2-Spot 23_15-45 672.65 1106.914 1.9191 19.60985 5.13 0.04407 6.35 0.006268 3.74 40.27872 1.5 43.78985 2.72 240.5983 118 40.27872 1.501
Shane2-Spot 35_15-45 2301 2083418 3.3086 20.01452 1.24 0.043221 2.8 0.006274 2.52 40.31757 1.01 42.96359 1.18 193.3285 28.8 40.31757 1.012
Shane2-Spot 7_15-45-core 658.89 4013.944 2.2216 22.59166 2.12 0.039162 3.52 0.006417 2.81 41.2322 1.16 39.00523 1.35 95.95476 52.1 41.2322 1.155
Shane2-Spot 16_15-45 1925.1 7662.633 38.603 21.5923 1.47 0.04122 2.5 0.006455 2.02 41.47848 0.83 41.01418 1 13.91938 35.4 41.47848 0.834
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: 14-17
Spot 17-11R2 352.47 3210.144 2.0819 24.54812 4.53 0.034452 5.09 0.006134 2.31 39.42045 0.91 34.39291 1.72 304.0531 116 39.42045 0.909
Spot 17-19R 7559.8 41703.74 4.8475 21.33639 1.55 0.04002 1.72 0.006193 0.75 39.79891 0.3 39.84336 0.67 42.51944 37.1 39.79891 0.299
Spot 17-4R2 1863 20740.43 4.9515 21.39302 2.18 0.039919 2.63 0.006194 1.46 39.80402 0.58 39.74493 1.02 36.15486 52.2 39.80402 0.58
17-27 3473.6 38040.87 3.2684 21.37054 1.59 0.04027 2.12 0.006242 1.4 40.11131 0.56 40.08803 0.83 38.67237 38 40.11131 0.561
17-3R2 7215.1 77353.41 4.1061 21.16345 1.35 0.040743 1.87 0.006254 1.29 40.18878 0.52 40.54946 0.74 61.95101 32.2 40.18878 0.517
17-4C 1119.8 29286.36 3.5263 22.47818 2.63 0.038364 3.1 0.006254 1.65 40.19289 0.66 38.22568 1.16 83.60665 64.4 40.19289 0.661
Spot 17-17 173.32 4392.16 0.9317 28.57662 5.95 0.030283 6.88 0.006276 3.45 40.33392 1.39 30.29267 2.05 709.1259 166 40.33392 1.389
Spot 17-28 429.57 3389.491 2.2764 22.98351 4.07 0.037762 4.41 0.006295 1.69 40.4502 0.68 37.63629 1.63 138.3495 101 40.4502 0.682
Spot 17-17R2 185.99 5755.849 0.8843 20.74601 6.6 0.041914 6.91 0.006306 2.06 40.52658 0.83 41.69058 2.82 109.1932 156 40.52658 0.833
Spot 17-24 4260.3 93677.26 4.0611 20.94791 1.6 0.041815 2.68 0.006353 2.14 40.82412 0.87 41.59482 1.09 86.3 38 40.82412 0.873
Spot 17-13R2 2963.8 43107.16 2.7289 20.58464 2.24 0.042564 3.64 0.006355 2.87 40.83431 1.17 42.32418 1.51 127.6297 52.7 40.83431 1.167
Spot 17-17C 158.83 1896.883 0.8931 15.7954 12.2 0.055492 12.5 0.006357 2.63 40.85111 1.07 54.83813 6.68 718.6252 261 40.85111 1.07
Spot 17-8R2 1893.1 10822.78 3.2085 21.75952 2.55 0.040415 2.99 0.006378 1.56 40.98545 0.64 40.22934 1.18 4.620683 61.5 40.98545 0.636
Spot 17-26 7793.3 61164.69 4.1514 21.27468 1.32 0.041382 1.87 0.006385 1.33 41.03079 0.54 41.17256 0.76 49.46517 31.6 41.03079 0.543
-Spot 17-19 2177.5 32562.58 38.566 21.35034 1.35 0.041292 3.32 0.006394 3.03 41.08726 1.24 41.08508 1.34 40.98196 32.2 41.08726 1.242
Spot 17-3C 2405.1 192743.4 6.2434 21.30796 2.3 0.041858 3.17 0.006469 2.18 41.56558 0.9 41.63621 1.29 45.71175 55 41.56558 0.902
-Spot 17-11 376.75 15176.47 3.0855 20.97347 5.2 0.042813 5.67 0.006512 2.24 41.84546 0.94 42.56635 2.36 83.36177 124 41.84546 0.936
-Spot 17-4 1889.7 46857.75 2.5078 19.5308 1.64 0.046414 2.49 0.006575 1.87 42.24364 0.79 46.06691 1.12 249.8862 37.9 42.24364 0.786
-Spot 17-3 3402.9 312211 2.4597 21.52595 1.53 0.043154 2.25 0.006737 1.65 43.28495 0.71 42.89829 0.95 21.30514 36.7 43.28495 0.713
-Spot 17-8 1929.1 55993.46 3.6831 21.24785 1.81 0.043804 3.31 0.00675 2.76 43.36936 1.2 43.53113 1.41 52.46498 43.3 43.36936 1.195
-Spot 17-13 5817.7 107798.9 2.3509 21.03674 1.36 0.049597 2.18 0.007567 1.7 48.5976 0.82 49.15115 1.04 76.2104 32.2 48.5976 0.824
-Spot 17-2R 8420.4 120277.2 3.6243 21.17166 1.14 0.057817 1.35 0.008878 0.72 56.97831 0.41 57.07236 0.75 61.02607 27.2 56.97831 0.409
-Spot 17-10 6761.8 37098.82 1.7425 10.89999 10.9 0.112431 11.1 0.008888 2.21 57.0435 1.26 108.1867 11.4 1462.058 208 57.0435 1.257
Spot 17-25 1309 146886.4 2.4441 17.65263 1.41 0.169024 8.28 0.02164 8.16 138.0124 11.1 158.5718 12.2 477.8668 31.1 138.0124 11.15
Spot 17-8C 445.67 30489.74 2.6273 17.67943 1.34 0.407385 6.93 0.052236 6.8 328.2363 21.7 346.9902 20.4 474.5351 29.6 328.2363 21.75
-Spot 17-2C 678.16 126879.4 2.1251 17.0817 1.17 0.646352 3.74 0.080075 3.55 496.5728 17 506.2316 14.9 550.0913 25.6 496.5728 16.96
-Spot 17-18 3840.4 321347.8 8.6946 16.57522 0.62 0.672139 1.23 0.080801 1.06 500.9025 5.13 522.0122 5.04 615.4477 13.5 500.9025 5.131
Spot 17-23 354.2 82974.27 1.6279 17.13453 1.28 0.704916 2.44 0.087601 2.07 541.3323 10.7 541.7229 10.2 543.3876 28.1 541.3323 10.75
-Spot 17-15 612.84 84540.7 2.7 16.99785 0.87 0.713675 2.05 0.087982 1.85 543.5905 9.67 546.926 8.67 560.8667 19 543.5905 9.667
-Spot 17-21 281.56 76349.87 1.0881 16.77886 1.23 0.78248 1.62 0.095221 1.05 586.3436 5.88 586.8974 7.22 589.0615 26.8 586.3436 5.877
-Spot 17-7 63.807 42909.01 2.2409 17.20425 2.6 0.773272 2.73 0.096487 0.84 593.7861 4.76 581.6385 12.1 534.5047 56.9 593.7861 4.757
-Spot 17-12 175.55 129599.9 1.7199 16.35098 1.4 0.857036 3.02 0.101635 2.67 623.9807 15.9 628.5032 14.1 644.8311 30.1 623.9807 15.89
-Spot 17-16 160.22 86062.26 1.0255 16.03783 1.68 0.939697 2.23 0.109303 1.46 668.6989 9.26 672.7236 11 686.2449 35.9 668.6989 9.264
-Spot 17-9 429.61 167783 2.849 15.61459 1.07 1.075666 1.57 0.121817 1.15 741.0116 8.07 741.5162 8.29 743.0197 22.7 741.0116 8.068
-Spot 17-20 659.9 168266.5 0.9685 14.96733 1.2 1.262535 1.4 0.137052 0.73 827.9728 5.68 829.0458 7.95 831.9424 25 827.9728 5.677
-Spot 17-6C 1537.8 203401 1.9466 13.76545 1.04 1.620291 2.35 0.161764 2.11 966.5729 18.9 978.1038 14.8 1004.067 21.1 1004.067 21.14
-Spot 17-6R 1435.8 443248 1.4432 13.36681 0.68 1.809333 1.61 0.175406 1.46 1041.83 14.1 1048.837 10.6 1063.479 13.7 1063.479 13.71
-Spot 17-14 185.98 134527.2 1.7711 5.597174 0.71 11.64276 1.46 0.472632 1.27 2495.094 26.3 2576.113 13.6 2640.475 11.7 2640.475 11.74
Spot 17-22 233.37 42781.82 2.5795 5.209762 0.72 10.71462 1.34 0.404849 1.14 2191.33 21.1 2498.693 12.5 2758.907 11.7 2758.907 11.74

Late Cretaceous
Sample: 14-37
JBC_14_037_03 <> 451.21 4178.931 1.2017 20.31021 0.67 0.074864 1.33 0.011028 1.15 70.70059 0.81 73.30508 0.94 159.1217 15.6 70.70059 0.808
JBC_14_037_04 <> 92.498 1372.387 1.0391 20.6993 2.93 0.073786 3 0.011077 0.65 71.01543 0.46 72.28594 2.09 114.5105 69 71.01543 0.459
JBC_14_037_25 <> 132.47 1817.709 0.8593 20.85444 1.14 0.073893 2.76 0.011176 2.51 71.64826 1.79 72.38745 1.93 96.86102 27 71.64826 1.79
JBC_14_037_01 <> 123.51 957.7599 1.2912 20.85873 0.75 0.074088 1.26 0.011208 1.01 71.85013 0.72 72.57098 0.88 96.37737 17.7 71.85013 0.725
JBC_14_037_20 <> 150.37 2422.968 2.166 20.14574 1.27 0.077226 3.87 0.011284 3.66 72.33137 2.63 75.53383 2.82 178.0674 29.6 72.33137 2.629
JBC_14_037_14 <> 174.38 1964.153 0.8693 20.48191 1.24 0.076268 2.75 0.01133 2.46 72.62419 1.77 74.63019 1.98 139.3746 29.1 72.62419 1.774
JBC_14_037_16 <> 162.07 1835.654 1.6596 20.44189 1.26 0.076448 2.89 0.011334 2.6 72.65284 1.88 74.79964 2.08 143.9571 29.5 72.65284 1.88
JBC_14_037_24 <> 164.92 3426.224 1.155 20.562 1.95 0.076169 2.97 0.011359 2.24 72.81224 1.62 74.53654 2.13 130.1909 46 72.81224 1.618
JBC_14_037_12 <> 149.3 2536.944 1.2346 20.68924 1.84 0.075841 3.04 0.01138 2.42 72.9471 1.76 74.22757 2.18 115.6863 43.3 72.9471 1.757
JBC_14_037_18 <> 75.245 1179.894 1.3923 20.69972 2.42 0.076042 3.76 0.011416 2.88 73.17624 2.1 74.41731 2.7 114.4889 57.1 73.17624 2.098
JBC_14_037_10 <> 329.28 3867.64 1.2291 20.37267 1.69 0.077353 2.43 0.011429 1.75 73.26129 1.27 75.65372 1.77 151.9301 39.6 73.26129 1.274
JBC_14_037_11 <> 193.77 2785.296 1.1955 20.30653 1.1 0.078326 2.97 0.011536 2.76 73.9381 2.03 76.57033 2.19 159.5163 25.8 73.9381 2.03
JBC_14_037_22 <> 114.47 1147.587 1.4315 21.13981 2.53 0.075287 2.77 0.011543 1.13 73.98491 0.83 73.70417 1.97 64.58667 60.3 73.98491 0.829
JBC_14_037_13 <> 151.2 2790.218 2.3649 20.52351 1.65 0.077557 3.3 0.011544 2.86 73.99371 2.1 75.84553 2.41 134.6237 38.8 73.99371 2.101
JBC_14_037_19 <> 246.64 4713.209 1.9619 20.64094 1.05 0.077216 2.46 0.011559 2.22 74.08959 1.64 75.52439 1.79 121.1552 24.9 74.08959 1.637
JBC_14_037_17 <> 156.94 3659.473 1.6011 20.34519 1.9 0.078545 2.77 0.01159 2.02 74.28328 1.49 76.77581 2.05 155.0948 44.4 74.28328 1.491
JBC_14_037_21 <> 69.665 3070.909 1.4301 19.79449 2.84 0.080916 3.21 0.011617 1.5 74.45384 1.11 79.00607 2.44 218.9297 65.7 74.45384 1.108
JBC_14_037_15 <> 301.19 3515.653 2.0637 19.44733 1.3 0.082903 2.35 0.011693 1.95 74.94094 1.45 80.87037 1.82 259.7218 29.9 74.94094 1.453
JBC_14_037_06 <> 61.234 628.4846 1.6284 20.75651 3.18 0.077941 4.17 0.011733 2.7 75.19723 2.02 76.20728 3.06 108.0248 75 75.19723 2.018
JBC_14_037_02 <> 258.86 5569.965 2.7302 20.25639 1.64 0.080161 2.17 0.011777 1.43 75.47398 1.07 78.29629 1.64 165.282 38.3 75.47398 1.072
JBC_14_037_08 <> 188.19 3473.888 1.3174 20.4701 1.72 0.08015 2.45 0.011899 1.74 76.25524 1.32 78.28602 1.85 140.698 40.3 76.25524 1.323
JBC_14_037_07 <> 94.151 1535.519 0.9645 20.67023 2.32 0.079387 2.59 0.011901 1.14 76.26791 0.87 77.56878 1.93 117.8349 54.7 76.26791 0.867
JBC_14_037_23 <> 111.47 2312.04 1.7811 19.84653 1.57 0.082937 2.86 0.011938 2.39 76.50184 1.81 80.90273 2.22 212.8463 36.4 76.50184 1.814
JBC_14_037_09 <> 201.8 3898.692 1.8483 20.42015 1.07 0.081288 3.43 0.012039 3.26 77.14338 2.5 79.35471 2.62 146.4765 25 77.14338 2.502
JBC_14_037_26 <> 153.28 5224.473 1.8252 20.20183 1.65 0.084389 2 0.012365 1.12 79.21809 0.89 82.26334 1.58 171.5815 38.5 79.21809 0.885
JBC_14_037_05 <> 143.27 2316.136 0.9627 20.71122 1.85 0.085804 3.07 0.012889 2.45 82.55594 2.01 83.58744 2.46 113.1555 43.8 82.55594 2.009
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: 14-93
JBC_14_093_14 <> 341.78 841.9529 0.9722 13.83524 8.07 0.105477 8.13 0.010584 0.98 67.86899 0.66 101.819 7.88 993.7936 164 67.86899 0.663
JBC_14_093_13 <> 276.55 2821.309 1.1041 20.70948 2.02 0.072393 2.76 0.010873 1.89 69.71577 1.31 70.96757 1.89 113.3377 47.6 69.71577 1.308
JBC_14_093_04 <> 205.65 3807.802 1.6218 19.97687 1.4 0.075196 1.98 0.010895 1.39 69.85297 0.97 73.61842 1.4 197.6996 32.5 69.85297 0.969
JBC_14_093_24 <> 319.2 2497.106 0.8281 20.47457 1.14 0.073967 1.85 0.010984 1.46 70.41984 1.03 72.45691 1.3 140.1882 26.7 70.41984 1.026
JBC_14_093_03 <> 368.07 3842.804 1.132 20.44816 1.41 0.074084 1.97 0.010987 1.37 70.44048 0.96 72.56786 1.38 143.2181 33.2 70.44048 0.962
JBC_14_093_22 <> 260.01 2724.081 1.4716 20.64134 1.5 0.074311 2.31 0.011125 1.76 71.31898 1.25 72.78247 1.63 121.1329 35.4 71.31898 1.248
JBC_14_093_16 <> 493.82 11266.57 0.7751 20.4514 0.76 0.075058 2.17 0.011133 2.03 71.37245 1.44 73.48797 1.53 142.8614 17.9 71.37245 1.439
JBC_14_093_15 <> 111.74 3280.129 1.3848 19.92893 2.02 0.077297 2.84 0.011172 2.01 71.62207 1.43 75.60016 2.07 203.2754 46.8 71.62207 1.429
JBC_14_093_07 <> 399.12 6877.638 0.9191 20.2228 1.43 0.076382 2.35 0.011203 1.87 71.81688 1.34 74.73747 1.7 169.1584 33.3 71.81688 1.336
JBC_14_093_08 <> 314.89 4459.495 0.9596 20.3229 1.25 0.076018 1.8 0.011205 1.3 71.82899 0.93 74.39466 1.29 157.6348 29.2 71.82899 0.927
JBC_14_093_12 <> 254.2 2727.054 1.1071 20.71351 1.63 0.074598 2.25 0.011207 1.55 71.84115 1.11 73.05301 1.58 112.8884 38.4 71.84115 1.108
JBC_14_093_02 <> 132.43 2319.656 1.5872 20.54074 1.94 0.075229 2.17 0.011207 0.98 71.84496 0.7 73.64952 1.54 132.6062 45.6 71.84496 0.697
JBC_14_093_06 <> 137.86 1260.233 1.1842 20.94891 2.75 0.073899 3.13 0.011228 1.49 71.97609 1.07 72.39238 2.19 86.18731 65.3 71.97609 1.067
JBC_14_093_25 <> 345.69 1166.596 0.9605 16.4859 8.47 0.093911 8.67 0.011229 1.85 71.98106 1.32 91.13993 7.56 627.1032 183 71.98106 1.321
JBC_14_093_05 <> 181.46 2309.297 1.1767 20.51805 1.44 0.075558 2.38 0.011244 1.89 72.0778 1.36 73.95982 1.7 135.2208 33.9 72.0778 1.355
JBC_14_093_01 <> 271 3592.916 0.8702 20.65727 1.53 0.075473 2.09 0.011307 1.43 72.48288 1.03 73.87949 1.49 119.3324 36 72.48288 1.028
JBC_14_093_09 <> 1080.6 17599.64 0.4722 20.76112 0.76 0.075665 2.36 0.011393 2.23 73.02986 1.62 74.06112 1.68 107.5011 17.9 73.02986 1.621
JBC_14_093_11 <> 574.77 8594.174 1.0111 20.69494 0.71 0.076059 2.08 0.011416 1.95 73.17556 1.42 74.43322 1.49 114.9922 16.8 73.17556 1.419
JBC_14_093_21 <> 226.03 4583.44 0.9987 20.22405 1.39 0.07798 2.26 0.011438 1.79 73.31552 1.3 76.24393 1.66 169.0142 32.5 73.31552 1.303
JBC_14_093_10 <> 207 1562.125 0.9357 21.03985 0.96 0.075225 2.79 0.011479 2.62 73.57664 1.92 73.64549 1.98 75.85755 22.7 73.57664 1.918
JBC_14_093_18 <> 756.87 18286.2 0.9711 20.3688 0.76 0.077814 2.2 0.011495 2.07 73.68122 1.51 76.0878 1.61 152.3331 17.7 73.68122 1.515
JBC_14_093_19 <> 555.68 4314.068 1.0152 20.73979 1.16 0.077061 2.58 0.011592 2.3 74.29386 1.7 75.37835 1.87 109.9152 27.5 74.29386 1.699
JBC_14_093_17 <> 908.32 21426.08 1.0467 20.61148 1.02 0.077665 2.39 0.01161 2.16 74.41204 1.6 75.94739 1.75 124.5151 24.1 74.41204 1.599
JBC_14_093_20 <> 863.71 8581.452 1.0288 20.54201 0.68 0.078473 2.04 0.011691 1.93 74.92958 1.43 76.70822 1.51 132.48 16 74.92958 1.435

Early Cretaceous
Sample: 14-60
Chapman 14-60-Spot 45 944.66 143629.4 5.0728 20.14995 1.44 0.111993 3.77 0.016374 3.49 104.6984 3.62 107.787 3.86 177.5819 33.5 104.6984 3.622
Chapman 14-60-Spot 44 4933.8 141388.1 0.4783 20.352 1.52 0.11245 3.7 0.016606 3.38 106.1676 3.56 108.2043 3.8 154.2664 35.5 106.1676 3.559
Chapman 14-60-Spot 10 335.16 8354.496 1.1034 20.27667 1.97 0.11335 4.31 0.016677 3.83 106.6178 4.06 109.0257 4.46 162.9431 46.1 106.6178 4.055
Chapman 14-60-Spot 41 1533 37155.64 1.7177 20.97152 1.49 0.109931 4.41 0.016728 4.15 106.9422 4.4 105.9024 4.43 83.58236 35.4 106.9422 4.399
Chapman 14-60-Spot 43 2304.1 144537.6 5.2498 20.408 1.37 0.114685 4.38 0.016982 4.16 108.5555 4.48 110.2422 4.57 147.8697 32.2 108.5555 4.476
Chapman 14-60-Spot 13 1427 60377.39 4.2139 20.60574 1.21 0.114193 3.76 0.017073 3.56 109.1316 3.85 109.7933 3.91 125.1718 28.5 109.1316 3.853
Chapman 14-60-Spot 39 712.13 13026.92 1.5379 17.37139 2.94 0.136857 4.58 0.01725 3.52 110.2527 3.84 130.2408 5.6 513.2729 64.5 110.2527 3.843
Chapman 14-60-Spot 42 1172.3 286191.4 6.0205 20.51116 1.48 0.116229 3.81 0.017298 3.51 110.5559 3.85 111.6476 4.03 135.992 34.8 110.5559 3.849
Chapman 14-60-Spot 23 1053.5 19155.62 5.5592 21.11076 1.15 0.113705 3.71 0.017417 3.52 111.3101 3.89 109.349 3.84 67.90287 27.4 111.3101 3.887
Chapman 14-60-Spot 40 463.24 9944.423 3.5124 20.62564 1.54 0.116583 4.77 0.017447 4.51 111.5035 4.99 111.9698 5.06 122.8982 36.4 111.5035 4.99
Chapman 14-60-Spot 20 776.02 35063.59 0.6691 19.66554 1.37 0.127944 3.83 0.018256 3.58 116.6261 4.14 122.2482 4.41 234.0752 31.6 116.6261 4.137
Chapman 14-60-Spot 38 400.38 8036.492 2.237 19.81366 1.91 0.191558 4 0.027539 3.51 175.129 6.07 177.9577 6.53 216.7159 44.2 175.129 6.07
Chapman 14-60-Spot 11 91.577 5669.973 3.4558 19.63161 2.18 0.240892 5.99 0.034314 5.58 217.4888 11.9 219.1503 11.8 238.0301 50.3 217.4888 11.94
Chapman 14-60-Spot 24 697.3 43244.7 2.8092 19.78569 1.43 0.261359 3.62 0.037521 3.33 237.4499 7.76 235.7617 7.62 219.9839 33.1 237.4499 7.757
Chapman 14-60-Spot 46 274.12 205092 2.5901 17.30232 1.45 0.686762 4.7 0.086218 4.47 533.1318 22.9 530.8533 19.4 522.004 31.8 533.1318 22.89
Chapman 14-60-Spot 14 705.45 66941.14 2.1492 14.78799 1.27 1.149281 3.85 0.123317 3.63 749.6276 25.7 776.9035 20.9 856.9829 26.3 749.6276 25.72
Chapman 14-60-Spot 12 27.993 9829.345 0.6775 13.55909 2.05 1.784909 4.57 0.175604 4.08 1042.914 39.3 1039.971 29.8 1034.65 41.5 1034.65 41.46
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: 14-87
-Spot 87-6 898.63 57369.49 2.2464 20.68389 2.61 0.106656 2.92 0.016 1.31 102.3256 1.33 102.9021 2.86 116.2506 61.5 102.3256 1.327
-Spot 87-19 326.39 36155.11 1.1833 21.527 3.4 0.102684 4.03 0.016032 2.17 102.5285 2.21 99.25075 3.81 21.23486 81.6 102.5285 2.209
-Spot 87-17 1228.8 91465.82 1.0695 20.92371 2.35 0.105923 2.82 0.016074 1.55 102.7964 1.58 102.2289 2.74 89.04172 55.7 102.7964 1.583
-Spot 87-18 982.03 54023.95 1.9078 20.40614 1.3 0.109084 3.78 0.016144 3.55 103.2425 3.63 105.1276 3.78 148.0445 30.5 103.2425 3.635
-Spot 87-4 1590.1 107143 1.2441 20.11023 1.5 0.110865 2.82 0.01617 2.39 103.4051 2.45 106.7566 2.86 182.1791 35 103.4051 2.448
-Spot 87-7 858.35 129629.1 2.4509 20.73639 1.87 0.107528 2.24 0.016172 1.23 103.4146 1.27 103.7012 2.21 110.3074 44.2 103.4146 1.266
-Spot 87-12 1232.5 61056.66 2.0087 20.70972 2.03 0.107824 2.36 0.016195 1.2 103.5646 1.23 103.9725 2.33 113.3206 47.9 103.5646 1.23
-Spot 87-2C 878.87 128989.7 1.7612 20.26563 1.63 0.110248 3.37 0.016204 2.95 103.6222 3.03 106.1923 3.4 164.216 38.1 103.6222 3.028
-Spot 87-1C 758.13 52373.27 2.2898 20.51324 2.03 0.109019 3.45 0.016219 2.79 103.7181 2.87 105.0675 3.44 135.7881 47.6 103.7181 2.867
-Spot 87-1R 974.5 210497.1 2.717 20.4508 1.26 0.109896 1.69 0.0163 1.13 104.2297 1.17 105.8698 1.7 142.9539 29.6 104.2297 1.166
-Spot 87-14 538.41 28349.14 2.5797 20.7215 1.79 0.108599 3.13 0.016321 2.57 104.3626 2.66 104.6832 3.11 111.9952 42.3 104.3626 2.656
-Spot 87-3R 974.29 95930.89 3.2309 20.4502 1.89 0.110394 2.25 0.016373 1.21 104.6955 1.26 106.3257 2.27 142.9931 44.4 104.6955 1.258
-Spot 87-3C 842.25 93063.58 1.7486 20.46051 1.83 0.11069 4.17 0.016426 3.75 105.0265 3.9 106.5963 4.22 141.8142 42.9 105.0265 3.902
-Spot 87-2R 843.54 219570.4 3.6942 20.57032 2.19 0.110262 2.58 0.01645 1.36 105.1803 1.42 106.2046 2.6 129.2661 51.5 105.1803 1.423
-Spot 87-16 1141.2 70901.68 2.06 20.67853 1.28 0.109854 2.62 0.016475 2.29 105.3414 2.39 105.8318 2.63 116.8895 30.1 105.3414 2.392
-Spot 87-5 1951.2 102132.3 2.1739 20.51977 1.51 0.110822 2.91 0.016493 2.49 105.4528 2.6 106.717 2.95 135.02 35.4 105.4528 2.603
-Spot 87-10R 1163.2 106949.4 1.9051 20.51075 1.16 0.111456 1.82 0.01658 1.41 106.0047 1.48 107.2962 1.86 136.0804 27.2 106.0047 1.479
-Spot 87-15 733 52070.6 2.5559 20.73771 2.22 0.110293 3.9 0.016589 3.21 106.0593 3.37 106.2336 3.94 110.1648 52.5 106.0593 3.373
-Spot 87-8 1282.9 117540.6 1.3231 20.56064 1.27 0.111263 1.65 0.016592 1.06 106.0784 1.12 107.1203 1.68 130.3483 29.8 106.0784 1.115
-Spot 87-20 1676.8 323642.3 2.0293 21.04038 1.21 0.108923 1.59 0.016622 1.03 106.2691 1.09 104.9801 1.58 75.79899 28.7 106.2691 1.088
-Spot 87-11 760.42 21542.46 1.5047 19.96142 2.22 0.11509 4.03 0.016662 3.36 106.5257 3.55 110.6112 4.22 199.4699 51.6 106.5257 3.546
-Spot 87-21 973.78 72009.48 2.5507 20.86109 1.61 0.110456 4.17 0.016712 3.85 106.8409 4.08 106.382 4.22 96.09916 38.2 106.8409 4.079
-Spot 87-10C 574.75 30224.4 2.1435 18.73642 3.4 0.125336 3.7 0.017032 1.46 108.87 1.58 119.8985 4.18 344.6668 76.9 108.87 1.577
-Spot 87-9R 1510.9 205650.2 2.0721 20.82374 1.45 0.114098 1.68 0.017232 0.86 110.1387 0.94 109.7075 1.75 100.3551 34.2 110.1387 0.942
-Spot 87-13 1890.5 287149.4 2.8463 20.9269 1.33 0.113558 1.98 0.017235 1.48 110.1602 1.61 109.2152 2.05 88.68086 31.4 110.1602 1.612

Sample: 14-89
-Spot 89-3R 647.95 50095.05 2.8469 15.64507 12.1 0.138199 12.2 0.015681 1.68 100.3032 1.67 131.4381 15.1 738.8957 257 100.3032 1.674
-Spot 89-13 1195 73225.34 2.6552 20.73701 1.44 0.104916 1.87 0.015779 1.2 100.9259 1.2 101.3045 1.81 110.2132 33.9 100.9259 1.204
-Spot 89-18 591.88 334032.8 2.3899 20.12601 2.04 0.108997 2.59 0.01591 1.6 101.7551 1.62 105.0473 2.59 180.3521 47.6 101.7551 1.615
-Spot 89-2 609.56 55233.86 2.0776 20.8039 2.7 0.105727 3.28 0.015953 1.87 102.0249 1.89 102.0491 3.19 102.6089 63.8 102.0249 1.891
-Spot 89-12 855.15 116401 1.6598 21.03189 2.22 0.105137 2.86 0.016037 1.8 102.5636 1.83 101.5076 2.76 76.75788 52.8 102.5636 1.829
-Spot 89-11R 1094.3 84104.6 1.6652 20.3892 1.7 0.108572 3.93 0.016055 3.54 102.6766 3.61 104.6583 3.91 150.0116 39.8 102.6766 3.609
-Spot 89-1 952.88 69126.31 1.736 20.68455 1.52 0.107392 2.09 0.016111 1.44 103.0293 1.47 103.5772 2.06 116.207 35.8 103.0293 1.47
-Spot 89-8 1065.9 57010.56 2.6961 20.89139 1.82 0.106366 2.32 0.016117 1.44 103.0654 1.47 102.6362 2.27 92.66852 43.2 103.0654 1.473
-Spot 89-15 558.31 80285.35 1.682 20.65984 2.37 0.107583 2.78 0.01612 1.44 103.0881 1.48 103.7516 2.74 118.9947 55.9 103.0881 1.477
-Spot 89-4C 762.06 48788.87 1.8071 20.86794 2.16 0.106786 2.51 0.016162 1.29 103.3537 1.32 103.0214 2.46 95.36368 51.1 103.3537 1.322
-Spot 89-6 350.58 31713.83 3.3833 20.13807 3.4 0.110671 3.93 0.016164 1.97 103.3673 2.02 106.5793 3.97 178.9561 79.2 103.3673 2.02
-Spot 89-19R 698.76 28742.42 1.7308 21.01648 1.8 0.106375 2.27 0.016214 1.39 103.6855 1.43 102.6437 2.22 78.49858 42.7 103.6855 1.43
-Spot 89-19C 721.4 134949.1 2.9907 20.75467 2.09 0.107956 3.6 0.01625 2.93 103.9143 3.02 104.094 3.56 108.2164 49.4 103.9143 3.022
-Spot 89-20 882.27 71566.98 1.2047 18.56457 1.51 0.121173 2.04 0.016315 1.36 104.3251 1.41 116.1349 2.23 365.4325 34.1 104.3251 1.412
-Spot 89-16 440.6 41266.72 2.2188 20.8198 2.44 0.108062 2.86 0.016317 1.5 104.339 1.55 104.1909 2.83 100.7951 57.7 104.339 1.552
-Spot 89-22 407.23 93220.51 1.476 20.37443 3.48 0.110561 3.77 0.016337 1.45 104.4671 1.5 106.4782 3.81 151.6992 81.6 104.4671 1.5
-Spot 89-7 446.94 38633.85 2.9154 20.18465 2.85 0.11233 3.31 0.016444 1.67 105.1443 1.75 108.0942 3.39 173.568 66.6 105.1443 1.746
-Spot 89-10 1326.7 52208.27 2.5295 20.72963 1.47 0.109744 2.06 0.016499 1.44 105.4946 1.51 105.7311 2.07 111.0399 34.8 105.4946 1.508
-Spot 89-14 447.55 26848.41 2.3148 19.63585 3.1 0.116008 3.75 0.016521 2.11 105.6312 2.21 111.4466 3.96 237.5491 71.5 105.6312 2.213
-Spot 89-4R 358.33 53985.83 2.4709 20.50156 3.05 0.111155 3.34 0.016528 1.37 105.674 1.44 107.0214 3.39 137.1378 71.6 105.674 1.438
-Spot 89-17 1399.2 413707.6 2.394 20.69034 1.45 0.110426 2.35 0.016571 1.86 105.9453 1.95 106.3549 2.38 115.5612 34.2 105.9453 1.95
-Spot 89-21 918.2 72151.26 2.4846 20.68061 1.84 0.110863 2.31 0.016628 1.39 106.3118 1.47 106.7547 2.34 116.6368 43.4 106.3118 1.469
-Spot 89-5 731.52 26821.24 2.7738 20.17016 1.82 0.113927 2.45 0.016666 1.64 106.5512 1.73 109.5512 2.54 175.242 42.4 106.5512 1.735
-Spot 89-9 722.35 50988.33 2.1904 20.17958 1.9 0.114615 3.75 0.016775 3.23 107.2388 3.43 110.178 3.91 174.1537 44.5 107.2388 3.432
-Spot 89-3C 2864.4 179883.3 1.5009 20.84164 1.79 0.117468 2.3 0.017756 1.44 113.4599 1.62 112.7743 2.45 98.34387 42.5 113.4599 1.617

Sample: 13P101
13P101-20 <> 327.5 6636.004 1.539 19.09952 12.2 0.130551 12.4 0.018084 2.51 115.5372 2.87 124.5927 14.6 301.0692 279 115.5372 2.871
13P101-18 <> 322.41 9806.112 1.8984 21.23467 5.64 0.117656 6.37 0.01812 2.97 115.7636 3.4 112.945 6.81 53.91819 135 115.7636 3.405
13P101-08 <> 672.37 5801.079 1.2335 20.41842 4.54 0.123451 4.82 0.018282 1.62 116.7872 1.88 118.1962 5.38 146.6743 106 116.7872 1.879
13P101-24 <> 831.05 51120.07 3.7985 20.58905 2.43 0.122788 3.02 0.018335 1.8 117.1272 2.08 117.5965 3.36 127.1245 57.3 117.1272 2.084
13P101-16 <> 1231.5 21953.21 1.3552 20.49817 1.76 0.124886 2.07 0.018566 1.08 118.5891 1.27 119.4919 2.33 137.4906 41.4 118.5891 1.266
13P101-19 <> 782.95 15212.95 2.9023 20.42261 3.42 0.127842 3.97 0.018936 2.02 120.9265 2.42 122.1567 4.57 146.1952 80.1 120.9265 2.418
13P101-13 <> 1789.3 7822.81 0.8052 20.54235 1.98 0.127214 2.97 0.018953 2.21 121.0366 2.65 121.5908 3.41 132.4632 46.6 121.0366 2.652
13P101-23 <> 1291.3 7770.338 1.5208 20.58275 2.85 0.12766 4.37 0.019057 3.31 121.6939 3.99 121.9927 5.03 127.8439 67.1 121.6939 3.994
13P101-02 <> 671.63 6708.617 2.451 20.33484 3.61 0.130539 4.65 0.019252 2.93 122.9277 3.57 124.5817 5.45 156.2395 84.4 122.9277 3.572
13P101-22 <> 604.1 57029.05 1.0633 20.7089 2.8 0.129265 3.32 0.019415 1.78 123.9575 2.19 123.4371 3.86 113.4246 66.2 123.9575 2.187
13P101-05 <> 375.36 23284.71 1.3739 21.01827 12.5 0.129549 12.7 0.019748 2.26 126.0648 2.83 123.6922 14.8 78.29531 299 126.0648 2.825
13P101-15 <> 531.33 14970.42 2.952 18.15102 2.04 0.255889 8.91 0.033686 8.68 213.5772 18.2 231.3484 18.4 415.9915 45.5 213.5772 18.23
13P101-12 <> 257.66 235606.1 3.8499 17.13316 1.67 0.713467 2.09 0.088656 1.26 547.5857 6.61 546.8027 8.84 543.5386 36.5 547.5857 6.606
13P101-14 <> 186.36 18073.7 1.1628 15.64733 1.23 1.086433 2.32 0.123294 1.97 749.4955 13.9 746.7696 12.3 738.589 26 749.4955 13.92
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*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Jurassic
Sample: 14-73
JBC_14_073_02 <> 2954.9 53483.66 4.198 19.94097 1.76 0.19066 2.05 0.027574 1.05 175.3492 1.82 177.1927 3.33 201.8412 40.8 175.3492 1.819
JBC_14_073_03 <> 1604.8 14340.17 3.9413 19.24275 1.64 0.21223 2.01 0.029619 1.17 188.1645 2.17 195.4226 3.58 283.9636 37.6 188.1645 2.165
JBC_14_073_01 <> 3686.4 2591.323 1.4322 15.35189 14.1 0.266802 14.3 0.029706 2.59 188.7104 4.81 240.1337 30.7 778.7945 298 188.7104 4.809
JBC_14_073_18 <> 199.83 11227.93 2.3996 19.28341 1.48 0.213831 1.93 0.029906 1.23 189.9581 2.3 196.7628 3.45 279.1779 33.9 189.9581 2.303
JBC_14_073_19 <> 878.05 65771.05 3.1054 19.27523 0.75 0.218578 3.09 0.030557 3 194.0309 5.73 200.7257 5.63 280.149 17.1 194.0309 5.733
JBC_14_073_16 <> 1145 41291.04 4.6442 19.57648 1.06 0.217656 2.36 0.030903 2.11 196.1987 4.08 199.957 4.29 244.5181 24.4 196.1987 4.08
JBC_14_073_23 <> 1661.2 119951 4.5544 19.69791 1.21 0.216672 3.15 0.030954 2.91 196.5187 5.64 199.1364 5.7 230.2338 27.9 196.5187 5.641
JBC_14_073_24 <> 1360.1 84028.32 4.489 19.6087 0.8 0.217716 1.11 0.030963 0.77 196.57 1.5 200.0069 2.01 240.7262 18.3 196.57 1.496
JBC_14_073_22 <> 1582.9 47924.25 3.8511 19.7581 0.68 0.216301 2.23 0.030996 2.12 196.7777 4.11 198.8268 4.02 223.1827 15.7 196.7777 4.108
JBC_14_073_08 <> 1821.8 54765.97 3.5038 19.97251 1.07 0.216202 4.03 0.031318 3.88 198.7906 7.61 198.7439 7.28 198.211 24.9 198.7906 7.605
JBC_14_073_06 <> 721.5 133991.7 5.1391 19.45025 0.98 0.222449 1.89 0.03138 1.61 199.1803 3.16 203.9463 3.49 259.3779 22.5 199.1803 3.164
JBC_14_073_05 <> 1320.2 39067.31 4.131 19.81432 1.13 0.218506 2.47 0.031401 2.19 199.31 4.3 200.6658 4.49 216.6266 26.2 199.31 4.302
JBC_14_019_09 <> 2308.4 90452.2 1.5294 19.97795 1.45 0.217327 3.84 0.031489 3.55 199.8627 6.99 199.6827 6.96 197.5746 33.8 199.8627 6.991
JBC_14_073_21 <> 1865.9 58191.74 5.131 19.79478 1.2 0.220294 3.12 0.031627 2.88 200.7203 5.7 202.1543 5.73 218.909 27.7 200.7203 5.701
JBC_14_073_15 <> 1246.7 33097.14 3.2371 19.74349 0.81 0.221828 1.77 0.031764 1.58 201.5808 3.13 203.43 3.27 224.9249 18.7 201.5808 3.132
JBC_14_073_04 <> 793.25 14882.91 3.7008 19.25804 1.71 0.227456 3.99 0.031769 3.6 201.6126 7.15 208.0965 7.51 282.1912 39.2 201.6126 7.153
JBC_14_073_17 <> 1901 59662.6 4.3692 19.61335 1.43 0.22411 3.83 0.031879 3.55 202.3005 7.07 205.3244 7.11 240.1777 33.1 202.3005 7.067
JBC_14_019_11 <> 1380.6 52503.18 3.9112 19.74504 0.99 0.223976 2.11 0.032074 1.87 203.5177 3.74 205.2132 3.93 224.7135 23 203.5177 3.74
JBC_14_073_07 <> 1385.2 92720.18 4.1776 19.57025 0.72 0.227611 4.27 0.032306 4.21 204.9671 8.49 208.2247 8.04 245.2346 16.7 204.9671 8.492
JBC_14_019_10 <> 2056.2 72618.93 4.1002 20.1114 1.05 0.224536 4.52 0.032751 4.39 207.7443 8.98 205.6783 8.41 182.0445 24.5 207.7443 8.977
JBC_14_073_13 <> 1217.7 27743.12 5.0136 19.55656 0.92 0.234816 1.48 0.033306 1.16 211.2047 2.42 214.1667 2.86 246.8852 21.1 211.2047 2.419
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* Values in red were excluded from weighted mean calculations
(176Yb + 176Lu) / 176Hf (%) zircon U-Pb Age (

Sample_Analysis# Volts Hf 176Hf/177Hf ± (1s) 176Lu/177Hf 176Hf/177Hf (T) E-Hf (0) E-Hf (0) ± (1s) E-Hf (T)

Miocene
Sample: 15-007

JBC-15-007-SP60 40.46747303 2.847826701 0.282578449 2.28743E-05 0.002829443 0.282577546 -7.304159943 0.808892356 -6.956976746 17.1
JBC-15-007-SP56 28.59973457 3.349132829 0.282576069 2.2344E-05 0.001520413 0.282575581 -7.388340053 0.79013932 -7.024261359 17.2
JBC-15-007-SP44 30.48656379 3.924701079 0.282520862 1.67696E-05 0.001467345 0.282520385 -9.340588894 0.59301632 -8.971741495 17.4
JBC-15-007-SP54 58.47794272 3.184562094 0.282537355 2.28258E-05 0.003379433 0.28253625 -8.757366098 0.807177591 -8.408472213 17.5

JBC-15-007-SP45R 39.74025083 3.883712802 0.282558432 1.76367E-05 0.002170365 0.282557722 -8.012036753 0.623679831 -7.649141734 17.5
JBC-15-007-SP59 55.65257075 3.018726753 0.282611778 2.31366E-05 0.002958256 0.282610811 -6.125589024 0.818170519 -5.771725763 17.5
JBC-15-007-SP53 52.71992916 3.449145684 0.282614908 2.25443E-05 0.003019193 0.282613916 -6.014891941 0.797222696 -5.659710091 17.6
JBC-15-007-SP51 45.42814502 3.282911199 0.282530118 1.80808E-05 0.002447247 0.28253004 -9.013272481 0.639382036 -8.978340805 1.7
JBC-15-007-SP61 24.52742086 3.387196242 0.282561536 1.6226E-05 0.001565375 0.282561015 -7.902267816 0.573792127 -7.526034888 17.8
JBC-15-007-SP62 30.52072719 4.728631438 0.282605535 2.41002E-05 0.001654343 0.282604985 -6.346357974 0.852245845 -5.971109356 17.8

Sample: 14-19
JBC_14_019_01HF 33.8 4.3 0.282668 0.000029 0.001866 0.282667 -4.1 1.0 -3.7 19.8
JBC_14_019_30HF 22.9 2.9 0.282522 0.000044 0.001314 0.282522 -9.3 1.5 -8.9 19.9
JBC_14_019_014HF 26.6 3.9 0.282678 0.000036 0.001469 0.282678 -3.8 1.3 -3.4 20.0
JBC_14_019_17HF 24.7 3.8 0.282560 0.000042 0.001421 0.282559 -8.0 1.5 -7.5 20.3
JBC_14_019_18HF 28.1 3.6 0.282670 0.000048 0.001622 0.282670 -4.1 1.7 -3.6 20.3
JBC_14_019_29HF 26.6 3.8 0.282640 0.000039 0.001520 0.282639 -5.1 1.4 -4.7 20.3
JBC_14_019_05HF 25.6 4.0 0.282575 0.000039 0.001397 0.282575 -7.4 1.4 -7.0 20.4
JBC_14_019_06HF 26.3 3.6 0.282687 0.000032 0.001439 0.282687 -3.5 1.1 -3.0 20.4
JBC_14_019_12HF 25.8 3.6 0.282661 0.000035 0.001423 0.282661 -4.4 1.2 -3.9 20.4
JBC_14_019_24HF 28.7 4.5 0.282665 0.000023 0.001724 0.282664 -4.2 0.8 -3.8 20.4
JBC_14_019_32HF 21.0 3.8 0.282621 0.000042 0.001237 0.282621 -5.8 1.5 -5.3 20.4
JBC_14_019_22HF 43.6 2.7 0.282728 0.000034 0.002451 0.282727 -2.0 1.2 -1.6 20.5
JBC_14_019_15HF 24.6 4.4 0.282643 0.000030 0.001482 0.282642 -5.0 1.1 -4.6 20.6
JBC_14_019_27HF 23.7 3.5 0.282696 0.000033 0.001351 0.282695 -3.2 1.2 -2.7 20.6
JBC_14_019_04HF 43.3 2.2 0.282426 0.000049 0.002450 0.282402 -12.7 1.7 -2.1 514.6
JBC_14_019_16HF 26.5 2.4 0.282352 0.000042 0.001513 0.282324 -15.3 1.5 5.6 976.5

Eocene
Sample: 15-19

CHAPMAN_15-19_9_rim 10.60213752 2.096414891 0.282933715 2.10757E-05 0.000645952 0.282933282 5.258955342 0.74529055 6.040770578 35.9
CHAPMAN_15-19_10_core 11.08599277 1.841552597 0.282811695 2.82037E-05 0.000596806 0.282811287 0.943990122 0.997353338 1.741893683 36.6

CHAPMAN_15-19_29 35.32845273 1.549698114 0.282807119 3.91258E-05 0.002073139 0.282805764 0.782189441 1.383589241 1.511056904 35
CHAPMAN_15-19_20 17.37959952 1.63927623 0.282803392 2.85043E-05 0.00094033 0.282802763 0.650394722 1.007985769 1.422704397 35.8
CHAPMAN_15-19_25 8.771058231 1.656903917 0.282802596 2.65179E-05 0.000494676 0.282802263 0.622233626 0.93773972 1.409454091 36
CHAPMAN_15-19_18 40.58341882 1.605923925 0.282802791 3.57446E-05 0.002290293 0.282801247 0.629123486 1.264020328 1.375717717 36.1
CHAPMAN_15-19_11 10.7156307 1.831813568 0.282797875 2.18487E-05 0.000627563 0.282797455 0.455289953 0.77262509 1.234979704 35.8
CHAPMAN_15-19_17 8.372332226 1.553504699 0.282797872 2.89467E-05 0.000493596 0.282797545 0.455176067 1.023629016 1.229282941 35.4
CHAPMAN_15-19_16 11.36825256 2.015121158 0.282791662 2.06206E-05 0.000712866 0.282791187 0.235597954 0.729198823 1.011080074 35.7

CHAPMAN_15-19_36_core 40.87383782 1.45633204 0.282788828 3.08813E-05 0.002350382 0.28278723 0.135369157 1.092043261 0.886685835 36.4
CHAPMAN_15-19_37_rim 8.413237311 1.514080872 0.282749135 3.37827E-05 0.000471292 0.282748822 -1.268268328 1.194643159 -0.489397888 35.6

CHAPMAN_15-19_35 5.629672868 1.596180219 0.282739606 2.87041E-05 0.000342014 0.282739379 -1.605249925 1.015048585 -0.825563541 35.5
CHAPMAN_15-19_45 7.84797911 1.725544125 0.282683483 2.93852E-05 0.000454679 0.282683174 -3.589883364 1.03913648 -2.791101615 36.5
CHAPMAN_15-19_26 11.20775183 1.508754985 0.282673745 2.91672E-05 0.000846392 0.282673166 -3.93427253 1.031425839 -3.142798761 36.6

Sample: 15-46
CHAPMAN_15-46_96 30.40186555 1.558316223 0.282967063 2.50055E-05 0.001872598 0.282965671 6.438204679 0.884257691 7.272848658 39.8
CHAPMAN_15-46_99 12.60032103 1.977552045 0.282909351 2.99363E-05 0.001132612 0.282908511 4.397370853 1.058623545 5.249141404 39.7
CHAPMAN_15-46_104 31.55373566 1.159425074 0.282870301 3.42988E-05 0.001895946 0.282868881 3.016465665 1.212893656 3.856480912 40.1
CHAPMAN_15-46_117 23.12335398 1.86122744 0.282869342 2.43141E-05 0.001224946 0.28286844 2.982531439 0.859806978 3.825335846 39.4
CHAPMAN_15-46_107 16.35211492 1.682404811 0.282822572 3.08863E-05 0.001062767 0.282821786 1.32863487 1.092219365 2.179816125 39.6
CHAPMAN_15-46_105 19.3250692 1.642424608 0.28277046 2.91766E-05 0.001156583 0.282769596 -0.514180355 1.031757397 0.342960359 40
CHAPMAN_15-46_102 36.52574702 1.670904903 0.282764721 2.60723E-05 0.002078778 0.282763168 -0.717100403 0.921983343 0.115657031 40
CHAPMAN_15-46_97 21.12473738 1.602943234 0.282762343 2.48024E-05 0.001292962 0.282761384 -0.801224024 0.877076444 0.045883682 39.7
CHAPMAN_15-46_112 33.95925223 1.88630246 0.282753804 2.37733E-05 0.002032191 0.282752305 -1.103167507 0.840683178 -0.279642673 39.5

CHAPMAN_15-46_92_rim 18.3743743 1.729573191 0.282724174 2.79969E-05 0.001138668 0.28272333 -2.150966438 0.990043109 -1.299931657 39.7
CHAPMAN_15-46_115 26.57449804 1.818309856 0.282713004 2.44229E-05 0.001587227 0.282711836 -2.545977208 0.863657235 -1.713084395 39.4
CHAPMAN_15-46_100 33.6168558 1.6685937 0.282680324 2.70886E-05 0.001871157 0.282678936 -3.701623307 0.95792045 -2.869932992 39.7

CHAPMAN_15-46_93_core 21.76349976 1.627952226 0.282672455 3.22421E-05 0.001063983 0.282671668 -3.979874958 1.140163792 -3.129192044 39.6
CHAPMAN_15-46_106 26.25536692 1.509573126 0.282580398 3.47507E-05 0.00147801 0.282579291 -7.235244883 1.228873751 -6.385072115 40.1
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* Values in red were excluded from weighted mean calculations
(176Yb + 176Lu) / 176Hf (%) zircon U-Pb Age 

Sample_Analysis# Volts Hf 176Hf/177Hf ± (1s) 176Lu/177Hf 176Hf/177Hf (T) E-Hf (0) E-Hf (0) ± (1s) E-Hf (T)

Sample: 15-47
CHAPMAN_15-47_67 17.0407539 1.342687134 0.283062293 3.3965E-05 0.000858019 0.283061646 9.805787052 1.201090606 10.68039576 40.4
CHAPMAN_15-47_55 33.69483741 1.302397821 0.282730314 3.23821E-05 0.001579888 0.282729113 -1.933822882 1.145114004 -1.073183304 40.7
CHAPMAN_15-47_65 13.79706466 1.445442412 0.282727029 3.56461E-05 0.000786523 0.282726435 -2.050006634 1.260537552 -1.174553039 40.4
CHAPMAN_15-47_54 21.21130664 1.412736445 0.282720391 3.3335E-05 0.000860281 0.282719742 -2.28473096 1.178812186 -1.411266672 40.4
CHAPMAN_15-47_61 18.97220591 1.43376334 0.282708645 3.12619E-05 0.000996108 0.282707888 -2.700105551 1.105499773 -1.823841112 40.7
CHAPMAN_15-47_73 16.29318449 1.857392703 0.282694631 2.77697E-05 0.000696808 0.2826941 -3.195677729 0.982008247 -2.309238141 40.8
CHAPMAN_15-47_51 24.52452313 1.366977065 0.282679044 3.31595E-05 0.001207791 0.282678128 -3.746887609 1.172605241 -2.878548295 40.6
CHAPMAN_15-47_60 13.33538547 1.560464506 0.282641354 3.82198E-05 0.000780891 0.282640759 -5.079686493 1.351549383 -4.195683521 40.8
CHAPMAN_15-47_53 15.89794293 1.46347312 0.282636426 2.96844E-05 0.000824866 0.282635805 -5.253964003 1.049715359 -4.381985625 40.3
CHAPMAN_15-47_56 23.42082943 1.298303704 0.282624278 3.42521E-05 0.00111291 0.282623441 -5.683523664 1.211240445 -4.819251187 40.3

Sample: 15-45
CHAPMAN_15-45_31_rim 18.64350612 1.505614206 0.28276854 4.04507E-05 0.000932983 0.282767843 -0.582069038 1.430439439 0.280973387 40

CHAPMAN_15-45_38 45.67254034 1.643485869 0.282770071 3.84796E-05 0.002208774 0.282768524 -0.527921407 1.360738102 0.249562016 37.5
CHAPMAN_15-45_9 40.05682853 1.41576215 0.282726224 3.54385E-05 0.001945701 0.282724792 -2.078486904 1.253195917 -1.25488231 39.4

CHAPMAN_15-45_22 20.47250048 2.202660861 0.282709368 3.30709E-05 0.001811946 0.282708035 -2.67452578 1.169472172 -1.847492396 39.4
CHAPMAN_15-45_10 36.26336009 1.205318789 0.282706347 3.66768E-05 0.001853495 0.282704983 -2.781356185 1.296983835 -1.955413441 39.4

CHAPMAN_15-45_7_core 22.72646513 1.223388364 0.282696375 3.51959E-05 0.00130744 0.282695369 -3.134019704 1.244617262 -2.255497475 41.2
CHAPMAN_15-45_17 44.99159994 1.453258398 0.282683966 3.26771E-05 0.002140239 0.282682407 -3.572811645 1.155546683 -2.762712953 39

CHAPMAN_15-45_6_rim 33.99692789 1.192408679 0.282640857 3.81326E-05 0.001537703 0.282639722 -5.097274258 1.348467762 -4.261198089 39.5
CHAPMAN_15-45_15 52.11934375 1.376580474 0.282641213 3.21566E-05 0.002555454 0.282639328 -5.084683701 1.137140549 -4.2751601 39.5
CHAPMAN_15-45_16 18.98700427 1.512188084 0.282636708 3.27605E-05 0.000992068 0.28263594 -5.243967455 1.158495764 -4.350594443 41.5

CHAPMAN_15-45_32_core 26.19324626 1.221302245 0.282550386 3.09682E-05 0.001405993 0.282549349 -8.296552799 1.095113352 -7.457320703 39.5
CHAPMAN_15-45_37 38.47699233 1.673604755 0.282543469 3.55594E-05 0.001977255 0.282542073 -8.541160816 1.257469735 -7.752346676 37.8
CHAPMAN_15-45_25 39.37648071 1.584758757 0.282495452 3.53486E-05 0.001745053 0.282494177 -10.23916423 1.250018495 -9.417359738 39.1

Sample: 14-17
JBC_14_17_8R2 19.1 3.241417 0.282749 0.000037 0.001117 0.3 -1.3 1.3 -0.4 41

JBC_14_17_11R2 11.5 2.831063 0.282715 0.000030 0.000699 0.3 -2.5 1.0 -1.6 39.4
JBC_14_17_4R2 25.8 3.124829 0.282705 0.000035 0.001493 0.3 -2.8 1.2 -2.0 39.8
JBC_14_17_11 11.5 2.810612 0.282699 0.000033 0.000673 0.3 -3.0 1.2 -2.1 41.8
JBC_14_17_19 16.2 3.509324 0.282692 0.000032 0.001105 0.3 -3.3 1.1 -2.4 41.1
JBC_14_17_24 29.6 4.503341 0.282677 0.000028 0.001927 0.3 -3.8 1.0 -3.0 40.8

JBC_14_17_17C 30.8 2.614618 0.282668 0.000036 0.001815 0.3 -4.1 1.3 -3.3 40.9
JBC_14_17_26 33.0 3.356823 0.282668 0.000030 0.002027 0.3 -4.1 1.1 -3.3 41
JBC_14_17_28 18.0 2.736389 0.282664 0.000034 0.001024 0.3 -4.3 1.2 -3.4 40.5
JBC_14_17_4C 27.7 2.689467 0.282658 0.000034 0.001619 0.3 -4.5 1.2 -3.7 40.2

JBC_14_17_13R2 29.1 2.998572 0.282654 0.000037 0.001689 0.3 -4.6 1.3 -3.8 40.8
JBC_14_17_3 20.5 2.868060 0.282625 0.000039 0.001258 0.3 -5.6 1.4 -4.7 43.3

JBC_14_17_19R 38.0 3.030152 0.282623 0.000028 0.002416 0.3 -5.7 1.0 -4.9 41.1
JBC_14_17_3R2 28.136037 3.413191598 0.28262192 3.41446E-05 0.001627634 0.282620698 -5.766930348 1.207438822 -4.918478454 40.2
JBC_14_17_27 31.35682341 2.586005959 0.282537817 3.70566E-05 0.001695474 0.282536547 -8.74103988 1.310414628 -7.89676111 40.1

Late Cretaceous
Sample: 14-37

JBC_14_037HF 11.9 4.1 0.282686 0.000039 0.000682 0.282685 -3.5 1.4 -1.9 72.9
JBC_14_037_11HF 12.8 4.1 0.282745 0.000040 0.000766 0.282744 -1.4 1.4 0.2 73.9
JBC_14_037_10HF 15.8 4.0 0.282704 0.000028 0.000887 0.282702 -2.9 1.0 -1.3 73.3
JBC_14_037_02HF 11.7 4.2 0.282705 0.000025 0.000671 0.282704 -2.8 0.9 -1.2 75.5
JBC_14_037_06HF 9.2 4.0 0.282684 0.000029 0.000536 0.282683 -3.6 1.0 -1.9 75.2
JBC_14_037_15HF 8.9 4.1 0.282702 0.000031 0.000526 0.282701 -2.9 1.1 -1.3 74.9
JBC_14_037_19HF 23.4 3.9 0.282608 0.000034 0.001357 0.282607 -6.2 1.2 -4.7 74.1
JBC_14_037_18HF 12.2 4.0 0.282631 0.000032 0.000700 0.282630 -5.4 1.1 -3.9 73.2
JBC_14_037_17HF 9.6 4.4 0.282666 0.000041 0.000580 0.282665 -4.2 1.4 -2.6 74.3
JBC_14_037_13HF 16.2 4.3 0.282687 0.000029 0.000905 0.282686 -3.5 1.0 -1.9 74.0
JBC_14_037_21HF 9.9 4.2 0.282707 0.000035 0.000591 0.282706 -2.8 1.2 -1.1 74.5
JBC_14_037_22HF 16.3 3.8 0.282767 0.000030 0.000917 0.282766 -0.6 1.1 1.0 74.0



178 
 

 
  

* Values in red were excluded from weighted mean calculations
(176Yb + 176Lu) / 176Hf (%) zircon U-Pb Age 

Sample_Analysis# Volts Hf 176Hf/177Hf ± (1s) 176Lu/177Hf 176Hf/177Hf (T) E-Hf (0) E-Hf (0) ± (1s) E-Hf (T)

Sample: 14-93
JBC_14_093_01HF 25.9 3.8 0.282772 0.000031 0.001382 0.282770 -0.5 1.1 1.1 72.5
JBC_14_093_02HF 5.5 4.3 0.282767 0.000036 0.000325 0.282767 -0.6 1.3 1.0 71.8
JBC_14_093_03HF 13.5 4.2 0.282769 0.000028 0.000752 0.282768 -0.6 1.0 1.0 70.4
JBC_14_093_05HF 17.4 4.0 0.282856 0.000035 0.000933 0.282855 2.5 1.2 4.1 72.1
JBC_14_093_06HF 12.3 3.6 0.282832 0.000029 0.000695 0.282831 1.7 1.0 3.2 72.0
JBC_14_093_07HF 19.4 4.1 0.282718 0.000032 0.001045 0.282716 -2.4 1.1 -0.8 71.8
JBC_14_093_08HF 19.6 3.9 0.282768 0.000032 0.001082 0.282767 -0.6 1.1 1.0 71.8
JBC_14_093_09HF 71.1 3.3 0.282714 0.000039 0.003814 0.282709 -2.5 1.4 -1.1 73.0
JBC_14_093_12HF 12.8 4.1 0.282799 0.000030 0.000719 0.282799 0.5 1.1 2.1 71.8
JBC_14_093_16HF 24.3 3.8 0.282775 0.000028 0.001305 0.282773 -0.4 1.0 1.2 71.4
JBC_14_093_15HF 23.2 3.6 0.282819 0.000034 0.001259 0.282817 1.2 1.2 2.7 71.6
JBC_14_093_22HF 8.9 4.4 0.282768 0.000034 0.000514 0.282768 -0.6 1.2 1.0 71.3
JBC_14_093_25HF 18.5 4.0 0.282766 0.000034 0.001000 0.282764 -0.7 1.2 0.9 72.0

Early Cretaceous
Sample: 14-60

JBC-14-60-SP13 21.28657213 3.595799956 0.282271918 2.05071E-05 0.001217687 0.282269435 -18.14389176 0.72518199 -15.81285142 109.1
JBC-14-60-SP23 22.1437185 3.688027959 0.282295888 2.86399E-05 0.001306667 0.28229317 -17.29626531 1.012781788 -14.92449636 111.3
JBC-14-60-SP45 15.37894772 4.057390118 0.282306613 2.50439E-05 0.000823954 0.282305 -16.91700092 0.885615823 -14.65255014 104.7
JBC-14-60-SP40 19.19131304 3.472305605 0.282339127 2.35139E-05 0.000841999 0.282337372 -15.76722134 0.83151262 -13.35655592 111.5
JBC-14-60-SP10 31.4879733 2.569444502 0.282343619 2.57529E-05 0.001506436 0.282340617 -15.60837704 0.910687137 -13.35056444 106.6
JBC-14-60-SP42 17.53975595 4.063262995 0.282356679 1.9921E-05 0.000869973 0.282354881 -15.14650809 0.704458007 -12.75721863 110.6
JBC-14-60-SP44 51.14634349 3.533648216 0.282390666 2.6821E-05 0.002681728 0.282385344 -13.9446468 0.948457535 -11.77743132 106.2
JBC-14-60-SP43 15.0560939 4.175341145 0.282392188 1.54408E-05 0.000833925 0.282390495 -13.89085194 0.546027159 -11.54193191 108.6
JBC-14-60-SP20 25.50061374 3.302664225 0.282402761 2.20755E-05 0.001539211 0.282399407 -13.51694533 0.780646581 -11.0490296 116.6
JBC-14-60-SP41 16.23131355 4.066287178 0.282459156 1.70268E-05 0.00084522 0.282457467 -11.52268317 0.602110141 -9.210813945 106.9
JBC-14-60-SP39 36.63839552 2.632171359 0.282524773 2.68761E-05 0.002134174 0.282520374 -9.202275431 0.950408238 -6.910198081 110.3

Sample: 14-87
JBC_14_087_1C 20.9 2.6 0.282404 0.000035 0.001219 0.282402 -13.5 1.2 -11.2 103.7
JBC_14_087_1R 11.2 3.2 0.2824 0.000037 0.000653 0.282399 -13.6 1.3 -11.4 104.2
JBC_14_087_2C 22.5 2.7 0.282359 0.000045 0.00129 0.282357 -15.1 1.6 -12.8 103.6
JBC_14_087_2R 11.1 3.6 0.282385 0.000037 0.000663 0.282384 -14.1 1.3 -11.8 105.2
JBC_14_087_3R 16.7 2.8 0.282429 0.00004 0.000954 0.282427 -12.6 1.4 -10.3 104.7
JBC_14_087_3C 22.4 2.7 0.282343 0.00003 0.001263 0.282341 -15.6 1.1 -13.4 105
JBC_14_087_5 15.1 2.9 0.282428 0.000028 0.000976 0.282426 -12.6 1 -10.3 105.5
JBC_14_087_21 17.5 2.9 0.282462 0.000032 0.001149 0.282459 -11.4 1.1 -9.1 106.8
JBC_14_087_20 13.1 3.2 0.282485 0.000028 0.000869 0.282483 -10.6 1 -8.3 106.3
JBC_14_087_8 33.7 2.4 0.282395 0.000034 0.00195 0.282391 -13.8 1.2 -11.6 106.1

JBC_14_087_10R 12.1 3.1 0.282467 0.000033 0.000776 0.282465 -11.2 1.2 -9 106
JBC_14_087_11 16.4 2.4 0.282416 0.000037 0.001036 0.282414 -13.1 1.3 -10.8 106.5
JBC_14_087_15 14.3 3.1 0.282421 0.000031 0.000917 0.28242 -12.9 1.1 -10.6 106.1
JBC_14_087_14 12 2.9 0.282426 0.000033 0.000749 0.282425 -12.7 1.2 -10.4 104.4
JBC_14_087_16 13.4 3 0.282391 0.000027 0.000884 0.282389 -13.9 1 -11.7 105.3

Sample: 14-89
JBC_14_089_7 9.7 3 0.282394 0.000031 0.000594 0.282393 -13.8 1.1 -11.5 105.1
JBC_14_089_2 15.3 2.4 0.28252 0.000033 0.000924 0.282518 -9.4 1.2 -7.2 102
JBC_14_089_8 12.8 2.8 0.282533 0.000037 0.000783 0.282532 -8.9 1.3 -6.7 103.1
JBC_14_089_16 19.9 2.2 0.28255 0.000037 0.0012 0.282547 -8.3 1.3 -6.1 104.3
JBC_14_089_12 17.4 2.5 0.282554 0.000028 0.001014 0.282552 -8.2 1 -5.9 102.6
JBC_14_089_22 14.4 2.5 0.282561 0.000035 0.000874 0.282559 -7.9 1.2 -5.7 104.5

JBC_14_089_11R 12.8 3 0.282569 0.000031 0.000795 0.282567 -7.7 1.1 -5.4 102.6
JBC_14_089_4C 15.7 2.4 0.282596 0.000038 0.000924 0.282594 -6.7 1.3 -4.5 103.4
JBC_14_089_15 19.8 2.3 0.282608 0.000042 0.001219 0.282606 -6.3 1.5 -4.1 103.1

JBC_14_089_19R 10.2 3 0.282606 0.000029 0.000675 0.282604 -6.3 1 -4.1 103.7
JBC_14_089_20 18.6 2.9 0.282605 0.000034 0.001167 0.282603 -6.4 1.2 -4.1 104.3
JBC_14_089_10 18 2.8 0.282609 0.000044 0.001096 0.282606 -6.2 1.6 -4 105.5
JBC_14_089_6 8.6 2.4 0.282621 0.000034 0.000535 0.28262 -5.8 1.2 -3.5 103.4

JBC_14_089_19C 15.6 2.7 0.282655 0.000038 0.000938 0.282653 -4.6 1.3 -2.3 103.9
JBC_14_089_1 25.3 2.2 0.282668 0.000034 0.001533 0.282665 -4.1 1.2 -2 103

Jurassic
Sample: 14-73

JBC_14_073_24HF 22.0 3.0 0.282402 0.000034 0.001274 0.282397 -13.5 1.2 -9.3 196.6
JBC_14_073_04HF 30.3 2.9 0.282410 0.000043 0.001632 0.282403 -13.3 1.5 -9.0 201.6
JBC_14_073_08HF 22.6 2.9 0.282425 0.000044 0.001281 0.282420 -12.7 1.6 -8.5 198.8
JBC_14_073_21HF 22.0 2.9 0.282441 0.000037 0.001280 0.282436 -12.2 1.3 -7.9 200.7
JBC_14_073_15HF 23.8 3.2 0.282441 0.000033 0.001400 0.282436 -12.1 1.2 -7.9 201.6
JBC_14_073_22HF 19.0 3.0 0.282448 0.000048 0.001117 0.282443 -11.9 1.7 -7.7 196.8
JBC_14_073_09HF 27.0 2.9 0.282482 0.000039 0.001559 0.282477 -10.7 1.4 -6.5 199.9
JBC_14_073_23HF 19.6 2.7 0.282536 0.000037 0.001131 0.282532 -8.8 1.3 -4.6 196.5
JBC_14_073_05HF 24.2 3.1 0.282576 0.000038 0.001456 0.282570 -7.4 1.3 -3.2 199.3
JBC_14_073_06HF 19.9 2.5 0.282584 0.000057 0.001352 0.282579 -7.1 2.0 -2.9 199.2
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(176Yb + 176Lu) / 176Hf (%) zircon U-Pb Age (
Sample_Analysis# Volts Hf 176Hf/177Hf ± (1s) 176Lu/177Hf 176Hf/177Hf (T) E-Hf (0) E-Hf (0) ± (1s) E-Hf (T)

Detrital Data
Samples and zircon U-Pb ages come from Carrapa et al., 2015
Sample: PE300

PE300-44 11.0 2.2 0.282808 0.000033 0.000663 0.282807 0.8 1.2 1.7 42.2
PE300-26 26.8 2.6 0.282636 0.000035 0.001589 0.282635 -5.3 1.3 -4.4 42.9
PE300-65 16.2 2.4 0.282721 0.000032 0.000938 0.282720 -2.3 1.1 -1.3 43.6
PE300-24 55.9 2.3 0.282694 0.000030 0.002906 0.282691 -3.2 1.1 -2.3 44.3
PE300-73 28.0 2.6 0.282868 0.000032 0.001772 0.282866 2.9 1.1 3.9 44.4
PE300-5 20.6 1.7 0.282652 0.000038 0.001155 0.282651 -4.7 1.4 -3.7 45.4

PE300-50 20.0 2.4 0.282762 0.000033 0.001268 0.282761 -0.8 1.2 0.2 48.2
PE300-93 20.8 2.2 0.282835 0.000041 0.001214 0.282834 1.8 1.4 2.9 50.7
PE300-56 27.1 1.9 0.282709 0.000042 0.001722 0.282707 -2.7 1.5 -1.4 58.7
PE300-67 27.1 2.3 0.282842 0.000034 0.001860 0.282840 2.0 1.2 3.3 62.6

Sample: PE1362
PE1362-103 13.9 1.8 0.282751 0.000040 0.000865 0.282751 -1.2 1.4 -0.2 43.8
PE1362-4 32.7 1.4 0.282994 0.000050 0.002181 0.282992 7.4 1.8 8.3 45.0

PE1362-110 14.1 2.3 0.282780 0.000034 0.000859 0.282779 -0.2 1.2 1.4 72.0
PE1362-46 23.5 2.7 0.282840 0.000033 0.001330 0.282838 1.9 1.1 3.5 73.8
PE1362-67 26.5 2.3 0.282782 0.000039 0.001599 0.282779 -0.1 1.4 1.4 73.9
PE1362-85 31.8 2.2 0.282805 0.000038 0.001835 0.282802 0.7 1.3 2.3 76.4
PE1362-60 19.0 2.2 0.282848 0.000035 0.001076 0.282846 2.2 1.2 3.9 76.9

PE1362-108 75.3 2.5 0.282582 0.000038 0.004013 0.282576 -7.2 1.3 -5.7 77.1
PE1362-22 62.8 1.9 0.282755 0.000047 0.003380 0.282750 -1.1 1.7 0.5 78.3

PE1362-115 16.6 2.4 0.282469 0.000031 0.000929 0.282467 -11.2 1.1 -8.8 112.1
PE1362-75 14.6 2.2 0.283008 0.000035 0.000802 0.283006 7.9 1.2 12.0 188.3

PE1362-107 25.2 3.0 0.282518 0.000035 0.001500 0.282512 -9.5 1.2 -5.2 200.7

Sample: WA100
WA100-21 39.3 3.2 0.282736 0.000031 0.002411 0.282734 -1.7 1.1 -0.8 46.9
WA100-14 42.7 3.6 0.282763 0.000026 0.002651 0.282760 -0.8 0.9 0.2 47.4
WA100-48 32.1 3.6 0.282750 0.000025 0.001850 0.282748 -1.2 0.9 -0.2 47.9
WA100-29 32.8 3.5 0.282729 0.000030 0.001831 0.282728 -2.0 1.1 -1.0 48.4
WA100-4 30.1 3.5 0.282846 0.000027 0.001715 0.282844 2.1 1.0 3.2 48.7

WA100-40 18.3 4.1 0.282826 0.000023 0.001142 0.282825 1.5 0.8 2.5 49.4
WA100-57 29.2 3.4 0.282791 0.000027 0.001588 0.282790 0.2 0.9 1.3 50.1
WA100-33 22.2 4.2 0.282733 0.000020 0.001299 0.282732 -1.8 0.7 -0.8 50.8
WA100-92 38.7 4.2 0.282836 0.000027 0.002209 0.282834 1.8 1.0 2.9 52.3
WA100-83 35.9 3.9 0.282794 0.000023 0.002200 0.282792 0.3 0.8 1.4 52.9
WA100-38 29.7 3.1 0.282828 0.000031 0.001687 0.282826 1.5 1.1 2.6 53.5
WA100-24 30.7 2.6 0.282759 0.000038 0.001961 0.282757 -0.9 1.3 0.2 54.3
WA100-77 47.6 3.4 0.282766 0.000026 0.003028 0.282762 -0.7 0.9 0.4 54.9
WA100-1 21.9 3.8 0.282687 0.000028 0.001321 0.282685 -3.5 1.0 -2.3 55.3

WA100-12 21.9 4.0 0.282788 0.000028 0.001565 0.282786 0.1 1.0 1.3 56.1
WA100-39 34.5 2.5 0.282729 0.000045 0.002254 0.282727 -2.0 1.6 -0.8 56.7
WA100-79 40.0 3.6 0.282665 0.000029 0.002329 0.282663 -4.2 1.0 -3.1 57.3
WA100-72 17.2 3.7 0.282721 0.000027 0.001030 0.282720 -2.3 0.9 -1.0 58.0
WA100-97 85.0 2.9 0.282687 0.000037 0.004996 0.282681 -3.5 1.3 -2.4 58.6
WA100-60 42.4 2.2 0.282772 0.000037 0.002512 0.282769 -0.5 1.3 0.7 59.2
WA100-91 22.8 4.6 0.282758 0.000021 0.001311 0.282757 -0.9 0.7 0.3 58.9
WA100-18 27.5 3.2 0.282760 0.000032 0.001642 0.282758 -0.9 1.1 0.4 60.2
WA100-64 29.4 3.2 0.282697 0.000030 0.001853 0.282695 -3.1 1.1 -1.9 60.5
WA100-55 27.5 3.2 0.282764 0.000030 0.001632 0.282762 -0.8 1.1 0.5 61.5

Sample: WA718
WA718-6 25.0 1.9 0.282789 0.000038 0.001537 0.282788 0.2 1.4 1.0 42.1

WA718-19 26.4 2.0 0.282703 0.000040 0.001970 0.282702 -2.9 1.4 -2.0 42.7
WA718-98 21.8 1.8 0.282605 0.000037 0.001362 0.282604 -6.4 1.3 -5.4 43.5
WA718-3 25.5 1.8 0.282658 0.000042 0.001582 0.282656 -4.5 1.5 -3.6 43.9

WA718-68 24.6 1.9 0.282675 0.000036 0.001473 0.282673 -3.9 1.3 -3.0 44.0
WA718-4 26.4 1.5 0.282733 0.000045 0.001645 0.282731 -1.9 1.6 -0.9 44.1

WA718-26 111.6 1.7 0.282652 0.000068 0.006516 0.282646 -4.7 2.4 -3.9 44.7
WA718-79 26.6 2.0 0.282599 0.000046 0.001630 0.282598 -6.6 1.6 -5.6 44.8
WA718-38 37.8 1.7 0.282645 0.000044 0.002275 0.282643 -4.9 1.6 -4.0 45.8
WA718-70 25.1 1.9 0.282551 0.000038 0.001559 0.282549 -8.3 1.3 -7.3 46.4
WA718-60 33.9 1.8 0.282585 0.000042 0.002082 0.282583 -7.1 1.5 -6.1 46.8
WA718-16 36.3 2.1 0.282577 0.000038 0.002069 0.282575 -7.3 1.4 -6.1 60.1
WA718-18 68.7 2.4 0.282906 0.000051 0.004267 0.282901 4.3 1.8 5.4 60.5
WA718-39 21.6 1.9 0.282140 0.000041 0.001015 0.282136 -22.8 1.4 -18.9 180.3
WA718-11 13.5 2.7 0.282549 0.000035 0.000995 0.282545 -8.3 1.2 -3.8 213.0
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Supplementary Table 4: Zircon Oxygen isotope data 
 

 
  

File Comment δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA) Mass C-bkg H1-bkg 16OH/16O

1/25 Mass Calib #3, user: Jay Chapman

Sample: OX-2

20170125@328.asOX_2 KIM-5-B1 3.196 0.242 2.261 1.458 1.551 898698 -2632940 -190492 5.82E-04
20170125@329.asOX_2 KIM-5-C1 3.319 0.203 2.258 1.460 1.546 898698 -2632940 -190492 6.01E-04
20170125@330.asOX_2 KIM-5-D1 3.373 0.23 2.244 1.457 1.540 898698 -2632940 -190492 6.13E-04
20170125@331.asOX_2 KIM-5-D2 3.373 0.226 2.233 1.454 1.536 898698 -2632940 -190492 6.37E-04

average and 2SD 3.32 0.17

20170125@344.asOX_2 KIM-5-B2 3.176 0.260 2.317 1.504 1.541 898698 -2632940 -190492 5.92E-04
20170125@345.asOX_2 KIM-5-B3 3.219 0.246 2.328 1.513 1.539 898698 -2632940 -190492 5.94E-04
20170125@346.asOX_2 KIM-5-B4 3.202 0.220 2.301 1.499 1.536 898698 -2632940 -190492 6.03E-04
20170125@347.asOX_2 KIM-5-B5 3.188 0.235 2.300 1.490 1.544 898698 -2632940 -190492 6.08E-04

average and 2SD 3.20 0.04
bracket average and 2SD 5.09 -1.82 3.26 0.17

20170125@361.asOX_2 KIM-5-C2 3.231 0.204 2.194 1.425 1.540 898698 -2632940 -190492 6.33E-04
20170125@362.asOX_2 KIM-5-C3 3.149 0.182 2.195 1.421 1.544 898698 -2632940 -190492 6.30E-04
20170125@363.asOX_2 KIM-5-C4 3.215 0.240 2.195 1.421 1.545 898698 -2632940 -190492 6.42E-04
20170125@364.asOX_2 KIM-5-C5 3.191 0.254 2.179 1.416 1.539 898698 -2632940 -190492 6.78E-04

average and 2SD 3.20 0.07
bracket average and 2SD 5.09 -1.88 3.20 0.05

20170125@380.asOX_2 KIM-5-D3 3.302 0.246 2.469 1.610 1.534 898698 -2632940 -190492 6.02E-04
20170125@381.asOX_2 KIM-5-D4 3.146 0.273 2.469 1.607 1.537 898698 -2632940 -190492 5.91E-04
20170125@382.asOX_2 KIM-5-D5 3.152 0.283 2.461 1.606 1.532 898698 -2632940 -190492 5.93E-04
20170125@383.asOX_2 KIM-5-D6 3.267 0.277 2.477 1.609 1.540 898698 -2632940 -190492 5.94E-04

average and 2SD 3.22 0.16
bracket average and 2SD 5.09 -1.87 3.21 0.12

20170125@384.asOX_2 15-47-01 7.61 0.21 -1.94 5.661 0.210 2.471 1.604 1.541 898698 -2632940 -190492 5.70E-04
20170125@385.asOX_2 15-47-02 7.76 0.21 -1.94 5.803 0.236 2.459 1.601 1.536 898698 -2632940 -190492 5.76E-04
20170125@386.asOX_2 15-47-03 7.60 0.21 -1.94 5.651 0.243 2.436 1.590 1.532 898698 -2632940 -190492 5.72E-04
20170125@387.asOX_2 15-47-04 7.96 0.21 -1.94 6.009 0.188 2.433 1.583 1.537 898698 -2632940 -190492 5.86E-04
20170125@388.asOX_2 15-47-05 7.62 0.21 -1.94 5.669 0.194 2.431 1.576 1.543 898698 -2632940 -190492 5.71E-04
20170125@389.asOX_2 15-47-06 7.06 0.21 -1.94 5.105 0.249 2.419 1.571 1.540 898698 -2632940 -190492 6.20E-04
20170125@390.asOX_2 15-47-07c 6.50 0.21 -1.94 4.549 0.268 2.433 1.571 1.549 898698 -2632940 -190492 6.38E-04
20170125@391.asOX_2 15-47-08 7.53 0.21 -1.94 5.578 0.251 2.421 1.566 1.546 898698 -2632940 -190492 5.79E-04
20170125@392.asOX_2 15-47-09c 7.12 0.21 -1.94 5.163 0.214 2.398 1.558 1.539 898698 -2632940 -190492 5.94E-04
20170125@393.asOX_2 15-47-10 7.72 0.21 -1.94 5.762 0.228 2.391 1.557 1.535 898698 -2632940 -190492 5.81E-04
20170125@394.asOX_2 15-47-11c 6.60 0.21 -1.94 4.645 0.190 2.398 1.559 1.538 898698 -2632940 -190492 6.65E-04
20170125@395.asOX_2 15-47-12c 6.08 0.21 -1.94 4.125 0.209 2.402 1.558 1.541 898698 -2632940 -190492 7.11E-04
20170125@396.asOX_2 15-47-13c 6.22 0.21 -1.94 4.271 0.232 2.394 1.555 1.540 898698 -2632940 -190492 6.81E-04
20170125@397.asOX_2 15-47-14 7.58 0.21 -1.94 5.627 0.232 2.398 1.554 1.543 898698 -2632940 -190492 6.01E-04
20170125@398.asOX_2 15-47-15 7.73 0.21 -1.94 5.778 0.235 2.404 1.555 1.546 898698 -2632940 -190492 5.97E-04

20170125@399.asOX_2 KIM-5-B6 3.024 0.244 2.370 1.539 1.540 898698 -2632940 -190492 5.93E-04
20170125@400.asOX_2 KIM-5-B7 3.010 0.261 2.363 1.528 1.547 898698 -2632940 -190492 5.92E-04
20170125@401.asOX_2 KIM-5-B8 3.087 0.222 2.348 1.525 1.539 898698 -2632940 -190492 5.99E-04
20170125@402.asOX_2 KIM-5-B9 3.141 0.214 2.354 1.525 1.544 898698 -2632940 -190492 6.05E-04

average and 2SD 3.07 0.12
bracket average and 2SD 5.09 -1.94 3.14 0.21
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File Comment δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA) Mass C-bkg H1-bkg 16OH/16O

1/25 Mass Calib #3, user: Jay Chapman

20170125@403.asOX_2 15-45-01 5.78 0.16 -1.97 3.794 0.220 2.342 1.519 1.542 898698 -2632940 -190492 9.13E-04
20170125@404.asOX_2 15-45-02 6.07 0.16 -1.97 4.088 0.228 2.356 1.518 1.552 898698 -2632940 -190492 6.87E-04
20170125@405.asOX_2 15-45-03 5.92 0.16 -1.97 3.934 0.299 2.321 1.513 1.534 898698 -2632940 -190492 9.01E-04
20170125@406.asOX_2 15-45-04 6.11 0.16 -1.97 4.120 0.231 2.320 1.505 1.542 898698 -2632940 -190492 6.75E-04
20170125@407.asOX_2 15-45-05 6.31 0.16 -1.97 4.327 0.246 2.330 1.504 1.549 898698 -2632940 -190492 9.21E-04

20170125@408.asOX_2 15-19-01 7.32 0.16 -1.97 5.335 0.255 2.270 1.501 1.512 898698 -2632940 -190492 6.17E-04
20170125@409.asOX_2 15-19-02 7.63 0.16 -1.97 5.640 0.219 2.305 1.495 1.542 898698 -2632940 -190492 5.97E-04
20170125@410.asOX_2 15-19-03 7.60 0.16 -1.97 5.611 0.246 2.298 1.494 1.538 898698 -2632940 -190492 6.17E-04
20170125@411.asOX_2 15-19-04 7.64 0.16 -1.97 5.656 0.235 2.293 1.485 1.545 898698 -2632940 -190492 6.03E-04
20170125@412.asOX_2 15-19-05 7.44 0.16 -1.97 5.452 0.196 2.288 1.480 1.546 898698 -2632940 -190492 6.24E-04
20170125@413.asOX_2 15-19-06 7.84 0.16 -1.97 5.847 0.194 2.274 1.478 1.538 898698 -2632940 -190492 5.64E-04
20170125@414.asOX_2 15-19-07 7.70 0.16 -1.97 5.707 0.225 2.264 1.474 1.536 898698 -2632940 -190492 5.97E-04
20170125@415.asOX_2 15-19-08 7.77 0.16 -1.97 5.780 0.192 2.257 1.467 1.539 898698 -2632940 -190492 5.65E-04
20170125@416.asOX_2 15-19-09c 7.64 0.16 -1.97 5.656 0.221 2.247 1.465 1.534 898698 -2632940 -190492 6.78E-04
20170125@417.asOX_2 15-19-10c 7.78 0.16 -1.97 5.791 0.220 2.250 1.455 1.546 898698 -2632940 -190492 7.10E-04

20170125@418.asOX_2 KIM-5-C6 3.254 0.248 2.239 1.456 1.537 898698 -2632940 -190492 6.18E-04
20170125@419.asOX_2 KIM-5-C7 3.153 0.197 2.230 1.453 1.535 898698 -2632940 -190492 6.33E-04
20170125@420.asOX_2 KIM-5-C8 3.074 0.193 2.209 1.445 1.529 898698 -2632940 -190492 6.34E-04
20170125@421.asOX_2 KIM-5-C9 3.109 0.273 2.199 1.438 1.529 898698 -2632940 -190492 6.29E-04

average and 2SD 3.15 0.16
bracket average and 2SD 5.09 -1.97 3.11 0.16

20170125@422.asOX_2 15-46-01 6.89 0.18 -1.90 4.977 0.235 2.210 1.433 1.542 898698 -2632940 -190492 6.61E-04
20170125@423.asOX_2 15-46-02c 6.71 0.18 -1.90 4.801 0.175 2.190 1.428 1.533 898698 -2632940 -190492 7.08E-04
20170125@424.asOX_2 15-46-03 6.62 0.18 -1.90 4.712 0.173 2.194 1.428 1.537 898698 -2632940 -190492 6.47E-04
20170125@425.asOX_2 15-46-04 6.76 0.18 -1.90 4.846 0.203 2.199 1.421 1.547 898698 -2632940 -190492 6.40E-04
20170125@426.asOX_2 15-46-05 6.62 0.18 -1.90 4.714 0.252 2.193 1.425 1.539 898698 -2632940 -190492 6.55E-04
20170125@427.asOX_2 15-46-06 6.74 0.18 -1.90 4.832 0.234 2.192 1.425 1.538 898698 -2632940 -190492 6.34E-04
20170125@428.asOX_2 15-46-07 6.66 0.18 -1.90 4.753 0.248 2.189 1.421 1.540 898698 -2632940 -190492 6.99E-04
20170125@429.asOX_2 15-46-08 6.88 0.18 -1.90 4.973 0.220 2.170 1.421 1.527 898698 -2632940 -190492 6.76E-04
20170125@430.asOX_2 15-46-09 6.41 0.18 -1.90 4.504 0.202 2.182 1.417 1.539 898698 -2632940 -190492 7.44E-04

20170125@438.asOX_2 KIM-5-D7 3.160 0.232 2.312 1.492 1.549 898698 -2632940 -190492 6.12E-04
20170125@439.asOX_2 KIM-5-D8 3.128 0.205 2.300 1.490 1.543 898698 -2632940 -190492 6.09E-04
20170125@440.asOX_2 KIM-5-D9 3.333 0.203 2.276 1.481 1.536 898698 -2632940 -190492 6.05E-04
20170125@441.asOX_2 KIM-5-D10 3.256 0.249 2.286 1.487 1.538 898698 -2632940 -190492 6.16E-04

average and 2SD 3.22 0.19
bracket average and 2SD 5.09 -1.90 3.18 0.18
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Abstract 

 Despite Miocene extension and exhumation of middle to lower crust in a series of gneiss 

domes and interpreted Cenozoic delamination of the lower crust, the crust in the modern Pamir 

Mountains is among the thickest in the world.  Cenozoic shortening, crustal thickening, and 

prograde metamorphism in the Pamir has been associated with India-Asia collision.  However, 

new mapping in the South Pamir terrane indicates relatively minor, distributed shortening since 

the Jurassic, which occurs in a thrust belt overprinted by Late Cenozoic transpression.  The thrust 

belt connects with the Rushan-Pshart suture zone, a Mesozoic terrane boundary.  New detrital 



184 
 

zircon U-Pb and detrital zircon fission track ages of synorogenic clastic rocks exposed in the 

footwall of thrust faults in the South Pamir thrust belt provide maximum deposition ages (76-112 

Ma), which are interpreted to document Cretaceous shortening prior to India-Asia collision.  

Furthermore, zircon (U-Th)/He and apatite (U-Th)/He data from the South Pamir terrane 

generally record ca. 102-44 Ma cooling ages, suggesting limited Cenozoic exhumation.  These 

results: 1) are consistent with widespread Cretaceous deformation throughout the Pamir-Tibet 

orogen with limited Cenozoic upper crustal shortening in the South Pamir terrane, 2) together 

with previous studies, allow for the possibility that the upper crust of the Pamir orogen was 

characterized by net extension during the Cenozoic rather than net shortening, and 3) are 

consistent with models that relate Cenozoic crustal thickening to the insertion of Indian lower 

crust beneath the Pamir.  Lower crustal thickening of the South Pamir terrane is difficult to 

reconcile with the prograde metamorphic history of gneiss domes in the South Pamir terrane and 

may require a relatively shallow (< 15-20 km) shear zone separating lower crustal contraction 

from upper crustal extension. 

 

Introduction 

 The Pamir Mountains form a high-elevation orogenic plateau and high-relief mountain 

range that is equivalent and contiguous with the Tibetan plateau to the east.  Similar to Tibet, the 

modern thickness of continental crust in the Pamir is ~70 km (Mechie et al., 2012; Schneider et 

al., 2013).  Unlike Tibet, the Pamir Mountains contain widespread exposures (~30% surface 

area) of middle to lower crust within a series of extensional gneiss domes (Robinson et al., 2004; 

2007; Schmidt et al., 2011; Stübner et al., 2013a; Stearns et al., 2013; 2015; Rutte et al., 2017a) 

(Fig. 1).  The middle to lower crustal exposures in the Pamir gneiss domes record chiefly Eocene 
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to Oligocene ages that have been interpreted to represent prograde metamorphism associated 

with crustal thickening in response to India-Asia collision (Robinson et al., 2007; Schmidt et al., 

2011; Stearns et al., 2013; 2015; Smit et al., 2014; Hacker et al., 2017; Rutte et al., 2017a).  

Previous studies have suggested at least 300 km of Cenozoic internal shortening in the Pamir 

(Burtman and Molnar, 1993).  However, both the timing and magnitude of this interpreted 

shortening may be incorrect.  For example, the Shakhdara-Alichur gneiss dome was previously 

interpreted as a basement-involved thrust nappe (Shvolman, 1978; Burtman and Molnar, 1993), 

but subsequent analysis has shown that it is extensional in origin (Stübner et al., 2013a).  Aside 

from the mechanisms involved in the formation of the gneiss domes, there are poor age 

constraints on contractional structures within the Pamir.  Robinson (2015) hypothesized that 

many of these structures may be of Cretaceous age and that Pamir crust was in part thickened 

prior to India-Asia collision, during Mesozoic Cordilleran (i.e., Andean-style) orogenesis and 

accretion of Gondwanan terranes.  There is evidence along strike in Tibet for pre-collisional 

(Mesozoic) crustal shortening and thickening in a retro-arc position (Allégre et al., 1984; 

Murphy et al., 1997; Kapp et al., 2005; 2007a; 2007b; Raterman et al., 2014), which may provide 

a template for understanding the Mesozoic tectonic evolution of the Pamir.  Key to 

understanding the mechanisms involved in crustal thickening and orogenic growth in the Pamir 

is establishing the timing and magnitude of upper-crustal shortening.   

 This study investigates the Mesozoic to recent geological history of the South Pamir 

terrane, the largest of several accreted terranes that comprise the modern Pamir (Burtman and 

Molnar, 1993; Schwab et al., 2004) (Fig. 1).  The South Pamir terrane hosts the Karakoram and 

South Pamir batholiths, which are remnants of a Cretaceous continental arc associated with 

northward subduction of oceanic lithosphere (Debon et al., 1987; Crawford and Searle, 1992; 
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Schwab et al., 2004; Ravikant et al., 2009; Aminov et al., 2017) (Fig. 2).  The South Pamir 

terrane also hosts the Shakhdara-Alichur extensional gneiss dome, the largest gneiss dome in the 

Pamir and one of the largest in the world (Stübner et al., 2013a) (Fig. 1).  As a result, lower 

crustal deformation in the Shakhdara-Alichur gneiss dome can be compared directly to upper 

crustal deformation in the hangingwall of the gneiss dome.  We conducted geological mapping 

and integrated stratigraphic, geochronological, thermochronological, and structural analyses to 

assess the geological evolution of the South Pamir terrane and its role in the growth of the Pamir 

orogen.  The results provide new insight into the timing of upper crustal shortening and 

thickening in the region with implications for: 1) mechanisms for crustal thickening in 

Cordilleran-style and continental collisional orogens; 2) the extent of coupling between the upper 

and lower crust during convergence, and; 3) the tectonic evolution of the Pamir. 

 

Geologic Setting 

 The South Pamir terrane is bounded to the north by the Rushan-Pshart suture zone and 

the Central Pamir terrane (Burtman and Molnar, 1993).  Upper Triassic to Lower Jurassic 

intrusive rocks on the northern margin of the South Pamir terrane (Fig. 3) may record the closure 

of the Rushan-Pshart ocean basin that separated the Central and South Pamir terranes (Schwab et 

al., 2004).  The Central Pamir and South Pamir terranes are both Gondwanan fragments that 

were accreted to each other and to the southern margin of Asia during the Cimmerian orogeny in 

the Late Triassic to Early Jurassic (Angiolini et al., 2013).  Prior to the accretion of the Central 

and South Pamir terranes, the southern Asian margin was occupied by a Triassic continental arc 

with a well-developed accretionary complex (Xiao et al., 2002; Schwab et al., 2004).  

Commonly, the Upper Paleozoic southern Asian margin is referred to as the Kunlun “terrane,” 
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the arc/accretionary complex is referred to as the Karakul-Mazar “terrane,” and collectively they 

are termed the North Pamir “terrane” (Xiao et al., 2002; Schwab et al., 2004; Robinson et al., 

2012) (Fig. 1).  Although the para-autochthonous North Pamir is not a terrane sensu stricto we 

retain the terrane designation here to facilitate comparisons with previous studies (e.g., Burtman 

and Molnar, 1993).   

 When viewed down-plunge, from west to east, the South Pamir terrane in Tajikistan 

presents a crustal section with the lower crust exposed in the core of the Shakhdara gneiss dome 

to the west (Schmidt et al., 2011; Stübner et al., 2013a) and non-metamorphosed sedimentary 

and volcanic rocks of the upper crust exposed in the east (Vlasov et al., 1991) (Figs. 1 and 2).  

The South Pamir terrane is truncated on its eastern margin by the Karakoram fault (Robinson, 

2009) and on its southern margin by the Tirich-Kilik suture, which separates the South Pamir 

terrane from the Karakoram terrane (Zanchi et al., 2000; Zanchi and Gaetani, 2011) (Fig. 2).  

Metamorphic ages suggest that the Karakoram terrane was accreted to the South Pamir terrane 

during the Late Jurassic to Early Cretaceous (Zanchi et al., 2000; Hildebrand et al., 2001), 

although sedimentological evidence suggests accretion by the Early Jurassic (Zanchi and 

Gaetani, 2011; Angiolini et al., 2013; Gaetani et al., 2013).  The South Pamir terrane is 

equivalent to the Qiangtang terrane in Tibet (Robinson, 2009; Robinson et al., 2012; Angiolini et 

al., 2013).   

 

South Pamir Stratigraphy / Map Units 

 The oldest exposed rocks in the area investigated (Figs. 2-4) are Permian to Triassic 

metasedimentary deposits (Vlasov et al., 1991) (map unit P-Tr).  These rocks are predominantly 

dark gray to black phyllite and slate with tan to dark gray limestone and dolostone that 
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cumulatively represent a rift to drift succession (Angiolini et al., 2015).  The Permian-Triassic 

rocks were complexly deformed, uplifted, and eroded during the Cimmerian orogeny (Angiolini 

et al., 2013).  Locally overlying the Permian-Triassic unit in angular unconformity is the Lower 

Jurassic Darbasatash Group (map unit JrD), which consists of non-marine, red, coarse-grained 

sandstone and conglomerate (Dronov et al., 2006; Angiolini et al., 2013).  

 The Darbasatash Group is overlain conformably by Jurassic limestone belonging to the 

Gurumdi Group (Dronov et al., 2006; Angiolini et al., 2013).  For mapping purposes, we 

informally divided the Gurumdi Group into lower (JrGl) and upper (JrGu) and units (Figs. 3, 5A, 

and 5B).  The lower unit consists of tan to dark brown, thinly bedded limestone and siltstone that 

vary in thickness from a few tens of meters to ~300 m.  The upper unit consists of light gray to 

white, massive, fossiliferous limestone up to ~400 m thick.  We did not distinguish specific 

Jurassic formations during mapping.  The fossiliferous upper unit is interpreted to be equivalent 

to the Gurumdi Group reef facies of Dronov et al. (2006).  A fine-grained unit of thinly-bedded 

gray to tan limestone, shale, and siltstone locally overlies the upper Gurumdi Group and is 

mapped as upper Jurassic (Jru), although its age is unknown. 

 Unconformably overlying the Jurassic section in the South Pamir terrane are non-marine 

red to orange conglomerate and coarse-grained sandstone previously mapped as undifferentiated 

Paleogene(?) (Vlasov et al., 1991).  We refer to this informal lithostratigraphic unit as the 

Mamazair conglomerate (Km), named after the village of Mamazair, following stratigraphic 

nomenclature rules defined by the international stratigraphic code (Salvador, 1994).  North of the 

Rushan-Pshart suture zone, in the Central Pamir terrane, red conglomerate and sandstone 

mapped as undifferentiated Paleogene(?) by Vlasov et al. (1991) unconformably overlie Jurassic 

and older rocks.  We adopt the nomenclature of Rutte et al. (2017a; 2017b) who referred to this 
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unit as the “Murghab Basin” (map unit Kmb).  Sparse paleontological data at the base of the 

Murghab Basin strata suggest it is of Maastrichtian age (Yushin et al., 1964).  Additional rocks 

mapped as undifferentiated Paleogene(?) by Vlasov et al. (1991) are present north of the Muskol 

gneiss dome in the northern Central Pamir terrane (Fig. 2), but these rocks were not investigated 

in this study.  Leven (1995) described Jurassic?-Cretaceous metasedimentary rocks of the 

Bakalash Fm. in the Rushan-Pshart suture zone, between the South and Central Pamir terranes 

(Fig. 3).  The Bakalash Fm. was not investigated in this study, but could be correlative with 

either the Murghab Basin or the Mamazair conglomerate.  Igneous rocks, including granitoid and 

andesite are exposed in the South Pamir terrane and are mapped according to their radiometric 

ages (Figs. 3 and 4).   

 

Geologic mapping 

 Geologic mapping of the South Pamir terrane at 1:50,000 scale was conducted over ~8 

weeks, spanning the 2014 and 2015 field seasons, focusing on a transect from the Shakhdara-

Alichur gneiss dome in the south to the Rushan-Pshart suture zone in the north (Figs. 3, 6, and 

7), and a region near the Kyzylrabot village in the southeast Pamir (Fig. 4).  The regional 

geologic map in Fig. 2 is adopted from previous geologic mapping in the Pamir (Vlaslov et al. 

1991, Robinson et al., 2004; 2007; 2013; Lindsey, 2007; Stübner et al., 2013a; Rutte et al., 

2017a), Karakoram (Zanchi and Gaetani, 2011), and Kohistan (Burg, 2011).  Compiled maps 

were locally supplemented with mapping based on spectral band combinations from Landsat data 

and satellite imagery, which were mainly used to fill in gaps between previously published maps, 

check the geometry of unit boundaries and contacts, and reconcile differences between existing 

maps. 
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Stratigraphy and Sedimentology 

 New mapping in the South Pamir terrane is generally consistent with previous mapping 

in the region (Vlasov et al., 1991).  One of the main features mapped is the post-Cimmerian 

angular unconformity above the Permian-Triassic rocks and below the Darbasatash Group, 

which was recently recognized and defined by Angiolini et al. (2013).   The post-Cimmerian 

unconformity is the primary stratigraphic feature used to distinguish the Jurassic carbonate 

section from carbonate units within the Permian-Triassic section (Fig. 5A-B).  The Darbasatash 

Group varies in thickness from 0 to ~200 m and appears to fill in local topographic lows on the 

post-Cimmerian unconformity surface.  In some areas the Darbasatash Group contains a basal, 

clast-supported, well-rounded pebble-to cobble-conglomerate up to ~10 m thick, composed of 

purple and green quartzite clasts (Fig. 5C).  Elsewhere in the map area, the Darbasatash Group 

consists of dark red sandstone to sub-rounded pebble conglomerate and is characterized by 

“ketchup and mustard” colored sandstone (red) and dolostone (yellow) clasts (Fig. 5D).  

Previous petrographic analyses of sandstones of the Darbasatash Group by Angiolini et al. 

(2013) indicate that it was derived in part from a volcanic arc.  The Darbasatash Group is 

interpreted to have been deposited sub-aerially.   

 The lower unit of the Jurassic Gurumdi Group is in depositional contact with the 

Darbasatash Group and consists of several tabular tan to gray limestone beds up to several 

meters thick separated by relatively thin (~1 m) shale beds, giving the outcrops a flaggy 

appearance (Fig. 5B).  The upper unit of the Gurumdi Group consists of massive white to light 

gray fossiliferous limestone and contains widespread features indicative of dissolution and 

paleokarst (cf., James and Choquette, 1988).  Sheet, pod-like, and irregular shaped bodies of 
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clast-supported, angular to sub-rounded, monomict, light-dark gray limestone pebble to granule 

breccia with red clay to red siltstone matrix are common throughout the map area (Fig. 5E).  

Limestone clasts are almost exclusively derived from the local host rock.  Breccias that are 

laterally continuous for up to a few km are interpreted as mantling karst breccias and paleosols 

(e.g., north of Jarty Gumbez, Fig. 3).  Pod-like and irregular exposures are up to ~150 m in 

diameter and are interpreted as collapse and intraformational karst breccias (Fig. 5F).    

 

Mamazair Conglomerate 

 Throughout much of map area in the South Pamir terrane, the Gurumdi Group is the 

youngest sedimentary unit present, apart from Quaternary deposits (Vlasov et al., 1991).  

However, in a few locations the Mamazair conglomerate unconformably overlies the upper unit 

of the Gurumdi Group or older units.  We made a concerted effort to visit and sample every 

known location of the Mamazair conglomerate in the southeastern Pamir (Fig. 2).   

 The largest contiguous outcrop of the Mamazair conglomerate is located ~40 km south-

southeast of the town of Murghab and ~20 km east of the village of Mamazair, in the footwall of 

the Mamazair thrust fault (Figs. 3 and 6).  The Mamazair conglomerate is exposed in an open, 

upright to overturned syncline and rests unconformably on the upper Gurumdi Group (Fig. 6).  In 

a measured section of the Mamazair conglomerate at this location, it is ~420 m thick and 

contains at least two intraformational angular unconformities (Figs. 5H-I and 6).  The younger 

unconformity delineates a prominent color change from dark red (older) to pale orange (younger) 

(Figs. 5H and 6).  The lower, red half of the section is not present in the southern limb of the 

syncline, which suggests it was eroded or not deposited (Fig. 6).  The predominant lithofacies in 

the lower, red section comprise well-organized, horizontally stratified, clast-supported, rounded 

to sub-angular, pebble-to cobble-conglomerate.  Individual beds are up to ~2 m thick and 



192 
 

massive.  Thin (10’s of cm) and laterally discontinuous lenses of red, coarse-grained sandstone 

are locally present between conglomerate beds.  Gray limestone clasts are most abundant, but red 

sandstone, dolostone, chert, and quartzite are also common.  Granitic and volcanic clasts are 

absent.  The limestone and dolostone clasts are similar in appearance to exposures of Permian-

Triassic carbonate exposed in the hangingwall of the Mamazair thrust fault and elsewhere in the 

region.  In the lower 200 m of the section (closest to the Mamazair thrust fault), the maximum 

clast size reaches ~1 m and recycled clasts of the Mamazair conglomerate are common (Fig. 5J).  

Dominant lithofacies in the upper, orange section include stratified clast-supported granule to 

pebble conglomerate and massive, coarse-grained sandstone with faint planar lamination.  The 

conglomerate is arranged in 20-70 cm thick beds, stacked into 2-3 m thick bedsets, and capped 

by sharp surfaces marking a transition to sandstone.  The intraformational angular 

unconformities in the Mamazair conglomerate at the Mamazair fault locality are progressively 

tilted so that the older unconformities dip steeper than the younger unconformities (Figs. 5H-I 

and 6).  The oldest unconformities are overturned along with the older conglomerate beds.  

Bedding in the youngest part of the section has the shallowest dip angles (~15°) and is upright.  

The angular unconformities, recycled clasts, and progressive tilting of bedding attitudes are 

interpreted to represent growth strata and suggest that the rocks were deposited in a growing 

footwall syncline during slip on the Mamazair thrust fault.   

 Approximately 90 km southeast of the Mamazair locality (Figs. 2 and 4), the Mamazair 

conglomerate is exposed in the footwall of the Kyzylrabot thrust fault where it consistently dips 

moderately toward the north- northeast (Fig. 4).  The Kyzylrabot section can be divided into four 

informal units (units 1-4; lowest to highest) (Fig. 5K).  Unit 1 is exposed along the small creek 

valley that drains into the Aksu river, located west of the Kyzylrabot village.  Unit 1 consists of 
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brown-red, fine-to medium-grained sandstone with occasional beds of matrix-supported, sub-

angular, quartzite granule conglomerate up to 1.5 m thick.  Trough cross-stratification is locally 

present in the sandstone beds.  Unit 2 is an easily weathered, light orange-pink, clast-supported, 

angular, limestone pebble conglomerate with interbedded arkosic, pink, coarse-grained sandstone 

(Fig. 5K).  Volcanic and granitic clasts are absent.  Unit 3 is a dark purple to brown, clast-

supported, sub-angular, andesite and limestone clast, pebble-cobble conglomerate (Fig. 5K-L).  

Volcanic clasts are similar in appearance to andesite exposed ~20 km to the west (Fig. 4).  Unit 4 

is a dark red, matrix-supported, angular, limestone and sandstone clast, granular to pebbly 

conglomerate with interbedded sandstone layers.  Limestone clasts are dominant in the lower 

part of the unit, but decrease in abundance up-section where red sandstone clasts are more 

common.  No volcanic or granitic clasts are present in Unit 4.  Also in the Kyzylrabot area, ~5 

km east of Salon kul (lake) (Fig. 4), the Mamazair conglomerate rests unconformably on 

Cretaceous volcanic rocks and contains a ~1 m thick rhyolitic tuff near the base of the section.  

The Mamazair conglomerate here consists of interbedded orange, coarse-grained sandstone and 

orange-red, sub-angular, clast-supported, rhyolite pebble to cobble conglomerate.  The 

stratigraphic position and scarcity of limestone clasts is most similar to Unit 1 described above.   

 Directly north of the Kyzylrabot fault, the Mamazair conglomerate is preserved in the 

footwall of the Karasu fault (Fig. 4).  The Mamazair conglomerate at this location is a red, 

medium to coarse-grained arkosic sandstone up to a few tens of meters thick.  Along strike of the 

Karasu fault to the northwest, ~20 km south of Murghab, the Mamazair conglomerate rests 

unconformably on the upper Gurumdi Group in the footwall of the fault, which is steeply north-

dipping at this location (Fig. 3).  This exposure consists of several tens of meters of massive, 

clast-supported, angular carbonate pebble conglomerate with a fine-grained pale red siltstone 
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matrix.  The local stratigraphic relationships are unclear and it is possible that this exposure is a 

sheet breccia or mantling karst breccia.  The final exposure of the Mamazair conglomerate we 

examined is located in the southern Taxkorgan valley (China) where it occurs in angular 

unconformity with the Gurumdi Group in the core a syncline (Fig. 2).  The Mamazair 

conglomerate here consists of up to a few tens of meters of well-bedded red, coarse-grained 

sandstone with trough cross-bedding preserved locally.  

 

Murghab Basin 

 Strata of the Murghab Basin are exposed along the north side of the Rushan-Pshart suture 

zone, in the southernmost part of the Central Pamir terrane (Rutte et al., 2017a; Fig. 3).  In the 

southern Akbaital valley, ~10 km northeast of Murghab, the Murghab Basin rests unconformably 

on Paleozoic(?) schist.  The base of the Murghab Basin here consists of ~150 m of thinly bedded 

(< 50 cm) pale green to orange shale, carbonate-rich fine-grained sandstone, and dolostone.  

Ripple cross-lamination is present in most sandstone layers.  The unit is overlain by ~175 m of 

massive, red, clast-supported cobble conglomerate that is capped by a ~100 m thick basalt flow.  

Radiometric and thermochronologic dating of the basalt have been inconclusive (Rutte et al., 

2017b).  The basalt and surrounding sedimentary section are offset by a small south-dipping 

normal fault at this location (Figs. 3 and 5G).  Overlying the basalt is an unknown thickness 

(>300 m) of interbedded dark red sandstone, granule-pebble conglomerate, and siltstone.  This 

upper unit locally contains stacked calcic paleosols with carbonate nodules and calcrete layers 

(e.g., Mack et al., 1993). 

 

Structural Geology 
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 Structural features in the South Pamir terrane can be grouped into four categories based 

on the timing of deformation and structural style.  These are: 1) Cimmerian deformation, 2) the 

South Pamir thrust belt (SPTB), 3) gneiss dome (north-south directed) extension, and 4) dextral 

strike-slip deformation and limited east-west extension.  Rutte et al. (2017a) referred to the 

region containing the SPTB and overprinted by dextral strike-slip faults as the Murghab-Aksu-

Southeast Pamir thrust-wrench belt.  In addition to geologic maps (Figs. 3, 4, 6, and 7), structural 

features in the South Pamir terrane are presented in cross-section A-A’ (see Fig. 3 for line of 

section), which was constructed based on structural measurements and observations in the field 

(Fig. 8). 

 

Cimmerian Deformation 

 Permian-Triassic rocks, below the Cimmerian unconformity, are complexly deformed 

and record deformation associated with the Cimmerian orogeny (Fig. 5A).  Angiolini et al. 

(2013) suggested that Cimmerian deformation is characterized by N-S to NNW-SSE trending 

folds and high-angle reverse faults.  The deformed Paleozoic rocks shown at depth in Figure 8 

are schematic and are consistent with north-verging, tight folds shown below the Cimmerian 

unconformity in Rutte et al. (2017a).  No attempt was made in this study to rigorously map 

structures associated with the Cimmerian orogeny and the role of Cimmerian deformation in 

constructing the Pamir remains an outstanding question (Villarreal et al., 2015).  Discontinuous 

exposures of carbonate units within the Permian-Triassic section are oriented sub-parallel to 

foliation/cleavage suggestive of locally transposed bedding.  In some locations, the Permian-

Triassic section exhibits type 1 fold interference patters (basin and dome structures; Ramsay, 

1967), which likely record re-folding of Cimmerian structures during Cretaceous or later 

episodes of shortening.   
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South Pamir Thrust Belt (SPTB) 

 The SPTB consists of a series of thrust faults and folds with axial surfaces that strike E-

W to SE-NW (Fig. 3).  These structures, including the Mamazair and Kyzylrabot thrust faults, 

offset Jurassic limestone and have locally preserved syntectonic Mamazair conglomerate in their 

footwalls.  The Aksu fault (Figs. 3 and 8) is not well-exposed, but is here interpreted as a gently 

north-dipping (blind?) thrust fault based on structural relief on the Cimmerian unconformity, 

gently north-dipping (20-25°) bedding in the Jurassic carbonate section ~12 km east of Murghab, 

and a tight syncline ~10 km south of Murghab interpreted as a footwall syncline.  Bedding of 

Jurassic rocks in the hanging walls of other thrust faults in the SPTB also generally dips gently to 

the north-northeast consistent with displacement above moderate to gently dipping thrust ramps 

(Fig. 8).  The inferred moderate dips of major thrust faults in the SPTB suggest a relatively 

shallow basal décollement (< 10 km depth) that is estimated to be in the Permian-Triassic 

section, consistent with the interpretation of Rutte et al. (2017a) for the Murghab-Aksu-Southeast 

Pamir thrust-wrench belt.  Major folds in the SPTB are upright and open with the dip of bedding 

in Jurassic units rarely exceeding 40°, except adjacent to the Karasu Fault (Figs. 3 and 8).  When 

viewed down-plunge (to the southeast), the northwest trend of the Mamazair fault, Karasu fault, 

and unnamed faults in the Murghab area suggest they root into the Rushan-Pshart suture zone 

(Fig. 2).  Many thrust faults south of the Rushan-Pshart suture in the SPTB exhibit top to the 

south displacement with south-vergent subsidiary anticlines, although north-directed faults are 

present in the southeast Pamir (Fig. 2).  Vertical displacement on individual faults in the SPTB, 

based on structural relief of the Cimmerian unconformity, decreases toward the south and the 

southernmost thrust faults tip-out over relatively short distances (≤ 30 km) along strike (Figs. 3 

and 6).   
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 East of Kyzylrabot, through-going thrust faults are not obvious and the SPTB is 

characterized by a series of folds (Fig. 2).  It is unclear if deformation in the SPTB extends south 

of the Alichur gneiss dome.  The Rushan-Pshart suture zone (the region south of the Rushan-

Pshart fault and north of the Murghab River) is interpreted to be part of the SPTB (i.e. part of the 

South Pamir terrane).  Rutte et al (2017a) interpreted the northern limit to the Rushan-Pshart 

suture zone as a north-dipping thrust fault that places Permian-Triassic rocks on Murghab Basin 

strata (Figs. 3 and 8).  Assuming minimal initial structural relief, line-length balancing of the 

Jurassic Gurumdi Group is used to restore cross-section A-A’ (inset, Fig. 8).  Whereas Burtman 

and Molnar (1993) suggested up to 50 km (~50%) of internal shortening within the SPTB, our 

initial assessment of shortening suggests significantly less shortening (≤ 10 km), on the order of 

several percent over the ~100 km length of the cross-section and less if the entire South Pamir 

terrane is included (south of the Alichur gneiss dome).   

 

Extension and Strike-Slip Faulting 

 Other than the normal-sense shear zones bounding the Shakhdara-Alichur gneiss dome, 

we observed little evidence for structures that might accommodate north-south directed 

extension in the South Pamir terrane, consistent with the observations of (Stübner et al., 2013a).  

There are no deep extensional (supra-detachment) basins adjacent to the gneiss dome and few 

east-west striking normal faults in the hanging wall of the gneiss dome with significant 

displacement (Figs. 2 and 3).  The scarcity of normal faults in the hangingwall of the gneiss 

domes in the South Pamir terrane contrasts with models for extensional provinces and core 

complexes, where numerous normal fault arrays are present in the hangingwall (Wernicke and 

Burchfield, 1982; Lister and Davis, 1989). 
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 Although extensional structures oriented parallel to the Alichur gneiss dome are scarce, 

approximately north-south striking normal faults bounding north-south trending valleys are more 

common in the South Pamir terrane (Fig. 3; cf. Schurr et al., 2014).  These normal faults offset 

older reverse faults associated with the SPTB.  For example, a prominent normal fault is 

interpreted to juxtapose upper Jurassic limestone against Permian-Triassic rocks near the village 

of Mamazair (Fig. 3).  Offsets of Jurassic strata across these faults are generally < 1 km.  Similar 

sets of young, north-south striking normal faults have previously been interpreted to be active 

throughout much of the South Pamir terrane (Stübner et al., 2013b; Schurr et al., 2014) and 

reflect the modern stress field (Ischuk et al., 2013). 

 Offset river terraces document active dextral strike-slip displacement on the Karasu fault, 

which connects the Rushan-Pshart suture zone to the dextral Karakoram fault (Figs. 2 and 3) 

(Strecker, 1995).  The Karasu fault appears to have cut or reactivated a thrust fault associated 

with the SPTB and a vertical component of offset across the fault (up to a few km) is likely 

related to earlier thrust belt deformation (Fig. 8).  Other dextral strike-slip faults may be active in 

the South Pamir terrane as well (Schurr et al., 2014; Rutte et al. 2017a).  An unnamed fault north 

of the Karasu fault and south of the Aksu fault (Figs. 3 and 7b) dips steeply north and may 

accommodate primarily strike-slip motion as suggested by Rutte et al. (2017a).  Large changes in 

vertical displacement (>1 km) of the Cimmerian unconformity over short distances (<10 km) 

along strike of this unnamed fault and the steep dip of the fault is consistent with strike-slip 

motion, and may have reactivated an older thrust fault.  Rutte et al. (2017a) also suggested the 

easternmost Aksu fault (Figs. 3 and 8) is a Neogene or younger dextral strike-slip fault, which 

could have reactivated an older thrust fault.  We did not observe evidence for strike-slip motion 

on faults (e.g., sub-horizontal slickenlines, offset geologic markers) south of the Karasu fault in 
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the SPTB (Figs. 3, 4, and 7a), but overall low magnitudes of slip on faults in this region may 

have obscured a component of strike-slip motion.   

 

Geochronology and Thermochronology Results 

 A detailed description of methods used for zircon U-Pb geochronology, zircon fission 

track thermochronology, and zircon and apatite (U-Th)/He thermochronology can be found in 

Supplementary Material File 1.   

 

Zircon U-Pb Geochronology 

Igneous Rocks 

 Four igneous rocks were analyzed for zircon U-Pb geochronology (10-30 grains analyzed 

per sample).  Age estimates for igneous samples are presented on the geologic maps in Figures 3 

and 4.  A summary of sample locations and age information is presented in Table 1.  Complete 

zircon U-Pb data are presented in Supplementary Material File 2.  The analyzed rocks are 

porphyritic andesite (samples: 14-74, 14-76, 14-77, 14-88) from near the village of Kyzylrabot in 

the southeastern Pamir and have middle Cretaceous (~105 Ma) zircon U-Pb ages (Table 1, Fig. 

4).  Additional zircon U-Pb ages of igneous rocks presented in Figs. 3 and 4 (shown only for 

samples with new thermochronological data) are from Chapman et al. (2018).  

 

Sedimentary Rocks 

 Eight sandstone samples were analyzed for detrital zircon U-Pb geochronology (100-400 

grains analyzed per sample) from the Mamazair conglomerate and Murghab basin strata (Fig. 

9a).  Six samples (14-83, 14-85, GUM-02, DV-7-16-15-2, DV-7-15-15-7, and AR-5-27-00-5) 
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are from the Mamazair conglomerate.  All of the Mamazair conglomerate samples, except AR-5-

27-00-5, were collected from the footwalls of thrust faults in the South Pamir terrane (Figs. 3 and 

4).  Detrital zircon U-Pb data is presented in a series probability density plots (PDP) in Fig. 9a.  

Sample GUM-02 was collected in the footwall of the Mamazair thrust fault and has a minimum 

age population of ~112 Ma (Fig. 9a).  Samples 14-83 and DV-7-16-15-2 were collected ~ 40 m 

below (in the footwall) the Kyzylrabot thrust fault and sample 14-85 was collected ~160 m 

stratigraphically below sample 14-83 (Fig. 4).  The detrital age spectra for samples 14-83 and 14-

85 are nearly identical and are combined into a single age probability function in Figure 9a.  

Sample 14-83/85 has a minimum age population of ~76 Ma and a large detrital age population at 

~104 Ma.  Sample DV-7-16-15-2 has a minimum age population of ~97 Ma.  Sample DV-7-15-

15-7 was collected in the footwall of the Karasu fault and has a minimum age population of ~154 

Ma.  The easternmost sample analyzed, AR-5-27-00-5, was collected from the core of a syncline 

and has minimum age population of ~141 Ma.  Several Mamazair conglomerate samples contain 

detrital age populations in the 140 to 150 Ma range in addition to younger age populations (Fig. 

9a).  Samples DV-7-15-15-2 and AR-5-27-00-5 may have been deposited before the other 

samples.   

 Two samples (15-28 and 14-56) were collected from Murghab Basin strata just north of 

the Rushan-Pshart suture zone in a footwall syncline in the Central Pamir terrane (Figs. 2 and 3).  

Sample 14-56 has a minimum age population of ~84 Ma and sample 15-28 has a minimum age 

popluation of ~106 Ma (Table 1, Fig. 9a).   

 

Zircon Fission Track Thermochronology 
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 A subset of zircon grains analyzed for detrital U-Pb geochronology, described above, 

were analyzed for zircon fission-track (ZFT) analysis (“double-dating”).  Three samples were 

selected for detrital ZFT analysis (30-100 grains per sample).  ZFT data are shown as kernel 

density estimate (KDE) plots in Fig. 9b and constituent age populations in each sample were 

identified and deconvolved using DensityPlotter (Vermeesch, 2012).  Complete ZFT data are 

presented in Supplementary Material File 3.  Sample GUM-02 yielded ZFT single-grain ages 

ranging from 59 ± 13 Ma to 754 ± 188 Ma and has one prominent detrital ZFT age population of 

103 ± 5 Ma, which is similar to the youngest zircon U-Pb age population (112 Ma; Fig. 9b).  All 

of the individual zircons with Cretaceous and younger ZFT ages from sample GUM-02 have 

corresponding (doubled-dated) Cretaceous U-Pb ages.  ZFT single-grain ages in sample 15-28 

range from 108 ± 23 Ma to 1,054 ± 225 Ma and the sample exhibits two detrital ZFT age 

populations of 235 ± 19 Ma (65% of grains) and 160 ± 26 Ma (22% of grains) (Fig. 9b).  The 

small number of zircon grains with Cretaceous U-Pb ages (n=3) explains the lack of a 

recognizable younger ZFT age population.  Four (out of 100) zircons in sample 15-28 yielded 

Cretaceous ZFT cooling ages (134-108 Ma).  These four individual analyses had U-Pb ages 

ranging from Cretaceous to Proterozoic.  The ~235 Ma detrital ZFT age population in sample 15-

28 is similar to detrital zircon U-Pb age populations in samples 15-28 and 14-56 (Fig. 9b).  

Single-grain ZFT ages from sample 14-83 range from 68 ± 20 Ma to 715 ± 168 Ma.  Sample 14-

83 has two detrital ZFT age populations of 111 ± 5 Ma (44% of grains) and 264 ± 18 Ma (45% 

of grains) (Fig. 9b).  The youngest detrital ZFT age population (~111 Ma) in sample 14-83 

compares favorably to the prominent ~104 Ma zircon U-Pb detrital age population in the same 

sample (Fig. 9).  Individual zircons with Cretaceous ZFT detrital ages in sample 14-83 have 

zircon U-Pb ages ranging from Cretaceous to Proterozoic (Supplementary File 3).  The older 
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ZFT age population (~264 Ma) in sample 14-83 is similar the ~235 Ma ZFT age population in 

sample 15-28.   

 

(U-Th)/He Thermochronology Results 

 To constrain the magnitude of exhumation in the South Pamir terrane, six granite samples 

(with Jurassic to Cretaceous zircon U-Pb crystallization ages) and two sandstone samples (with 

Triassic to Cretaceous detrital zircon U-Pb maximum depositional ages) were collected for 

zircon (U-Th)/He (ZHe) and apatite (U-Th)/He (AHe) thermochronology.  Weighted mean ZHe 

and AHe sample ages (based on 3-5 single-grain ages) are presented in Table 1 and shown on 

Figures 3 and 4.  Single-grain ZHe and AHe data are presented in Supplementary Material File 4.  

Uncertainties (2σ) for average ages are calculated using internal (weighted analytical 

uncertainty) and external (standard deviation of aliquot ages) errors.  Three samples, 14-73, 14-

60, and 16-22 were collected from granitoids in the Rushan-Pshart suture zone and have 

weighted mean ZHe cooling ages of ca. 15 to ca. 20 Ma.  Five samples: 13P101 (Cretaceous 

granitoid), 13P99 (Triassic sandstone), 16-23 (Cretaceous sandstone), 14-87 (Cretaceous 

granitoid), and 14-89 (Cretaceous dike) were collected from the interior of the South Pamir 

terrane.  Weighted mean average ZHe ages from samples in the South Pamir terrane range from 

34 to 102 Ma and weighted mean average AHe ages range from 44 to 56 Ma (Table 1).  The 

mean ZHe ages for samples 14-87 and 14-89 are within 10% of the zircon U-Pb age.  All other 

(U-Th)/He ages are >10% younger than their crystallization or depositional age.  Sample 16-22, 

a Paleozoic(?) schist, yielded a ZHe cooling age of 15.1 ± 0.7 Ma (Fig. 3; Table 1).  Sample 16-

23 is a sandstone clast collected from the Mamazair conglomerate and yielded an AHe cooling 

age of 46 ± 16 Ma, similar to the AHe cooling age recorded from the nearby igneous sample 14-
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89 (56 ± 17 Ma).  All of the mean AHe ages have large uncertainties, which may reflect a 

complicated cooling history, although none of the samples exhibited age vs. effective uranium 

concentration (eU) trends (Supplementary Material File 4) and ZHe age uncertainties from the 

same samples were lower than the AHe uncertainties (e.g., sample 14-89).   

 

Discussion 

Exhumation in the South Pamir terrane 

 Two igneous ZHe samples (14-87 and 14-89) from the SPTB in this study have 

Cretaceous cooling ages that are < 10 My younger than the zircon U-Pb ages from the same 

samples (Table 1, Figs. 3 and 4).  These ZHe ages are interpreted to represent cooling following 

magmatic emplacement and suggest less than 4 km of exhumation or burial during the Cenozoic.  

The other bedrock ZHe and AHe cooling ages in the SPTB range from Late Cretaceous to Late 

Eocene and may record a regional exhumation signal associated with the initiation of the India-

Asia collision (e.g., Rohrmann et al., 2012).  An interpretive cooling path for the southern SPTB 

is presented in Fig. 10a.  The thermochronologic data from the SPTB are consistent with limited 

Cenozoic exhumation in much of the South Pamir terrane as suggested by the low-relief 

landscape, preservation of the low-angle Cimmerian unconformity, and un-eroded remnants of a 

volcanic carapace in the Kyzylrabot area (Fig. 4).  The results from this study are also consistent 

with Stübner et al. (2013b) who calculated cooling rates as low as ~0.1 mm/yr since the mid-

Cretaceous in the South Pamir terrane, outside of the Shakhdara gneiss dome.   

 Figure 10b is a compilation of thermochronologic data from this study (10 new cooling 

ages, most located in the SPTB) and previous studies (Supplementary Table 5) plotted against 

the distance south from the Main Pamir thrust, which bounds the Pamir Mountains to the north 
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(Fig. 1).  The y-axis in Figure 10b is closure temperature divided by cooling age for each sample, 

a proxy for exhumation rate, but not a well-defined cooling rate, which should be calculated 

from multiple thermochronometers.  Not surprisingly, inferred exhumation rates in the SPTB are 

relatively low compared to the Pamir gneiss domes and the Rushan-Pshart suture zone (Stübner 

et al., 2013b; Rutte et al., 2017b) and are more akin to exhumation rates in the North Pamir 

terrane (Amidon and Hynek, 2010; Sobel et al., 2013), which is not interpreted to have 

experienced internal shortening during the Cenozoic (Burtman and Molnar, 1993; Robinson et 

al., 2004; 2007). 

 The Rushan-Pshart suture zone is characterized by Miocene low-temperature 

thermochronologic cooling ages, yielding relatively high Miocene to recent exhumation rates 

(Figs. 3 and 10, Table 1) that are interpreted to reflect rock uplift and erosion within the suture 

zone.  The new data support the conclusions of Rutte et al. (2017b) who suggested low (< 2 

°C/Myr) cooling rates in the Rushan-Pshart suture zone from the Late Cretaceous to the Miocene 

and accelerated cooling rates (up to ~ 30 °C/Myr) from the Miocene to the present.   

 

Age of the Mamazair Conglomerate and Murghab Basin 

 The Murghab Basin strata and the Mamazair conglomerate have previously been 

associated with Cenozoic deformation and growth of the Pamir orogen during India-Asia 

collision (Burtman and Molnar, 1993; Rutter et al., 2017a).  However, the results of this study do 

not yield evidence for a Cenozoic age for these deposits, and instead suggest older depositional 

ages. 

 Samples DV-7-15-15-2 and AR-5-27-00-5 (both interpreted to be correlative with the 

Mamazair conglomerate) from the southeastern SPTB have Upper Jurassic to Lower Cretaceous 
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zircon U-Pb minimum age populations interpreted as maximum depositional ages (141 to 154 

Ma).  Because of the widespread exposures of mid-Cretaceous igneous rocks in the region and 

abundant mid-Cretaceous detrital zircon U-Pb ages present in other samples of the Mamazair 

conglomerate from the same area (Figs. 2, 4 and 9), we interpret samples DV-7-15-15-2 and AR-

5-27-00-5 to have been deposited prior to the mid-Cretaceous.  Growth strata were not observed 

at these localities and it is unclear if these strata are syntectonic or were deposited prior to SPTB 

deformation.   

 Detrital zircon U-Pb and detrital ZFT minimum age populations for the rest of the 

Mamazair conglomerate samples cluster in the mid-Cretaceous (112 to 76 Ma) (Fig. 9) and are 

interpreted as maximum depositional ages.  Cenozoic igneous rocks are exposed in the Central 

and South Pamir terranes and Cenozoic leucogranite and migmatite are exposed within the Pamir 

gneiss domes (Ducea et al., 2003; Schwab et al., 2004; Jiang et al., 2012; Stübner et al., 2013a; 

Carrapa et al., 2014a; Stearns et al., 2015; Chapman et al., 2018), which could have contributed 

detrital zircon to the Mamazair conglomerate or Murghab Basin strata if these formations are 

Cenozoic in age.  Furthermore, detrital zircon U-Pb ages from modern streams draining the 

Central and South Pamir, and from Oligocene-Miocene sediments from the northeast margin of 

the Pamir, yield a strong Eocene signal (Lukens et al., 2012; Bershaw et al., 2012; Carrapa et al., 

2014) that is not present in the Mamazair and Murghab basin samples.   

 The detrital ZFT data from the Mamazair conglomerate indicate that the unit was not 

buried deeply enough to exceed a temperature of ~240 °C for significant periods of time and 

exhibit a detrital (not reset) thermochronologic signal.  None of the samples have Cenozoic 

detrital ZFT age populations (Fig. 9b) and very few (not statistically significant) single-grain 

ZFT analyses produced Cenozoic ages (Supplementary Material File 3).  In contrast, the Pamir 
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gneiss domes and Rushan-Pshart suture zone have Cenozoic ZFT exhumation ages (Stübner et 

al., 2013b; Stearns et al., 2015; Rutte et al., 2017b).  Crustal thickening in the Pamir is 

interpreted to have occurred during the Late Eocene to Oligocene (Smit et al., 2014; Stearns et 

al., 2015; Rutte et al., 2017b), which might also be expected to have produced a detrital ZFT 

signature in the Mamazair and Murghab basin samples. 

 Finally, interbedded volcaniclastic and tuffaceous beds in the Mamazair conglomerate 

from the Kyzylrabot area also support a mid- to Late Cretaceous depositional age (Fig. 4, 5K-L), 

as the age of the volcanic units in the Kyzylrabot area were recently reclassified from 

Paleogene(?) to mid-Cretaceous (Aminov et al., 2017; Chapman et al., 2018). 

 We emphasize that because the new detrital zircon U-Pb and detrital ZFT ages are 

maximum depositional ages, the Mamazair conglomerate and Murghab Basin could be Cenozoic 

in age. However, we adopt a Late Cretaceous age consistent with the available detrital zircon U-

Pb data, detrital ZFT data, previous biostratigraphic age control (Maastrichtian; Yushin et al., 

1964), locally interbedded tuffaceous beds, and similarly-aged red-colored units that occur in the 

Karakoram (the Tupopo and Darbaand Fm.; Gaetani et al., 1993).   

 

Cretaceous Tectonics in the South Pamir Terrane 

 The upper Gurumdi Group contains extensive dissolution features and paleokarst breccia, 

which indicate that the South Pamir terrane was uplifted above sea-level during the Late Jurassic 

to Early Cretaceous (Figs. 3 and 5E-F).  Robinson (2015) suggested Upper Jurassic deformation 

and uplift of the South Pamir terrane based on Late Jurassic 40Ar/39Ar cooling ages in the 

Rushan-Pshart suture zone presented in Schwab et al. (2004) and the absence of Upper Jurassic 

marine rocks (Pashkov and Budanov, 1990).  Rutte et al. (2017b) suggested that the Late Jurassic 
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40Ar/39Ar cooling ages in the Rushan-Pshart zone are magmatic cooling ages associated with 

nearby Jurassic intrusions (Schwab et al., 2004). 

 Either shortly after or contemporaneously with uplift and karst weathering, continental 

arc magmatism migrated into the Pamir, related to northward directed subduction of oceanic 

lithosphere (Debon et al., 1987; Crawford and Searle, 1992; Fraser et al., 2001; Schwab et al., 

2004; Ravikant et al., 2009).  The oldest Cretaceous igneous rocks identified in the South Pamir 

terrane are ~120 Ma (Fig. 3) and in the Kyzylrabot area, mid-Cretaceous (~105 Ma) volcanic 

rocks were deposited unconformably on Jurassic carbonate rocks (Aminov et al., 2017; Chapman 

et al. 2018; this study) (Fig. 4).   

 The Mamazair conglomerate is primarily exposed in the footwalls of thrust faults that 

form the SPTB.  Syndepositional deformation recorded by growth strata and recycled clasts in 

the Mamazair conglomerate link the timing of deposition and SPTB deformation (Figs. 5H-J and 

6).  If our interpretation of the age of the Mamazair conglomerate is correct, this suggests that 

post-Cimmerian (post-Late Triassic) upper crustal shortening in the SPTB occurred during the 

Late Cretaceous.  This interpretation supports a growing body of evidence for Cretaceous 

shortening throughout the Pamir: 1) the Tajik and Tarim basins and northern Pamir foreland 

contain thick, coarse-grained, clastic Cretaceous deposits that were derived from the Pamir 

(Hamburger et al., 1992; Sobel et al., 1999; Burtman, 2000; Bershaw et al., 2012; Carrapa et al., 

2015); 2) the North Pamir terrane experienced Cretaceous Barrovian metamorphism and 

shortening, including reactivation and southward-directed thrusting along the Tanymas fault 

(Robinson et al., 2004; Robinson, 2015); and 3) the Karakoram terrane experienced Cretaceous 

metamorphism and crustal thickening (Searle et al., 1999; Fraser et al., 2001; Hildebrand et al., 

2001).   
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Comparison of the South Pamir Terrane to Tibet 

 The Mesozoic geology of the Pamir Mountains and Tibetan Plateau share many 

characteristics.  Like the South Pamir terrane, the laterally equivalent Qiangtang terrane was 

uplifted above sea-level during the Late Jurassic to Early Cretaceous (Dewey et al., 1988; Leeder 

et al., 1988; Kapp et al., 2005).  Early Cretaceous igneous rocks are prevalent in the northern 

Lhasa terrane and southern Qiangtang terrane, with a peak in magmatism at ~110 Ma (Zhu et al., 

2009; 2016; Sui et al., 2013), similar to the South Pamir terrane (Schwab et al., 2004; Aminov et 

al., 2017; Chapman et al., 2018).  Although the Yarlung suture zone and parts of the Gangdese 

arc underwent significant (>6 km?) Cenozoic exhumation (Copeland et al., 1987; 1995; Carrapa 

et al., 2014b; 2017), the northern Lhasa terrane and Qiangtang terrane experienced minimal (<3 

km) post-Eocene burial and/or exhumation north of the suture zone (Kapp et al., 2005; DeCelles 

et al., 2007; Hetzel et al., 2012; Rohrmann et al., 2012; Wang et al., 2014), similar to the South 

Pamir terrane outside of the gneiss domes and suture zones (Fig. 10b).   

 In central Tibet, the majority of upper-crustal shortening was concentrated along the 

Bangong suture zone during the Jurassic-Early Cretaceous and propagated southward into the 

northern Lhasa thrust belt during the Late Cretaceous (Murphy et al., 1997; Kapp et al., 2005; 

2007b; DeCelles et al., 2007; Volkmer et al., 2007; 2014; Raterman et al., 2014).  The timing of 

shortening, the relationship to Mesozoic suture zones, and the overall southward vergence of the 

northern Lhasa thrust belt is similar to the South Pamir thrust belt (Figs. 3 and 8).  One 

difference between the South Pamir terrane and southern Tibet is in the magnitude of Cretaceous 

shortening, which exceeded 50% within the Bangong suture zone and northern Lhasa terrane, but 

was only moderate in the South Pamir terrane.  There are also Cretaceous red beds in the 
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Qiangtang terrane, Bangong suture zone, and northern Lhasa terrane that are associated with 

Cretaceous deformation (DeCelles et al., 2007; Kapp et al., 2007b; Leier et al., 2007; Raterman 

et al., 2014; Sun et al., 2015) and may be equivalent to the Murghab Basin and Mamazair 

conglomerate in the Pamir.   

 

Crustal Thickening in the Pamir 

 Based on work by Burtman and Molnar (1993), Schmidt et al. (2011) provided a 

summary of total Cenozoic shortening for the Pamir Mountains in order to examine models for 

crustal thickening.  Schmidt et al. (2011) showed that if the pre-collisional thickness of the Pamir 

crust was similar to global averages (35-40 km), 400-600 km of plane-strain shortening is 

required to account for the present-day crustal thickness of the Pamir.  The results of this study, 

combined with other recent investigations of the Pamir Mountains, enable a revised estimate of 

total shortening.  Cenozoic shortening estimates are summarized below, from north to south. 

 No Cenozoic upper crustal shortening has been documented within the North Pamir 

terrane (Burtman and Molnar, 1993; Amidon and Hynek. 2010; Robinson, 2015).  Rutte et al. 

(2017a) recently interpreted the Central Pamir terrane as a stack of thrust sheets overlying a 

series of large ductile fold nappes and reported >95 km of Cenozoic internal shortening.  The 

present study estimates <10 km of Cenozoic shortening in the South Pamir terrane.  Thus, the 

total amount of internal Cenozoic shortening documented in the North, Central, and South Pamir 

terranes is ca. 100 km, which is similar to Robinson’s (2015) interpretation that the total 

Cenozoic upper crustal shortening of the entire Pamir is ~80 km.   

 In contrast, Stübner et al. (2013a) estimated up to ~90 km of Cenozoic extension 

associated with the Shakhdara-Alichur gneiss dome and Rutte et al. (2017a) suggested ≤75 km of 
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Cenozoic extension in the Central Pamir gneiss domes, yielding ~165 km of total extension in 

the Pamir.  Although the magnitude of Cenozoic extension in the Pamir is not precisely 

constrained, these estimates raise the possibility that the upper crust of the Pamir interior could 

be characterized by net extension rather than net shortening (~165 km extension minus ~100 km 

of shortening) during the Cenozoic.   

 The above analysis and the paucity of internal Cenozoic shortening in the South Pamir 

terrane documented in this study raise the question of how the Pamir Mountains (and South 

Pamir terrane in particular) obtained their current crustal thickness.  Three end-member models 

have been previously proposed to explain the current crustal thickness: 1) Cenozoic shortening 

within the Pamir Mountains, 2) Mesozoic shortening within the Pamir Mountains, and 3) 

underthrusting of lithosphere external to the Pamir (e.g., Indian and/or Asian lithosphere). 

 

Cenozoic internal shortening model 

 Cenozoic shortening associated with India-Asia collision is a common explanation for the 

thick crust in the modern Pamir Mountains (Burtman and Molnar, 1993; Robinson et al., 2007; 

Schmidt et al., 2011; Stearns et al., 2013; 2015; Hacker et al., 2017; Rutte et al., 2017a).  Thrust 

sheets and internal shortening in the Central Pamir terrane, documented by Rutte et al. (2017a; 

2017b), explains the modern thickness of the crust in the Central Pamir terrane as well as the 

prograde metamorphic history of the Central Pamir gneiss domes (Smit et al., 2014; Stearns et 

al., 2015; Hacker et al., 2017).  The Shakhdara-Alichur gneiss dome in the South Pamir terrane 

has a similar metamorphic history to the Central Pamir gneiss domes (Stübner et al., 2013b; Smit 

et al., 2014; Stearns et al., 2015; Hacker et al., 2017) and ideally, a similar model for crustal 

thickening could be applied to the South Pamir terrane.  However, the results of this study 

suggest low magnitudes of internal shortening, which could not have buried the rocks in the 
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Shakhdara-Alichur gneiss dome to mid-to-lower crustal depths (≥ 50 km) as indicated by 

thermobarometry (Hacker et al., 2017).  In addition, the Shakhdara-Alichur gneiss dome does not 

display ductile nappe (shortening) structures like the Central Pamir gneiss domes (Stübner et al., 

2013a; Rutte et al., 2017a).  Internal crustal thickening also does not explain the current 

thickness of the North Pamir terrane crust. 

 

Mesozoic internal shortening model 

 The crust of the Pamir Mountains may have been significantly thickened during the 

Mesozoic (Robinson et al., 2004; 2012; Robinson, 2015), similar to some models for crustal 

thickening in Tibet (Murphy et al., 1997; Kapp et al., 2005; 2007a; Raterman et al., 2014).  

Robinson et al. (2004; 2012) presented evidence from the North Pamir terrane for Cretaceous 

shortening and crustal thickening, which could help explain the modern crustal thickness.  

Results of this study suggests that internal shortening occurred in the South Pamir terrane during 

the Mesozoic, but the magnitude of this shortening is not sufficient to significantly thicken the 

South Pamir crust.  This model also does not explain the Eocene to Miocene prograde 

metamorphic ages recorded within the Pamir gneiss domes that indicate protracted Cenozoic 

burial (Robinson et al., 2004; 2007; Schmidt et al., 2011; Stearns et al., 2013; 2015; Hacker et 

al., 2017).  Smit et al. (2014) proposed that Eocene Lu-Hf garnet (prograde) metamorphic ages 

from the Pamir gneiss domes may reflect high mantle heat flow associated with break-off and 

foundering of the Neotethyan oceanic slab, which would not require Cenozoic burial, although 

the protracted nature of prograde metamorphism within the gneiss domes (20-25 Myr; Stearns et 

al., 2015; Hacker et al., 2017) is generally inconsistent with a short-lived thermal pulse following 

slab break-off (Mahéo et al., 2002).   
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Underthrusting model 

 Lithosphere external to the Pamir may have been underthrust and incorporated into the 

Pamir orogen, helping to compress and thicken the crust (Butler and Coward, 1989; Kufner et 

al., 2016; Chapman et al., 2017), again analogous to some models for Tibet (Zhao and Morgan, 

1987; Nelson et al., 1996; DeCelles et al., 2002; Kapp and Guynn, 2004; Nábělek et al. 2009; 

Gao et al., 2016).  The northern margin of the Pamir and the eastern Tajik fold-thrust belt record 

~30 km of Cenozoic shortening (Leith and Alvarez, 1985; Hamburger et al., 1992; Bekker, 1996; 

Coutand et al., 2002; Li et al., 2012; Chapman et al., 2017).  Recent studies suggest that the 

Tajik-Tarim (Asian) lower crust was underthrust southward beneath the Pamir and incorporated 

into the orogen (rather than subducted), which could account for Cenozoic thickening and 

surface uplift in the North Pamir terrane without significant exhumation (Amidon and Hynek, 

2010; Kufner et al., 2016; Chapman et al., 2017).  On the southern margin of the Pamir, the 

Pakistan Himalayan fold-thrust belt, south of the Indus-Yarlung suture zone, records 400-600 km 

of upper crustal shortening (Butler and Coward, 1989).  Underthrust Indian mantle lithosphere is 

interpreted to directly underlie much the Pamir crust today (Schneider et al., 2013; Sippl et al., 

2013; Kufner et al., 2016), which implies that the overlying Indian lower crust has been 

incorporated into the upper plate.  In addition to Indian lithosphere, studies of the northern 

Karakorum sedimentary sequences suggest significant (but unconstrained) upper crustal 

shortening during the Cenozoic in the Karakoram terrane (Zanchi and Gaetani, 2011).  Part of 

the Karakoram terrane could also have been thrust beneath the South Pamir terrane and 

thickened the crust (e.g., Ducea et al., 2003).   

 An attractive aspect of the end-member model for underthrusting of Indian, Asian, or 

Karakoram lithosphere to thicken the Pamir lower crust is that it could drive extension in the 

mid-to-upper crust, resulting in the formation of the Pamir gneiss domes (Robinson et al., 2007; 



213 
 

Stübner et al., 2013b).  These models suggest mechanical decoupling (a mid-crustal shear zone) 

between a contractional lower crust and an extensional upper crust in the Pamir (Robinson et al., 

2007; Stübner et al., 2013b).  Similar mechanisms have been proposed to explain extension in 

the upper crust in Tibet (DeCelles et al., 2002; Liu and Yang, 2003; Kapp and Guynn, 2004; 

Copley et al., 2011; Styron et al., 2015).  However, northward underthrusting of Indian 

lithosphere or the Karakoram terrane will not cause upper crustal thrust stacking or burial in the 

South Pamir terrane and it is difficult to explain the prograde metamorphic history of the 

Shakhdara-Alichur gneiss dome with this model.  Hacker et al. (2017) reported that the rocks in 

the Pamir gneiss domes originated at ≤ 15-20 km depth prior to burial.  For the underthrusting 

model to be viable, the mid-crustal shear zone envisioned for the Pamir (Robinson et al., 2007; 

Stübner et al., 2013b) would need to exist above (shallower than) this depth.  Deep seismic 

reflection data from the Tibetan Plateau suggest that Indian lower crustal rocks are incorporated 

into the Himalayan-Tibetan orogen at depths ≥ 25 km (Gao et al., 2016), although it is uncertain 

if this geometry is applicable to the Pamir, located ~1,000 km away along strike.   

 

Crustal thickening summary 

 The results of this study, in conjunction with previous studies, suggest that crustal 

thickening was heterogeneous in time, space, and style within the Pamir Mountains.  Crustal 

thickening in the North Pamir terrane is best explained by Cretaceous upper crustal shortening 

(Robinson et al., 2004; 2012) and Cenozoic underthrusting of Tajik-Tarim Basin lithosphere and 

lower crust (Chapman et al., 2017).  Crustal thickening in the Central Pamir terrane is best 

explained by Cenozoic stacking of upper crustal thrust sheets and mid-crustal ductile nappes 

(Rutte et al., 2017a).  Despite the difficulties in explaining the prograde metamorphic history of 

the Shakhdara-Alichur gneiss dome, the results of this study are most consistent with models that 
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propose that underthrusting of Indian lithosphere thickened the lower crust of the South Pamir 

terrane (Kufner et al., 2016).  Underthrusting of the Karakoram terrane and/or Central Pamir 

terrane lithosphere also could have thickened the South Pamir terrane lower crust (e.g., Robinson 

et al., 2012); however, this possibility still does not resolve the prograde (burial) history of the 

Shakhdara-Alichur gneiss dome.  Although the timing of prograde metamorphism is comparable 

between the Central Pamir terrane gneiss domes and the Shakhdara-Alichur gneiss dome in the 

South Pamir terrane, Hacker et al. (2017) estimated that the rate of burial of rocks in the 

Shakhdara-Alichur gneiss dome was twice as fast (2-8 km/Myr) and reached nearly twice the 

depth (≥ 50 km) of the rocks in the Central Pamir gneiss domes.  These differences may indicate 

contrasting mechanisms for burial in the South Pamir terrane compared to the Central Pamir 

terrane. 

 

Summary and Conclusions 

 Geologic mapping in the South Pamir terrane documents distributed deformation in an 

overall south-vergent thrust belt, the South Pamir Thrust Belt (SPTB) that offsets otherwise 

undeformed Jurassic shallow marine limestone and shale of the Gurumdi Group.  Field 

observations of the SPTB indicate relatively minor amounts of shortening since the Jurassic.  

Paleokarst dissolution features and karst breccia in the upper Gurumdi Group suggest that the 

South Pamir was uplifted above sea-level during the Late Jurassic to Early Cretaceous.  

Unconformably overlying the Gurumdi Group in the South Pamir terrane are coarse, clastic, 

synorogenic sedimentary rocks of the Mamazair conglomerate, which are exposed primarily in 

the footwall of thrust faults in the SPTB.  Growth strata and recycled conglomerate clasts 

indicate that deformation in the SPTB was synchronous with deposition of the Mamazair 
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conglomerate.  New detrital zircon U-Pb and detrital ZFT data from the Mamazair conglomerate 

are consistent with it having been deposited during the mid- to Late Cretaceous, with maximum 

depositional ages between 112 Ma and 76 Ma, but do not preclude a younger depositional age.  

These results suggest that the majority of upper crustal shortening in the South Pamir terrane 

could have occurred during the Cretaceous rather than the Cenozoic as previously proposed 

(Vlasov et al., 1991; Burtman and Molnar, 1993).  Mid-Cretaceous zircon U-Pb ages (105 to 122 

Ma) from intrusive rocks in the South Pamir terrane and interbedded volcaniclastic and 

tuffaceous units in the Mamazair conglomerate suggest that arc magmatism was in-part coeval 

with shortening.  New AHe and ZHe data from rocks in the South Pamir terrane generally record 

Late Cretaceous to Eocene cooling ages and indicate minimal cooling and exhumation during the 

Cenozoic outside of gneiss domes and suture zones. 

 The record of Cretaceous shortening in the South Pamir terrane is consistent with 

previous studies that recognized Cretaceous deformation in the North Pamir terrane (Robinson et 

al., 2004; 2007; 2012) and supports models for crustal thickening prior to the India-Asia collision 

(Murphy et al., 1997; Kapp et al., 2005; Robinson, 2015).  The lack of internal Cenozoic 

shortening in the South Pamir terrane, however, is difficult to reconcile with Cenozoic prograde 

metamorphic ages recorded in the Shakhdara-Alichur gneiss dome that imply Cenozoic crustal 

thickening (Schmidt et al., 2011; Stearns et al., 2013; 2015; Smit et al., 2014; Hacker et al., 

2017).  Total Cenozoic internal shortening in the Pamir may be less than total extension (Stübner 

et al., 2013a; Rutte et al., 2017a) and the Pamir crust may have been thinned by an additional 10-

15 km by delamination of the lower crust (Kufner et al., 2016; Chapman et al., 2017).  The 

results of the study are consistent with models for Cenozoic crustal thickening in the South 

Pamir terrane by insertion of Indian lower crust into the Pamir orogen (Kufner et al., 2016) and 
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models for a mid-crustal shear zone that decouples upper crustal extension and lower crustal 

contraction (Robinson et al., 2007; Stübner et al., 2013a).   

 

Acknowledgements 

Support was provided by NSF EAR-1450899 (A.R.), NSF EAR-1419748 (P.K.), NSF EAR-

0929777 and 1338583 (G.G., Arizona Laserchron Center), and research grants from the 

American Philosophical Society (J.C.), the American Association of Petroleum Geologists (J.C.), 

the Geological Society of America (J.C.), and Exxon Mobil Corporation (B.C.).   

 

References Cited 

Allégre, C.O., Courtillot, V., Tapponnier, P., Hirn, A., Mattauer, M., Coulon, C., Jaeger, J.J., 

Achache, J., Schärer, U., Marcoux, J. and Burg, J.P., 1984, Structure and evolution of the 

Himalaya-Tibet orogenic belt: Nature, v. 307, p. 17-22. 

Amidon, W.H., and Hynek, S.A., 2010, Exhumational history of the north central Pamir: 

Tectonics, v. 29. 

Aminov, J., Ding, L., Mamadjonov, Y., Dupont-Nivet, G., Aminov, J., Zhang, L.Y., Yoqubov, 

S., Aminov, J. and Abdulov, S., 2017, Pamir Plateau formation and crustal thickening 

before the India-Asia collision inferred from dating and petrology of the 110–92 Ma 

Southern Pamir volcanic sequence: Gondwana Research, v. 51, p. 310-326. 

Angiolini, L., Zanchi, A., Zanchetta, S., Nicora, A. and Vezzoli, G., 2013, The Cimmerian 

geopuzzle: new data from South Pamir. Terra Nova, v. 25, p.352-360. 

Angiolini, L., Zanchi, A., Zanchetta, S., Nicora, A., Vuolo, I., Berra, F., Henderson, C., 

Malaspina, N., Rettori, R., Vachard, D. and Vezzoli, G., 2015, From rift to drift in South 



217 
 

Pamir (Tajikistan): Permian evolution of a Cimmerian terrane: Journal of Asian Earth 

Sciences, v. 102, p.146-169.  

Bekker, Y.A., 1996, Tectonics of the Afghan-Tajik depression: Geotectonics, v. 30, p.64-70. 

Bershaw, J., Garzione, C.N., Schoenbohm, L., Gehrels, G. and Tao, L., 2012, Cenozoic 

evolution of the Pamir plateau based on stratigraphy, zircon provenance, and stable 

isotopes of foreland basin sediments at Oytag (Wuyitake) in the Tarim Basin (west 

China): Journal of Asian Earth Sciences, v. 44, p.136-148. 

Brandon, M.T., Roden-Tice, M.K., and Garver, J.I., 1998, Late Cenozoic exhumation of the 

Cascadia accretionary wedge in the Olympic Mountains, northwest Washington State: 

Geological Society of America Bulletin, v. 110, p. 985-1009. 

Burg, J.P., 2011, The Asia–Kohistan–India collision: review and discussion, in Brown, D., and 

Ryan, P., eds., Arc-Continent Collision: Springer, Berlin Heidelberg, p. 279-309. 

Burtman, V.S., 2000, Cenozoic crustal shortening between the Pamir and Tien Shan and a 

reconstruction of the Pamir-Tien Shan transition zone for the Cretaceous and Palaeogene: 

Tectonophysics, v. 319, p. 69-92. 

Burtman, V.S., and Molnar, P., 1993, Geological and geophysical evidence for deep subduction 

beneath the Pamir: Geological Society of America Special Paper, v. 281, 76p. 

Butler, R.W., and Coward, M.P., 1989, Crustal scale thrusting and continental subduction during 

Himalayan collision tectonics on the NW Indian plate, in Sengör, A.M.C., ed., Tectonic 

Evolution of the Tethyan Region, Springer, Netherlands, p. 387-413. 

Carrapa, B., DeCelles, P.G., Wang, X., Clementz, M.T., Mancin, N., Stoica, M., Kraatz, B., 

Meng, J., Abdulov, S., and Chen, F., 2015, Tectono-climatic implications of Eocene 



218 
 

Paratethys regression in the Tajik basin of central Asia: Earth and Planetary Science 

Letters, v. 424, p. 168-178. 

Carrapa, B., Mustapha, F.S., Cosca, M., Gehrels, G., Schoenbohm, L.M., Sobel, E.R., DeCelles, 

P.G., Russell, J. and Goodman, P., 2014a, Multisystem dating of modern river detritus 

from Tajikistan and China: Implications for crustal evolution and exhumation of the 

Pamir: Lithosphere, v. 6, p. 443-455. 

Carrapa, B., Orme, D.A., DeCelles, P.G., Kapp, P., Cosca, M.A., and Waldrip, R., 2014b, 

Miocene burial and exhumation of the India-Asia collision zone in southern Tibet: 

Response to slab dynamics and erosion: Geology, v. 42, p. 443-446. 

Chapman, J.B., Carrapa, B., Ballato, P., DeCelles, P.G., Worthington, J., Oimahmadov, I., 

Gadoev, M., Ketcham, R., 2017, Thermokinematic modeling of shortening in the Tajik 

Fold and Thrust Belt: Implications for intracontinental subduction beneath the Pamir 

Mountains: Geological Society of America Bulletin. 

Chapman, J.B., Scoggin, S.H., Kapp, P., Carrapa, B., Ducea, M.N., Worthington, J., 

Oimahmadov, I., and Gadoev, M., 2018, Mesozoic to Cenozoic magmatic history of the 

Pamir: Earth and Planetary Science Letters, v. 482, p. 181-192. 

Copeland, P., Harrison, T.M., Kidd, W.E.A., Ronghua, X., and Yuquan, Z., 1987, Rapid early 

Miocene acceleration of uplift in the Gangdese Belt, Xizang (southern Tibet), and its 

bearing on accommodation mechanisms of the India-Asia collision: Earth and Planetary 

Science Letters, v. 86, p. 240-252. 

Copeland, P., Harrison, T.M., Pan, Y., Kidd, W.S.F., Roden, M., and Zhang, Y., 1995, Thermal 

evolution of the Gangdese batholith, southern Tibet: A history of episodic unroofing: 

Tectonics, v. 14, p. 223-236. 



219 
 

Copley, A., Avouac, J.P., and Wernicke, B.P., 2011, Evidence for mechanical coupling and 

strong Indian lower crust beneath southern Tibet: Nature, v. 472, p. 79. 

Coutand, I., Strecker, M.R., Arrowsmith, J.R., Hilley, G., Thiede, R.C., Korjenkov, A. and 

Omuraliev, M., 2002, Late Cenozoic tectonic development of the intramontane Alai 

Valley,(Pamir‐Tien Shan region, central Asia): An example of intracontinental 

deformation due to the Indo‐Eurasia collision: Tectonics, v. 21. 

Crawford, M.B., and Searle, M.P., 1992, Field relations and geochemistry of pre-collisional 

(India-Asia) granitoid magmatism in the central Karakoram, northern Pakistan: 

Tectonophysics, v. 206, p. 171–192. 

Debon, F., Le Fort, P., Dautel, D., Sonet, J., and Zimmerman, J.L., 1987, Granites of western 

Karakorum and northern Kohistan (Pakistan): A composite Mid-Cretaceous to Upper 

Cenozoic magmatism: Lithos, v. 20, p. 19–40 

DeCelles, P.G., Kapp, P., Ding, L., and Gehrels, G.E., 2007, Late Cretaceous to middle Tertiary 

basin evolution in the central Tibetan Plateau: Changing environments in response to 

tectonic partitioning, aridification, and regional elevation gain: Geological Society of 

America Bulletin, v. 119, p. 654-680. 

DeCelles, P.G., Robinson, D.M. and Zandt, G., 2002, Implications of shortening in the 

Himalayan fold‐thrust belt for uplift of the Tibetan Plateau: Tectonics, v. 21. 

Dewey, J.F., Shackleton, R.M., Chengfa, C., and Yiyin, S., 1988, The tectonic evolution of the 

Tibetan Plateau: Philosophical Transactions of the Royal Society of London A: 

Mathematical, Physical and Engineering Sciences, v. 327, p. 379-413. 

Dodson, M.H., 1973, Closure temperature in cooling geochronological and petrological systems: 

Contributions to Mineralogy and Petrology, v. 40, p. 259-274. 



220 
 

Dronov, V.L., Melnikova, G.K., Salibajev, G.Ch., Bardashev, I.A., Minajiev, V.E. and 

Muchabatov, M.M., 2006, Stratigraphic Dictionary of the Pamirs: Technische 

Univeristaat Bergakademie, Freiberg. 252p. 

Ducea, M.N., Lutkov, V., Minaev, V.T., Hacker, B., Ratschbacher, L., Luffi, P., Schwab, M., 

Gehrels, G.E., McWilliams, M., Vervoort, J. and Metcalf, J., 2003, Building the Pamirs: 

The view from the underside: Geology, v. 31, p.849-852.  

Fraser, J.E., Searle, M.P., Parrish, R.R., Nobel, S.R., 2001, Chronology of deformation, 

metamorphism, and magmatism in the southern Karakoram Mountains: Geol. Soc. Am. 

Bull. v. 113, p. 1443–1455. 

Gaetani, M., Jadoul, F., Erba, E., and Garzanti, E., 1993, Jurassic and Cretaceous orogenic 

events in the North Karakoram: age constraints from sedimentary rocks: Geological 

Society, London, Special Publications, v. 74, p. 39-52. 

Gaetani, M., Nicora, A., Henderson, C., Cirilli, S., Gale, L., Rettori, R., Vuolo, I. and Atudorei, 

V., 2013, Refinements in the Upper Permian to Lower Jurassic stratigraphy of 

Karakorum, Pakistan: Facies, v. 59, p.915-948. 

Gao, R., Lu, Z., Klemperer, S.L., Wang, H., dong, S., Li, W., and Li, H., 2016, Crustal-scale 

duplexing beneath the Yarlung Zangbo suture in the western Himalaya: Nature 

Geoscience, v. 9, p. 555-560. 

Hacker, B.R., Ratschbacher, L., Rutte, D., Stearns, M.A., Malz, N., Stübner, K., Kylander‐Clark, 

A.R., Pfänder, J.A., and Everson, A., 2017, Building the Pamir–Tibet Plateau: Crustal 

stacking, extensional collapse, and lateral extrusion in the Pamir: 3. Thermobarometry 

and Petrochronology of Deep Asian Crust: Tectonics. 



221 
 

Hamburger, M.W., Sarewitz, D.R., Pavlis, T.L. and Popandopulo, G.A., 1992, Structural and 

seismic evidence for intracontinental subduction in the Peter the First Range, central 

Asia: Geological Society of America Bulletin, v. 104, p. 397-408. 

Hetzel, R., Dunkl, I., Haider, V., Strobl, M., von Eynatten, H., Ding, L., and Frei, D., 2012, 

Peneplain formation in southern Tibet predates the India-Asia collision and plateau uplift: 

Geology, v. 39, p. 983-986. 

Hildebrand, P.R., Nobel, S.R., Searle, M.P., Waters, D.J., Parrish, R.R., 2001, Old origin for an 

active mountain range: geology and geochronology of the eastern Hindu Kush, Pakistan: 

Geol. Soc. Am. Bull. v. 113, p. 625–639. 

Ischuk, A., Bendick, R., Rybin, A., Molnar, P., Khan, S.F., Kuzikov, S., Mohadjer, S., 

Saydullaev, U., Ilyasova, Z., Schelochkov, G. and Zubovich, A.V., 2013, Kinematics of 

the Pamir and Hindu Kush regions from GPS geodesy: Journal of Geophysical Research: 

Solid Earth, v. 118, p. 2408-2416. 

James, N.P., and Choquette, P.W. (eds.), 1988, Paleokarst: Springer Science & Business Media., 

416p. 

Jiang, Y.H., Liu, Z., Jia, R.Y., Liao, S.Y., Zhou, Q., and Zhao, P., 2012, Miocene potassic 

granite–syenite association in western Tibetan Plateau: Implications for shoshonitic and 

high Ba–Sr granite genesis: Lithos, v. 134, p. 146-162. 

Kapp, P., and Guynn, J.H., 2004, Indian punch rifts Tibet: Geology, v. 32, p. 993-996. 

Kapp, P., DeCelles, P.G., Gehrels, G.E., Heizler, M. and Ding, L., 2007a, Geological records of 

the Lhasa-Qiangtang and Indo-Asian collisions in the Nima area of central Tibet: 

Geological Society of America Bulletin, v. 119, p.917-933. 



222 
 

Kapp, P., DeCelles, P.G., Leier, A.L., Fabijanic, J.M., He, S., Pullen, A., Gehrels, G.E. and Ding, 

L., 2007b, The Gangdese retroarc thrust belt revealed: GSA Today, v. 17, p.4-9.  

Kapp, P., Yin, A., Harrison, T.M., Ding, L., 2005, Cretaceous-Tertiary shortening, basin 

development, and volcanism in central Tibet: Geol. Soc. Am. Bull. v. 117, p. 865–878. 

Kufner, S.K., Schurr, B., Sippl, C., Yuan, X., Ratschbacher, L., Ischuk, A., Murodkulov, S., 

Schneider, F., Mechie, J. and Tilmann, F., 2016, Deep India meets deep Asia: 

Lithospheric indentation, delamination and break-off under Pamir and Hindu Kush 

(Central Asia): Earth and Planetary Science Letters, v. 435, p.171-184. 

Leeder, M.R., Smith, A.B. and Jixiang, Y., 1988, Sedimentology, palaeoecology and 

palaeoenvironmental evolution of the 1985 Lhasa to Golmud Geotraverse: Philosophical 

Transactions of the Royal Society of London A: Mathematical, Physical and Engineering 

Sciences, v. 327, p.107-143. 

Leier, A.L., DeCelles, P.G., Kapp, P., and Gehrels, G.E., 2007, Lower Cretaceous strata in the 

Lhasa terrane, Tibet, with implications for understanding the early tectonic history of the 

Tibetan Plateau: Journal of Sedimentary Research, v. 77, p. 809-825. 

Leith, W., and Alvarez, W., 1985, Structure of the Vakhsh fold-and-thrust belt, Tadjik SSR: 

geologic mapping on a Landsat image base: Geological Society of America Bulletin, v. 

96, p. 875–885. 

Leven, J. E., 1995, Permian and Triassic of the Rushan-Pshart Zone (Pamir): Rivista Italiana 

Paleontologia Stratigrafia, v. 101, p. 3–16. 

Li, T., Chen, J., Thompson, J.A., Burbank, D.W. and Xiao, W., 2012, Equivalency of geologic 

and geodetic rates in contractional orogens: New insights from the Pamir Frontal Thrust: 

Geophysical Research Letters, v. 39. 



223 
 

Lindsay, C.R., 2007, Geologic Map of Quadrangles 3772, 3774, 3672, and 3674, Gaz-Khan 

(313), Sarhad (314), Kol-I-Chaqmaqtin (315), Khandud (319), Deh-Ghulaman (320), and 

Ertfah (321) Quadrangles, Afghanistan: U.S. Geological Survey Open File Report 2005-

1097-A. 

Lister, G.S., and Davis, G.A., 1989, The origin of metamorphic core complexes and detachment 

faults formed during Tertiary continental extension in the northern Colorado River 

region, USA: Journal of Structural Geology, v. 11, p. 65-94. 

Liu, M., and Yang, Y., 2003, Extensional collapse of the Tibetan plateau: Results of three‐

dimensional finite element modeling: Journal of Geophysical Research: Solid Earth, v. 

108. 

Lukens, C.E., Carrapa, B., Singer, B.S., and Gehrels, G., 2012, Miocene exhumation of the 

Pamir revealed by detrital geothermochronology of Tajik rivers: Tectonics, v. 31, 

TC2014. 

Mack, G.H., James, W.C., and Monger, H.C., 1993, Classification of paleosols: Geological 

Society of America Bulletin, v. 105, p. 129-136. 

Mahéo, G., Guillot, S., Blichert-Toft, J., Rolland, Y., and Pêcher, A., 2002, A slab breakoff 

model for the Neogene thermal evolution of South Karakorum and South Tibet: Earth 

and Planetary Science Letters, v. 195, p. 45-58. 

Mechie, J., Yuan, X., Schurr, B., Schneider, F., Sippl, C., Ratschbacher, L., Minaev, V., Gadoev, 

M., Oimahmadov, I., Abdybachaev, U. and Moldobekov, B., 2012, Crustal and 

uppermost mantle velocity structure along a profile across the Pamir and southern Tien 

Shan as derived from project TIPAGE wide-angle seismic data: Geophysical Journal 

International, v. 188, p. 385-407. 



224 
 

Murphy, M.A., Yin, A., Harrison, T.M., Durr, S.B., Chen, Z., Ryerson, F.J., Kidd, W.S.F., 

Wang, X. and Zhou, X., 1997, Significant crustal shortening in south-central Tibet prior 

to the Indo-Asian collision: Geology, v. 25, p.719-722. 

Nábělek, J., Hetényi, G., Vergne, J., Sapkota, S., Kafle, B., Jiang, M., Su, H., Chen, J. and 

Huang, B.S., 2009, Underplating in the Himalaya-Tibet collision zone revealed by the 

Hi-CLIMB experiment: Science, v. 325, p.1371-1374. 

Nelson, K.D., Zhao, W., Brown, L.D., Kuo, J., Che, J., Liu, X., Klemperer, S.L., Makovsky, Y., 

Meissner, R., Mechie, J. and Kind, R., 1996, Partially molten middle crust beneath 

southern Tibet: synthesis of project INDEPTH results: Science, v. 274, p.1684-1688. 

Pashkov, B.R., Budanov, V.I., 1990, The tectonics of the zone of intersection between the 

Southeastern and southwestern Pamir: Geotectonics, v. 24, p. 246–253 (in Russian). 

Ramsay, J.G., 1967, Folding and Fracturing  of Rocks. McGraw-Hill, New York 

Raterman, N.S., Robinson, A.C., and Cowgill, E.S., 2014, Structure and detrital zircon 

geochronology of the Domar fold-thrust belt: Evidence of pre-Cenozoic crustal 

thickening of the western Tibetan Plateau, in: Nie, J., Horton, B.K., Hoke, G.D., (eds.), 

Toward an Improved Understanding of Uplift Mechanisms and the Elevation History of 

the Tibetan Plateau: Geological Society of America Special Paper 507, p. 89–114. 

Ravikant, V., Wu, F.Y., and Ji, W.Q., 2009, Zircon U–Pb and Hf isotopic constraints on 

petrogenesis of the Cretaceous–Tertiary granites in eastern Karakoram and Ladakh, 

India: Lithos, v. 110, p. 153-166. 

Reiners, P.W., and Brandon, M.T., 2006, Using thermochronology to understand orogenic 

erosion: Annual Rev. Earth Planet. Sci., v. 34, p. 419-466. 



225 
 

Robinson, A.C., 2009, Geologic offsets across the northern Karakorum fault: implications for its 

role and terrane correlations in the western Himalayan-Tibetan orogen: Earth Planet. Sci. 

Lett., v. 279, p. 123–130. 

Robinson, A.C., 2015, Mesozoic tectonics of the Gondwanan terranes of the Pamir plateau: 

Journal of Asian Earth Sciences, v. 102, p. 170-179. 

Robinson, A.C., Ducea, M. and Lapen, T.J., 2012, Detrital zircon and isotopic constraints on the 

crustal architecture and tectonic evolution of the northeastern Pamir: Tectonics, v. 31. 

Robinson, A.C., Yin, A., Manning, C.E., Harrison, T.M., Zhang, S.-H., Wang, X.-F., 2004, 

Tectonic evolution of the northeastern Pamir: constraints from the northern portion of the 

Cenozoic Kongur Shan extensional system: Geol. Soc. Am. Bull., v. 116, p. 953–974. 

Robinson, A.C., Yin, A., Manning, C.E., Harrison, T.M., Zhang, S.-H., and Wang, X.-F., 2007, 

Cenozoic evolution of the eastern Pamir: implications for strain accommodation 

mechanisms at the western end of the Himalayan-Tibetan orogen: Geol. Soc. Am. Bull., 

v. 119, p. 882–896. 

Rohrmann, A., Kapp, P., Carrapa, B., Reiners, P.W., Guynn, J., Ding, L. and Heizler, M., 2012, 

Thermochronologic evidence for plateau formation in central Tibet by 45 Ma: Geology, 

v. 40, p.187-190. 

Rutte, D., Lothar, R., Schneider, S., Stübner, K., Stearns, M.A., Gulzar, M.A. and Hacker, B.R., 

2017a, Building the Pamir‐Tibet Plateau—Crustal Stacking, Extensional Collapse, and 

Lateral Extrusion in the Central Pamir: 1. Geometry and Kinematics: Tectonics.  

Rutte, D., Ratschbacher, L., Khan, J., Stübner, K., Hacker, B.R., Stearns, M.A., Enkelmann, E., 

Jonckheere, R., Pfänder, J.A., Sperner, B. and Tichomirowa, M., 2017b. Building the 



226 
 

Pamir‐Tibet Plateau—Crustal stacking, Extensional Collapse, and Lateral Extrusion in 

the Central Pamir: 2. Timing and Rates: Tectonics.  

Salvador, A, ed., 1994, International Stratigraphic Guide: Geological Society of America, 214p. 

Schmidt, J., Hacker, B.R., Ratschbacher, L., Stübner, K., Stearns, M., Kylander-Clark, A., 

Cottle, J.M., Alexander, A., Webb, G., Gehrels, G. and Minaev, V., 2011, Cenozoic deep 

crust in the Pamir: Earth and Planetary Science Letters, v. 312, p. 411-421. 

Schneider, F.M., Yuan, X., Schurr, B., Mechie, J., Sippl, C., Haberland, C., Minaev, V., 

Oimahmadov, I., Gadoev, M., Radjabov, N. and Abdybachaev, U., 2013, Seismic 

imaging of subducting continental lower crust beneath the Pamir: Earth and Planetary 

Science Letters, v. 375, p. 101-112. 

Schurr, B., Ratschbacher, L., Sippl, C., Gloaguen, R., Yuan, X., and Mechie, J., 2014, 

Seismotectonics of the Pamir: Tectonics, v. 33, p. 1,501-1,518. 

Schwab, M., Ratschbacher, L., Siebel, W., McWilliams, M., Minaev, V., Lutkov, V., Chen, F., 

Stanek, K., Nelson, B., Frisch, W. and Wooden, J.L., 2004, Assembly of the Pamirs: Age 

and origin of magmatic belts from the southern Tien Shan to the southern Pamirs and 

their relation to Tibet: Tectonics, v. 23. 

Searle, M.P., Khan, M.A., Fraser, J.E., Gough, S.J., and Jan, M.Q., 1999, The tectonic evolution 

of the Kohistan‐Karakoram collision belt along the Karakoram Highway transect, north 

Pakistan: Tectonics, v. 18, p. 929-949. 

Shvol’man, V.A., 1978, Relicts of the Mesotethys in the Pamirs: Himalayan Geology, v.8, p. 

369-378. 

Sippl, C., Schurr, B., Yuan, X., Mechie, J., Schneider, F.M., Gadoev, M., Orunbaev, S., 

Oimahmadov, I., Haberland, C., Abdybachaev, U., and Minaev, V., 2013, Geometry of 



227 
 

the Pamir‐Hindu Kush intermediate‐depth earthquake zone from local seismic data: 

Journal of Geophysical Research: Solid Earth, v. 118, p.1438-1457. 

Smit, M.A., Ratschbacher, L., Kooijman, E., and Stearns, M.A., 2014, Early evolution of the 

Pamir deep crust from Lu-Hf and U-Pb geochronology and garnet thermometry: 

Geology, v. 42, p. 1047-1050. 

Sobel, E.R., 1999, Basin analysis of the Jurassic–Lower Cretaceous southwest Tarim basin, 

northwest China: Geological Society of America Bulletin, v. 111, p.709-724. 

Sobel, E.R., Chen, J., Schoenbohm, L.M., Thiede, R., Stockli, D F., Sudo, M., and Strecker, 

M.R., 2013, Oceanic-style subduction controls late Cenozoic deformation of the Northern 

Pamir orogen: Earth and Planetary Science Letters, v. 363, p. 204-218. 

Stearns, M.A., Hacker, B.R., Ratschbacher, L., Lee, J., Cottle, J.M., and Kylander-Clark, A., 

2013, Synchronous Oligocene–Miocene metamorphism of the Pamir and the north 

Himalaya driven by plate-scale dynamics: Geology, v. 41, p. 1071-1074. 

Stearns, M.A., Hacker, B.R., Ratschbacher, L., Rutte, D. and Kylander‐Clark, A.R.C., 2015, 

Titanite petrochronology of the Pamir gneiss domes: Implications for middle to deep 

crust exhumation and titanite closure to Pb and Zr diffusion: Tectonics, v. 34, p.784-802. 

Strecker, M.R., Frisch, W., Hamburger, M.W., Ratschbacher, S., Semiletkin, S., Zamoruyev, A., 

and Sturchio, N., 1995, Quaternary deformation in the Eastern Pamirs, Tadzhikistan ‘and 

Kyrgyzstan: Tectonics, v. 14, p.1061-1079. 

Stübner, K., Ratschbacher, L., Rutte, D., Stanek, K., Minaev, V., Wiesinger, M. and Gloaguen, 

R., 2013a, The giant Shakhdara migmatitic gneiss dome, Pamir, India‐Asia collision 

zone: 1. Geometry and kinematics: Tectonics, v. 32, p.948-979. 



228 
 

Stübner, K., Ratschbacher, L., Weise, C., Chow, J., Hofmann, J., Khan, J., Rutte, D., Sperner, B., 

Pfänder, J.A., Hacker, B.R. and Dunkl, I., 2013b, The giant Shakhdara migmatitic gneiss 

dome, Pamir, India‐Asia collision zone: 2. Timing of dome formation: Tectonics, v. 32, 

p.1404-1431. 

Styron, R., Taylor, M., and Sundell, K., 2015, Accelerated extension of Tibet linked to the 

northward underthrusting of Indian crust: Nature Geoscience, v. 8, p. 131. 

Sui, Q.L., Wang, Q., Zhu, D.C., Zhao, Z.D., Chen, Y., Santosh, M., Hu, Z.C., Yuan, H.L., and 

Mo, X.X., 2013, Compositional diversity of ca. 110 Ma magmatism in the northern Lhasa 

Terrane, Tibet: Implications for the magmatic origin and crustal growth in a continent–

continent collision zone: Lithos, v. 168, p. 144-159. 

Sun, G., Hu, X., Sinclair, H.D., BouDagher-Fadel, M.K., and Wang, J., 2015, Late Cretaceous 

evolution of the Coqen Basin (Lhasa terrane) and implications for early topographic 

growth on the Tibetan Plateau: Geological Society of America Bulletin, v. 127, p. 1001-

1020. 

Vermeesch, P., 2012, On the visualisation of detrital age distributions: Chemical Geology, v.312-

313, p. 190-194. 

Villarreal, D., Robinson, A., Oimahmadov, I., MacDonald, B., Carrapa, B., and Gadoev, M., 

2015, Assessing Pre-Cenozoic Shortening of the Southern Pamir, AGU, T21B-2825. 

Vlasov, N., Yu, G., Dyakov, A., and Cherev E.S., 1991, Geological map of the Tajik SSR and 

adjacent territories, 1:500,000: Vsesojuznoi Geologic Institute of Leningrad, Saint 

Petersburg. 

Volkmer, J.E., Kapp, P., Guynn, J.H., and Lai, Q., 2007, Cretaceous‐Tertiary structural evolution 

of the north central Lhasa terrane, Tibet: Tectonics, v. 26. 



229 
 

Volkmer, J.E., Kapp, P., Horton, B.K., Gehrels, G.E., Minervini, J.M. and Ding, L., 2014, 

Northern Lhasa thrust belt of central Tibet: Evidence of Cretaceous–early Cenozoic 

shortening within a passive roof thrust system?: Geological Society of America Special 

Paper 507, p.59-70. 

Wang, C., Dai, J., Zhao, X., Li, Y., Graham, S.A., He, D., Ran, B., and Meng, J., 2014, Outward-

growth of the Tibetan Plateau during the Cenozoic: A review: Tectonophysics, v. 621, p. 

1-43. 

Wernicke, B. and Burchfiel, B.C., 1982, Modes of extensional tectonics: Journal of Structural 

Geology, v. 4, p. 105-115. 

Xiao, W.J., Windley, B.F., Chen, H.L., Zhang, G.C., and Li, J.L., 2002, Carboniferous-Triassic 

subduction and accretion in the western Kunlun, China: Implications for the collisional 

and accretionary tectonics of the northern Tibetan Plateau: Geology, v. 30, p. 295-298. 

Yushin, I.P., M. E. Sass, S. S. Karapetov, S. M. Altukhov, I. C. Teplov, C. R. Raeakov, S. I. 

Harkov, and A. G. Davidchenko (1964), J-43-VIII, XIV, XV, XX, XXI, 1:200,000 maps 

of the Tajik SSR, Russian Geological Research Institute. 

Zanchi, A. and Gaetani, M., 2011, The geology of the Karakoram range, Pakistan: the new 1: 

100,000 geological map of Central-Western Karakoram: Italian journal of geosciences, v. 

130, p.161-262. 

Zanchi, A., Poli, S., Fumagalli, P. and Gaetani, M., 2000, Mantle exhumation along the Tirich 

Mir Fault Zone, NW Pakistan: pre-mid-Cretaceous accretion of the Karakoram terrane to 

the Asian margin: Geological Society, London, Special Publications, v. 170, p.237-252. 

Zhao, W.L., and Morgan, W.J., 1987, Injection of Indian crust into Tibetan lower crust: A two‐

dimensional finite element model study: Tectonics, v. 6, p. 489-504. 



230 
 

Zhu, D.C., Li, S.M., Cawood, P.A., Wang, Q., Zhao, Z.D., Liu, S.A., and Wang, L.Q., 2016, 

Assembly of the Lhasa and Qiangtang terranes in central Tibet by divergent double 

subduction: Lithos, v. 245, p. 7-17. 

Zhu, D.C., Mo, X.X., Niu, Y., Zhao, Z.D., Wang, L.Q., Liu, Y.S., and Wu, F.Y., 2009, 

Geochemical investigation of Early Cretaceous igneous rocks along an east–west traverse 

throughout the central Lhasa Terrane, Tibet: Chemical Geology, v. 268, p. 298-312. 

 

  



231 
 

Figures and Tables 
 

 
 
Figure 1: 
Overview map of the Pamir Mountains.  CHMF = Chaman Fault, MPT = Main Pamir Thrust.  
Gneiss dome locations adopted from Stearns et al. (2015). 
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Figure 2: 
Regional geologic map of the eastern Pamir.  Map location is shown in Fig. 1.  The geologic map 
is compiled from results of this study, Vlaslov et al. (1991), Lindsey (2007), Burg (2011), Zanchi 
and Gaetani (2011), and Robinson et al. (2004; 2007; 2012).  Labeled circles are samples of the 
Mamazair conglomerate or Murghab Basin strata analyzed in this study.  
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Figure 3: 
Geologic map of part of the South Pamir terrane, based on field mapping.  Map location is 
shown in Fig. 2.  Sample information is presented in Table 1.    
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Figure 4: 
Geologic map of the southeastern South Pamir terrane, near the village of Kyzylrabot, based on 
field mapping.  Map location is shown in Figure 2.  Kv = Cretaceous volcanic rocks, Jr = 
undifferentiated Jurassic rocks, Qf = Quaternary fluvial deposits; otherwise the map units, 
symbols, and labels are the same as in Fig. 3. Sample information is presented in Table 1. 
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Figure 5: 
Photographs from the South Pamir terrane.  A) Cimmerian angular unconformity beneath the 
Darbasatash Group, ridge located: 37.73N, 73.83E.  B) Representative stratigraphy of the South 
Pamir terrane, peak located: 38.0N, 74.07E.  C) Basal conglomerate in the Darbasatash Group, 
hammer height is ~ 42 cm, location: 37.77N, 73.245E.  D)  Distinctive red and yellow clasts in 
the Darbasatash Group, pen height is ~14 cm, location: 74.05N, 37.75E.  E) Monomict limestone 
karst breccia in the upper Gurumdi Group, hammer height ~33 cm, location: 37.95N, 74.0E.  F) 
Paleokarst in the upper Gurumdi Group, ridge located: 37.92N, 74.06E.  G) Faulted strata of the 
Murghab Basin and basalt flow, Jurassic(?) rocks are conglomerates of the Central Pamir terrane, 
hillside located: 38.26N, 74.06E.  H) Growth strata in the Mamazair conglomerate displaying 
progressive bedding rotation and internal angular unconformities, ball-stick symbols show 
bedding dip, filled symbols are upright bedding, hollow symbols are overturned, hillside located: 
37.843N, 74.096E.  I) Similar location to photo H, folded Mamazair conglomerate in the 
footwall of the Mamazair fault, M. Gadoev for scale, outcrop in foreground located: 37.842N, 
79.091E.  J) Recycled conglomerate clasts in the Mamazair conglomerate, hammer height ~33 
cm, location same as photo H.  K) Informal units of the Mamazair conglomerate in the footwall 
of the Kyzylrabot fault, hillside location: 37.47N, 74.76E.  L) Volcanic pebble-cobble 
conglomerate in the Mamazair conglomerate, part of Unit 3 shown in photo K, hammer height 
~33 cm, location similar to photo K.  
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Figure 6: 
Geologic map, cross-section, and measured section of the Mamazair conglomerate located in the 
footwall of the Mamazair Fault.  Map location is shown in Fig. 3. 
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Figure 7: 
Mapping results and interpretation of Landsat imagery for parts of the South Pamir thrust belt, 
using a spectral band combination where dark red colors appear as green. Quaternary units have 
been colored yellow.  A single topographic contour line (4600 m) is shown to help assess 
structural relief on the Cimmerian unconformity (located between map units JrGl (lower unit of 
the Gurumdi Group) and JrD (Darbashatash Group).  Paired white (right) and black (left) colors 
in panel B are clouds (white) and their shadow (black).  Map units, symbols, and labels are the 
same as in Fig. 3.  Map locations for A and B shown in Fig. 3.  
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Figure 8: 
Present-day cross-section A-A’ through the South Pamir terrane, location is shown in Fig. 3.  
Inset box at top shows cross-section restoration corresponding to Late Jurassic time, assuming 
minimal initial relief of the Gurumdi Group.  Jc = undifferentiated Jurassic carbonate rocks, 
other map units and labels are the same as in Figure 3.  Pre-Cenozoic deformation is schematic. 
No vertical exaggeration.  Inset at left is a lower-hemisphere, equal area stereoplot of poles to 
bedding (black dots) in Jurassic carbonate rocks that have been contoured (colors) using a 
modified Kamp techinque.  A complete table of bedding measurements and station locations 
from the South Pamir is located in Supplementary File 6.   
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Figure 9: 
A) Normalized age probability curves for detrital zircon U-Pb samples from the Mamazair 
conglomerate and Murghab Basin strata.  Parentheses next to individually labeled peak ages 
show the number of analyses that comprise that peak.  Ages for the Karakul-Mazar magmatic arc 
are from Schwab et al. (2004).  B) Blue filled curves are kernel density estimates (KDE) for 
zircon fission track (ZFT) ages for samples of the Mamazair conglomerate and Murghab Basin 
strata, plotted with an adaptive bandwidth.  ZFT age populations identified and deconvolved 
using DensityPlotter (Vermeesch et al., 2012).  Black unfilled curves are age probability curves 
of detrital zircon U-Pb data from the same ZFT sample (double-dated).  Sample locations are 
shown in Figs. 2-4 and listed in Table 1.  
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Figure 10: 
A) Interpretive cooling path shown for the Cretaceous igneous rocks in South Pamir thrust belt 
using apatite (U-Th)/He (AHe) and zircon (U-Th)/He (ZHe) data from samples 14-87, 14-89, 16-
23, and 13P99 (Table 1, Fig. 3 and 4).  Effective closure temperature was calculated using 
CLOSURE (Brandon et al., 1998) with an initial assumption of a 2 °C/Myr cooling rate.  The 
average equivalent spherical radius of the grains analyzed was used as the effective diffusion-
domain size.  A 20% uncertainty was applied to each calculated closure temperature.  B) 
Compiled thermochronologic data from the Pamir (this study; Supplementary Table 5) projected 
onto a north-south transect.  Data is plotted as sample closure temperature/sample cooling age, 
which is a proxy for exhumation rate.  Dodson closure temperatures (Dodson, 1973) were 
applied when a regional cooling rate was available, otherwise closure temperatures were adopted 
from Reiners and Brandon (2006) for a 10 °C/Myr cooling rate.  The specific closure 
temperature used in the plot does not significantly affect the results, which are intended to show 
relative differences in exhumation rates only.  Cooling rates for various regions are presented in 
Stübner et al. (2103b) and Rutte et al. (2017b).   
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Table Captions 
 

 
 
Table 1: 
Sample location and age summary of geochronologic and thermochronologic data.  Maximum 
depositional ages are based on the youngest zircon U-Pb or zircon fission track (ZFT) population 
(Fig. 8). DD=decimal degrees, AHe = apatite (U-Th/He), ZHe = zircon (U-Th/He).  Complete 
zircon U-Pb data are located in Supplementary Table 2. Complete ZFT data are located in 
Supplementary Table 3.  Complete AHe and ZHe data are located in Supplementary Table 4.   
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Supplementary Material 
 
Supplementary File 1: Analytical methods for zircon U-Pb, zircon fission track, zircon U-
Th/He, and apatite U-Th/He.   
 
 Zircon U-Pb Geochronology Methods 
 U-Th-Pb isotope ratios in zircon were measured at the University of Arizona Laserchon 
Center (laserchon.org) and at the University of Houston.  At the University of Arizona, samples 
were analyzed using a Teledyne Photon Machines G2™ solid state NeF excimer laser ablation 
(LA) system coupled to a Thermo Fisher Scientific ELEMENT 2™ single collector inductively 
coupled plasma mass spectrometer (ICP-MS) using an ablation spot size of 20 μm.  Details of 
the data collection and reduction procedures and described in Gehrels et al. (2008).  At the 
University of Houston, samples were analyzed using a Photon Machines Analyte.193 excimer 
laser ablation system coupled to a Varian Quadrupole (Q)-ICP-MS.  The laser was operated 
using 300 bursts at 10 Hz for 30s of ablation time with a spot size of 25 μm.  Data were reduced 
using an in-house software program, “UPbToolbox” written by Kurt Sundell.  Eight sedimentary 
rock samples were analyzed, which involved analysis of 100-400 detrital zircon grains per 
sample.  Four igneous rocks were analyzed, which involved analysis of 10-30 zircon crystals per 
sample.  A summary of sample locations and age information is presented in Table 1.  
Normalized age probability plots for detrital samples are shown in Figure 6 and age estimates for 
igneous samples are presented on the geologic maps in Figures 3 and 4.  Maximum depositional 
ages for detrital samples are calculated from the weighted mean age of the youngest probability 
age peak that represents three or more single grain analyses.  Complete zircon U-Pb data are 
presented in Supplementary Material File 2. 
 
Zircon Fission Track Thermochronology Methods 
 A subset of zircon grains (30-100 grains) from the detrital U-Pb samples described above 
were analyzed for combined zircon fission-track (ZFT) and zircon U-Pb geochronology on the 
same grain (“double-dating”) (Fig. 7) using the LA-ICP-MS fission track method and a modified 
zeta calibration (Hurford and Green, 1983; Hasebe et al., 2004; Donelick et al., 2005).  The ZFT 
thermochronologic system has a closure temperature of 240 ± 30 °C (Bernet and Garver, 2005).  
 Zircon grains were embedded in Teflon and polished to expose interior grain surfaces and 
then etched in a eutectic melt of NaOH-KOH at ~220 ºC for 9 to 12 hours.  After etching, the 
Teflon mounts were sonicated for 5 minutes in 1% solution nitric acid for cleaning.  To estimate 
spontaneous fission track density, the polished and etched Teflon mounts were carbon coated and 
imaged using the backscatter electron (BSE) signal from a Hitachi 3400N scanning electron 
microscope (SEM) at the University of Arizona Laserchron SEM facility.  Tracks were counted 
on BSE images from select regions of zircon crystals that were free from inclusions, dislocations, 
heavy scratching, cracks, and U domain boundaries such as rim/core zonation.  The areas on 
each crystal selected for track counting ranged in size from 100 to 400 μm2.   
 U concentrations in zircon were determined by LA-ICP-MS using the same procedures 
described above for U-Pb isotope analysis, but with a smaller ablation spot size (15 μm) and with 
additional SL-F zircon standards (Gehrels et al., 2008) interspersed between unknowns.  The SL-
F zircon standard is a subset of the Sri Lanka zircon standard that has relatively small U-Pb 
isotope ratio uncertainties and displays less U concentration variability based on 238U intensities 
(counts per second) (Gehrels et al., 2008).  SL-F was determined to have a U concentration of 
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518 ppm based on comparisons to other zircon standards with known U concentrations (e.g. 
91500), which is consistent with isotope dilution thermal ionization mass spectrometry (ID-
TIMS) analyses of SL-F (J. Garver, pers. comm.).  A ratio of the measured U concentration in 
SL-F and the average 238U intensity for SL-F standards within a single data collection run was 
used to estimate U concentrations in unknown zircon analyses.  Repeated measurements of 238U 
intensity in SL-F (>300 analyses from 8 separate data collection runs) suggests 10% - 13% 
uncertainty (1σ) in U concentration estimates and includes variation in U concentrations among 
SL-F crystals and instrument uncertainty.  U concentrations for the R33 zircon standard 
measured during this study with the method described above is 107 ± 14 ppm (n=66), which 
compares favorably to the reported U concentration for the R33 zircon standard determined by 
ID-TIMS (132 ± 51 ppm, n=14) (Black et al., 2004) (Supplementary Material File 3).  The 
uncertainty in U concentrations was propagated into all ZFT age determinations.  The location of 
the ablation spot was placed on the same region that the fission tracks were counted from and 
was positioned to minimize the possibility that the ablated volume included material other than 
zircon (e.g., Teflon, mineral inclusions).   
 During ZFT analysis of unknown detrital zircon samples, 431 Fish Canyon Tuff (FCT) 
zircon standards were analyzed using the methods described above and divided into 21 sets with 
≥ 20 grains each that were used for zeta calibration (Supplementary Material File 3).  The 
compiled zeta factor is 2729 ± 107 (analyst = J. Chapman).  40 to 110 zircon grains were 
analyzed per sample and the average single-grain uncertainty (1σ) for ZFT of unknowns is 26% 
(Supplementary Material File 3).  Fission-track grain age distributions are shown as kernel 
density estimation (KDE) plots and constituent age peaks were deconvolved using DensityPlotter 
(Vermeesch, 2012) (Fig. 7), which implements mixture modeling from Galbraith and Green 
(1990) and Galbraith (2005).  Following Lease et al. (2016), we filtered out ZFT grains whose 
ZFT cooling age was significantly older than its zircon U-Pb crystallization age; where (ZFT age 
- σ) > (U-Pb age + 2σ).  This processed removed < 2% of the unknown analyses (Supplementary 
Material File 3). 
 
Zircon and Apatite (U-Th)/He Thermochronology Methods 
 To constrain the magnitude of exhumation in the South Pamir terrane, six intrusive 
igneous samples (with Jurassic to Cretaceous zircon U-Pb crystallization ages) and two 
sandstone samples (with Triassic to Cretaceous detrital zircon U-Pb maximum depositional ages) 
were collected for zircon (U-Th)/He (ZHe) and apatite (U-Th)/He (AHe) thermochronology 
(Table 1).  The ZHe thermochonologic system has a bulk closure temperature of ~180 ± 20 °C 
and the AHe system has a bulk closure temperature of ~60 °C ± 20 °C) (Reiners and Brandon, 
2006).  All ZHe and AHe analyses were conducted at the University of Arizona Radiogenic 
Helium Dating laboratory following the methods described in Reiners et al. (2004).  Single-grain 
aliquots from each sample were packed in a Nb envelope and degassed using CO2 laser heating.  
The analyte was purified by cryogenic cooling and 4He concentrations were determined by 
quadrupole mass spectroscopy.  U, Th, and Sm concentrations in each aliquot were measured by 
isotope dilution high-resolution inductively coupled mass spectroscopy (HR-ICP-MS).  Ages 
were corrected for alpha ejection based on the crystal size and assuming negligible 4He 
implantation (Hourigan et al., 2005).  (U-Th)/He data is presented in Supplementary Table 4. 
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Supplementary File 2: Zircon U-Pb data for igneous and sedimentary rocks 
 

 
  

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Chapman 15-28B-Spot 15 258 10177 0.9 19.9133 1.9 0.1660 4.3 0.0240 3.8 0.89 152.8 5.8 156.0 6.2 205.1 44.2 152.8 5.8
Chapman 15-28B-Spot 23 161 2905 1.6 22.5773 4.4 0.1762 6.0 0.0288 4.1 0.68 183.3 7.4 164.7 9.2 94.4 108.9 183.3 7.4
Chapman 15-28B-Spot 11 325 44245 2.6 19.3448 1.2 0.2689 2.8 0.0377 2.5 0.90 238.7 5.9 241.8 6.0 271.9 27.9 238.7 5.9
Chapman 15-28B-Spot 29 221 7325 3.9 19.3472 2.0 0.2949 3.5 0.0414 2.9 0.82 261.4 7.4 262.4 8.1 271.6 46.2 261.4 7.4
Chapman 15-28B-Spot 20 119 25557 0.7 19.2513 1.8 0.3083 3.1 0.0430 2.4 0.80 271.7 6.5 272.9 7.3 283.0 42.1 271.7 6.5
Chapman 15-28B-Spot 7 33 4764 0.8 19.7198 3.5 0.3092 6.5 0.0442 5.5 0.85 278.9 15.0 273.6 15.6 227.7 80.2 278.9 15.0
Chapman 15-28B-Spot 4 75 3727 1.2 20.2286 2.9 0.3729 5.0 0.0547 4.1 0.82 343.3 13.6 321.8 13.8 168.5 67.1 343.3 13.6

Chapman 15-28B-Spot 36 245 19644 2.4 17.9398 0.9 0.5281 2.7 0.0687 2.5 0.94 428.4 10.5 430.5 9.5 442.1 20.5 428.4 10.5
Chapman 15-28B-Spot 19 158 24087 1.4 16.2626 1.1 0.8763 3.2 0.1034 2.9 0.93 634.1 17.7 639.0 15.0 656.4 24.5 634.1 17.7
Chapman 15-28B-Spot 26 257 69171 3.0 15.7564 1.0 1.0121 2.8 0.1157 2.7 0.94 705.5 17.8 709.9 14.6 723.9 21.2 705.5 17.8
Chapman 15-28B-Spot 13 192 17492 1.4 15.2632 0.9 1.2057 3.4 0.1335 3.3 0.96 807.6 25.2 803.2 19.1 791.0 19.3 807.6 25.2
Chapman 15-28B-Spot 3 276 31481 1.2 14.3044 1.1 1.5128 3.2 0.1569 3.0 0.94 939.8 26.4 935.6 19.6 925.7 22.1 925.7 22.1

Chapman 15-28B-Spot 33 26 11080 2.7 14.2755 1.5 1.5738 5.1 0.1629 4.9 0.96 973.1 44.5 959.9 31.9 929.8 29.9 929.8 29.9
Chapman 15-28B-Spot 31 161 19274 2.5 13.9863 0.9 1.6335 2.9 0.1657 2.7 0.95 988.4 25.1 983.2 18.1 971.7 18.0 971.7 18.0
Chapman 15-28B-Spot 30 31 4467 1.1 13.9744 1.4 1.6390 5.1 0.1661 4.9 0.96 990.7 44.7 985.3 32.0 973.5 28.4 973.5 28.4
Chapman 15-28B-Spot 27 117 16502 1.3 13.8881 1.1 1.6624 3.1 0.1674 2.9 0.94 998.0 26.7 994.3 19.5 986.0 21.5 986.0 21.5
Chapman 15-28B-Spot 9 397 78262 1.9 13.8807 0.7 1.6651 2.5 0.1676 2.4 0.96 999.0 22.3 995.3 16.0 987.1 14.7 987.1 14.7

Chapman 15-28B-Spot 24 88 27179 1.7 12.9914 1.3 2.0901 4.2 0.1969 4.0 0.95 1158.9 42.3 1145.6 28.8 1120.5 26.4 1120.5 26.4
Chapman 15-28B-Spot 18 69 819560 1.4 11.5540 1.0 2.6396 5.8 0.2212 5.7 0.98 1288.2 66.1 1311.7 42.4 1350.5 19.8 1350.5 19.8
Chapman 15-28B-Spot 28 93 406585 1.2 10.4095 0.9 3.4725 3.9 0.2622 3.8 0.97 1500.9 51.1 1521.0 31.0 1549.1 17.5 1549.1 17.5
Chapman 15-28B-Spot 12 302 107172 5.1 8.8907 0.8 5.1474 2.3 0.3319 2.1 0.93 1847.6 34.5 1844.0 19.6 1839.8 15.3 1839.8 15.3
Chapman 15-28B-Spot 34 235 9847971 1.6 8.7191 0.8 5.2194 3.0 0.3301 2.9 0.97 1838.7 45.9 1855.8 25.3 1875.0 13.6 1875.0 13.6
Chapman 15-28B-Spot 1 401 72929 4.1 8.7090 0.7 5.1710 2.8 0.3266 2.7 0.97 1822.0 42.6 1847.9 23.5 1877.1 12.0 1877.1 12.0

Chapman 15-28B-Spot 32 89 39829 2.0 7.4388 1.0 7.3288 4.2 0.3954 4.1 0.97 2147.8 74.9 2152.3 37.8 2156.6 18.2 2156.6 18.2
Chapman 15-28B-Spot 17 159 75303 1.6 6.1530 1.2 10.5139 4.4 0.4692 4.3 0.96 2480.0 87.6 2481.1 40.9 2482.1 19.7 2482.1 19.7
Chapman 15-28B-Spot 6 35 48872 1.0 5.9999 1.0 11.5468 4.3 0.5025 4.2 0.97 2624.4 90.9 2568.4 40.5 2524.5 16.4 2524.5 16.4

Chapman 15-28B-Spot 35 150 56261 2.4 5.4393 0.7 12.9281 3.7 0.5100 3.7 0.98 2656.6 80.3 2674.4 35.4 2687.9 11.2 2687.9 11.2
Chapman 15-28B-Spot 21 276 173141 3.1 4.0509 1.0 21.7209 3.0 0.6382 2.8 0.94 3181.8 69.9 3171.3 28.7 3164.7 15.8 3164.7 15.8

15-28A-Spot F 60 261287 1.3 20.2470 3.8 0.1115 5.8 0.0164 4.3 0.75 104.6 4.5 107.3 5.9 166.4 89.1 104.6 4.5
15-28A-Spot 92 192 6711 1.9 22.3232 3.0 0.1026 4.8 0.0166 3.8 0.79 106.2 4.0 99.2 4.5 66.7 72.1 106.2 4.0
15-28A-Spot L 190 18320 2.3 20.6479 2.1 0.1133 4.0 0.0170 3.4 0.85 108.5 3.7 109.0 4.2 120.4 50.2 108.5 3.7

15-28A-Spot 41 105 4394 1.3 21.0295 2.0 0.2304 3.6 0.0351 2.9 0.82 222.6 6.4 210.5 6.8 77.0 48.3 222.6 6.4
15-28A-Spot 50 267 23221 1.0 19.2150 1.1 0.2755 3.2 0.0384 2.9 0.94 242.9 7.0 247.1 6.9 287.3 25.4 242.9 7.0
15-28A-Spot 86 77 2655 0.8 21.0353 2.1 0.2555 5.3 0.0390 4.8 0.92 246.5 11.7 231.1 10.9 76.4 50.5 246.5 11.7

15-28A-Spot 103 130 38195 1.9 19.4865 1.6 0.2793 4.1 0.0395 3.8 0.92 249.6 9.2 250.1 9.1 255.1 37.7 249.6 9.2
15-28A-Spot 88 142 13926 1.1 20.6704 1.5 0.2829 3.2 0.0424 2.9 0.88 267.7 7.5 252.9 7.3 117.8 36.0 267.7 7.5
15-28A-Spot 70 216 54990 2.2 18.1028 1.0 0.4989 2.7 0.0655 2.5 0.93 409.0 9.7 410.9 9.0 421.9 22.2 409.0 9.7
15-28A-Spot 39 245 11441 4.4 18.2088 1.1 0.5087 3.5 0.0672 3.3 0.95 419.1 13.4 417.5 11.9 408.9 25.2 419.1 13.4
15-28A-Spot 99 39 5617 0.9 17.7125 2.2 0.6146 8.0 0.0790 7.7 0.96 489.9 36.2 486.5 30.9 470.4 48.6 489.9 36.2
15-28A-Spot 60 261 120050 1.6 17.3213 1.0 0.6295 2.7 0.0791 2.5 0.93 490.7 11.7 495.8 10.5 519.6 21.9 490.7 11.7
15-28A-Spot 94 71 15700 1.2 17.3134 2.0 0.6699 4.5 0.0841 4.1 0.90 520.6 20.4 520.6 18.4 520.6 42.9 520.6 20.4

15-28A-Spot I 116 11941 5.2 17.1089 1.9 0.6853 3.9 0.0850 3.4 0.88 526.1 17.3 530.0 16.1 546.6 40.8 526.1 17.3
15-28A-Spot 45 99 25683 0.6 16.7988 1.2 0.6999 3.7 0.0853 3.5 0.94 527.6 17.6 538.8 15.4 586.5 26.4 527.6 17.6
15-28A-Spot 48 163 23843 2.6 17.1871 1.0 0.6978 2.8 0.0870 2.6 0.94 537.7 13.6 537.5 11.7 536.7 21.1 537.7 13.6
15-28A-Spot H 127 47484 3.0 16.4587 1.4 0.7821 4.2 0.0934 4.0 0.94 575.4 21.8 586.7 18.8 630.7 31.0 575.4 21.8
15-28A-Spot K 45 5864 1.5 16.7803 1.4 0.7945 4.7 0.0967 4.5 0.95 595.0 25.6 593.7 21.2 588.9 30.9 595.0 25.6

15-28A-Spot 40 105 9697 2.8 16.4892 1.4 0.8195 3.6 0.0980 3.3 0.93 602.7 19.2 607.8 16.5 626.7 29.4 602.7 19.2
15-28A-Spot 84 194 34929 4.3 16.4862 1.2 0.8243 3.3 0.0986 3.1 0.93 605.9 18.0 610.4 15.3 627.1 26.2 605.9 18.0
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Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

15-28A-Spot 100 186 13216 4.1 16.6271 1.2 0.8402 3.2 0.1013 2.9 0.92 622.1 17.5 619.2 14.8 608.7 26.8 622.1 17.5
15-28A-Spot 108 185 89149 1.9 16.5417 0.8 0.8592 2.6 0.1031 2.4 0.95 632.4 14.6 629.7 12.0 619.8 17.5 632.4 14.6
15-28A-Spot 63 68 20573 1.9 16.2542 1.4 0.8847 3.3 0.1043 3.0 0.91 639.5 18.4 643.5 15.9 657.6 30.2 639.5 18.4
15-28A-Spot 75 97 13862 1.3 16.3680 0.9 0.8981 3.3 0.1066 3.2 0.96 653.1 20.0 650.7 16.1 642.6 19.8 653.1 20.0
15-28A-Spot 78 47 8078 1.5 15.2674 1.2 1.1031 4.2 0.1221 4.0 0.96 742.9 28.0 754.8 22.3 790.4 26.0 742.9 28.0
15-28A-Spot E 92 22190 0.8 15.2426 0.9 1.1306 3.0 0.1250 2.8 0.95 759.2 20.0 768.1 15.9 793.8 19.9 759.2 20.0

15-28A-Spot 65 24 7180 3.2 15.7070 2.4 1.0985 7.8 0.1251 7.4 0.95 760.1 53.2 752.6 41.4 730.6 50.8 760.1 53.2
15-28A-Spot 67 138 27859 0.8 15.3099 1.0 1.1491 2.2 0.1276 2.0 0.89 774.1 14.4 776.8 12.1 784.6 21.5 774.1 14.4

15-28A-Spot 110 50 57684 1.1 14.8100 1.6 1.2051 5.8 0.1294 5.6 0.96 784.7 41.5 803.0 32.4 853.9 33.7 784.7 41.5
15-28A-Spot 96 75 32157 4.5 14.2871 1.1 1.2786 5.7 0.1325 5.6 0.98 802.1 42.1 836.2 32.5 928.2 22.9 802.1 42.1
15-28A-Spot 52 132 13407 1.2 15.1962 1.4 1.2330 4.1 0.1359 3.9 0.94 821.4 29.9 815.7 23.1 800.2 28.8 821.4 29.9
15-28A-Spot 68 251 29985 3.3 14.4387 0.7 1.3085 2.7 0.1370 2.6 0.97 827.8 20.4 849.5 15.6 906.4 13.6 827.8 20.4
15-28A-Spot 69 101 36264 2.0 14.4255 0.9 1.3317 3.1 0.1393 3.0 0.96 840.8 23.8 859.6 18.2 908.3 18.6 840.8 23.8
15-28A-Spot 89 54 40361 2.6 14.7067 1.3 1.3122 5.5 0.1400 5.3 0.97 844.5 42.1 851.1 31.6 868.4 27.9 844.5 42.1
15-28A-Spot 44 37 37273 0.5 14.4017 1.4 1.4697 4.9 0.1535 4.7 0.96 920.6 40.5 918.0 29.7 911.7 27.9 911.7 27.9
15-28A-Spot 59 58 38267 1.9 14.3024 1.5 1.4384 4.0 0.1492 3.8 0.93 896.5 31.6 905.0 24.2 925.9 29.8 925.9 29.8
15-28A-Spot 62 99 18132 0.9 14.0798 1.2 1.4242 3.8 0.1454 3.6 0.95 875.3 29.4 899.1 22.6 958.1 24.7 958.1 24.7
15-28A-Spot 91 195 69560 2.3 14.0431 0.9 1.5332 3.2 0.1562 3.1 0.96 935.4 27.0 943.8 19.9 963.5 18.3 963.5 18.3
15-28A-Spot 93 183 179612 1.0 14.0277 1.2 1.4856 3.8 0.1511 3.6 0.95 907.4 30.4 924.5 23.0 965.7 24.5 965.7 24.5
15-28A-Spot 38 102 15825 2.7 13.9718 1.0 1.5683 3.8 0.1589 3.7 0.97 950.8 32.3 957.7 23.4 973.8 19.6 973.8 19.6
15-28A-Spot 74 72 11160 1.9 13.9619 1.3 1.5123 3.9 0.1531 3.7 0.94 918.5 31.8 935.4 24.1 975.3 27.2 975.3 27.2
15-28A-Spot 55 211 202837 1.7 13.9404 0.8 1.5710 2.7 0.1588 2.6 0.95 950.3 23.0 958.8 16.9 978.4 16.5 978.4 16.5
15-28A-Spot 66 92 52556 4.0 13.9404 1.0 1.5504 3.3 0.1568 3.2 0.95 938.7 27.7 950.6 20.6 978.4 20.9 978.4 20.9
15-28A-Spot 51 153 14456 1.4 13.9340 0.8 1.5502 3.2 0.1567 3.1 0.97 938.2 27.4 950.6 20.0 979.3 15.5 979.3 15.5
15-28A-Spot 54 95 20120 1.6 13.6707 1.2 1.5616 3.6 0.1548 3.4 0.94 928.0 29.1 955.1 22.1 1018.1 23.8 1018.1 23.8
15-28A-Spot 37 42 25275 0.6 13.6613 1.3 1.6776 5.9 0.1662 5.8 0.98 991.2 53.2 1000.1 37.8 1019.5 26.7 1019.5 26.7

15-28A-Spot 109 149 24178 1.8 13.2193 1.0 1.8743 3.2 0.1797 3.1 0.95 1065.3 30.2 1072.1 21.4 1085.7 20.4 1085.7 20.4
15-28A-Spot 102 69 9234 1.8 13.1675 1.5 1.5733 5.4 0.1503 5.2 0.96 902.4 43.6 959.7 33.5 1093.6 29.7 1093.6 29.7
15-28A-Spot 46 66 32504 1.6 12.8583 1.2 1.9305 4.3 0.1800 4.2 0.96 1067.2 40.8 1091.7 28.8 1141.0 23.1 1141.0 23.1

15-28A-Spot 107 35 17157 1.2 9.4655 1.0 4.3408 5.5 0.2980 5.5 0.98 1681.4 80.8 1701.2 45.8 1725.6 18.3 1725.6 18.3
15-28A-Spot 106 32 16345 1.5 9.2903 1.0 4.3384 5.6 0.2923 5.5 0.98 1653.1 79.7 1700.7 45.9 1759.8 19.0 1759.8 19.0
15-28A-Spot 81 47 7976 1.0 9.2889 1.0 4.6664 5.3 0.3144 5.2 0.98 1762.2 80.7 1761.2 44.5 1760.1 17.8 1760.1 17.8
15-28A-Spot 58 52 1409823 1.8 8.9618 0.8 4.6617 4.0 0.3030 3.9 0.98 1706.2 58.3 1760.4 33.1 1825.4 13.9 1825.4 13.9
15-28A-Spot 77 94 26777 1.1 8.8681 0.9 5.1217 3.6 0.3294 3.5 0.97 1835.5 56.3 1839.7 31.0 1844.4 16.5 1844.4 16.5
15-28A-Spot 87 182 114445 1.1 8.7410 1.0 4.5837 3.5 0.2906 3.4 0.96 1644.5 48.9 1746.3 29.3 1870.5 17.8 1870.5 17.8
15-28A-Spot 53 155 62302 1.6 8.4051 0.9 5.5680 2.7 0.3394 2.6 0.95 1883.9 42.6 1911.2 23.7 1940.9 15.4 1940.9 15.4
15-28A-Spot 76 208 109263 2.6 7.9937 0.7 6.0804 3.5 0.3525 3.4 0.98 1946.6 57.2 1987.4 30.3 2030.2 12.2 2030.2 12.2

15-28A-Spot 104 74 51721 0.9 7.3170 0.9 7.2915 4.1 0.3869 4.0 0.98 2108.7 72.5 2147.8 36.9 2185.4 15.5 2185.4 15.5
15-28A-Spot B 52 26849 0.9 6.2183 1.2 9.6995 4.5 0.4374 4.3 0.96 2339.2 84.5 2406.7 41.3 2464.2 21.0 2464.2 21.0

15-28A-Spot 71 27 27564 1.2 6.1730 1.0 9.5915 6.0 0.4294 5.9 0.99 2303.1 114.9 2396.4 55.3 2476.6 16.6 2476.6 16.6
15-28A-Spot 79 157 52662 1.1 6.1667 0.9 10.3520 3.1 0.4630 3.0 0.96 2452.8 61.1 2466.8 29.0 2478.3 15.6 2478.3 15.6
15-28A-Spot 82 36 102247 1.6 4.1057 0.9 20.4779 4.6 0.6098 4.5 0.98 3069.1 110.2 3114.2 44.7 3143.4 15.0 3143.4 15.0



247 
 

 
  

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

GUM02-B-Spot 10 40.30828 686.0803 4.020287 34.9414 4.267472 0.063448 6.545796 0.016079 4.96348 0.75827 102.8273 5.063321 62.46297 3.965497 1306.07 135.6443 102.8273 5.063321
GUM02-B-Spot 22 86.01425 5753.702 1.867302 21.6896 2.054985 0.10522 3.89941 0.016552 3.313975 0.849866 105.8273 3.478461 101.5836 3.769476 3.11663 49.50766 105.8273 3.478461
GUM02-B-Spot 21 201.2374 8172.872 2.635556 20.67471 1.702556 0.111272 3.061813 0.016685 2.5448 0.831141 106.6701 2.692206 107.128 3.112966 117.2977 40.15259 106.6701 2.692206
GUM02-B-Spot 33 73.11056 5812.222 1.236697 20.01088 2.893106 0.115507 4.796561 0.016764 3.825825 0.797618 107.1706 4.066267 110.9904 5.043117 193.7522 67.25604 107.1706 4.066267
GUM02-B-Spot 35 68.68529 1806.928 1.592659 18.95326 3.418936 0.122235 5.690086 0.016803 4.548401 0.799355 107.4174 4.845294 117.0967 6.293141 318.5275 77.7335 107.4174 4.845294
GUM02-B-Spot 18 217.1803 3305.814 3.626508 22.41052 1.221005 0.103537 2.803936 0.016829 2.524124 0.900208 107.5812 2.692951 100.0363 2.671214 76.22822 29.86519 107.5812 2.692951
GUM02-B-Spot 9 113.7909 60720.31 2.988762 20.3899 1.889657 0.114218 3.478446 0.016891 2.920408 0.839573 107.9751 3.127053 109.8164 3.620603 149.9407 44.3139 107.9751 3.127053
GUM02-B-Spot 4 348.4802 23799.79 6.695708 20.66405 1.339148 0.113114 3.119765 0.016952 2.817733 0.903187 108.3664 3.027953 108.8102 3.219074 118.5491 31.54681 108.3664 3.027953
GUM02-B-Spot 11 141.8276 4300.977 4.20005 22.21167 4.148271 0.10547 4.915484 0.016991 2.637011 0.53647 108.6081 2.840017 101.8128 4.7619 54.47391 101.0682 108.6081 2.840017
GUM02-B-Spot 14 117.9738 4819.903 5.770228 22.09061 2.104232 0.106179 3.417667 0.017012 2.693075 0.787986 108.7416 2.903932 102.4642 3.331003 41.18014 51.10306 108.7416 2.903932
GUM02-B-Spot 17 237.1698 10032.04 3.682378 21.53056 1.593818 0.109802 2.790612 0.017146 2.290689 0.820856 109.594 2.489238 105.7845 2.803471 20.81357 38.26852 109.594 2.489238
GUM02-B-Spot 7 659.9188 69142.82 4.963047 20.23659 0.978526 0.117107 4.388712 0.017188 4.278234 0.974827 109.8579 4.660156 112.4458 4.671519 167.5681 22.8816 109.8579 4.660156
GUM02-B-Spot 34 71.11717 4242.894 1.239511 19.91395 2.90695 0.119123 4.135773 0.017205 2.941812 0.711309 109.9663 3.207567 114.2765 4.46999 205.0211 67.44862 109.9663 3.207567
GUM02-B-Spot 12 160.3811 236016.4 4.299017 20.54248 1.680058 0.11575 2.974489 0.017245 2.454586 0.825213 110.2234 2.68253 111.212 3.133277 132.4511 39.48623 110.2234 2.68253
GUM02-B-Spot 37 68.43552 6385.572 2.292348 20.7729 3.040155 0.114602 4.513531 0.017266 3.336078 0.739128 110.3532 3.650136 110.1667 4.71219 106.1143 71.83876 110.3532 3.650136
GUM02-B-Spot 20 222.9446 22863.09 3.223054 20.75878 1.360998 0.114884 3.309049 0.017297 3.016204 0.911502 110.5476 3.305913 110.4233 3.4623 107.7677 32.15471 110.5476 3.305913
GUM02-B-Spot 3 373.7183 13894.41 5.644458 20.37503 1.193536 0.117333 2.687403 0.017339 2.407822 0.895966 110.8147 2.645419 112.6513 2.865508 151.6602 27.96546 110.8147 2.645419
GUM02-B-Spot 13 129.9257 4278.604 5.032957 22.63092 3.157589 0.106238 4.387635 0.017437 3.04647 0.694331 111.4401 3.365811 102.5186 4.278541 100.2199 77.60494 111.4401 3.365811
GUM02-B-Spot 15 147.4459 26980.29 3.831966 21.56137 1.261204 0.111631 3.656542 0.017457 3.432152 0.938633 111.5617 3.796024 107.4563 3.728437 17.35762 30.28314 111.5617 3.796024
GUM02-B-Spot 19 1253.057 56524.58 38.91499 20.35802 0.746376 0.118516 2.913637 0.017499 2.816417 0.966633 111.8298 3.122432 113.7259 3.134744 153.6038 17.48103 111.8298 3.122432
GUM02-B-Spot 6 341.2655 33781.24 6.170015 20.65971 1.093015 0.116851 2.182769 0.017509 1.889391 0.865594 111.8916 2.095828 112.2128 2.318858 119.0089 25.76435 111.8916 2.095828
GUM02-B-Spot 5 331.1333 8706.05 5.654265 21.3095 1.457907 0.113583 2.819011 0.017554 2.412744 0.855883 112.1814 2.683234 109.2381 2.919578 45.54264 34.81958 112.1814 2.683234
GUM02-B-Spot 36 51.5058 3805.578 1.553152 15.62809 5.083835 0.155863 6.260514 0.017666 3.65358 0.583591 112.8908 4.088653 147.0758 8.572112 741.1923 107.5976 112.8908 4.088653
GUM02-B-Spot 16 178.7585 10985.73 4.308478 21.12574 1.110552 0.115386 3.203528 0.017679 3.004874 0.937989 112.9725 3.365109 110.8808 3.365035 66.1975 26.41401 112.9725 3.365109
GUM02-B-Spot 31 57.77671 1332.597 3.067847 25.34603 6.191308 0.096816 7.62885 0.017797 4.457247 0.584262 113.72 5.024337 93.83287 6.837672 386.5577 161.1594 113.72 5.024337
GUM02-B-Spot 32 39.14973 633.8287 1.839268 32.98296 3.256738 0.07464 5.502551 0.017855 4.435282 0.806041 114.0859 5.015522 73.0935 3.880673 1126.531 99.34633 114.0859 5.015522
GUM02-B-Spot 8 215.8164 90469.56 1.281061 20.15286 1.493293 0.123348 2.513265 0.018029 2.021529 0.804344 115.1862 2.307842 118.1028 2.802124 177.2431 34.80177 115.1862 2.307842
GUM02-B-Spot 23 131.9287 18612.55 1.851326 22.12883 1.855548 0.113596 3.279794 0.018231 2.704439 0.824576 116.4687 3.121541 109.2495 3.397139 45.38216 45.11953 116.4687 3.121541
GUM02-B-Spot 24 377.8052 76431.09 5.695194 20.23002 1.272125 0.124441 3.722998 0.018258 3.498916 0.939811 116.6387 4.044391 119.0905 4.183626 168.3266 29.72232 116.6387 4.044391
GUM02-B-Spot 25 616.8369 22449.05 6.480229 20.38779 1.176381 0.123711 2.620193 0.018293 2.341268 0.893548 116.8563 2.711271 118.4305 2.928984 150.1699 27.57053 116.8563 2.711271
GUM02-B-Spot 38 114.0262 202105.9 2.317855 19.51142 1.460971 0.135291 3.428362 0.019145 3.101489 0.904656 122.2508 3.75587 128.8414 4.148415 252.2045 33.60018 122.2508 3.75587
GUM02-B-Spot 26 226.1611 16721.09 1.482004 20.62523 1.418156 0.129299 2.280288 0.019342 1.78565 0.783081 123.4937 2.184178 123.4678 2.650985 122.9455 33.39048 123.4937 2.184178
GUM02-B-Spot 28 71.51485 3253.086 1.113932 22.9928 2.023983 0.116004 3.81583 0.019345 3.234818 0.847737 123.5139 3.957418 111.4431 4.027444 139.3495 50.11744 123.5139 3.957418
GUM02-B-Spot 29 75.94498 2886.25 1.557977 22.76481 2.194699 0.120227 4.108665 0.01985 3.473388 0.845381 126.709 4.358125 115.2777 4.477433 114.7359 54.08603 126.709 4.358125
GUM02-B-Spot 30 75.94467 4798.412 1.445761 22.17142 2.819019 0.123471 4.189427 0.019854 3.099102 0.739744 126.7363 3.889329 118.2144 4.675114 50.05898 68.61491 126.7363 3.889329
GUM02-B-Spot 27 79.53918 6232.09 1.287569 22.31062 2.440151 0.122802 8.472653 0.019871 8.113662 0.957629 126.8391 10.19072 117.6089 9.409425 65.31143 59.56498 126.8391 10.19072
GUM02-B-Spot 39 22.88275 75965.5 1.466659 15.46188 1.604279 1.007246 5.140608 0.112953 4.883865 0.950056 689.8727 31.95252 707.4819 26.19845 763.7687 33.79238 689.8727 31.95252
GUM02-B-Spot 40 28.41993 29630.68 1.356841 16.21039 1.451606 0.969976 3.860046 0.114039 3.576702 0.926596 696.1617 23.60237 688.4515 19.30078 663.3197 31.0924 696.1617 23.60237

GUM_02-Spot 68 548 4329 1.3 21.9832 2.0 0.1061 2.3 0.0169 1.1 0.47 108.2 1.2 102.4 2.2 29.4 49.1 108.2 1.2
GUM_02-Spot 61 562 28332 2.7 20.5115 2.0 0.1147 2.8 0.0171 1.9 0.67 109.1 2.0 110.2 2.9 136.0 48.1 109.1 2.0
GUM_02-Spot 17 461 25225 2.2 19.8466 3.4 0.1187 4.9 0.0171 3.5 0.72 109.2 3.8 113.9 5.3 212.8 78.6 109.2 3.8
GUM_02-Spot 87 189 3257 1.8 20.9652 7.4 0.1124 7.6 0.0171 1.8 0.24 109.2 1.9 108.1 7.8 84.3 176.3 109.2 1.9
GUM_02-Spot 58 1442 46048 1.4 20.1623 2.0 0.1172 2.1 0.0171 0.9 0.40 109.5 0.9 112.5 2.3 176.2 46.0 109.5 0.9
GUM_02-Spot 25 1148 20355 1.6 20.9891 1.8 0.1126 2.3 0.0171 1.4 0.59 109.5 1.5 108.3 2.4 81.6 43.9 109.5 1.5
GUM_02-Spot 9 419 7147 2.0 21.1175 2.3 0.1121 3.4 0.0172 2.5 0.74 109.8 2.7 107.9 3.5 67.1 54.5 109.8 2.7

GUM_02-Spot 56 929 54071 1.6 20.2903 1.9 0.1171 2.2 0.0172 1.2 0.54 110.2 1.3 112.5 2.3 161.4 43.4 110.2 1.3
GUM_02-Spot 33 239 18202 1.5 20.4034 4.3 0.1167 4.5 0.0173 1.4 0.31 110.4 1.5 112.1 4.8 148.4 99.9 110.4 1.5
GUM_02-Spot 18 900 37737 2.1 19.5979 4.1 0.1218 5.6 0.0173 3.8 0.67 110.7 4.1 116.7 6.2 242.0 95.6 110.7 4.1
GUM_02-Spot 90 831 32971 1.5 20.8681 3.0 0.1147 3.4 0.0174 1.7 0.49 110.9 1.8 110.2 3.6 95.3 70.6 110.9 1.8
GUM_02-Spot 50 1418 26927 0.8 20.6659 2.0 0.1158 4.7 0.0174 4.2 0.91 110.9 4.7 111.3 4.9 118.3 46.7 110.9 4.7
GUM_02-Spot 21 427 10755 1.0 3.3521 21.0 0.7148 21.5 0.0174 4.4 0.21 111.1 4.9 547.6 91.1 3461.5 329.7 111.1 4.9
GUM_02-Spot 85 284 9421 2.7 20.7460 3.1 0.1157 3.5 0.0174 1.7 0.49 111.3 1.9 111.2 3.7 109.2 72.9 111.3 1.9
GUM_02-Spot 53 557 12834 1.2 20.8113 2.7 0.1157 3.7 0.0175 2.5 0.68 111.6 2.8 111.2 3.9 101.8 63.4 111.6 2.8
GUM_02-Spot 12 321 19034 1.5 20.5492 2.7 0.1177 3.0 0.0175 1.3 0.44 112.1 1.5 113.0 3.2 131.6 64.2 112.1 1.5
GUM_02-Spot 22 251 7959 2.1 20.5443 4.3 0.1183 4.8 0.0176 2.0 0.41 112.6 2.2 113.5 5.1 132.2 102.1 112.6 2.2
GUM_02-Spot 27 1196 21509 2.5 20.0582 4.7 0.1216 5.0 0.0177 1.7 0.34 113.0 1.9 116.5 5.5 188.2 110.2 113.0 1.9
GUM_02-Spot 16 1539 39207 2.1 19.7780 1.4 0.1234 1.9 0.0177 1.3 0.70 113.1 1.5 118.2 2.1 220.9 31.4 113.1 1.5
GUM_02-Spot 51 1549 49619 2.5 20.3822 1.4 0.1198 2.5 0.0177 2.0 0.82 113.2 2.3 114.9 2.7 150.8 33.6 113.2 2.3
GUM_02-Spot 23 559 120114 1.9 20.0267 2.9 0.1222 3.2 0.0178 1.4 0.44 113.4 1.6 117.1 3.5 191.9 67.1 113.4 1.6
GUM_02-Spot 52 1880 28738 3.4 20.0876 1.4 0.1221 1.9 0.0178 1.3 0.67 113.7 1.4 117.0 2.1 184.8 32.8 113.7 1.4
GUM_02-Spot 4 380 10140 1.6 17.2408 5.2 0.1424 7.0 0.0178 4.6 0.66 113.8 5.2 135.2 8.8 529.9 114.6 113.8 5.2

GUM_02-Spot 96 506 48952 3.2 21.2981 2.4 0.1157 5.3 0.0179 4.8 0.89 114.2 5.4 111.2 5.6 46.8 57.0 114.2 5.4
GUM_02-Spot 63 1251 92079 1.4 20.1549 1.6 0.1228 2.3 0.0180 1.7 0.73 114.7 1.9 117.6 2.6 177.0 37.0 114.7 1.9
GUM_02-Spot 89 983 28874 4.6 20.8163 2.4 0.1196 2.7 0.0181 1.2 0.44 115.4 1.3 114.7 2.9 101.2 57.3 115.4 1.3
GUM_02-Spot 40 321 7832 3.3 20.6767 4.5 0.1205 5.1 0.0181 2.4 0.47 115.5 2.7 115.5 5.6 117.1 107.3 115.5 2.7
GUM_02-Spot 46 1114 35505 3.0 18.5229 2.4 0.1364 2.6 0.0183 0.8 0.33 117.1 1.0 129.9 3.2 370.5 55.0 117.1 1.0
GUM_02-Spot 73 2313 30307 1.8 20.6384 1.3 0.1233 1.7 0.0185 1.1 0.63 117.9 1.3 118.1 1.9 121.5 31.3 117.9 1.3
GUM_02-Spot 93 2410 82301 3.2 20.4069 1.6 0.1250 2.0 0.0185 1.2 0.58 118.1 1.4 119.6 2.3 148.0 38.5 118.1 1.4
GUM_02-Spot 29 2141 79034 2.3 19.4249 1.9 0.1329 3.4 0.0187 2.8 0.83 119.6 3.3 126.7 4.0 262.4 42.9 119.6 3.3
GUM_02-Spot 70 939 32241 1.6 15.2025 8.1 0.1708 8.2 0.0188 1.5 0.18 120.3 1.8 160.1 12.2 799.3 169.9 120.3 1.8
GUM_02-Spot 91 305 39381 1.3 20.2202 3.4 0.1286 3.7 0.0189 1.4 0.38 120.4 1.7 122.8 4.2 169.5 79.2 120.4 1.7
GUM_02-Spot 11 1956 47372 1.5 17.9789 3.1 0.1451 4.1 0.0189 2.6 0.64 120.9 3.1 137.6 5.3 437.2 69.9 120.9 3.1
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

GUM_02-Spot 80 2248 172454 7.9 20.4274 1.4 0.1279 1.9 0.0189 1.3 0.68 121.0 1.5 122.2 2.1 145.6 31.8 121.0 1.5
GUM_02-Spot 5 1916 41174 7.2 19.9942 2.0 0.1315 3.6 0.0191 2.9 0.82 121.8 3.5 125.5 4.2 195.7 47.6 121.8 3.5
GUM_02-Spot 1 1942 13830 1.3 14.1945 7.0 0.1879 7.1 0.0193 1.4 0.19 123.5 1.7 174.9 11.5 941.5 143.9 123.5 1.7
GUM_02-Spot 7 2080 43035 4.8 20.0170 1.6 0.1341 2.2 0.0195 1.5 0.69 124.3 1.8 127.7 2.6 193.0 37.0 124.3 1.8

GUM_02-Spot 74 3753 42161 6.8 15.2266 1.4 0.1766 1.8 0.0195 1.0 0.57 124.5 1.2 165.2 2.7 796.0 30.3 124.5 1.2
GUM_02-Spot 32 386 57910 2.4 20.1200 3.8 0.1338 5.0 0.0195 3.3 0.66 124.7 4.1 127.5 6.0 181.0 88.2 124.7 4.1
GUM_02-Spot 36 3016 46346 1.0 16.9589 4.0 0.1597 5.3 0.0196 3.4 0.65 125.4 4.3 150.4 7.4 565.9 87.1 125.4 4.3
GUM_02-Spot 88 2337 37346 1.1 20.5371 1.9 0.1327 2.3 0.0198 1.3 0.55 126.2 1.6 126.6 2.7 133.1 44.4 126.2 1.6
GUM_02-Spot 55 2067 117226 8.3 19.9235 1.1 0.1371 2.0 0.0198 1.7 0.85 126.5 2.2 130.5 2.5 203.9 24.9 126.5 2.2
GUM_02-Spot 86 2480 36585 3.9 20.5984 1.1 0.1333 1.4 0.0199 0.9 0.63 127.1 1.1 127.1 1.6 126.1 25.0 127.1 1.1
GUM_02-Spot 83 2663 38242 17.3 20.5636 1.1 0.1337 2.2 0.0199 1.9 0.87 127.3 2.4 127.5 2.6 130.0 25.5 127.3 2.4
GUM_02-Spot 15 2591 27626 6.8 20.5487 1.2 0.1363 1.7 0.0203 1.2 0.70 129.6 1.5 129.7 2.0 131.7 28.0 129.6 1.5
GUM_02-Spot 77 2391 34695 32.1 20.6909 1.2 0.1356 1.9 0.0204 1.4 0.76 129.9 1.9 129.2 2.3 115.5 29.5 129.9 1.9
GUM_02-Spot 67 2986 129429 1.5 20.4724 1.4 0.1385 1.9 0.0206 1.3 0.67 131.2 1.6 131.7 2.3 140.4 32.1 131.2 1.6
GUM_02-Spot 47 3407 31737 1.9 17.5534 1.1 0.1682 1.5 0.0214 1.0 0.67 136.6 1.3 157.8 2.2 490.3 24.2 136.6 1.3
GUM_02-Spot 76 4147 24061 3.0 17.5737 3.3 0.1683 3.6 0.0214 1.6 0.43 136.8 2.1 157.9 5.3 487.8 72.0 136.8 2.1
GUM_02-Spot 84 4264 72000 22.9 19.5093 1.6 0.1592 2.4 0.0225 1.7 0.72 143.6 2.4 150.0 3.3 252.5 37.5 143.6 2.4
GUM_02-Spot 65 4738 54993 5.5 20.1446 1.0 0.1555 1.5 0.0227 1.0 0.71 144.8 1.5 146.7 2.0 178.2 24.1 144.8 1.5
GUM_02-Spot 75 1295 23987 5.5 17.5658 2.9 0.1823 3.3 0.0232 1.6 0.50 148.0 2.4 170.1 5.1 488.8 62.9 148.0 2.4
GUM_02-Spot 20 4864 32525 1.1 20.2355 1.5 0.1600 4.3 0.0235 4.0 0.94 149.7 5.9 150.7 6.0 167.7 34.2 149.7 5.9
GUM_02-Spot 24 397 11909 3.4 20.5620 3.3 0.1581 3.9 0.0236 2.1 0.53 150.2 3.1 149.0 5.4 130.2 77.9 150.2 3.1
GUM_02-Spot 6 1777 33532 14.3 20.1612 1.1 0.1634 2.2 0.0239 1.9 0.85 152.2 2.8 153.7 3.1 176.3 26.7 152.2 2.8

GUM_02-Spot 54 315 29018 2.0 20.2311 2.8 0.1664 3.1 0.0244 1.3 0.42 155.5 2.0 156.3 4.5 168.2 65.5 155.5 2.0
GUM_02-Spot 69 1431 44363 1.2 20.1461 1.6 0.1674 2.3 0.0245 1.6 0.70 155.7 2.5 157.1 3.3 178.0 37.7 155.7 2.5
GUM_02-Spot 64 626 37290 1.9 20.8345 1.6 0.1636 2.1 0.0247 1.3 0.62 157.5 2.0 153.9 3.0 99.1 38.6 157.5 2.0
GUM_02-Spot 41 395 28863 1.8 20.1521 3.7 0.1694 5.9 0.0248 4.6 0.78 157.7 7.2 158.9 8.7 177.3 85.2 157.7 7.2
GUM_02-Spot 19 536 20650 1.8 20.6903 2.4 0.1667 3.0 0.0250 1.7 0.58 159.2 2.7 156.5 4.4 115.6 57.7 159.2 2.7
GUM_02-Spot 79 6451 50146 16.1 20.6825 0.7 0.1668 2.0 0.0250 1.9 0.94 159.3 3.0 156.7 2.9 116.4 15.6 159.3 3.0
GUM_02-Spot 59 514 158945 1.2 19.1010 2.5 0.1888 3.1 0.0262 1.9 0.60 166.5 3.1 175.6 5.0 300.9 56.2 166.5 3.1
GUM_02-Spot 81 6587 98864 22.2 19.1655 1.1 0.1920 2.7 0.0267 2.5 0.91 169.8 4.1 178.4 4.4 293.2 24.9 169.8 4.1
GUM_02-Spot 92 7933 42953 5.1 17.9380 4.1 0.2317 4.2 0.0301 1.0 0.23 191.5 1.8 211.6 8.0 442.3 90.9 191.5 1.8
GUM_02-Spot 44 347 27415 2.6 17.0988 1.5 0.3219 1.9 0.0399 1.2 0.63 252.4 2.9 283.4 4.7 547.9 32.0 252.4 2.9
GUM_02-Spot 71 10740 165781 98.9 20.4709 0.6 0.3123 4.5 0.0464 4.5 0.99 292.1 12.8 275.9 10.9 140.6 14.5 292.1 12.8
GUM_02-Spot 10 930 29204 1.2 16.6569 1.2 0.6403 3.0 0.0774 2.7 0.91 480.3 12.6 502.5 11.8 604.8 26.3 480.3 12.6
GUM_02-Spot 49 473 176884 0.5 17.1303 1.2 0.7058 1.7 0.0877 1.2 0.72 541.9 6.2 542.3 7.0 543.9 25.6 541.9 6.2
GUM_02-Spot 35 75 20903 0.9 17.3332 2.2 0.7169 2.7 0.0901 1.6 0.60 556.3 8.6 548.9 11.4 518.1 47.4 556.3 8.6
GUM_02-Spot 66 267 23279 15.0 17.2826 1.8 0.7484 2.9 0.0938 2.3 0.79 578.0 12.6 567.3 12.5 524.5 38.9 578.0 12.6
GUM_02-Spot 78 2120 87100 2.5 16.9299 0.8 0.7785 1.5 0.0956 1.2 0.84 588.5 6.9 584.6 6.5 569.6 17.5 588.5 6.9
GUM_02-Spot 14 284 27311 3.3 15.6608 1.2 0.9088 1.9 0.1032 1.5 0.79 633.3 9.3 656.4 9.4 736.8 25.1 633.3 9.3
GUM_02-Spot 60 176 12712 1.3 15.4716 1.8 1.0267 2.4 0.1152 1.6 0.68 702.9 10.9 717.3 12.4 762.4 37.3 702.9 10.9
GUM_02-Spot 72 214 98695 3.9 15.4830 1.5 1.0784 3.0 0.1211 2.5 0.86 736.9 17.7 742.9 15.7 760.9 32.5 736.9 17.7
GUM_02-Spot 2 492 129080 1.3 15.3973 1.0 1.1640 1.5 0.1300 1.1 0.75 787.8 8.5 783.8 8.4 772.6 21.5 787.8 8.5

GUM_02-Spot 45 183 26840 1.0 14.8725 1.6 1.2292 2.0 0.1326 1.2 0.60 802.6 9.1 814.0 11.2 845.2 33.2 802.6 9.1
GUM_02-Spot 30 147 26847 0.8 15.1090 1.8 1.2137 3.8 0.1330 3.4 0.88 805.0 25.7 806.9 21.4 812.3 37.8 805.0 25.7
GUM_02-Spot 31 723 75895 2.1 14.0804 1.0 1.3200 3.9 0.1348 3.8 0.97 815.2 29.0 854.5 22.6 958.0 20.5 815.2 29.0
GUM_02-Spot 94 394 25378 2.1 15.1345 1.0 1.2742 1.3 0.1399 0.8 0.61 843.9 6.1 834.3 7.2 808.7 20.9 843.9 6.1
GUM_02-Spot 82 451 162979 3.0 14.9386 1.0 1.3039 2.1 0.1413 1.9 0.89 851.8 15.1 847.4 12.3 835.9 20.6 851.8 15.1
GUM_02-Spot 8 310 44096 1.7 13.8273 1.3 1.6810 4.0 0.1686 3.8 0.95 1004.3 35.0 1001.4 25.3 995.0 26.2 995.0 26.2

GUM_02-Spot 38 1042 45948 1.4 13.8026 0.6 1.6707 2.2 0.1672 2.1 0.96 996.9 19.7 997.4 14.1 998.6 13.2 998.6 13.2
GUM_02-Spot 26 1067 99196 3.6 13.4949 1.0 1.8031 1.5 0.1765 1.2 0.77 1047.7 11.3 1046.6 9.9 1044.2 19.6 1044.2 19.6
GUM_02-Spot 37 374 63811 2.0 13.0781 0.8 1.9080 1.5 0.1810 1.3 0.86 1072.3 12.5 1083.9 9.8 1107.2 15.2 1107.2 15.2
GUM_02-Spot 39 317 33148 2.2 13.0260 1.1 1.8988 3.7 0.1794 3.5 0.96 1063.6 34.4 1080.7 24.4 1115.2 21.5 1115.2 21.5
GUM_02-Spot 43 3888 445401 11.3 8.7139 0.7 5.1826 2.9 0.3275 2.8 0.97 1826.4 45.0 1849.8 24.8 1876.1 12.4 1876.1 12.4
GUM_02-Spot 3 786 54364 3.4 8.6790 1.0 5.3231 3.7 0.3351 3.6 0.96 1862.9 58.4 1872.6 32.1 1883.3 18.2 1883.3 18.2

GUM_02-Spot 62 551 208548 2.5 8.6074 0.8 5.3380 1.5 0.3332 1.3 0.85 1854.1 20.7 1875.0 12.9 1898.2 14.2 1898.2 14.2
GUM_02-Spot 95 3049 657925 1.1 7.5947 0.6 7.4693 1.8 0.4114 1.7 0.94 2221.4 31.5 2169.3 16.0 2120.3 10.8 2120.3 10.8
GUM_02-Spot 57 126 163146 1.0 6.9676 0.7 7.5640 1.9 0.3822 1.7 0.92 2086.7 30.5 2180.6 16.7 2270.1 12.5 2270.1 12.5
GUM_02-Spot 28 219 183750 2.5 6.2647 1.0 9.8322 1.3 0.4467 0.9 0.69 2380.7 18.6 2419.2 12.4 2451.7 16.5 2451.7 16.5
GUM_02-Spot 48 133 36627 0.7 6.1629 0.9 10.0074 2.1 0.4473 1.9 0.90 2383.3 37.8 2435.5 19.6 2479.4 15.9 2479.4 15.9
GUM_02-Spot 13 296 97269 2.7 5.0124 0.7 14.9591 1.8 0.5438 1.7 0.93 2799.4 38.0 2812.6 17.1 2822.1 10.7 2822.1 10.7
GUM_02-Spot 42 205 1772 1.5 2.6002 14.9 4.0154 17.8 0.0757 9.7 0.55 470.6 44.2 1637.3 145.4 3849.9 225.7 3849.9 225.7

GUM_2_Run2-Spot 185 1006 53891 1.2 20.7596 2.1 0.1109 2.4 0.0167 1.2 0.51 106.7 1.3 106.8 2.4 107.7 48.8 106.7 1.3
GUM_2_Run2-Spot 183 400 32489 1.4 21.2708 2.3 0.1098 2.9 0.0169 1.7 0.58 108.3 1.8 105.8 2.9 49.9 55.9 108.3 1.8
GUM_2_Run2-Spot 158 114 6114 1.9 22.6749 6.1 0.1039 7.0 0.0171 3.5 0.51 109.2 3.8 100.3 6.7 105.0 149.2 109.2 3.8
GUM_2_Run2-Spot 118 129 21378 1.0 20.1854 5.1 0.1172 5.4 0.0172 1.9 0.34 109.7 2.0 112.5 5.8 173.5 118.9 109.7 2.0
GUM_2_Run2-Spot 139 1091 50087 1.5 20.6994 2.1 0.1144 2.4 0.0172 1.2 0.49 109.8 1.3 110.0 2.5 114.5 49.8 109.8 1.3
GUM_2_Run2-Spot 177 285 67706 1.0 20.4827 3.0 0.1161 3.7 0.0172 2.1 0.58 110.2 2.3 111.5 3.9 139.3 69.7 110.2 2.3
GUM_2_Run2-Spot 123 259 12595 1.0 21.2323 4.4 0.1124 4.7 0.0173 1.7 0.36 110.6 1.9 108.2 4.9 54.2 105.8 110.6 1.9
GUM_2_Run2-Spot 113 418 94713 1.9 20.4571 3.3 0.1171 4.1 0.0174 2.4 0.58 111.1 2.6 112.5 4.3 142.2 77.2 111.1 2.6
GUM_2_Run2-Spot 176 799 27924 1.4 20.8894 1.8 0.1149 2.0 0.0174 0.9 0.45 111.3 1.0 110.4 2.1 92.9 41.8 111.3 1.0
GUM_2_Run2-Spot 191 1877 107493 1.3 20.7695 1.4 0.1160 2.1 0.0175 1.6 0.74 111.6 1.7 111.4 2.2 106.5 33.9 111.6 1.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

GUM_2_Run2-Spot 99 289 39621 0.8 20.3713 2.6 0.1187 3.1 0.0175 1.6 0.52 112.1 1.8 113.9 3.3 152.0 61.1 112.1 1.8
GUM_2_Run2-Spot 102 443 28563 0.8 21.0102 2.1 0.1152 2.5 0.0176 1.3 0.53 112.2 1.5 110.8 2.6 79.2 49.7 112.2 1.5
GUM_2_Run2-Spot 163 539 24096 1.7 20.3711 2.6 0.1192 2.9 0.0176 1.2 0.43 112.5 1.4 114.3 3.1 152.1 61.2 112.5 1.4
GUM_2_Run2-Spot 105 1229 76752 3.6 20.5447 1.4 0.1184 2.2 0.0176 1.7 0.77 112.7 1.9 113.6 2.3 132.2 32.3 112.7 1.9
GUM_2_Run2-Spot 168 892 110459 0.4 20.8458 2.0 0.1168 3.1 0.0177 2.4 0.77 112.9 2.7 112.2 3.3 97.9 46.5 112.9 2.7
GUM_2_Run2-Spot 130 443 22002 1.5 20.6514 2.8 0.1185 3.3 0.0177 1.7 0.52 113.4 1.9 113.7 3.5 120.0 65.7 113.4 1.9
GUM_2_Run2-Spot 189 1276 407242 2.4 20.3538 1.6 0.1205 2.9 0.0178 2.4 0.84 113.6 2.8 115.5 3.2 154.1 36.8 113.6 2.8
GUM_2_Run2-Spot 190 312 11995 1.1 21.6395 4.2 0.1136 4.6 0.0178 1.9 0.41 113.9 2.1 109.2 4.7 8.7 100.1 113.9 2.1
GUM_2_Run2-Spot 149 1351 128377 2.5 20.9497 1.9 0.1182 2.3 0.0180 1.2 0.54 114.7 1.4 113.4 2.4 86.1 45.1 114.7 1.4
GUM_2_Run2-Spot 192 989 168991 2.5 20.4432 1.7 0.1212 2.2 0.0180 1.3 0.62 114.8 1.5 116.1 2.4 143.8 39.6 114.8 1.5
GUM_2_Run2-Spot 165 997 99195 1.1 20.4772 1.6 0.1212 2.0 0.0180 1.3 0.62 115.0 1.4 116.2 2.2 139.9 37.7 115.0 1.4
GUM_2_Run2-Spot 137 210 8338 1.0 21.2917 3.9 0.1166 4.4 0.0180 2.0 0.47 115.0 2.3 112.0 4.6 47.5 92.0 115.0 2.3
GUM_2_Run2-Spot 128 1037 44760 2.7 20.2504 1.3 0.1236 1.9 0.0181 1.4 0.73 116.0 1.6 118.3 2.1 166.0 29.8 116.0 1.6
GUM_2_Run2-Spot 146 574 47264 1.1 19.9032 2.7 0.1266 3.0 0.0183 1.3 0.42 116.7 1.5 121.0 3.4 206.3 62.8 116.7 1.5
GUM_2_Run2-Spot 143 523 45331 1.4 20.3477 3.4 0.1240 3.8 0.0183 1.7 0.44 116.9 2.0 118.7 4.3 154.8 80.5 116.9 2.0
GUM_2_Run2-Spot 182 305 28074 1.1 21.6489 3.5 0.1168 5.6 0.0183 4.4 0.78 117.1 5.1 112.1 6.0 7.6 84.3 117.1 5.1
GUM_2_Run2-Spot 184 514 111333 1.2 20.5591 2.1 0.1231 2.3 0.0184 1.0 0.44 117.3 1.2 117.9 2.6 130.5 49.5 117.3 1.2
GUM_2_Run2-Spot 186 1913 145382 3.1 19.7236 1.7 0.1290 2.1 0.0185 1.2 0.57 117.9 1.4 123.2 2.4 227.2 39.6 117.9 1.4
GUM_2_Run2-Spot 171 472 48329 9.2 21.3485 2.7 0.1213 3.0 0.0188 1.4 0.47 120.0 1.7 116.3 3.3 41.2 63.4 120.0 1.7
GUM_2_Run2-Spot 117 1266 68304 20.3 20.4473 1.5 0.1267 2.5 0.0188 2.0 0.80 120.0 2.4 121.2 2.9 143.3 36.0 120.0 2.4
GUM_2_Run2-Spot 180 1641 360331 1.5 20.6071 1.2 0.1269 2.1 0.0190 1.7 0.82 121.1 2.1 121.3 2.4 125.0 28.7 121.1 2.1
GUM_2_Run2-Spot 159 2062 146762 7.6 20.2966 1.5 0.1289 2.6 0.0190 2.2 0.83 121.2 2.7 123.1 3.1 160.7 34.1 121.2 2.7
GUM_2_Run2-Spot 187 564 61902 2.4 20.3131 1.9 0.1294 3.6 0.0191 3.0 0.85 121.8 3.7 123.6 4.2 158.7 44.7 121.8 3.7
GUM_2_Run2-Spot 97 1604 80533 0.7 20.7154 1.5 0.1276 2.0 0.0192 1.3 0.66 122.4 1.6 121.9 2.2 112.7 34.9 122.4 1.6

GUM_2_Run2-Spot 170 612 32765 2.3 17.1791 5.9 0.1540 6.3 0.0192 2.4 0.37 122.5 2.9 145.5 8.6 537.7 128.5 122.5 2.9
GUM_2_Run2-Spot 129 1787 594121 7.5 18.4351 3.2 0.1452 3.8 0.0194 2.0 0.52 124.0 2.4 137.7 4.9 381.2 72.8 124.0 2.4
GUM_2_Run2-Spot 156 2563 58281 3.0 16.3794 5.6 0.1635 5.7 0.0194 1.3 0.23 124.0 1.6 153.7 8.1 641.1 119.6 124.0 1.6
GUM_2_Run2-Spot 138 2550 165336 1.4 20.1418 1.4 0.1334 1.6 0.0195 0.8 0.49 124.5 1.0 127.2 2.0 178.5 33.2 124.5 1.0
GUM_2_Run2-Spot 166 2869 83057 1.3 20.1106 1.4 0.1339 2.1 0.0195 1.6 0.75 124.7 1.9 127.6 2.5 182.1 32.3 124.7 1.9
GUM_2_Run2-Spot 144 3678 52805 0.8 16.6471 0.9 0.1619 1.9 0.0196 1.7 0.88 124.8 2.1 152.4 2.7 606.1 19.2 124.8 2.1
GUM_2_Run2-Spot 141 2816 69493 0.8 20.6701 1.1 0.1311 2.3 0.0197 2.0 0.87 125.5 2.5 125.1 2.7 117.8 26.6 125.5 2.5
GUM_2_Run2-Spot 124 1951 107409 21.3 20.5899 1.3 0.1322 1.9 0.0197 1.3 0.72 126.0 1.7 126.1 2.2 127.0 30.5 126.0 1.7
GUM_2_Run2-Spot 152 2952 306390 0.8 20.2453 1.2 0.1346 1.5 0.0198 1.0 0.62 126.2 1.2 128.2 1.9 166.6 28.2 126.2 1.2
GUM_2_Run2-Spot 133 2293 149505 27.3 17.6574 1.1 0.1546 1.4 0.0198 0.9 0.64 126.4 1.1 146.0 1.9 477.3 23.3 126.4 1.1
GUM_2_Run2-Spot 160 2690 93053 1.1 19.9510 1.2 0.1372 1.5 0.0198 0.9 0.60 126.7 1.1 130.5 1.9 200.7 28.3 126.7 1.1
GUM_2_Run2-Spot 100 365 18341 2.7 18.6609 3.3 0.1474 4.8 0.0199 3.4 0.72 127.3 4.3 139.6 6.2 353.8 74.7 127.3 4.3
GUM_2_Run2-Spot 148 1754 95025 7.0 19.4669 2.0 0.1416 2.5 0.0200 1.6 0.64 127.6 2.0 134.5 3.2 257.5 44.9 127.6 2.0
GUM_2_Run2-Spot 145 2204 90393 15.9 18.4356 1.3 0.1497 2.1 0.0200 1.6 0.79 127.7 2.1 141.6 2.7 381.1 28.6 127.7 2.1
GUM_2_Run2-Spot 157 4324 67613 0.7 14.5808 4.9 0.1903 5.0 0.0201 1.0 0.21 128.5 1.3 176.9 8.1 886.2 101.1 128.5 1.3
GUM_2_Run2-Spot 108 2942 58081 21.9 20.8889 1.3 0.1332 1.8 0.0202 1.3 0.70 128.8 1.6 127.0 2.2 93.0 30.3 128.8 1.6
GUM_2_Run2-Spot 181 3015 75597 5.5 19.7839 1.4 0.1409 1.7 0.0202 1.0 0.58 129.1 1.2 133.9 2.1 220.2 31.4 129.1 1.2
GUM_2_Run2-Spot 151 2463 127383 4.0 17.1365 1.7 0.1629 1.9 0.0203 0.8 0.43 129.3 1.1 153.3 2.8 543.1 38.2 129.3 1.1
GUM_2_Run2-Spot 150 2563 101352 1.4 21.0635 0.9 0.1331 1.5 0.0203 1.1 0.77 129.7 1.4 126.8 1.7 73.2 22.1 129.7 1.4
GUM_2_Run2-Spot 114 3192 84639 9.5 18.9129 1.8 0.1490 2.2 0.0204 1.3 0.60 130.5 1.7 141.1 2.9 323.4 40.6 130.5 1.7
GUM_2_Run2-Spot 174 2386 473316 2.3 20.1730 1.1 0.1409 1.5 0.0206 1.1 0.70 131.6 1.4 133.9 1.9 174.9 25.2 131.6 1.4
GUM_2_Run2-Spot 172 3878 51431 16.0 12.2616 8.2 0.2449 8.6 0.0218 2.6 0.30 138.9 3.6 222.4 17.2 1234.9 161.3 138.9 3.6
GUM_2_Run2-Spot 162 5417 171209 12.5 19.9247 0.8 0.1558 1.2 0.0225 0.9 0.77 143.5 1.3 147.0 1.7 203.7 18.1 143.5 1.3
GUM_2_Run2-Spot 135 497 77989 9.7 19.6980 2.5 0.1634 3.2 0.0233 2.0 0.62 148.8 2.9 153.7 4.5 230.2 57.6 148.8 2.9
GUM_2_Run2-Spot 169 1535 13036 2.8 4.9419 50.8 0.6570 51.2 0.0235 6.6 0.13 150.0 9.8 512.8 209.1 2845.2 898.4 150.0 9.8
GUM_2_Run2-Spot 179 4124 37205 1.5 12.1812 7.8 0.2798 7.9 0.0247 1.1 0.14 157.4 1.7 250.5 17.5 1247.7 153.3 157.4 1.7
GUM_2_Run2-Spot 121 391 75822 1.4 20.2076 2.2 0.1748 2.9 0.0256 1.9 0.65 163.1 3.0 163.6 4.4 170.9 51.7 163.1 3.0
GUM_2_Run2-Spot 132 779 63294 2.1 19.9847 2.0 0.1842 2.5 0.0267 1.5 0.60 169.8 2.5 171.6 3.9 196.8 46.2 169.8 2.5
GUM_2_Run2-Spot 134 7414 164383 0.8 18.5481 1.1 0.2054 1.5 0.0276 1.0 0.68 175.7 1.7 189.7 2.5 367.4 24.0 175.7 1.7
GUM_2_Run2-Spot 147 2429 78493 5.8 12.1470 5.5 0.3322 8.4 0.0293 6.3 0.75 186.0 11.5 291.3 21.2 1253.2 108.5 186.0 11.5
GUM_2_Run2-Spot 161 495 107435 1.3 19.6068 1.4 0.3171 2.1 0.0451 1.6 0.76 284.3 4.5 279.7 5.2 241.0 31.9 284.3 4.5
GUM_2_Run2-Spot 103 251 169989 3.2 19.1020 2.0 0.3304 2.7 0.0458 1.8 0.67 288.5 5.0 289.8 6.7 300.8 45.1 288.5 5.0
GUM_2_Run2-Spot 167 892 341946 1.4 19.0056 1.4 0.3481 3.2 0.0480 2.8 0.90 302.1 8.4 303.3 8.3 312.3 31.6 302.1 8.4
GUM_2_Run2-Spot 106 2519 2901 0.6 10.4889 16.1 0.6576 23.4 0.0500 17.0 0.73 314.7 52.2 513.2 94.7 1534.8 305.7 314.7 52.2
GUM_2_Run2-Spot 188 116 66424 4.1 17.3870 2.4 0.4119 3.9 0.0519 3.1 0.79 326.5 9.8 350.3 11.6 511.3 52.2 326.5 9.8
GUM_2_Run2-Spot 127 584 114907 2.6 14.3088 0.8 0.5374 2.6 0.0558 2.4 0.96 349.8 8.3 436.7 9.1 925.0 15.5 349.8 8.3
GUM_2_Run2-Spot 116 393 266242 4.8 18.7685 1.5 0.4198 1.9 0.0571 1.2 0.63 358.2 4.2 355.9 5.7 340.8 33.5 358.2 4.2
GUM_2_Run2-Spot 136 13345 413695 131.6 18.9131 1.7 0.4844 16.0 0.0665 15.9 0.99 414.7 63.8 401.1 53.0 323.4 38.8 414.7 63.8
GUM_2_Run2-Spot 175 119 185357 1.1 17.5302 2.2 0.5404 2.8 0.0687 1.7 0.61 428.4 7.0 438.7 9.9 493.2 48.1 428.4 7.0
GUM_2_Run2-Spot 131 814 96414 4.0 17.8887 1.2 0.5487 2.7 0.0712 2.4 0.90 443.3 10.3 444.2 9.6 448.4 26.4 443.3 10.3
GUM_2_Run2-Spot 120 230 123466 1.7 17.3962 2.2 0.5672 2.5 0.0716 1.2 0.50 445.6 5.4 456.2 9.2 510.1 47.8 445.6 5.4
GUM_2_Run2-Spot 111 945 260569 3.4 15.6162 1.3 0.7477 1.8 0.0847 1.2 0.67 524.0 6.1 566.9 7.9 742.8 28.5 524.0 6.1
GUM_2_Run2-Spot 153 203 162761 0.9 16.7966 2.1 0.7046 2.5 0.0858 1.4 0.57 530.9 7.2 541.5 10.5 586.7 44.8 530.9 7.2
GUM_2_Run2-Spot 142 319 122481 0.8 15.3903 1.4 0.7698 3.6 0.0859 3.4 0.93 531.4 17.2 579.6 16.1 773.5 29.1 531.4 17.2
GUM_2_Run2-Spot 115 172 87178 0.5 17.2432 2.0 0.7396 2.2 0.0925 1.0 0.45 570.3 5.3 562.2 9.4 529.5 42.7 570.3 5.3
GUM_2_Run2-Spot 164 1355 208668 21.4 14.7340 0.9 1.1429 1.3 0.1221 0.9 0.70 742.8 6.2 773.9 6.8 864.6 18.7 742.8 6.2
GUM_2_Run2-Spot 109 298 60853 2.2 15.1050 1.0 1.2151 1.5 0.1331 1.2 0.77 805.6 8.7 807.5 8.4 812.8 20.1 805.6 8.7
GUM_2_Run2-Spot 122 133 64224 1.5 14.6510 1.1 1.3726 1.8 0.1458 1.3 0.77 877.6 11.1 877.3 10.3 876.3 23.2 877.6 11.1
GUM_2_Run2-Spot 104 1481 184650 5.5 14.1111 0.8 1.5772 1.3 0.1614 1.0 0.78 964.6 9.3 961.3 8.3 953.6 17.2 953.6 17.2
GUM_2_Run2-Spot 101 1162 806479 4.4 13.8287 3.5 1.5882 3.6 0.1593 1.0 0.27 952.8 8.6 965.6 22.5 994.8 70.6 994.8 70.6
GUM_2_Run2-Spot 154 143 67329 1.4 13.7674 1.6 1.5783 3.8 0.1576 3.5 0.91 943.4 30.6 961.7 23.9 1003.8 32.6 1003.8 32.6
GUM_2_Run2-Spot 112 568 574151 1.1 13.6291 1.0 1.7551 1.6 0.1735 1.3 0.80 1031.3 12.5 1029.1 10.6 1024.2 20.1 1024.2 20.1
GUM_2_Run2-Spot 110 94 32853 1.3 13.3578 1.6 1.7264 4.5 0.1673 4.2 0.93 997.0 39.1 1018.4 29.1 1064.8 32.3 1064.8 32.3
GUM_2_Run2-Spot 119 169 368485 1.4 12.6138 1.0 2.2241 2.8 0.2035 2.6 0.93 1193.9 28.7 1188.7 19.8 1179.1 19.8 1179.1 19.8
GUM_2_Run2-Spot 173 157 299433 1.0 11.1932 1.2 2.9957 1.9 0.2432 1.5 0.78 1403.3 18.5 1406.5 14.2 1411.4 22.2 1411.4 22.2
GUM_2_Run2-Spot 140 1024 272408 2.2 8.7977 0.8 5.2005 1.5 0.3318 1.3 0.84 1847.2 21.0 1852.7 13.2 1858.8 15.0 1858.8 15.0
GUM_2_Run2-Spot 125 260 365063 1.1 7.8866 0.7 6.8925 1.9 0.3942 1.7 0.92 2142.5 31.4 2097.7 16.5 2054.0 12.5 2054.0 12.5
GUM_2_Run2-Spot 98 199 2079463 1.2 5.9560 0.7 11.1943 1.3 0.4836 1.1 0.85 2542.8 23.8 2539.4 12.4 2536.8 11.9 2536.8 11.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Chapman_14-083A-Spot 12 642 9519 1.0 20.9489 1.8 0.0780 3.0 0.0119 2.4 0.81 76.0 1.8 76.3 2.2 86.2 41.7 76.0 1.8
Chapman_14-083A-Spot 49 528 4138 1.6 19.7864 2.4 0.0941 3.2 0.0135 2.2 0.68 86.4 1.9 91.3 2.8 219.9 54.8 86.4 1.9
Chapman_14-083A-Spot 42 271 3838 3.9 21.8707 2.6 0.0907 3.5 0.0144 2.3 0.67 92.1 2.1 88.2 2.9 16.9 62.4 92.1 2.1
Chapman_14-083A-Spot 17 217 2706 1.3 22.4609 2.6 0.0954 3.8 0.0155 2.8 0.74 99.4 2.8 92.5 3.4 81.7 63.1 99.4 2.8
Chapman_14-083A-Spot 38 726 12297 1.4 20.6807 1.4 0.1063 2.4 0.0159 1.9 0.81 101.9 1.9 102.5 2.3 116.6 33.0 101.9 1.9
Chapman_14-083A-Spot 77 564 3255 1.5 22.6974 1.6 0.0969 2.8 0.0160 2.3 0.82 102.1 2.4 94.0 2.5 107.4 39.6 102.1 2.4
Chapman_14-083A-Spot 18 647 6750 1.1 20.4628 1.5 0.1089 2.8 0.0162 2.3 0.83 103.3 2.3 104.9 2.8 141.6 36.3 103.3 2.3
Chapman_14-083A-Spot 39 597 117093 2.0 20.5796 1.4 0.1083 2.5 0.0162 2.1 0.82 103.4 2.1 104.4 2.5 128.2 33.9 103.4 2.1
Chapman_14-083A-Spot 25 504 6622 1.8 21.1283 1.4 0.1064 2.5 0.0163 2.0 0.82 104.3 2.1 102.7 2.4 65.9 33.5 104.3 2.1
Chapman_14-083A-Spot 54 839 33446 3.4 20.1958 1.2 0.1117 2.2 0.0164 1.8 0.82 104.6 1.8 107.5 2.2 172.3 29.1 104.6 1.8
Chapman_14-083A-Spot 46 731 15658 1.6 20.2080 2.1 0.1123 4.4 0.0165 3.8 0.88 105.2 4.0 108.1 4.5 170.9 49.5 105.2 4.0
Chapman_14-083A-Spot 75 327 8064 2.0 20.8689 2.2 0.1091 4.0 0.0165 3.4 0.83 105.6 3.5 105.1 4.0 95.2 52.8 105.6 3.5
Chapman_14-083A-Spot 66 357 2336 2.0 23.1365 2.2 0.0984 3.4 0.0165 2.5 0.75 105.6 2.6 95.3 3.1 154.8 55.3 105.6 2.6
Chapman_14-083A-Spot 31 194 4377 1.8 21.6192 3.5 0.1055 4.6 0.0165 3.0 0.66 105.8 3.2 101.8 4.5 11.0 84.2 105.8 3.2
Chapman_14-083A-Spot 52 477 6694 1.1 21.0234 2.0 0.1085 2.9 0.0165 2.2 0.75 105.8 2.3 104.6 2.9 77.7 46.5 105.8 2.3
Chapman_14-083A-Spot 45 609 4980 1.5 21.4889 1.6 0.1064 3.0 0.0166 2.5 0.84 106.1 2.6 102.7 2.9 25.5 38.9 106.1 2.6
Chapman_14-083A-Spot 97 448 4676 1.8 21.4349 2.2 0.1068 3.5 0.0166 2.8 0.78 106.1 2.9 103.0 3.5 31.5 53.3 106.1 2.9
Chapman_14-083A-Spot 90 466 4616 1.4 20.9713 2.5 0.1108 3.8 0.0168 2.8 0.74 107.7 3.0 106.7 3.8 83.6 60.0 107.7 3.0
Chapman_14-083A-Spot 8 230 7966 0.9 21.0638 2.4 0.1107 4.3 0.0169 3.6 0.83 108.1 3.8 106.6 4.4 73.2 58.1 108.1 3.8

Chapman_14-083A-Spot 34 727 5100 3.0 21.1501 3.0 0.1115 3.8 0.0171 2.3 0.61 109.3 2.5 107.3 3.8 63.5 71.0 109.3 2.5
Chapman_14-083A-Spot 82b 361 15640 1.4 20.0608 2.1 0.1642 3.6 0.0239 3.0 0.82 152.2 4.4 154.4 5.2 187.9 48.0 152.2 4.4
Chapman_14-083A-Spot 82a 308 23912 1.4 20.2411 1.7 0.1657 3.4 0.0243 2.9 0.86 154.9 4.5 155.7 4.9 167.1 40.2 154.9 4.5
Chapman_14-083A-Spot 13 208 2210 2.0 21.9734 3.3 0.1678 4.4 0.0267 2.8 0.65 170.1 4.7 157.5 6.4 28.3 80.8 170.1 4.7
Chapman_14-083A-Spot 21 574 17866 2.7 19.7772 1.3 0.2095 2.9 0.0301 2.7 0.90 190.9 5.0 193.2 5.2 221.0 29.1 190.9 5.0
Chapman_14-083A-Spot 6 106 86462 1.4 18.9481 2.1 0.2704 4.6 0.0372 4.1 0.89 235.2 9.5 243.0 10.0 319.1 47.1 235.2 9.5

Chapman_14-083A-Spot 61 311 7255 1.1 19.8655 1.6 0.2669 2.6 0.0384 2.0 0.78 243.2 4.8 240.2 5.6 210.6 37.5 243.2 4.8
Chapman_14-083A-Spot 41 244 4712 1.0 19.7888 3.2 0.2742 3.9 0.0394 2.3 0.58 248.8 5.6 246.1 8.5 219.6 73.6 248.8 5.6
Chapman_14-083A-Spot 9 569 6171 0.5 18.1676 2.6 0.3020 3.8 0.0398 2.8 0.74 251.5 7.0 267.9 9.0 414.0 57.2 251.5 7.0

Chapman_14-083A-Spot 86 177 4459 0.9 20.3960 1.7 0.2726 3.5 0.0403 3.1 0.87 254.9 7.7 244.8 7.7 149.2 40.5 254.9 7.7
Chapman_14-083A-Spot 35 166 160622 2.1 19.0362 2.0 0.3246 3.8 0.0448 3.2 0.85 282.6 8.9 285.4 9.4 308.6 44.7 282.6 8.9
Chapman_14-083A-Spot 74 150 3012 2.1 21.0189 1.7 0.3079 4.3 0.0469 3.9 0.92 295.7 11.3 272.6 10.2 78.2 40.3 295.7 11.3
Chapman_14-083A-Spot 26 345 68524 1.8 18.5102 1.2 0.3693 2.7 0.0496 2.4 0.89 311.9 7.2 319.1 7.3 372.0 27.3 311.9 7.2
Chapman_14-083A-Spot 7 288 10205 1.0 18.4232 1.6 0.3808 3.6 0.0509 3.3 0.91 319.9 10.3 327.6 10.2 382.6 34.9 319.9 10.3
Chapman_14-083A-Spot 5 342 49366 1.6 18.5390 1.4 0.3786 3.2 0.0509 2.9 0.90 320.1 8.9 326.0 8.8 368.5 30.9 320.1 8.9

Chapman_14-083A-Spot 63 258 3917 1.4 20.7787 1.0 0.3397 3.4 0.0512 3.3 0.96 321.8 10.2 296.9 8.8 105.5 23.8 321.8 10.2
Chapman_14-083A-Spot 88 125 7206 2.7 19.4015 1.8 0.3871 4.0 0.0545 3.5 0.89 341.9 11.8 332.2 11.3 265.2 42.1 341.9 11.8
Chapman_14-083A-Spot 23 79 6548 2.2 18.9818 1.8 0.4122 4.8 0.0567 4.4 0.93 355.8 15.3 350.4 14.1 315.2 39.9 355.8 15.3
Chapman_14-083A-Spot 11 290 21190 1.1 18.0815 1.0 0.4711 3.0 0.0618 2.9 0.95 386.4 10.8 391.9 9.9 424.6 21.4 386.4 10.8
Chapman_14-083A-Spot 51 311 29392 1.0 17.5867 1.1 0.6297 3.1 0.0803 2.9 0.94 498.0 13.8 495.9 12.1 486.2 24.0 498.0 13.8
Chapman_14-083A-Spot 64 178 10383 0.7 16.8198 1.3 0.6609 3.0 0.0806 2.7 0.89 499.8 12.8 515.1 12.1 583.7 29.2 499.8 12.8
Chapman_14-083A-Spot 4 970 8050984 13.8 17.2946 0.7 0.6582 2.5 0.0826 2.4 0.96 511.4 11.6 513.5 9.9 523.0 15.2 511.4 11.6

Chapman_14-083A-Spot 27 474 32908 1.6 16.8848 1.1 0.7074 2.6 0.0866 2.4 0.91 535.6 12.2 543.2 11.0 575.4 23.8 535.6 12.2
Chapman_14-083A-Spot 73 376 35352 1.3 16.8962 0.8 0.7489 2.9 0.0918 2.8 0.96 566.0 14.9 567.6 12.5 573.9 17.2 566.0 14.9
Chapman_14-083A-Spot 1 266 13344 0.7 16.8320 1.1 0.7877 3.1 0.0962 2.9 0.93 591.8 16.3 589.9 13.8 582.2 24.4 591.8 16.3

Chapman_14-083A-Spot 32 46 9424 2.3 16.2827 2.2 0.8499 6.1 0.1004 5.7 0.93 616.6 33.4 624.6 28.4 653.8 47.8 616.6 33.4
Chapman_14-083A-Spot 76a 195 12695 2.4 16.0879 1.2 0.9040 3.7 0.1055 3.6 0.95 646.5 21.9 653.9 18.1 679.5 24.8 646.5 21.9
Chapman_14-083A-Spot 76b 197 13127 2.3 16.0805 1.5 0.9118 3.1 0.1063 2.7 0.87 651.4 16.6 658.0 14.9 680.5 32.3 651.4 16.6
Chapman_14-083A-Spot 92 89 6773 0.7 15.8572 1.3 0.9735 4.2 0.1120 4.0 0.95 684.1 25.9 690.3 21.0 710.4 27.4 684.1 25.9
Chapman_14-083A-Spot 94 166 41958 2.5 15.7247 1.0 1.0390 2.9 0.1185 2.8 0.94 721.9 18.8 723.4 15.2 728.2 21.6 721.9 18.8
Chapman_14-083A-Spot 69 57 3147 1.0 15.9488 1.5 1.0315 6.0 0.1193 5.9 0.97 726.6 40.3 719.7 31.2 698.1 30.9 726.6 40.3
Chapman_14-083A-Spot 16 243 17302 1.1 15.7211 0.9 1.0803 3.3 0.1232 3.2 0.96 748.8 22.7 743.8 17.7 728.7 19.6 748.8 22.7
Chapman_14-083A-Spot 28 98 5696 1.2 15.4165 1.4 1.1362 3.8 0.1270 3.6 0.93 770.9 26.0 770.7 20.7 770.0 29.1 770.9 26.0
Chapman_14-083A-Spot 81 79 10763 1.2 15.5547 1.5 1.1320 4.8 0.1277 4.6 0.95 774.8 33.4 768.7 26.0 751.1 32.4 774.8 33.4
Chapman_14-083A-Spot 85 283 523686 1.6 14.9705 0.8 1.2573 3.0 0.1365 2.9 0.96 824.9 22.1 826.7 16.8 831.5 17.2 824.9 22.1
Chapman_14-083A-Spot 22 79 15437 2.0 14.5608 1.1 1.3061 4.2 0.1379 4.1 0.96 832.9 31.9 848.4 24.4 889.1 23.4 832.9 31.9
Chapman_14-083A-Spot 2 44 4574 0.8 15.0551 3.0 1.2769 6.4 0.1394 5.7 0.88 841.4 44.7 835.5 36.5 819.7 62.7 841.4 44.7

Chapman_14-083A-Spot 65 232 15591 2.7 14.5453 0.9 1.3496 2.6 0.1424 2.4 0.94 858.0 19.4 867.4 15.0 891.3 18.1 858.0 19.4
Chapman_14-083A-Spot 72 242 187582 1.6 14.5545 0.9 1.3861 2.8 0.1463 2.7 0.95 880.3 21.9 883.0 16.5 889.9 17.9 880.3 21.9
Chapman_14-083A-Spot 33 299 21125 0.8 14.6717 0.8 1.3831 2.7 0.1472 2.6 0.96 885.1 21.5 881.8 16.0 873.4 16.3 885.1 21.5
Chapman_14-083A-Spot 87 359 17154 4.6 14.5088 0.8 1.4760 2.6 0.1553 2.5 0.95 930.7 21.7 920.6 16.0 896.4 17.2 896.4 17.2
Chapman_14-083A-Spot 40 155 6413 2.6 14.2494 1.0 1.5119 4.4 0.1562 4.3 0.97 935.9 37.3 935.2 26.9 933.6 20.3 933.6 20.3
Chapman_14-083A-Spot 24 177 236049 2.4 14.1699 0.9 1.4425 2.8 0.1482 2.7 0.94 891.1 22.3 906.7 17.0 945.1 19.3 945.1 19.3
Chapman_14-083A-Spot 50 248 40606 2.0 14.1461 0.8 1.5387 2.6 0.1579 2.5 0.95 944.9 21.5 946.0 15.8 948.5 16.1 948.5 16.1
Chapman_14-083A-Spot 80 242 178526 3.8 14.0385 0.9 1.5785 3.0 0.1607 2.9 0.95 960.8 25.5 961.8 18.6 964.1 18.4 964.1 18.4
Chapman_14-083A-Spot 84 304 148723 1.1 13.8476 0.9 1.6180 2.7 0.1625 2.6 0.94 970.6 23.3 977.2 17.2 992.0 18.6 992.0 18.6
Chapman_14-083A-Spot 71 73 16042 1.8 13.7262 1.3 1.7843 4.5 0.1776 4.3 0.96 1054.0 42.2 1039.7 29.5 1009.9 26.4 1009.9 26.4
Chapman_14-083A-Spot 43 104 4241 0.7 13.5057 1.0 1.7008 3.9 0.1666 3.8 0.97 993.4 34.5 1008.8 24.8 1042.6 19.7 1042.6 19.7
Chapman_14-083A-Spot 58 450 46973 1.1 13.4935 0.9 1.8289 2.6 0.1790 2.5 0.94 1061.4 24.3 1055.9 17.3 1044.4 17.8 1044.4 17.8
Chapman_14-083A-Spot 48 160 30623 2.9 13.2915 1.0 1.8271 3.0 0.1761 2.8 0.94 1045.8 27.1 1055.2 19.6 1074.8 20.9 1074.8 20.9
Chapman_14-083A-Spot 62 114 89595 1.4 12.6856 1.1 2.0852 3.8 0.1918 3.7 0.96 1131.4 38.2 1143.9 26.4 1167.8 21.8 1167.8 21.8
Chapman_14-083A-Spot 93 192 32544 0.9 12.6276 0.7 2.1140 3.3 0.1936 3.3 0.98 1140.9 34.2 1153.4 23.0 1177.0 13.0 1177.0 13.0
Chapman_14-083A-Spot 57 378 302770 5.6 12.5798 0.7 2.1955 2.6 0.2003 2.5 0.96 1177.0 26.6 1179.6 17.9 1184.4 13.7 1184.4 13.7

Chapman_14-083A-Spot 100 246 400088 1.7 10.9402 0.9 3.0505 3.4 0.2420 3.3 0.97 1397.3 41.7 1420.4 26.2 1455.1 16.3 1455.1 16.3
Chapman_14-083A-Spot 14 166 168718 1.9 10.7884 1.0 3.2116 3.7 0.2513 3.5 0.96 1445.1 45.6 1460.0 28.4 1481.6 19.1 1481.6 19.1
Chapman_14-083A-Spot 68 19 4568 0.7 9.5206 1.6 4.4117 8.3 0.3046 8.2 0.98 1714.2 123.4 1714.5 69.2 1714.9 29.3 1714.9 29.3
Chapman_14-083A-Spot 44 330 107403 2.0 9.4954 0.7 4.2700 2.9 0.2941 2.9 0.97 1661.8 41.8 1687.6 24.2 1719.8 13.5 1719.8 13.5
Chapman_14-083A-Spot 36 265 280850 0.6 9.1419 0.7 4.0250 2.6 0.2669 2.5 0.97 1524.9 34.6 1639.3 21.5 1789.2 12.5 1789.2 12.5
Chapman_14-083A-Spot 96 172 277898 0.8 9.0691 0.8 4.9993 3.9 0.3288 3.8 0.98 1832.7 60.2 1819.2 32.7 1803.8 14.5 1803.8 14.5
Chapman_14-083A-Spot 20 348 40618 0.9 8.8939 0.6 5.1770 2.6 0.3339 2.5 0.97 1857.5 40.9 1848.8 22.2 1839.1 11.5 1839.1 11.5
Chapman_14-083A-Spot 29 312 105703 2.4 8.8676 0.5 5.1416 2.8 0.3307 2.8 0.99 1841.7 44.5 1843.0 24.0 1844.5 8.6 1844.5 8.6
Chapman_14-083A-Spot 98 282 78701 2.9 8.8359 0.8 5.4534 3.1 0.3495 3.0 0.97 1932.1 49.4 1893.3 26.3 1851.0 14.1 1851.0 14.1
Chapman_14-083A-Spot 89 159 46157 1.9 8.8353 0.9 5.1034 4.0 0.3270 3.9 0.98 1823.9 62.6 1836.7 34.3 1851.1 15.9 1851.1 15.9
Chapman_14-083A-Spot 47 185 255715 1.0 8.6962 0.7 5.0497 2.7 0.3185 2.6 0.97 1782.4 40.2 1827.7 22.6 1879.7 12.0 1879.7 12.0
Chapman_14-083A-Spot 95 399 1083459 2.2 7.2854 4.7 6.4415 5.5 0.3404 2.9 0.52 1888.4 47.0 2037.9 48.3 2192.9 81.3 2192.9 81.3
Chapman_14-083A-Spot 3 87 54240 0.9 6.5167 0.8 7.7251 4.1 0.3651 4.0 0.98 2006.4 68.4 2199.5 36.5 2384.7 13.9 2384.7 13.9

Chapman_14-083A-Spot 83 72 14624 1.4 6.3261 0.7 10.1357 5.7 0.4650 5.7 0.99 2461.8 115.8 2447.2 52.7 2435.2 11.3 2435.2 11.3
Chapman_14-083A-Spot 53 128 77782 1.1 6.2744 0.7 10.6572 4.2 0.4850 4.1 0.99 2548.9 87.3 2493.7 39.0 2449.0 11.3 2449.0 11.3
Chapman_14-083A-Spot 55 143 124846 1.3 6.2323 0.7 10.6127 3.0 0.4797 3.0 0.98 2526.0 62.1 2489.8 28.3 2460.4 11.3 2460.4 11.3
Chapman_14-083A-Spot 10 27 26652 0.8 6.2108 1.2 9.6029 7.1 0.4326 7.0 0.99 2317.2 136.9 2397.4 65.7 2466.3 20.7 2466.3 20.7
Chapman_14-083A-Spot 56 286 130175 0.6 6.1625 0.8 10.0723 3.0 0.4502 2.9 0.97 2396.0 57.3 2441.4 27.3 2479.5 12.7 2479.5 12.7
Chapman_14-083A-Spot 60 59 11785 0.8 6.1386 0.8 10.8585 5.5 0.4834 5.4 0.99 2542.2 113.9 2511.1 51.0 2486.0 14.0 2486.0 14.0
Chapman_14-083A-Spot 59 71 42896 1.0 6.1318 0.7 10.6405 3.8 0.4732 3.7 0.98 2497.6 76.6 2492.3 35.0 2487.9 12.3 2487.9 12.3
Chapman_14-083A-Spot 70 421 125553 9.3 4.9538 0.7 14.5506 2.6 0.5228 2.5 0.96 2711.0 54.6 2786.3 24.3 2841.3 11.2 2841.3 11.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

jbc_14_085-Spot 194 392 34953 2.0 21.0203 3.1 0.0780 3.2 0.0119 0.9 0.28 76.2 0.7 76.3 2.4 78.1 73.4 76.2 0.7
jbc_14_085-Spot 124 339 24005 1.9 19.8875 4.1 0.0831 4.2 0.0120 1.2 0.27 76.8 0.9 81.0 3.3 208.1 94.0 76.8 0.9
jbc_14_085-Spot 53 471 30371 0.9 20.3136 2.2 0.1054 2.4 0.0155 1.0 0.41 99.3 1.0 101.7 2.4 158.7 52.0 99.3 1.0
jbc_14_085-Spot 14 173 8326 1.9 21.1818 3.4 0.1012 3.7 0.0155 1.4 0.39 99.4 1.4 97.9 3.4 59.9 81.0 99.4 1.4

jbc_14_085-Spot 133 722 77999 2.2 20.2879 2.2 0.1061 2.5 0.0156 1.1 0.46 99.9 1.1 102.4 2.4 161.7 51.6 99.9 1.1
jbc_14_085-Spot 187 339 29967 2.4 20.6063 2.7 0.1045 2.9 0.0156 1.2 0.39 99.9 1.1 100.9 2.8 125.1 63.3 99.9 1.1
jbc_14_085-Spot 282 254 47595 1.3 20.1396 3.0 0.1069 3.2 0.0156 1.2 0.37 99.9 1.2 103.1 3.2 178.8 70.3 99.9 1.2
jbc_14_085-Spot 76 151 38174 1.6 20.5523 4.7 0.1048 4.9 0.0156 1.4 0.28 100.0 1.4 101.2 4.7 131.3 110.0 100.0 1.4

jbc_14_085-Spot 179 101 8713 1.7 21.4747 4.8 0.1004 5.2 0.0156 1.8 0.36 100.0 1.8 97.1 4.8 27.0 115.9 100.0 1.8
jbc_14_085-Spot 62 185 42899 1.2 20.5242 4.2 0.1052 4.4 0.0157 1.3 0.30 100.2 1.3 101.6 4.3 134.5 99.0 100.2 1.3

jbc_14_085-Spot 115 136 15775 1.3 19.7388 4.5 0.1096 4.8 0.0157 1.6 0.34 100.3 1.6 105.6 4.8 225.4 104.1 100.3 1.6
jbc_14_085-Spot 33 194 17043 2.7 20.2310 3.0 0.1069 3.3 0.0157 1.4 0.43 100.3 1.4 103.1 3.3 168.2 70.2 100.3 1.4
jbc_14_085-Spot 85 288 34850 1.5 20.0028 3.4 0.1081 3.7 0.0157 1.5 0.40 100.3 1.5 104.2 3.7 194.7 78.6 100.3 1.5
jbc_14_085-Spot 46 117 12344 1.2 20.5478 4.4 0.1053 4.7 0.0157 1.7 0.36 100.4 1.7 101.7 4.6 131.8 103.4 100.4 1.7

jbc_14_085-Spot 175 322 32326 2.6 20.5032 3.6 0.1056 3.9 0.0157 1.4 0.35 100.4 1.4 101.9 3.8 136.9 85.1 100.4 1.4
jbc_14_085-Spot 36 122 4308 2.0 21.2833 3.8 0.1018 4.3 0.0157 1.9 0.44 100.5 1.9 98.4 4.0 48.5 91.6 100.5 1.9

jbc_14_085-Spot 300 114 49487 2.0 20.2559 3.9 0.1070 4.1 0.0157 1.4 0.34 100.6 1.4 103.2 4.1 165.3 90.7 100.6 1.4
jbc_14_085-Spot 52 241 30098 1.7 20.2629 2.6 0.1070 2.8 0.0157 1.1 0.38 100.6 1.1 103.2 2.7 164.5 60.3 100.6 1.1
jbc_14_085-Spot 68 444 200059 1.6 19.7897 2.8 0.1099 3.0 0.0158 1.2 0.40 100.9 1.2 105.9 3.1 219.5 64.7 100.9 1.2

jbc_14_085-Spot 258 202 16342 1.8 20.2905 2.9 0.1073 3.2 0.0158 1.3 0.42 101.0 1.3 103.5 3.2 161.4 68.5 101.0 1.3
jbc_14_085-Spot 94 190 20457 1.9 20.6463 4.3 0.1056 4.7 0.0158 2.0 0.41 101.1 2.0 101.9 4.6 120.6 101.4 101.1 2.0
jbc_14_085-Spot 73 580 108035 1.6 20.0957 1.8 0.1085 2.3 0.0158 1.4 0.62 101.2 1.4 104.6 2.3 183.9 42.4 101.2 1.4

jbc_14_085-Spot 117 443 13010 3.2 20.4633 2.2 0.1066 2.5 0.0158 1.3 0.50 101.2 1.3 102.9 2.5 141.5 51.7 101.2 1.3
jbc_14_085-Spot 121 263 65190 1.5 19.8701 3.8 0.1099 4.0 0.0158 1.2 0.30 101.3 1.2 105.9 4.0 210.1 87.7 101.3 1.2
jbc_14_085-Spot 174 363 20010 1.6 20.4668 2.4 0.1067 2.7 0.0158 1.2 0.45 101.3 1.2 102.9 2.7 141.1 56.7 101.3 1.2
jbc_14_085-Spot 95 303 29835 1.2 21.2196 2.5 0.1030 2.7 0.0158 1.0 0.36 101.4 1.0 99.5 2.5 55.6 59.7 101.4 1.0
jbc_14_085-Spot 23 123 8916 1.4 20.3102 3.8 0.1076 4.1 0.0159 1.3 0.32 101.4 1.3 103.8 4.0 159.1 90.0 101.4 1.3
jbc_14_085-Spot 60 512 27907 1.6 20.3248 2.4 0.1076 2.6 0.0159 0.9 0.34 101.4 0.9 103.7 2.5 157.4 56.2 101.4 0.9

jbc_14_085-Spot 265 240 25534 3.3 20.4530 2.6 0.1069 2.8 0.0159 1.2 0.42 101.4 1.2 103.1 2.8 142.7 60.3 101.4 1.2
jbc_14_085-Spot 37 340 32377 1.8 21.0544 1.8 0.1039 2.1 0.0159 0.9 0.45 101.5 0.9 100.4 2.0 74.2 43.9 101.5 0.9

jbc_14_085-Spot 116 245 1013736 1.7 19.4210 2.4 0.1127 2.6 0.0159 1.1 0.42 101.5 1.1 108.4 2.7 262.9 54.9 101.5 1.1
jbc_14_085-Spot 245 934 80223 2.2 20.3751 2.0 0.1074 2.3 0.0159 1.3 0.54 101.5 1.3 103.6 2.3 151.7 46.1 101.5 1.3
jbc_14_085-Spot 103 1128 160891 3.1 20.3115 1.5 0.1078 1.8 0.0159 1.0 0.56 101.5 1.0 103.9 1.8 159.0 35.3 101.5 1.0
jbc_14_085-Spot 259 525 42269 1.1 20.6248 2.6 0.1063 2.8 0.0159 1.1 0.38 101.7 1.1 102.6 2.7 123.0 60.8 101.7 1.1
jbc_14_085-Spot 253 590 39674 2.0 20.2486 2.4 0.1083 2.6 0.0159 1.2 0.44 101.7 1.2 104.4 2.6 166.2 55.2 101.7 1.2
jbc_14_085-Spot 44 184 151901 1.7 20.2971 2.9 0.1080 3.2 0.0159 1.2 0.39 101.7 1.2 104.2 3.1 160.6 68.4 101.7 1.2

jbc_14_085-Spot 182 180 33702 2.5 19.4489 3.4 0.1128 3.7 0.0159 1.4 0.38 101.7 1.4 108.5 3.8 259.5 77.7 101.7 1.4
jbc_14_085-Spot 35 174 41661 1.9 20.3187 2.9 0.1079 3.4 0.0159 1.7 0.49 101.7 1.7 104.1 3.3 158.1 68.6 101.7 1.7
jbc_14_085-Spot 54 268 45693 3.4 20.6458 2.7 0.1063 2.9 0.0159 1.2 0.40 101.8 1.2 102.5 2.8 120.6 63.1 101.8 1.2

jbc_14_085-Spot 293 241 20918 2.8 19.8726 2.7 0.1104 3.0 0.0159 1.2 0.41 101.8 1.3 106.4 3.0 209.9 63.4 101.8 1.3
jbc_14_085-Spot 264 233 23279 1.7 19.8182 3.3 0.1107 3.6 0.0159 1.2 0.35 101.8 1.3 106.6 3.6 216.2 77.5 101.8 1.3
jbc_14_085-Spot 213 370 22266 1.2 20.1462 2.6 0.1089 2.9 0.0159 1.3 0.43 101.8 1.3 105.0 2.9 178.0 60.7 101.8 1.3
jbc_14_085-Spot 129 458 30360 3.2 20.5157 2.7 0.1070 2.9 0.0159 1.1 0.37 101.8 1.1 103.2 2.8 135.5 63.4 101.8 1.1
jbc_14_085-Spot 292 71 18796 1.9 19.0353 5.6 0.1153 5.8 0.0159 1.7 0.30 101.8 1.7 110.8 6.1 308.7 127.0 101.8 1.7
jbc_14_085-Spot 294 187 20567 2.6 20.5322 3.9 0.1069 4.0 0.0159 1.0 0.24 101.8 1.0 103.2 3.9 133.6 91.6 101.8 1.0
jbc_14_085-Spot 28 341 13491 1.7 20.2042 2.2 0.1087 2.4 0.0159 1.0 0.41 101.9 1.0 104.8 2.4 171.3 51.7 101.9 1.0
jbc_14_085-Spot 77 140 45281 1.2 20.7811 4.3 0.1057 4.5 0.0159 1.3 0.30 101.9 1.3 102.0 4.4 105.2 101.5 101.9 1.3

jbc_14_085-Spot 217 143 46198 1.2 20.3677 3.4 0.1079 3.5 0.0159 1.0 0.29 101.9 1.0 104.0 3.5 152.5 78.7 101.9 1.0
jbc_14_085-Spot 155 478 45801 2.6 19.0043 3.4 0.1157 3.6 0.0159 1.2 0.34 102.0 1.2 111.1 3.8 312.4 77.0 102.0 1.2
jbc_14_085-Spot 232 362 19662 1.9 20.5373 2.7 0.1070 2.8 0.0159 0.9 0.33 102.0 0.9 103.3 2.8 133.0 62.4 102.0 0.9
jbc_14_085-Spot 87 123 41630 2.0 21.1145 5.1 0.1041 5.3 0.0159 1.6 0.30 102.0 1.6 100.6 5.1 67.5 121.5 102.0 1.6
jbc_14_085-Spot 63 404 31941 1.1 20.3331 3.0 0.1081 3.1 0.0159 0.8 0.27 102.0 0.9 104.3 3.0 156.5 69.3 102.0 0.9
jbc_14_085-Spot 1 410 57345 1.6 20.3838 2.9 0.1079 3.1 0.0159 1.1 0.37 102.0 1.2 104.0 3.1 150.6 68.5 102.0 1.2

jbc_14_085-Spot 69 540 29057 1.9 20.9321 2.3 0.1051 2.5 0.0160 1.1 0.45 102.0 1.1 101.4 2.4 88.1 53.6 102.0 1.1
jbc_14_085-Spot 169 209 8179 1.1 20.4190 3.2 0.1077 3.5 0.0160 1.2 0.35 102.0 1.2 103.9 3.4 146.6 76.0 102.0 1.2
jbc_14_085-Spot 47 1425 136946 2.6 20.3997 1.4 0.1079 1.6 0.0160 0.8 0.52 102.1 0.9 104.0 1.6 148.8 32.6 102.1 0.9

jbc_14_085-Spot 273 202 25654 2.2 20.3813 3.5 0.1080 3.8 0.0160 1.5 0.39 102.1 1.5 104.1 3.7 150.9 81.1 102.1 1.5
jbc_14_085-Spot 74 111 5032 3.5 22.0126 5.7 0.1001 5.8 0.0160 1.4 0.25 102.2 1.4 96.8 5.4 32.6 137.1 102.2 1.4
jbc_14_085-Spot 5 251 24111 1.1 20.7277 3.4 0.1063 3.7 0.0160 1.6 0.42 102.2 1.6 102.6 3.7 111.3 80.4 102.2 1.6

jbc_14_085-Spot 24 569 23002 1.7 20.4989 2.2 0.1075 2.5 0.0160 1.2 0.46 102.2 1.2 103.7 2.5 137.4 52.8 102.2 1.2
jbc_14_085-Spot 248 346 68298 1.1 19.5351 2.8 0.1129 3.0 0.0160 1.2 0.40 102.3 1.2 108.6 3.1 249.4 63.5 102.3 1.2
jbc_14_085-Spot 78 690 51273 1.5 20.0445 1.9 0.1100 2.3 0.0160 1.3 0.56 102.3 1.3 106.0 2.3 189.8 44.1 102.3 1.3
jbc_14_085-Spot 18 445 152220 1.5 20.1299 2.1 0.1095 2.4 0.0160 1.1 0.45 102.3 1.1 105.5 2.4 179.9 49.9 102.3 1.1

jbc_14_085-Spot 184 282 15569 1.9 20.1967 2.7 0.1092 3.0 0.0160 1.2 0.40 102.3 1.2 105.3 3.0 172.2 64.1 102.3 1.2
jbc_14_085-Spot 40 196 22402 1.2 20.3497 3.9 0.1084 4.1 0.0160 1.4 0.34 102.3 1.4 104.5 4.1 154.5 90.2 102.3 1.4

jbc_14_085-Spot 201 228 10869 1.5 20.0423 3.2 0.1101 3.5 0.0160 1.3 0.36 102.4 1.3 106.1 3.5 190.1 75.2 102.4 1.3
jbc_14_085-Spot 30 502 42560 1.5 20.5325 1.9 0.1075 2.2 0.0160 1.2 0.52 102.4 1.2 103.7 2.2 133.6 44.9 102.4 1.2
jbc_14_085-Spot 27 238 55273 2.7 20.0037 2.5 0.1105 2.8 0.0160 1.2 0.44 102.5 1.3 106.4 2.8 194.6 58.2 102.5 1.3

jbc_14_085-Spot 257 498 30736 1.4 20.6558 2.8 0.1071 3.0 0.0160 1.2 0.40 102.6 1.2 103.3 3.0 119.5 65.5 102.6 1.2
jbc_14_085-Spot 48 439 23850 1.2 20.4378 2.7 0.1083 2.9 0.0160 1.2 0.42 102.6 1.2 104.4 2.9 144.4 62.9 102.6 1.2

jbc_14_085-Spot 230 151 61928 2.1 19.9349 4.6 0.1110 4.9 0.0161 1.5 0.31 102.7 1.6 106.9 5.0 202.6 107.9 102.7 1.6
jbc_14_085-Spot 123 309 356815 1.1 19.9388 3.0 0.1110 3.2 0.0161 1.2 0.38 102.7 1.3 106.9 3.3 202.1 69.1 102.7 1.3
jbc_14_085-Spot 34 163 28088 2.7 19.5067 3.4 0.1135 3.8 0.0161 1.5 0.40 102.7 1.5 109.1 3.9 252.8 79.4 102.7 1.5
jbc_14_085-Spot 43 230 14853 2.3 21.3084 2.7 0.1039 3.0 0.0161 1.2 0.40 102.7 1.2 100.4 2.8 45.7 65.0 102.7 1.2

jbc_14_085-Spot 127 233 35732 1.5 18.6195 5.2 0.1189 5.4 0.0161 1.4 0.25 102.7 1.4 114.1 5.8 358.8 118.0 102.7 1.4
jbc_14_085-Spot 55 498 41570 2.9 20.2969 2.9 0.1091 3.1 0.0161 1.3 0.41 102.7 1.3 105.2 3.1 160.6 66.7 102.7 1.3
jbc_14_085-Spot 42 161 10407 1.5 18.1420 5.5 0.1221 5.7 0.0161 1.6 0.28 102.7 1.6 117.0 6.3 417.1 122.3 102.7 1.6
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

jbc_14_085-Spot 102 510 17853 1.2 21.0434 2.3 0.1053 2.5 0.0161 1.1 0.43 102.8 1.1 101.7 2.5 75.5 54.8 102.8 1.1
jbc_14_085-Spot 189 526 53239 2.7 20.5107 2.2 0.1082 2.4 0.0161 0.9 0.39 103.0 0.9 104.3 2.3 136.1 51.3 103.0 0.9
jbc_14_085-Spot 98 521 34428 1.5 18.6005 3.6 0.1194 3.7 0.0161 0.9 0.25 103.0 0.9 114.5 4.0 361.1 80.3 103.0 0.9

jbc_14_085-Spot 297 1032 140077 2.1 20.4953 1.5 0.1084 1.8 0.0161 0.9 0.53 103.0 1.0 104.5 1.8 137.8 36.0 103.0 1.0
jbc_14_085-Spot 177 352 60340 1.7 19.9921 1.7 0.1111 2.1 0.0161 1.3 0.60 103.0 1.3 107.0 2.1 195.9 38.7 103.0 1.3
jbc_14_085-Spot 108 387 39741 3.4 20.5933 2.3 0.1079 2.5 0.0161 0.9 0.37 103.0 1.0 104.0 2.5 126.6 55.2 103.0 1.0
jbc_14_085-Spot 29 490 40222 1.6 20.4360 2.2 0.1088 2.5 0.0161 1.1 0.45 103.1 1.1 104.9 2.5 144.6 52.2 103.1 1.1

jbc_14_085-Spot 167 571 28613 2.3 20.7298 1.8 0.1073 2.1 0.0161 1.0 0.50 103.1 1.1 103.5 2.0 111.0 42.6 103.1 1.1
jbc_14_085-Spot 22 433 35293 19.2 20.5419 2.3 0.1083 2.6 0.0161 1.1 0.42 103.2 1.1 104.4 2.6 132.5 54.9 103.2 1.1

jbc_14_085-Spot 180 332 8435 2.6 20.7830 2.7 0.1071 2.9 0.0161 1.2 0.41 103.2 1.2 103.3 2.9 105.0 62.7 103.2 1.2
jbc_14_085-Spot 199 505 226759 2.6 20.3418 2.5 0.1094 2.6 0.0161 0.9 0.34 103.2 0.9 105.4 2.6 155.4 57.8 103.2 0.9
jbc_14_085-Spot 84 530 78011 3.8 20.3515 2.0 0.1094 2.4 0.0161 1.3 0.55 103.3 1.4 105.4 2.4 154.3 47.1 103.3 1.4
jbc_14_085-Spot 15 470 39024 1.8 20.0893 2.6 0.1109 2.8 0.0162 0.9 0.33 103.3 1.0 106.8 2.8 184.6 61.5 103.3 1.0

jbc_14_085-Spot 256 81 4793 1.4 20.2481 4.8 0.1100 5.1 0.0162 1.8 0.35 103.3 1.8 106.0 5.1 166.2 111.2 103.3 1.8
jbc_14_085-Spot 242 368 24660 2.3 20.8520 2.2 0.1068 2.4 0.0162 0.9 0.36 103.3 0.9 103.1 2.4 97.1 52.8 103.3 0.9
jbc_14_085-Spot 113 241 39885 3.1 20.0665 2.9 0.1111 3.1 0.0162 1.2 0.38 103.4 1.2 107.0 3.1 187.2 66.6 103.4 1.2
jbc_14_085-Spot 240 383 34810 1.4 20.8309 1.9 0.1070 2.2 0.0162 1.1 0.50 103.4 1.1 103.2 2.2 99.5 45.1 103.4 1.1
jbc_14_085-Spot 262 549 117390 1.7 19.9123 1.7 0.1120 2.0 0.0162 0.9 0.47 103.4 1.0 107.8 2.0 205.2 40.5 103.4 1.0
jbc_14_085-Spot 276 116 4358 2.0 20.6251 3.9 0.1082 4.2 0.0162 1.6 0.37 103.5 1.6 104.3 4.2 123.0 92.8 103.5 1.6
jbc_14_085-Spot 171 189 48239 1.9 20.0859 3.9 0.1111 4.1 0.0162 1.4 0.33 103.5 1.4 107.0 4.2 185.0 91.1 103.5 1.4
jbc_14_085-Spot 150 114 18369 1.8 19.9845 3.6 0.1117 3.9 0.0162 1.7 0.43 103.5 1.7 107.5 4.0 196.8 82.7 103.5 1.7
jbc_14_085-Spot 233 315 19663 4.4 20.1829 3.9 0.1106 4.1 0.0162 1.2 0.30 103.5 1.2 106.5 4.1 173.8 90.7 103.5 1.2
jbc_14_085-Spot 288 1495 79577 6.9 20.5992 1.0 0.1084 1.3 0.0162 0.8 0.62 103.5 0.8 104.5 1.3 125.9 23.5 103.5 0.8
jbc_14_085-Spot 281 63 10690 1.7 19.6086 5.8 0.1139 6.1 0.0162 2.0 0.33 103.6 2.1 109.5 6.4 240.7 133.3 103.6 2.1
jbc_14_085-Spot 106 628 62256 2.6 20.7325 2.0 0.1077 2.3 0.0162 1.0 0.45 103.6 1.1 103.9 2.2 110.8 47.9 103.6 1.1
jbc_14_085-Spot 107 267 55297 1.4 20.3050 2.8 0.1100 3.1 0.0162 1.3 0.42 103.6 1.3 106.0 3.1 159.7 66.2 103.6 1.3
jbc_14_085-Spot 101 835 33317 2.5 20.3185 1.4 0.1100 1.6 0.0162 0.8 0.51 103.6 0.8 105.9 1.6 158.2 32.3 103.6 0.8
jbc_14_085-Spot 226 304 15486 1.5 20.6911 3.0 0.1080 3.3 0.0162 1.3 0.40 103.7 1.3 104.2 3.3 115.5 71.7 103.7 1.3
jbc_14_085-Spot 164 614 48841 1.3 20.5557 1.9 0.1088 2.1 0.0162 0.8 0.38 103.7 0.8 104.8 2.1 130.9 45.5 103.7 0.8
jbc_14_085-Spot 269 526 27311 2.1 20.6883 2.6 0.1081 2.9 0.0162 1.3 0.45 103.7 1.4 104.2 2.9 115.8 61.2 103.7 1.4
jbc_14_085-Spot 86 674 44195 1.7 20.6217 2.0 0.1085 2.2 0.0162 0.9 0.43 103.7 1.0 104.6 2.2 123.4 47.5 103.7 1.0

jbc_14_085-Spot 111 504 30324 2.4 20.3726 1.9 0.1098 2.1 0.0162 1.0 0.47 103.7 1.0 105.8 2.1 151.9 43.4 103.7 1.0
jbc_14_085-Spot 267 245 18582 1.2 16.4494 5.1 0.1360 5.3 0.0162 1.4 0.26 103.7 1.4 129.4 6.4 631.9 110.3 103.7 1.4
jbc_14_085-Spot 183 1101 89574 2.2 20.1739 1.4 0.1109 1.6 0.0162 0.8 0.52 103.7 0.9 106.8 1.6 174.8 31.8 103.7 0.9
jbc_14_085-Spot 90 618 30775 1.7 20.3095 2.1 0.1102 2.4 0.0162 1.2 0.48 103.8 1.2 106.1 2.5 159.2 50.3 103.8 1.2

jbc_14_085-Spot 141 229 48444 1.9 20.5042 2.8 0.1091 3.0 0.0162 1.1 0.35 103.8 1.1 105.2 3.0 136.8 66.6 103.8 1.1
jbc_14_085-Spot 61 835 58053 3.2 20.6043 1.5 0.1086 1.9 0.0162 1.0 0.55 103.8 1.1 104.7 1.8 125.3 36.4 103.8 1.1

jbc_14_085-Spot 254 994 132057 2.4 20.2245 1.1 0.1106 1.4 0.0162 0.9 0.65 103.8 0.9 106.6 1.4 169.0 24.7 103.8 0.9
jbc_14_085-Spot 186 1094 85348 1.3 20.4759 1.5 0.1093 1.9 0.0162 1.2 0.64 103.8 1.3 105.3 1.9 140.1 34.1 103.8 1.3
jbc_14_085-Spot 92 112 14708 1.4 20.6693 4.4 0.1083 4.6 0.0162 1.3 0.28 103.8 1.3 104.4 4.5 117.9 103.4 103.8 1.3
jbc_14_085-Spot 25 875 28488 1.8 20.0839 1.1 0.1115 1.4 0.0162 0.8 0.58 103.8 0.8 107.3 1.4 185.2 26.4 103.8 0.8

jbc_14_085-Spot 270 470 40900 3.1 19.6170 1.8 0.1141 2.0 0.0162 0.9 0.45 103.8 1.0 109.7 2.1 239.8 41.9 103.8 1.0
jbc_14_085-Spot 50 300 53129 2.3 20.6324 2.9 0.1086 3.1 0.0162 1.1 0.35 103.9 1.1 104.6 3.1 122.2 69.3 103.9 1.1

jbc_14_085-Spot 143 808 36970 1.6 20.2492 1.7 0.1107 2.6 0.0163 2.0 0.77 103.9 2.1 106.6 2.6 166.1 39.0 103.9 2.1
jbc_14_085-Spot 139 367 66306 2.7 20.9902 2.8 0.1068 3.0 0.0163 1.2 0.41 103.9 1.3 103.0 3.0 81.5 66.0 103.9 1.3
jbc_14_085-Spot 41 706 45086 2.9 20.6321 1.6 0.1086 1.9 0.0163 1.0 0.54 103.9 1.1 104.7 1.9 122.2 37.2 103.9 1.1
jbc_14_085-Spot 89 1046 41057 1.8 20.6717 1.5 0.1085 2.0 0.0163 1.2 0.62 104.0 1.3 104.6 1.9 117.7 36.1 104.0 1.3

jbc_14_085-Spot 170 451 94798 2.5 19.8530 2.7 0.1130 2.9 0.0163 1.0 0.36 104.0 1.1 108.7 2.9 212.1 61.5 104.0 1.1
jbc_14_085-Spot 6 193 22908 2.3 20.2962 3.6 0.1106 3.8 0.0163 1.4 0.36 104.1 1.4 106.5 3.9 160.7 83.8 104.1 1.4

jbc_14_085-Spot 110 168 11720 1.2 21.2376 4.0 0.1057 4.2 0.0163 1.1 0.27 104.1 1.2 102.0 4.1 53.6 96.1 104.1 1.2
jbc_14_085-Spot 243 1187 31326 2.3 20.2577 1.6 0.1108 1.9 0.0163 1.1 0.58 104.1 1.2 106.7 1.9 165.1 36.6 104.1 1.2
jbc_14_085-Spot 65 721 52567 2.6 20.0567 1.7 0.1119 2.0 0.0163 1.0 0.48 104.1 1.0 107.7 2.0 188.4 40.6 104.1 1.0

jbc_14_085-Spot 250 472 32554 3.3 20.1645 2.6 0.1114 2.8 0.0163 1.0 0.36 104.1 1.0 107.2 2.8 175.9 60.8 104.1 1.0
jbc_14_085-Spot 97 406 20556 3.3 20.4206 2.2 0.1100 2.5 0.0163 1.3 0.51 104.2 1.3 106.0 2.5 146.4 50.4 104.2 1.3

jbc_14_085-Spot 152 373 24013 1.8 20.5933 2.5 0.1091 2.9 0.0163 1.5 0.52 104.2 1.6 105.2 2.9 126.6 58.1 104.2 1.6
jbc_14_085-Spot 261 720 84926 2.2 20.1269 2.2 0.1117 2.3 0.0163 0.8 0.34 104.3 0.8 107.5 2.4 180.3 50.5 104.3 0.8
jbc_14_085-Spot 49 674 46109 2.0 19.9980 1.6 0.1125 1.8 0.0163 0.9 0.51 104.3 1.0 108.2 1.9 195.2 36.5 104.3 1.0

jbc_14_085-Spot 247 1099 46388 2.8 20.3926 1.5 0.1103 1.8 0.0163 1.1 0.60 104.3 1.1 106.2 1.9 149.6 34.6 104.3 1.1
jbc_14_085-Spot 298 857 34794 2.6 20.5713 1.7 0.1094 2.0 0.0163 1.1 0.53 104.3 1.1 105.4 2.0 129.2 40.3 104.3 1.1
jbc_14_085-Spot 153 85 8233 2.1 20.1805 4.6 0.1115 4.8 0.0163 1.4 0.30 104.3 1.5 107.3 4.9 174.0 106.9 104.3 1.5
jbc_14_085-Spot 114 266 20215 1.6 16.7468 6.4 0.1344 6.6 0.0163 1.3 0.21 104.4 1.4 128.0 7.9 593.2 139.3 104.4 1.4
jbc_14_085-Spot 191 600 33865 1.5 20.3847 1.9 0.1104 2.2 0.0163 1.1 0.49 104.4 1.1 106.3 2.2 150.5 44.3 104.4 1.1
jbc_14_085-Spot 299 819 48305 1.8 19.7997 2.2 0.1137 2.6 0.0163 1.2 0.49 104.4 1.3 109.4 2.7 218.3 51.7 104.4 1.3
jbc_14_085-Spot 88 928 76484 3.4 19.6369 2.2 0.1147 2.6 0.0163 1.4 0.53 104.5 1.4 110.3 2.7 237.4 50.1 104.5 1.4

jbc_14_085-Spot 252 497 39265 2.1 20.0344 1.9 0.1125 2.2 0.0164 1.2 0.52 104.6 1.2 108.3 2.3 191.0 44.4 104.6 1.2
jbc_14_085-Spot 266 169 11563 1.7 20.8133 4.0 0.1084 4.2 0.0164 1.2 0.29 104.6 1.3 104.5 4.1 101.6 94.5 104.6 1.3
jbc_14_085-Spot 278 493 44207 2.2 20.1448 2.6 0.1120 2.9 0.0164 1.3 0.45 104.6 1.3 107.8 2.9 178.2 59.9 104.6 1.3
jbc_14_085-Spot 67 859 417107 1.2 20.3542 1.9 0.1108 2.0 0.0164 0.9 0.43 104.6 0.9 106.7 2.1 154.0 43.3 104.6 0.9

jbc_14_085-Spot 277 611 72446 1.9 20.1813 1.8 0.1118 2.3 0.0164 1.4 0.60 104.6 1.4 107.6 2.3 174.0 43.0 104.6 1.4
jbc_14_085-Spot 144 338 26306 1.6 20.5286 2.5 0.1099 2.8 0.0164 1.3 0.45 104.6 1.3 105.9 2.8 134.0 59.0 104.6 1.3
jbc_14_085-Spot 109 84 22064 1.9 19.8427 4.6 0.1138 5.0 0.0164 2.0 0.39 104.7 2.0 109.4 5.2 213.3 107.2 104.7 2.0
jbc_14_085-Spot 173 547 22233 1.7 21.2548 2.4 0.1062 2.7 0.0164 1.1 0.40 104.7 1.1 102.5 2.6 51.7 58.1 104.7 1.1
jbc_14_085-Spot 151 116 20739 2.0 19.9396 5.1 0.1133 5.4 0.0164 1.7 0.31 104.8 1.8 109.0 5.6 202.0 118.7 104.8 1.8
jbc_14_085-Spot 158 87 5949 1.8 21.0704 4.8 0.1073 5.0 0.0164 1.3 0.27 104.8 1.4 103.5 4.9 72.4 114.1 104.8 1.4
jbc_14_085-Spot 251 651 26952 2.4 20.2910 2.3 0.1114 2.5 0.0164 1.1 0.42 104.8 1.1 107.2 2.5 161.3 53.0 104.8 1.1
jbc_14_085-Spot 11 76 4103 2.0 20.6629 4.2 0.1095 4.4 0.0164 1.3 0.30 104.9 1.4 105.5 4.4 118.7 100.0 104.9 1.4

jbc_14_085-Spot 229 349 42972 2.1 20.0879 2.8 0.1126 3.0 0.0164 1.0 0.33 104.9 1.0 108.4 3.1 184.8 65.4 104.9 1.0
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

jbc_14_085-Spot 268 522 48983 2.5 20.0005 2.1 0.1132 2.5 0.0164 1.5 0.58 105.0 1.5 108.9 2.6 195.0 48.1 105.0 1.5
jbc_14_085-Spot 279 999 52511 1.8 20.5289 1.4 0.1103 1.7 0.0164 0.9 0.54 105.0 0.9 106.2 1.7 134.0 33.1 105.0 0.9
jbc_14_085-Spot 271 125 17948 1.4 21.1528 3.9 0.1071 4.2 0.0164 1.4 0.33 105.0 1.5 103.3 4.1 63.1 94.1 105.0 1.5

jbc_14_085-Spot 7 304 20736 2.1 20.4246 2.5 0.1109 2.8 0.0164 1.3 0.44 105.0 1.3 106.8 2.9 146.0 59.7 105.0 1.3
jbc_14_085-Spot 148 264 16262 2.4 20.5195 2.6 0.1104 2.9 0.0164 1.3 0.43 105.0 1.3 106.3 2.9 135.1 61.9 105.0 1.3
jbc_14_085-Spot 17 223 35590 2.1 20.3161 3.2 0.1115 3.5 0.0164 1.4 0.41 105.0 1.5 107.3 3.6 158.4 75.0 105.0 1.5

jbc_14_085-Spot 176 122 27451 2.2 19.4495 4.9 0.1165 5.2 0.0164 1.6 0.31 105.1 1.7 111.9 5.5 259.5 113.6 105.1 1.7
jbc_14_085-Spot 160 192 8535 1.3 20.2713 2.9 0.1118 3.2 0.0164 1.3 0.41 105.1 1.4 107.6 3.2 163.6 67.2 105.1 1.4
jbc_14_085-Spot 99 948 40182 1.9 20.6001 1.4 0.1100 1.7 0.0164 1.0 0.57 105.1 1.0 106.0 1.7 125.8 33.4 105.1 1.0
jbc_14_085-Spot 8 857 27377 1.4 20.4118 2.3 0.1111 2.5 0.0164 0.9 0.38 105.2 1.0 107.0 2.5 147.4 54.0 105.2 1.0

jbc_14_085-Spot 82 836 38604 2.6 20.2374 1.5 0.1121 2.0 0.0165 1.4 0.68 105.2 1.4 107.9 2.1 167.5 34.6 105.2 1.4
jbc_14_085-Spot 236 586 44229 2.2 20.4036 2.0 0.1112 2.3 0.0165 1.0 0.46 105.2 1.1 107.0 2.3 148.4 47.0 105.2 1.1
jbc_14_085-Spot 157 700 156282 3.0 20.5720 1.8 0.1103 2.3 0.0165 1.3 0.59 105.2 1.4 106.2 2.3 129.1 43.1 105.2 1.4
jbc_14_085-Spot 71 592 31439 1.3 20.3761 2.5 0.1114 2.7 0.0165 1.0 0.37 105.3 1.0 107.3 2.7 151.5 58.1 105.3 1.0

jbc_14_085-Spot 178 297 75527 1.7 19.9989 2.1 0.1136 2.4 0.0165 1.2 0.48 105.3 1.2 109.2 2.5 195.1 49.5 105.3 1.2
jbc_14_085-Spot 212 106 20620 1.8 17.8933 5.7 0.1270 5.9 0.0165 1.8 0.30 105.4 1.9 121.4 6.8 447.9 126.0 105.4 1.9
jbc_14_085-Spot 138 395 43118 2.8 21.1091 2.1 0.1076 2.4 0.0165 1.1 0.44 105.4 1.1 103.8 2.3 68.1 50.8 105.4 1.1
jbc_14_085-Spot 286 685 59544 1.7 20.6747 1.9 0.1099 2.1 0.0165 0.9 0.42 105.4 0.9 105.9 2.1 117.3 44.9 105.4 0.9
jbc_14_085-Spot 122 583 49153 7.0 20.4662 1.8 0.1111 2.1 0.0165 0.9 0.45 105.4 1.0 106.9 2.1 141.2 43.2 105.4 1.0
jbc_14_085-Spot 81 90 18203 1.7 20.8234 5.0 0.1092 5.3 0.0165 1.8 0.34 105.5 1.9 105.3 5.3 100.4 118.0 105.5 1.9
jbc_14_085-Spot 79 288 19188 1.0 19.9932 2.5 0.1138 2.7 0.0165 1.0 0.37 105.5 1.1 109.4 2.8 195.8 58.9 105.5 1.1
jbc_14_085-Spot 83 917 34848 1.8 20.6698 1.9 0.1100 2.7 0.0165 1.8 0.69 105.5 1.9 106.0 2.7 117.9 45.3 105.5 1.9
jbc_14_085-Spot 3 389 31679 2.7 20.1258 2.9 0.1131 3.1 0.0165 1.0 0.31 105.5 1.0 108.8 3.2 180.4 68.3 105.5 1.0

jbc_14_085-Spot 119 631 71222 3.1 21.0142 2.1 0.1084 2.3 0.0165 0.9 0.38 105.6 0.9 104.5 2.3 78.8 50.0 105.6 0.9
jbc_14_085-Spot 260 252 37502 1.1 20.1552 3.2 0.1130 3.5 0.0165 1.4 0.40 105.7 1.5 108.7 3.6 177.0 74.5 105.7 1.5
jbc_14_085-Spot 193 300 42808 3.2 20.1464 2.8 0.1132 3.0 0.0165 1.2 0.39 105.7 1.2 108.9 3.1 178.0 64.6 105.7 1.2
jbc_14_085-Spot 21 563 48526 2.8 20.3547 1.8 0.1122 2.2 0.0166 1.2 0.55 105.9 1.3 107.9 2.3 154.0 43.3 105.9 1.3

jbc_14_085-Spot 272 1473 82440 2.9 19.9582 1.3 0.1145 1.7 0.0166 1.1 0.67 106.0 1.2 110.1 1.8 199.8 29.3 106.0 1.2
jbc_14_085-Spot 16 339 44454 1.2 20.4500 2.5 0.1118 2.7 0.0166 1.1 0.42 106.0 1.2 107.6 2.8 143.0 58.6 106.0 1.2

jbc_14_085-Spot 211 567 24648 2.9 20.1101 1.6 0.1137 1.9 0.0166 1.0 0.53 106.1 1.1 109.4 2.0 182.2 38.4 106.1 1.1
jbc_14_085-Spot 284 655 19657 2.0 20.4420 1.5 0.1119 1.9 0.0166 1.1 0.58 106.1 1.1 107.7 1.9 143.9 35.6 106.1 1.1
jbc_14_085-Spot 149 321 17340 2.9 19.9913 2.4 0.1145 2.8 0.0166 1.3 0.46 106.1 1.3 110.1 2.9 196.0 56.8 106.1 1.3
jbc_14_085-Spot 59 547 119250 4.3 20.0514 1.5 0.1143 1.8 0.0166 1.0 0.58 106.3 1.1 109.9 1.9 189.0 33.8 106.3 1.1

jbc_14_085-Spot 165 693 31259 2.9 20.6503 1.9 0.1112 2.1 0.0167 0.9 0.44 106.5 1.0 107.1 2.1 120.1 44.7 106.5 1.0
jbc_14_085-Spot 218 268 48101 2.3 19.6849 2.7 0.1167 3.0 0.0167 1.3 0.44 106.5 1.4 112.1 3.2 231.8 62.0 106.5 1.4
jbc_14_085-Spot 93 723 58514 2.1 19.9693 2.4 0.1150 2.7 0.0167 1.3 0.47 106.5 1.3 110.6 2.8 198.6 55.1 106.5 1.3
jbc_14_085-Spot 19 773 25449 1.0 19.9785 2.1 0.1151 2.3 0.0167 0.9 0.38 106.6 0.9 110.6 2.4 197.5 48.9 106.6 0.9

jbc_14_085-Spot 131 513 95084 2.1 20.3943 1.8 0.1127 2.2 0.0167 1.3 0.57 106.6 1.3 108.5 2.3 149.4 42.5 106.6 1.3
jbc_14_085-Spot 225 454 248893 2.4 20.5874 2.3 0.1119 2.5 0.0167 1.0 0.39 106.8 1.1 107.7 2.6 127.3 54.7 106.8 1.1
jbc_14_085-Spot 220 942 48048 3.2 20.7967 1.4 0.1109 1.8 0.0167 1.1 0.61 106.9 1.1 106.8 1.8 103.4 33.6 106.9 1.1
jbc_14_085-Spot 275 452 34608 2.2 19.8562 1.7 0.1162 2.0 0.0167 1.1 0.53 107.0 1.1 111.6 2.1 211.7 38.8 107.0 1.1
jbc_14_085-Spot 215 386 31679 1.2 19.8543 2.4 0.1163 2.7 0.0167 1.4 0.50 107.1 1.5 111.7 2.9 211.9 55.0 107.1 1.5
jbc_14_085-Spot 166 949 234737 2.0 20.3407 1.4 0.1136 1.8 0.0168 1.2 0.66 107.1 1.3 109.2 1.9 155.6 32.1 107.1 1.3
jbc_14_085-Spot 132 194 74840 2.1 20.6638 3.6 0.1119 3.8 0.0168 1.2 0.32 107.2 1.3 107.7 3.9 118.6 85.9 107.2 1.3
jbc_14_085-Spot 290 570 46818 3.2 20.3767 2.3 0.1136 2.6 0.0168 1.2 0.45 107.3 1.3 109.3 2.7 151.4 55.0 107.3 1.3
jbc_14_085-Spot 10 836 51708 1.5 20.0451 1.7 0.1156 2.3 0.0168 1.5 0.64 107.5 1.6 111.1 2.4 189.7 40.6 107.5 1.6

jbc_14_085-Spot 291 273 10831 1.6 20.2386 3.0 0.1147 3.3 0.0168 1.4 0.41 107.7 1.5 110.3 3.4 167.3 70.2 107.7 1.5
jbc_14_085-Spot 204 568 39427 3.7 20.4760 2.1 0.1134 2.4 0.0168 1.1 0.46 107.7 1.2 109.1 2.5 140.1 49.6 107.7 1.2
jbc_14_085-Spot 80 136 26684 2.1 19.7147 3.7 0.1181 3.9 0.0169 1.3 0.33 107.9 1.4 113.3 4.2 228.3 86.2 107.9 1.4

jbc_14_085-Spot 239 229 7258 2.2 20.0667 3.5 0.1165 3.8 0.0170 1.4 0.36 108.4 1.5 111.9 4.0 187.2 82.4 108.4 1.5
jbc_14_085-Spot 147 281 27110 2.3 19.8068 2.8 0.1180 3.0 0.0170 1.2 0.39 108.4 1.3 113.3 3.3 217.5 64.6 108.4 1.3
jbc_14_085-Spot 196 927 113605 2.1 19.9285 1.9 0.1173 2.2 0.0170 1.0 0.46 108.4 1.1 112.6 2.3 203.3 44.5 108.4 1.1
jbc_14_085-Spot 231 725 33153 1.6 20.1904 2.0 0.1158 2.3 0.0170 1.2 0.50 108.4 1.3 111.3 2.5 172.9 47.1 108.4 1.3
jbc_14_085-Spot 20 960 50136 3.5 20.4453 1.5 0.1155 1.8 0.0171 1.0 0.54 109.5 1.1 111.0 1.9 143.6 35.4 109.5 1.1

jbc_14_085-Spot 126 224 75297 1.6 19.7434 2.5 0.1197 2.9 0.0171 1.5 0.52 109.6 1.7 114.8 3.2 224.9 57.9 109.6 1.7
jbc_14_085-Spot 222 213 35950 1.5 19.8748 2.9 0.1200 3.2 0.0173 1.4 0.43 110.6 1.5 115.1 3.5 209.6 67.7 110.6 1.5
jbc_14_085-Spot 200 872 44389 3.5 20.8629 1.9 0.1149 2.2 0.0174 1.0 0.46 111.1 1.1 110.5 2.3 95.9 46.1 111.1 1.1
jbc_14_085-Spot 255 652 40296 30.3 20.3146 1.8 0.1181 2.1 0.0174 1.1 0.51 111.2 1.2 113.3 2.3 158.6 42.4 111.2 1.2
jbc_14_085-Spot 198 1026 181810 4.3 20.6478 1.2 0.1175 1.6 0.0176 0.9 0.60 112.5 1.0 112.8 1.7 120.4 29.4 112.5 1.0
jbc_14_085-Spot 214 99 9180 1.8 12.9732 9.2 0.1879 9.3 0.0177 1.7 0.18 113.0 1.9 174.8 15.0 1123.3 183.4 113.0 1.9
jbc_14_085-Spot 104 133 27909 1.4 19.8516 3.2 0.1229 3.5 0.0177 1.4 0.39 113.1 1.5 117.7 3.9 212.3 75.0 113.1 1.5
jbc_14_085-Spot 142 150 12122 1.2 21.6935 3.6 0.1128 3.9 0.0178 1.4 0.36 113.4 1.6 108.6 4.0 2.7 87.4 113.4 1.6
jbc_14_085-Spot 185 71 7648 1.9 21.0679 5.9 0.1168 6.1 0.0178 1.5 0.25 114.0 1.7 112.1 6.5 72.7 140.4 114.0 1.7
jbc_14_085-Spot 190 342 47226 3.4 19.9749 2.0 0.1599 2.4 0.0232 1.3 0.55 147.6 2.0 150.6 3.4 197.9 47.4 147.6 2.0
jbc_14_085-Spot 219 580 138275 2.8 19.9375 1.7 0.1733 2.0 0.0251 1.2 0.58 159.6 1.9 162.3 3.1 202.2 38.7 159.6 1.9
jbc_14_085-Spot 57 334 97580 1.7 19.6750 2.5 0.1763 2.8 0.0252 1.3 0.46 160.2 2.0 164.9 4.2 232.9 56.7 160.2 2.0

jbc_14_085-Spot 192 317 26667 1.7 20.2746 2.3 0.1718 2.6 0.0253 1.2 0.47 160.8 1.9 161.0 3.8 163.2 52.8 160.8 1.9
jbc_14_085-Spot 51 100 14531 1.9 19.7676 3.1 0.2023 3.4 0.0290 1.3 0.40 184.3 2.4 187.1 5.7 222.1 71.2 184.3 2.4

jbc_14_085-Spot 221 390 28864 1.8 19.6294 1.7 0.2341 1.9 0.0333 0.9 0.49 211.3 1.9 213.6 3.7 238.3 38.1 211.3 1.9
jbc_14_085-Spot 168 358 65111 2.7 19.5105 1.7 0.2358 2.0 0.0334 1.0 0.52 211.6 2.1 215.0 3.8 252.3 38.7 211.6 2.1
jbc_14_085-Spot 140 308 65764 3.8 19.3321 2.5 0.2387 2.6 0.0335 0.7 0.28 212.2 1.5 217.4 5.0 273.4 56.6 212.2 1.5
jbc_14_085-Spot 188 256 42633 3.7 19.6530 2.0 0.2350 2.1 0.0335 0.9 0.40 212.4 1.8 214.3 4.1 235.6 45.3 212.4 1.8
jbc_14_085-Spot 154 297 110182 2.2 19.8813 1.9 0.2325 2.1 0.0335 1.0 0.48 212.6 2.2 212.2 4.1 208.8 43.7 212.6 2.2
jbc_14_085-Spot 283 152 107159 2.4 19.1774 2.3 0.2438 2.5 0.0339 1.0 0.40 215.0 2.1 221.5 5.0 291.8 53.0 215.0 2.1
jbc_14_085-Spot 105 626 34723 2.0 19.6504 1.8 0.2416 2.4 0.0344 1.5 0.64 218.2 3.3 219.7 4.7 235.8 41.7 218.2 3.3
jbc_14_085-Spot 136 109 13246 2.2 18.1249 4.6 0.2648 4.7 0.0348 1.1 0.24 220.5 2.5 238.5 10.1 419.2 102.8 220.5 2.5
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

jbc_14_085-Spot 56 297 33108 3.4 19.6882 1.9 0.2708 2.1 0.0387 0.9 0.41 244.6 2.1 243.4 4.6 231.4 44.4 244.6 2.1
jbc_14_085-Spot 91 242 125059 2.6 18.8466 2.2 0.3017 2.6 0.0412 1.4 0.52 260.5 3.5 267.7 6.2 331.4 50.8 260.5 3.5

jbc_14_085-Spot 181 241 38343 4.9 19.1883 2.0 0.2990 2.3 0.0416 1.1 0.48 262.8 2.9 265.7 5.4 290.4 46.1 262.8 2.9
jbc_14_085-Spot 241 248 67343 2.0 18.8407 2.0 0.3156 2.3 0.0431 1.2 0.52 272.2 3.2 278.5 5.6 332.1 44.3 272.2 3.2
jbc_14_085-Spot 227 92 160162 1.7 18.3305 2.7 0.3280 3.1 0.0436 1.4 0.47 275.1 3.9 288.0 7.7 394.0 60.9 275.1 3.9
jbc_14_085-Spot 249 19 2506 1.7 19.3776 5.8 0.3153 6.1 0.0443 2.1 0.34 279.5 5.7 278.3 14.9 268.0 132.4 279.5 5.7
jbc_14_085-Spot 26 536 102364 3.7 18.3237 1.1 0.4264 1.3 0.0567 0.8 0.59 355.3 2.8 360.6 4.1 394.8 24.3 355.3 2.8

jbc_14_085-Spot 203 124 73187 1.0 17.6621 2.4 0.4622 2.7 0.0592 1.1 0.43 370.8 4.1 385.8 8.5 476.7 53.0 370.8 4.1
jbc_14_085-Spot 234 426 79985 2.2 17.4983 1.4 0.5101 1.7 0.0647 0.9 0.55 404.4 3.6 418.5 5.8 497.3 31.1 404.4 3.6
jbc_14_085-Spot 128 243 49188 1.4 17.9241 1.7 0.5200 2.2 0.0676 1.4 0.64 421.7 5.6 425.2 7.5 444.0 36.9 421.7 5.6
jbc_14_085-Spot 135 190 44175 1.8 17.6974 1.6 0.5404 1.9 0.0694 0.9 0.48 432.3 3.8 438.7 6.7 472.3 36.5 432.3 3.8
jbc_14_085-Spot 130 359 86536 0.8 17.7817 1.4 0.5488 1.8 0.0708 1.1 0.62 440.8 4.6 444.2 6.3 461.7 30.8 440.8 4.6
jbc_14_085-Spot 39 121 33304 2.6 17.4411 2.2 0.5598 2.4 0.0708 0.9 0.38 441.0 3.9 451.4 8.8 504.5 49.4 441.0 3.9

jbc_14_085-Spot 289 580 105338 1.7 17.8506 1.3 0.5518 2.3 0.0714 2.0 0.84 444.8 8.4 446.2 8.4 453.2 28.3 444.8 8.4
jbc_14_085-Spot 112 406 92956 2.5 17.6049 1.2 0.5731 1.6 0.0732 1.0 0.64 455.2 4.4 460.0 5.8 483.9 26.3 455.2 4.4
jbc_14_085-Spot 45 171 50867 2.2 17.6393 1.5 0.5959 1.8 0.0762 1.1 0.61 473.6 5.1 474.6 6.9 479.5 32.2 473.6 5.1

jbc_14_085-Spot 118 116 123950 1.0 16.6739 1.9 0.7223 2.3 0.0873 1.3 0.55 539.8 6.5 552.0 9.7 602.6 41.1 539.8 6.5
jbc_14_085-Spot 246 288 29264 1.6 16.9741 0.9 0.7164 1.2 0.0882 0.7 0.65 544.8 3.9 548.5 4.9 563.9 19.2 544.8 3.9
jbc_14_085-Spot 70 398 160149 3.5 16.8535 0.9 0.7443 1.2 0.0910 0.9 0.70 561.3 4.7 564.9 5.4 579.4 19.3 561.3 4.7

jbc_14_085-Spot 216 165 40521 1.0 16.7430 1.5 0.7543 1.9 0.0916 1.3 0.66 565.0 6.9 570.7 8.5 593.7 31.5 565.0 6.9
jbc_14_085-Spot 146 72 27464 0.7 16.9402 2.1 0.7528 2.5 0.0925 1.4 0.57 570.2 7.8 569.8 11.0 568.3 45.2 570.2 7.8
jbc_14_085-Spot 162 231 93713 1.5 16.7519 1.4 0.7635 1.7 0.0928 1.0 0.55 571.9 5.2 576.0 7.6 592.5 31.4 571.9 5.2
jbc_14_085-Spot 195 371 82957 1.0 16.3651 0.9 0.8262 1.2 0.0981 0.9 0.72 603.1 5.2 611.5 5.7 643.0 18.6 603.1 5.2
jbc_14_085-Spot 100 405 51659 2.5 16.6505 1.0 0.8184 1.5 0.0988 1.1 0.74 607.6 6.3 607.2 6.7 605.7 21.4 607.6 6.3
jbc_14_085-Spot 145 177 39063 3.1 16.4801 1.2 0.8270 1.6 0.0988 1.0 0.65 607.7 6.0 612.0 7.2 627.9 25.7 607.7 6.0
jbc_14_085-Spot 12 257 89994 1.2 16.8091 1.2 0.8166 1.6 0.0995 1.1 0.67 611.8 6.3 606.1 7.3 585.2 25.7 611.8 6.3

jbc_14_085-Spot 197 222 109271 5.4 16.3286 1.1 0.8834 1.4 0.1046 0.9 0.65 641.4 5.7 642.8 6.8 647.8 23.1 641.4 5.7
jbc_14_085-Spot 172 124 33599 2.0 15.6221 1.3 0.9964 1.7 0.1129 1.1 0.63 689.5 7.0 702.0 8.5 742.0 27.6 689.5 7.0
jbc_14_085-Spot 58 320 82191 4.0 14.9170 1.0 1.0681 1.4 0.1156 0.9 0.64 705.0 5.8 737.8 7.1 838.9 21.6 705.0 5.8
jbc_14_085-Spot 2 115 30168 9.0 15.6717 1.8 1.0187 2.0 0.1158 0.9 0.45 706.3 6.1 713.3 10.5 735.3 38.6 706.3 6.1

jbc_14_085-Spot 66 99 39821 6.3 15.4151 1.8 1.0527 2.1 0.1177 1.0 0.50 717.2 7.0 730.2 10.8 770.1 37.7 717.2 7.0
jbc_14_085-Spot 296 32 19047 1.6 15.2147 3.1 1.1462 3.2 0.1265 1.0 0.30 767.8 7.0 775.4 17.3 797.6 64.0 767.8 7.0

jbc_14_085-Spot 4 46 35378 1.1 15.0704 2.1 1.1650 2.4 0.1273 1.1 0.47 772.6 8.0 784.3 12.9 817.6 43.5 772.6 8.0
jbc_14_085-Spot 237 704 180546 3.1 15.6013 0.7 1.1339 2.6 0.1283 2.5 0.97 778.2 18.6 769.6 14.2 744.8 14.4 778.2 18.6
jbc_14_085-Spot 206 102 58959 2.5 14.5133 1.3 1.2504 1.7 0.1316 1.2 0.67 797.1 8.7 823.6 9.9 895.8 26.9 797.1 8.7
jbc_14_085-Spot 208 67 37230 0.7 14.9878 1.4 1.2170 1.8 0.1323 1.1 0.63 800.9 8.7 808.4 10.2 829.1 29.7 800.9 8.7
jbc_14_085-Spot 137 262 188758 2.8 14.6635 0.9 1.2826 1.4 0.1364 1.0 0.73 824.3 7.7 838.0 7.8 874.6 19.3 824.3 7.7
jbc_14_085-Spot 285 778 50351 1.2 15.1105 0.7 1.2506 1.6 0.1371 1.5 0.91 828.0 11.6 823.7 9.2 812.1 13.9 828.0 11.6
jbc_14_085-Spot 238 540 99892 9.8 14.5700 0.9 1.3561 1.1 0.1433 0.7 0.64 863.3 5.8 870.2 6.6 887.8 17.8 863.3 5.8
jbc_14_085-Spot 223 93 27350 2.3 14.7988 1.6 1.3394 1.9 0.1438 1.1 0.58 865.9 9.1 863.0 11.2 855.5 32.5 865.9 9.1
jbc_14_085-Spot 156 113 116210 0.9 14.3169 1.2 1.3878 1.7 0.1441 1.2 0.70 867.8 9.9 883.8 10.2 923.9 25.4 867.8 9.9
jbc_14_085-Spot 38 339 108405 2.4 14.2210 0.9 1.4083 1.4 0.1453 1.0 0.75 874.3 8.3 892.5 8.0 937.6 18.3 937.6 18.3
jbc_14_085-Spot 72 33 99181 1.4 13.8732 2.1 1.5178 2.4 0.1527 1.1 0.47 916.2 9.7 937.6 14.6 988.2 42.7 988.2 42.7

jbc_14_085-Spot 295 171 51182 0.5 13.7510 1.1 1.6055 1.5 0.1601 1.0 0.66 957.5 8.9 972.4 9.4 1006.2 22.9 1006.2 22.9
jbc_14_085-Spot 224 180 92124 2.3 13.2546 0.9 1.8533 1.2 0.1782 0.8 0.68 1056.9 8.2 1064.6 8.2 1080.4 18.1 1080.4 18.1
jbc_14_085-Spot 209 192 85698 1.3 11.9592 0.8 2.4722 1.1 0.2144 0.7 0.70 1252.4 8.4 1263.9 7.7 1283.7 14.8 1283.7 14.8
jbc_14_085-Spot 210 120 206446 1.6 11.8778 0.9 2.5860 1.4 0.2228 1.0 0.72 1296.5 11.6 1296.7 10.0 1296.9 18.5 1296.9 18.5
jbc_14_085-Spot 32 440 64956 1.8 10.0346 0.8 3.7537 1.1 0.2732 0.7 0.69 1557.0 10.3 1582.9 8.7 1617.6 14.6 1617.6 14.6

jbc_14_085-Spot 161 225 197909 3.5 9.6776 0.9 4.2505 1.1 0.2983 0.7 0.61 1683.1 10.2 1683.8 9.3 1684.8 16.6 1684.8 16.6
jbc_14_085-Spot 287 60 76614 1.4 9.3807 1.1 4.3563 1.5 0.2964 1.1 0.70 1673.3 15.9 1704.1 12.8 1742.1 20.4 1742.1 20.4
jbc_14_085-Spot 31 1434 232378 50.4 9.0083 0.5 4.0927 1.5 0.2674 1.4 0.94 1527.6 19.4 1652.8 12.4 1816.0 9.3 1816.0 9.3

jbc_14_085-Spot 205 256 113861 6.3 8.9430 0.7 4.7622 1.3 0.3089 1.1 0.85 1735.2 16.1 1778.3 10.5 1829.2 12.0 1829.2 12.0
jbc_14_085-Spot 207 146 87347 1.4 8.9129 0.8 4.9445 1.0 0.3196 0.7 0.66 1787.9 10.6 1809.9 8.7 1835.3 14.0 1835.3 14.0
jbc_14_085-Spot 235 68 43310 0.8 8.8485 1.1 5.2079 1.5 0.3342 1.0 0.65 1858.8 16.0 1853.9 12.9 1848.4 20.8 1848.4 20.8
jbc_14_085-Spot 159 256 144266 2.6 8.8131 0.6 5.1611 1.1 0.3299 0.9 0.83 1837.9 15.0 1846.2 9.6 1855.7 11.4 1855.7 11.4
jbc_14_085-Spot 263 422 124547 3.2 8.7213 0.7 5.1873 1.0 0.3281 0.8 0.75 1829.2 12.3 1850.5 8.7 1874.6 12.2 1874.6 12.2

jbc_14_085-Spot 9 673 168235 16.8 8.3935 0.7 5.4644 1.5 0.3326 1.3 0.87 1851.2 21.0 1895.0 12.8 1943.3 13.0 1943.3 13.0
jbc_14_085-Spot 96 446 144384 9.0 8.1067 0.7 6.1077 1.1 0.3591 0.9 0.79 1977.9 15.3 1991.3 9.9 2005.3 12.3 2005.3 12.3

jbc_14_085-Spot 228 240 305134 2.9 6.3077 0.6 8.4767 1.0 0.3878 0.9 0.83 2112.6 15.3 2283.4 9.3 2440.1 9.7 2440.1 9.7
jbc_14_085-Spot 120 122 187177 0.3 6.2688 0.7 9.8424 1.3 0.4475 1.1 0.85 2384.1 22.0 2420.1 12.0 2450.6 11.8 2450.6 11.8
jbc_14_085-Spot 163 57 56391 1.5 6.2130 0.8 10.2323 1.6 0.4611 1.4 0.87 2444.3 28.1 2456.0 14.6 2465.7 13.0 2465.7 13.0
jbc_14_085-Spot 125 61 61387 2.0 6.1731 0.9 10.4051 1.6 0.4659 1.3 0.81 2465.4 25.8 2471.5 14.4 2476.5 15.4 2476.5 15.4
jbc_14_085-Spot 244 17 44254 1.0 6.1704 1.2 10.0867 1.9 0.4514 1.4 0.75 2401.5 28.3 2442.8 17.3 2477.3 20.8 2477.3 20.8
jbc_14_085-Spot 280 272 229316 2.7 6.1665 0.6 9.1192 1.2 0.4078 1.0 0.88 2205.0 18.9 2350.0 10.6 2478.4 9.4 2478.4 9.4
jbc_14_085-Spot 274 582 248406 3.0 6.1498 0.9 9.9194 3.5 0.4424 3.4 0.97 2361.5 66.6 2427.3 32.1 2482.9 14.4 2482.9 14.4
jbc_14_085-Spot 134 44 33143 0.7 6.1039 1.1 10.6864 1.6 0.4731 1.1 0.71 2497.0 23.1 2496.2 14.6 2495.6 18.8 2495.6 18.8
jbc_14_085-Spot 13 182 133773 0.6 6.0780 0.8 10.5891 1.1 0.4668 0.8 0.70 2469.4 15.7 2487.8 10.1 2502.7 13.0 2502.7 13.0
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

JBC-14-056A-run2-Spot 1 183 275718 2.2 6.6406 1.0 7.6592 1.3 0.3689 0.7 0.57 2024.1 12.5 2191.8 11.4 2352.6 17.9 2352.6 17.9
JBC-14-056A-run2-Spot 2 166 133912 1.1 6.0354 0.9 10.7718 1.2 0.4715 0.7 0.60 2490.2 14.3 2503.6 10.8 2514.6 15.6 2514.6 15.6
JBC-14-056A-run2-Spot 3 65 15014 3.9 14.4417 3.9 1.2975 4.2 0.1359 1.7 0.40 821.4 13.0 844.6 24.2 906.0 79.7 821.4 13.0
JBC-14-056A-run2-Spot 4 679 281909 0.9 15.1769 1.2 1.1917 1.4 0.1312 0.5 0.39 794.5 3.9 796.7 7.5 802.8 26.1 794.5 3.9
JBC-14-056A-run2-Spot 5 97 21411 2.3 15.4600 3.5 1.0095 3.8 0.1132 1.5 0.38 691.3 9.6 708.6 19.6 764.0 74.7 691.3 9.6
JBC-14-056A-run2-Spot 6 377 109786 3.8 8.8894 0.9 4.9954 1.0 0.3221 0.5 0.52 1799.8 8.2 1818.6 8.5 1840.1 15.7 1840.1 15.7
JBC-14-056A-run2-Spot 7 1059 230703 1.5 17.2057 1.3 0.6956 1.4 0.0868 0.5 0.36 536.6 2.5 536.1 5.7 534.3 27.8 536.6 2.5
JBC-14-056A-run2-Spot 8 167 62324 0.5 9.4276 1.4 4.3745 1.6 0.2991 0.8 0.50 1686.9 11.8 1707.5 13.0 1732.9 25.0 1732.9 25.0
JBC-14-056A-run2-Spot 9 484 61310 1.8 13.8413 1.3 1.6496 1.4 0.1656 0.6 0.41 987.8 5.2 989.4 8.8 992.9 25.6 992.9 25.6

JBC-14-056A-run2-Spot 10 90 66263 4.9 12.8227 2.7 1.9719 2.9 0.1834 1.3 0.43 1085.4 12.7 1106.0 19.9 1146.5 52.9 1146.5 52.9
JBC-14-056A-run2-Spot 11 143 57203 2.4 10.4051 1.6 3.4385 1.9 0.2595 0.9 0.48 1487.2 11.9 1513.3 14.7 1549.8 30.8 1549.8 30.8
JBC-14-056A-run2-Spot 12 434 78278 2.9 19.6959 3.9 0.1772 4.1 0.0253 1.3 0.31 161.2 2.0 165.7 6.3 230.5 90.4 161.2 2.0
JBC-14-056A-run2-Spot 13 173 41863 3.3 16.3170 2.9 0.8340 3.1 0.0987 1.2 0.37 606.8 6.7 615.8 14.3 649.3 62.0 606.8 6.7
JBC-14-056A-run2-Spot 14 568 61346 19.0 8.4472 0.7 5.8345 0.8 0.3575 0.4 0.53 1970.1 6.9 1951.6 6.7 1931.9 11.7 1931.9 11.7
JBC-14-056A-run2-Spot 15 165 36414 0.8 16.6373 3.2 0.7272 3.4 0.0877 1.2 0.36 542.2 6.4 554.9 14.5 607.4 68.2 542.2 6.4
JBC-14-056A-run2-Spot 16 87 33550 1.4 6.8308 1.4 8.5965 1.7 0.4259 1.0 0.58 2287.1 19.1 2296.2 15.7 2304.2 24.2 2304.2 24.2
JBC-14-056A-run2-Spot 17 139 40843 0.9 17.9236 4.0 0.5253 4.3 0.0683 1.5 0.35 425.9 6.1 428.7 15.1 444.1 89.9 425.9 6.1
JBC-14-056A-run2-Spot 18 238 28837 1.1 17.6781 3.0 0.5510 3.2 0.0706 1.1 0.35 440.1 4.7 445.7 11.5 474.7 65.9 440.1 4.7
JBC-14-056A-run2-Spot 19 404 42773 13.0 17.7695 2.3 0.5392 2.5 0.0695 0.9 0.35 433.1 3.6 437.9 8.8 463.3 51.6 433.1 3.6
JBC-14-056A-run2-Spot 21 610 183662 5.3 12.1705 0.9 2.4007 1.0 0.2119 0.5 0.45 1239.0 5.3 1242.8 7.5 1249.5 18.3 1249.5 18.3
JBC-14-056A-run2-Spot 22 144 46664 1.3 18.9837 5.2 0.3044 5.5 0.0419 1.8 0.32 264.7 4.6 269.8 13.0 314.9 118.2 264.7 4.6
JBC-14-056A-run2-Spot 23 355 60604 2.0 8.8772 0.9 4.8201 1.1 0.3103 0.5 0.51 1742.3 8.3 1788.4 8.9 1842.6 16.4 1842.6 16.4
JBC-14-056A-run2-Spot 24 222 347633 1.6 19.0273 4.0 0.3340 4.2 0.0461 1.4 0.32 290.5 3.9 292.6 10.8 309.7 91.1 290.5 3.9
JBC-14-056A-run2-Spot 25 282 34889 0.3 7.2350 0.9 6.6051 1.1 0.3466 0.6 0.55 1918.3 9.8 2060.0 9.5 2205.0 15.6 2205.0 15.6
JBC-14-056A-run2-Spot 26 240 26656 1.3 19.5484 4.4 0.2560 4.6 0.0363 1.5 0.32 229.9 3.3 231.5 9.5 247.8 100.8 229.9 3.3
JBC-14-056A-run2-Spot 27 166 37106 2.0 19.4893 5.4 0.2411 5.7 0.0341 1.8 0.32 216.0 3.8 219.3 11.3 254.8 124.9 216.0 3.8
JBC-14-056A-run2-Spot 28 702 138938 5.3 8.8691 0.6 5.1622 0.7 0.3321 0.4 0.52 1848.3 6.0 1846.4 6.1 1844.2 11.1 1844.2 11.1
JBC-14-056A-run2-Spot 29 306 163969 1.6 13.8849 1.6 1.6366 1.7 0.1648 0.7 0.41 983.4 6.6 984.4 11.0 986.5 32.2 986.5 32.2
JBC-14-056A-run2-Spot 30 269 21474 2.3 17.7071 2.8 0.5634 3.0 0.0724 1.0 0.35 450.4 4.5 453.8 11.0 471.1 62.3 450.4 4.5
JBC-14-056A-run2-Spot 31 852 34342 2.4 20.5396 3.9 0.0865 4.1 0.0129 1.2 0.29 82.6 1.0 84.3 3.3 132.7 92.5 82.6 1.0
JBC-14-056A-run2-Spot 32 68 8414 2.0 18.4710 7.4 0.3186 7.8 0.0427 2.6 0.33 269.4 6.8 280.8 19.2 376.8 166.7 269.4 6.8
JBC-14-056A-run2-Spot 33 452 84853 1.7 15.2205 1.6 1.0574 1.7 0.1167 0.7 0.38 711.7 4.5 732.5 9.1 796.8 33.6 711.7 4.5
JBC-14-056A-run2-Spot 34 52 18019 1.1 15.0077 4.6 1.1296 5.0 0.1230 2.0 0.39 747.5 13.8 767.6 27.2 826.3 97.0 747.5 13.8
JBC-14-056A-run2-Spot 35 64 28504 1.0 8.4608 2.0 5.7936 2.3 0.3555 1.2 0.53 1960.9 20.6 1945.5 19.9 1929.0 34.9 1929.0 34.9
JBC-14-056A-run2-Spot 36 164 43561 1.1 16.6680 3.2 0.7343 3.4 0.0888 1.2 0.36 548.3 6.5 559.1 14.6 603.4 68.5 548.3 6.5
JBC-14-056A-run2-Spot 37 138 40133 2.0 13.2042 2.2 1.8779 2.4 0.1798 1.0 0.43 1066.1 10.2 1073.3 16.1 1088.1 44.0 1088.1 44.0
JBC-14-056A-run2-Spot 38 633 166497 4.6 7.5793 0.6 6.9687 0.7 0.3831 0.4 0.55 2090.6 6.8 2107.4 6.1 2123.9 10.1 2123.9 10.1
JBC-14-056A-run2-Spot 39 469 59719 1.5 14.0985 1.3 1.5851 1.4 0.1621 0.6 0.41 968.3 5.3 964.4 8.9 955.4 26.6 955.4 26.6
JBC-14-056A-run2-Spot 40 757 475167 2.5 7.5077 0.5 7.1259 0.6 0.3880 0.3 0.55 2113.6 6.2 2127.3 5.6 2140.5 9.1 2140.5 9.1
JBC-14-056A-run2-Spot 41 730 118472 2.6 6.4683 0.5 7.5218 0.6 0.3529 0.4 0.57 1948.3 6.1 2175.6 5.7 2397.4 8.9 2397.4 8.9
JBC-14-056A-run2-Spot 42 172 19364 0.8 16.4354 2.9 0.8290 3.1 0.0988 1.2 0.37 607.5 6.7 613.1 14.4 633.8 62.7 607.5 6.7
JBC-14-056A-run2-Spot 43 80 55479 0.5 10.3381 2.2 3.5115 2.5 0.2633 1.2 0.48 1506.7 16.2 1529.8 19.8 1562.0 41.3 1562.0 41.3
JBC-14-056A-run2-Spot 44 204 60814 1.3 13.8127 1.9 1.6955 2.1 0.1699 0.9 0.41 1011.3 8.2 1006.8 13.5 997.1 39.0 997.1 39.0
JBC-14-056A-run2-Spot 45 299 56906 1.3 15.4733 1.9 1.1401 2.1 0.1279 0.8 0.39 776.1 5.8 772.5 11.1 762.2 40.0 776.1 5.8
JBC-14-056A-run2-Spot 46 235 61727 1.5 8.8950 1.1 5.3181 1.2 0.3431 0.6 0.52 1901.5 10.6 1871.8 10.6 1838.9 19.2 1838.9 19.2
JBC-14-056A-run2-Spot 47 1619 158935 11.7 4.5736 0.2 17.0392 0.3 0.5652 0.2 0.65 2888.1 4.9 2937.0 3.1 2970.7 3.9 2970.7 3.9
JBC-14-056A-run2-Spot 48 421 166349 1.4 17.7766 2.3 0.5422 2.5 0.0699 0.8 0.35 435.6 3.6 439.9 8.8 462.4 51.0 435.6 3.6
JBC-14-056A-run2-Spot 49 114 12258 1.5 15.4776 3.1 1.1067 3.4 0.1242 1.3 0.39 754.9 9.3 756.6 18.0 761.6 65.4 754.9 9.3
JBC-14-056A-run2-Spot 50 343 58657 0.9 10.2919 1.0 3.6755 1.2 0.2744 0.6 0.48 1562.9 8.0 1566.1 9.5 1570.4 19.5 1570.4 19.5
JBC-14-056A-run2-Spot 52 69 38939 0.5 10.7731 2.5 3.0758 2.9 0.2403 1.3 0.47 1388.4 16.7 1426.7 21.9 1484.3 47.8 1484.3 47.8
JBC-14-056A-run2-Spot 53 183 79290 0.6 14.4446 2.8 0.8611 3.0 0.0902 1.1 0.38 556.8 6.1 630.7 14.1 905.6 57.3 556.8 6.1
JBC-14-056A-run2-Spot 54 468 41498 27.2 16.8988 1.9 0.7097 2.0 0.0870 0.7 0.36 537.7 3.8 544.6 8.6 573.6 41.4 537.7 3.8
JBC-14-056A-run2-Spot 55 206 102705 2.9 14.0830 2.0 1.5968 2.2 0.1631 0.9 0.41 974.0 8.0 969.0 13.4 957.6 40.1 957.6 40.1
JBC-14-056A-run2-Spot 56 607 45026 2.2 19.5686 2.8 0.2580 2.9 0.0366 0.9 0.32 231.8 2.1 233.0 6.1 245.4 64.0 231.8 2.1
JBC-14-056A-run2-Spot 57 319 81154 1.7 15.3267 1.8 1.1951 2.0 0.1328 0.8 0.39 804.1 5.8 798.3 10.9 782.3 38.1 804.1 5.8
JBC-14-056A-run2-Spot 58 294 35082 1.3 17.7041 2.6 0.5938 2.8 0.0762 1.0 0.35 473.7 4.5 473.3 10.6 471.4 58.4 473.7 4.5
JBC-14-056A-run2-Spot 59 244 54183 0.5 13.9716 1.8 1.6491 2.0 0.1671 0.8 0.41 996.1 7.4 989.2 12.3 973.9 36.3 973.9 36.3
JBC-14-056A-run2-Spot 60 245 32751 0.5 16.6892 2.6 0.7529 2.7 0.0911 1.0 0.36 562.3 5.4 569.9 12.0 600.6 55.3 562.3 5.4
JBC-14-056A-run2-Spot 61 112 19195 0.7 15.2838 3.0 1.2101 3.3 0.1341 1.3 0.39 811.5 9.8 805.3 18.3 788.1 63.6 811.5 9.8
JBC-14-056A-run2-Spot 62 244 80347 2.2 6.2898 0.8 10.2888 1.0 0.4694 0.6 0.59 2480.7 11.9 2461.1 9.1 2444.9 13.4 2444.9 13.4
JBC-14-056A-run2-Spot 63 157 111415 1.8 15.5479 2.6 1.1209 2.9 0.1264 1.1 0.39 767.3 8.0 763.4 15.4 752.1 55.7 767.3 8.0
JBC-14-056A-run2-Spot 64 203 63647 1.5 15.1996 2.3 1.1697 2.5 0.1289 1.0 0.39 781.9 7.1 786.5 13.7 799.7 48.3 781.9 7.1
JBC-14-056A-run2-Spot 65 275 40390 2.8 19.2391 3.7 0.3215 3.9 0.0449 1.3 0.32 282.9 3.5 283.1 9.6 284.4 84.1 282.9 3.5
JBC-14-056A-run2-Spot 66 379 57592 2.3 15.6048 1.8 1.0492 1.9 0.1187 0.7 0.38 723.4 5.0 728.5 10.0 744.3 37.6 723.4 5.0
JBC-14-056A-run2-Spot 67 469 102926 1.8 8.9775 0.8 4.8876 0.9 0.3182 0.5 0.51 1781.1 7.3 1800.1 7.7 1822.2 14.2 1822.2 14.2
JBC-14-056A-run2-Spot 68 53 12737 1.5 18.9291 7.8 0.3543 8.3 0.0486 2.8 0.33 306.2 8.3 308.0 22.1 321.5 178.5 306.2 8.3
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

JBC-14-056A-run2-Spot 69 216 111653 1.4 8.3872 1.1 5.7813 1.3 0.3517 0.7 0.53 1942.6 11.2 1943.6 10.9 1944.7 19.1 1944.7 19.1
JBC-14-056A-run2-Spot 71 134 18497 1.4 15.3221 2.8 1.1853 3.0 0.1317 1.2 0.39 797.7 8.9 793.8 16.7 782.9 58.5 797.7 8.9
JBC-14-056A-run2-Spot 72 106 96895 1.2 9.1190 1.6 5.0751 1.9 0.3357 1.0 0.51 1865.7 15.9 1832.0 16.2 1793.8 29.9 1793.8 29.9
JBC-14-056A-run2-Spot 73 34 24915 1.0 15.0126 5.5 1.2265 5.9 0.1335 2.3 0.39 808.1 17.8 812.8 33.2 825.6 114.0 808.1 17.8
JBC-14-056A-run2-Spot 74 764 234326 11.7 7.9898 0.5 6.4240 0.6 0.3723 0.3 0.54 2040.0 6.1 2035.6 5.6 2031.0 9.5 2031.0 9.5
JBC-14-056A-run2-Spot 75 280 79640 2.2 18.0459 2.8 0.5305 3.0 0.0694 1.0 0.34 432.7 4.3 432.1 10.6 429.0 63.3 432.7 4.3
JBC-14-056A-run2-Spot 77 328 40456 1.2 18.7863 3.3 0.3337 3.5 0.0455 1.1 0.33 286.6 3.2 292.4 8.9 338.6 74.7 286.6 3.2
JBC-14-056A-run2-Spot 78 376 34963 1.2 21.5406 5.9 0.0864 6.2 0.0135 1.8 0.29 86.5 1.5 84.2 5.0 19.7 142.8 86.5 1.5
JBC-14-056A-run2-Spot 79 856 69817 1.2 16.6118 1.3 0.7896 1.4 0.0951 0.5 0.37 585.8 2.9 590.9 6.4 610.7 28.6 585.8 2.9
JBC-14-056A-run2-Spot 80 309 126195 1.3 15.0210 1.8 1.3068 1.9 0.1424 0.8 0.39 858.0 6.1 848.7 11.1 824.5 37.0 858.0 6.1
JBC-14-056A-run2-Spot 81 295 31292 1.0 18.0062 2.7 0.5723 2.8 0.0747 1.0 0.35 464.7 4.4 459.5 10.5 433.9 59.4 464.7 4.4
JBC-14-056A-run2-Spot 82 76 44941 1.7 14.9886 3.7 1.2212 4.0 0.1328 1.6 0.39 803.6 11.8 810.3 22.3 829.0 76.5 803.6 11.8
JBC-14-056A-run2-Spot 83 137 41565 1.8 8.8073 1.4 5.3355 1.6 0.3408 0.8 0.52 1890.6 13.9 1874.6 13.9 1856.8 25.1 1856.8 25.1
JBC-14-056A-run2-Spot 84 240 36609 0.7 16.3712 2.4 0.8450 2.6 0.1003 1.0 0.37 616.4 5.7 621.9 12.2 642.2 52.4 616.4 5.7
JBC-14-056A-run2-Spot 85 231 21957 1.4 19.8960 5.5 0.1724 5.8 0.0249 1.8 0.31 158.4 2.8 161.5 8.6 207.1 127.2 158.4 2.8
JBC-14-056A-run2-Spot 86 363 122580 1.4 14.0628 1.5 1.5996 1.6 0.1631 0.7 0.41 974.3 6.0 970.1 10.2 960.6 30.3 960.6 30.3
JBC-14-056A-run2-Spot 87 286 95125 5.4 13.4479 1.6 1.7777 1.8 0.1734 0.7 0.42 1030.8 7.0 1037.4 11.5 1051.3 32.3 1051.3 32.3
JBC-14-056A-run2-Spot 88 453 263228 2.1 10.5717 0.9 3.4064 1.1 0.2612 0.5 0.48 1495.9 6.8 1505.9 8.3 1519.9 17.6 1519.9 17.6
JBC-14-056A-run2-Spot 89 237 77151 1.5 14.8372 2.0 1.2976 2.2 0.1396 0.9 0.40 842.6 6.9 844.6 12.7 850.1 42.2 842.6 6.9
JBC-14-056A-run2-Spot 90 401 126110 2.2 8.6836 0.8 5.4767 0.9 0.3449 0.5 0.52 1910.3 8.2 1896.9 8.1 1882.4 14.6 1882.4 14.6
JBC-14-056A-run2-Spot 91 787 85622 2.6 13.3216 1.0 1.8095 1.1 0.1748 0.4 0.42 1038.6 4.2 1048.9 6.9 1070.3 19.1 1070.3 19.1
JBC-14-056A-run2-Spot 92 906 41012 92.6 8.0140 1.2 1.2008 1.3 0.0698 0.6 0.45 434.9 2.4 801.0 7.2 2025.7 20.5 2025.7 20.5
JBC-14-056A-run2-Spot 93 1543 94217 24.6 18.0477 1.2 0.5227 1.3 0.0684 0.4 0.34 426.6 1.8 426.9 4.5 428.7 26.9 426.6 1.8
JBC-14-056A-run2-Spot 94 216 5521 2.4 21.5195 7.9 0.0820 8.2 0.0128 2.4 0.29 82.0 2.0 80.0 6.3 22.1 189.3 82.0 2.0
JBC-14-056A-run2-Spot 95 229 285964 1.7 8.9208 1.1 5.2735 1.3 0.3412 0.7 0.52 1892.4 10.7 1864.6 10.8 1833.7 19.5 1833.7 19.5
JBC-14-056A-run2-Spot 96 280 74648 2.4 6.2033 0.7 10.6951 0.9 0.4812 0.5 0.60 2532.4 11.2 2497.0 8.4 2468.3 12.2 2468.3 12.2
JBC-14-056A-run2-Spot 97 1284 448789 26.7 8.8195 0.4 5.0859 0.5 0.3253 0.3 0.52 1815.7 4.1 1833.8 4.2 1854.4 7.7 1854.4 7.7
JBC-14-056A-run2-Spot 98 162 84872 1.7 13.5660 1.9 1.7879 2.1 0.1759 0.9 0.42 1044.6 8.6 1041.0 13.8 1033.6 38.8 1033.6 38.8
JBC-14-056A-run2-Spot 99 345 16272 2.2 14.1097 1.4 1.5947 1.5 0.1632 0.6 0.41 974.5 5.7 968.2 9.4 953.8 28.2 953.8 28.2

JBC-14-056A-run2-Spot 100 383 94111 6.6 14.2255 1.3 1.5133 1.5 0.1561 0.6 0.41 935.3 5.2 935.8 9.0 937.0 27.5 937.0 27.5
JBC-14-056A-run2-Spot 101 537 46598 15.8 13.5924 1.1 1.7864 1.2 0.1761 0.5 0.42 1045.7 4.7 1040.5 7.6 1029.7 21.3 1029.7 21.3
JBC-14-056A-run2-Spot 102 270 110455 1.1 12.8359 1.4 2.1791 1.5 0.2029 0.7 0.44 1190.7 7.1 1174.4 10.5 1144.5 26.9 1144.5 26.9
JBC-14-056A-run2-Spot 103 344 94773 1.2 14.0686 1.4 1.6050 1.5 0.1638 0.6 0.41 977.7 5.7 972.2 9.6 959.7 28.5 959.7 28.5
JBC-14-056A-run2-Spot 104 442 93112 4.9 14.0599 1.2 1.6452 1.3 0.1678 0.5 0.41 999.8 5.1 987.7 8.4 961.0 24.7 961.0 24.7
JBC-14-056A-run2-Spot 105 345 41917 3.3 13.0075 1.3 1.9747 1.4 0.1863 0.6 0.43 1101.3 6.1 1106.9 9.4 1118.1 25.0 1118.1 25.0
JBC-14-056A-run2-Spot 106 190 43391 3.2 8.7127 1.1 5.4957 1.3 0.3473 0.7 0.53 1921.6 11.0 1899.9 10.9 1876.3 19.4 1876.3 19.4
JBC-14-056A-run2-Spot 107 60 39897 2.2 5.6900 1.3 12.4244 1.7 0.5127 1.0 0.62 2668.3 22.8 2637.0 15.9 2613.1 22.2 2613.1 22.2
JBC-14-056A-run2-Spot 108 16 3170 1.2 9.5389 3.9 4.5816 4.5 0.3170 2.3 0.51 1774.9 35.8 1745.9 37.6 1711.4 71.3 1711.4 71.3
JBC-14-056A-run2-Spot 109 63 27365 1.0 18.7890 6.8 0.3465 7.2 0.0472 2.3 0.33 297.4 6.8 302.1 18.7 338.3 153.2 297.4 6.8
JBC-14-056A-run2-Spot 110 1233 127541 9.8 16.9749 1.0 0.7634 1.1 0.0940 0.4 0.36 579.1 2.3 576.0 4.9 563.8 22.8 579.1 2.3
JBC-14-056A-run2-Spot 111 505 145801 6.0 6.3127 0.5 9.8338 0.6 0.4502 0.4 0.59 2396.3 7.5 2419.3 5.8 2438.8 8.7 2438.8 8.7
JBC-14-056A-run2-Spot 112 214 15670 1.0 15.2886 2.0 1.1893 2.2 0.1319 0.9 0.39 798.5 6.5 795.6 12.1 787.5 42.5 798.5 6.5
JBC-14-056A-run2-Spot 113 115 59648 1.4 5.7205 1.0 12.4930 1.2 0.5183 0.8 0.62 2692.0 16.7 2642.2 11.5 2604.2 16.1 2604.2 16.1
JBC-14-056A-run2-Spot 114 316 46831 1.9 9.3921 0.9 4.5018 1.1 0.3067 0.5 0.51 1724.2 8.1 1731.3 8.8 1739.9 16.7 1739.9 16.7
JBC-14-056A-run2-Spot 115 369 28407 1.9 8.7349 0.8 5.4148 0.9 0.3430 0.5 0.53 1901.2 7.8 1887.2 7.8 1871.8 13.9 1871.8 13.9
JBC-14-056A-run2-Spot 116 468 71368 2.2 8.5347 0.7 5.7740 0.8 0.3574 0.4 0.53 1969.9 7.1 1942.5 6.8 1913.5 11.9 1913.5 11.9
JBC-14-056A-run2-Spot 118 127 16578 1.6 16.7392 3.1 0.8149 3.4 0.0989 1.2 0.37 608.2 7.2 605.2 15.3 594.2 67.7 608.2 7.2
JBC-14-056A-run2-Spot 119 81 31841 1.6 9.2444 1.8 4.7046 2.0 0.3154 1.0 0.51 1767.4 16.1 1768.1 17.1 1768.9 32.0 1768.9 32.0
JBC-14-056A-run2-Spot 120 73 22492 1.3 15.2954 3.5 1.2004 3.8 0.1332 1.5 0.39 805.9 11.2 800.8 20.9 786.5 73.0 805.9 11.2
JBC-14-056A-run2-Spot 121 312 38681 4.9 16.3131 1.9 0.9370 2.0 0.1109 0.8 0.38 677.7 4.9 671.3 9.9 649.8 40.3 677.7 4.9
JBC-14-056A-run2-Spot 122 638 83379 2.7 8.8525 0.6 4.7368 0.7 0.3041 0.4 0.51 1711.7 5.7 1773.8 6.2 1847.6 11.4 1847.6 11.4
JBC-14-056A-run2-Spot 124 110 17037 1.9 14.1506 2.4 1.6194 2.7 0.1662 1.1 0.41 991.1 10.1 977.8 16.7 947.8 49.5 947.8 49.5
JBC-14-056A-run2-Spot 125 411 19645 1.5 18.8472 2.4 0.4272 2.6 0.0584 0.9 0.34 365.9 3.0 361.2 7.8 331.3 54.6 365.9 3.0
JBC-14-056A-run2-Spot 126 138 20021 2.3 16.9821 3.1 0.7239 3.3 0.0892 1.2 0.36 550.6 6.4 553.0 14.2 562.8 67.6 550.6 6.4
JBC-14-056A-run2-Spot 127 376 53724 2.4 17.0086 1.9 0.7129 2.1 0.0879 0.7 0.36 543.3 3.9 546.4 8.7 559.5 42.1 543.3 3.9
JBC-14-056A-run2-Spot 128 145 36280 1.2 7.3123 1.0 7.8912 1.3 0.4185 0.7 0.56 2253.7 13.7 2218.7 11.5 2186.5 18.3 2186.5 18.3
JBC-14-056A-run2-Spot 129 226 15335 1.9 19.9752 3.7 0.3152 3.9 0.0457 1.3 0.32 287.9 3.5 278.2 9.5 197.9 86.1 287.9 3.5
JBC-14-056A-run2-Spot 130 203 47469 2.5 6.1226 0.8 10.6226 1.0 0.4717 0.6 0.60 2491.0 12.1 2490.7 9.1 2490.4 13.2 2490.4 13.2
JBC-14-056A-run2-Spot 132 483 26535 3.6 18.9815 2.5 0.3358 2.6 0.0462 0.9 0.33 291.3 2.5 294.0 6.7 315.2 56.8 291.3 2.5
JBC-14-056A-run2-Spot 133 100 27407 2.4 8.5023 1.5 5.5951 1.7 0.3450 0.9 0.53 1910.8 15.1 1915.3 14.8 1920.3 26.2 1920.3 26.2
JBC-14-056A-run2-Spot 134 390 35183 1.2 14.2364 1.3 1.5388 1.5 0.1589 0.6 0.41 950.6 5.3 946.0 9.0 935.5 27.3 935.5 27.3
JBC-14-056A-run2-Spot 136 124 16379 2.6 17.4731 3.4 0.6906 3.7 0.0875 1.3 0.36 540.8 6.8 533.1 15.2 500.5 75.3 540.8 6.8
JBC-14-056A-run2-Spot 137 146 134643 1.6 5.9798 0.9 11.3167 1.1 0.4908 0.7 0.61 2574.1 14.4 2549.6 10.5 2530.1 15.0 2530.1 15.0
JBC-14-056A-run2-Spot 138 347 31472 5.2 6.2532 0.6 10.4243 0.7 0.4728 0.4 0.60 2495.7 9.2 2473.2 6.9 2454.8 10.1 2454.8 10.1
JBC-14-056A-run2-Spot 139 268 69706 2.7 6.6338 0.8 7.9000 0.9 0.3801 0.5 0.57 2076.7 9.6 2219.7 8.5 2354.4 13.3 2354.4 13.3
JBC-14-056A-run2-Spot 140 77 23527 1.2 9.2960 1.8 4.6589 2.1 0.3141 1.1 0.51 1760.9 16.6 1759.9 17.6 1758.7 33.1 1758.7 33.1
JBC-14-056A-run2-Spot 142 191 22405 1.3 13.8347 1.8 1.6972 2.0 0.1703 0.8 0.42 1013.7 7.8 1007.5 12.7 993.9 36.8 993.9 36.8
JBC-14-056A-run2-Spot 143 74 15723 1.1 14.1139 2.9 1.6373 3.2 0.1676 1.3 0.41 998.9 12.4 984.7 20.4 953.2 60.2 953.2 60.2
JBC-14-056A-run2-Spot 144 591 111528 2.5 9.0194 0.6 4.9639 0.7 0.3247 0.4 0.52 1812.7 6.0 1813.2 6.3 1813.8 11.5 1813.8 11.5
JBC-14-056A-run2-Spot 145 457 82686 4.2 14.3502 1.3 1.4525 1.4 0.1512 0.6 0.41 907.5 4.7 910.9 8.3 919.1 25.9 919.1 25.9
JBC-14-056A-run2-Spot 146 95 19604 2.7 20.3397 6.2 0.2637 6.6 0.0389 2.1 0.32 246.0 5.0 237.6 13.9 155.7 145.8 246.0 5.0
JBC-14-056A-run2-Spot 147 287 55020 1.1 13.6612 1.5 1.7716 1.6 0.1755 0.7 0.42 1042.5 6.5 1035.1 10.5 1019.5 29.7 1019.5 29.7
JBC-14-056A-run2-Spot 148 260 52701 1.7 17.9669 3.7 0.2832 4.0 0.0369 1.3 0.32 233.6 2.9 253.2 8.9 438.7 83.3 233.6 2.9
JBC-14-056A-run2-Spot 149 216 23223 1.2 17.5353 2.6 0.6951 2.8 0.0884 1.0 0.36 546.1 5.2 535.8 11.6 492.6 57.6 546.1 5.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

JBC-14-056A-run2-Spot 150 603 157732 2.9 6.1433 0.5 10.8386 0.6 0.4829 0.3 0.60 2540.0 7.1 2509.4 5.2 2484.7 7.6 2484.7 7.6
JBC-14-056A-run2-Spot 151 258 58177 2.9 17.0542 2.4 0.6957 2.6 0.0861 0.9 0.36 532.1 4.7 536.2 10.6 553.6 52.0 532.1 4.7
JBC-14-056A-run2-Spot 152 296 17686 1.3 20.3767 4.5 0.1620 4.7 0.0239 1.4 0.30 152.6 2.2 152.5 6.7 151.4 105.3 152.6 2.2
JBC-14-056A-run2-Spot 153 133 68592 0.3 17.1298 3.3 0.7184 3.5 0.0893 1.3 0.36 551.1 6.7 549.7 15.0 544.0 72.3 551.1 6.7
JBC-14-056A-run2-Spot 155 451 70293 6.7 8.9048 0.7 4.8925 0.9 0.3160 0.4 0.52 1770.0 6.9 1801.0 7.3 1836.9 13.4 1836.9 13.4
JBC-14-056A-run2-Spot157 217 38473 1.2 8.7862 1.0 5.5373 1.2 0.3529 0.6 0.53 1948.2 10.5 1906.4 10.2 1861.2 18.2 1861.2 18.2

JBC-14-056A-run2-Spot 158 117 23109 1.6 12.1605 2.1 2.2258 2.3 0.1963 1.0 0.44 1155.4 10.8 1189.2 16.1 1251.1 40.3 1251.1 40.3
JBC-14-056A-run2-Spot 159 200 24400 1.2 17.0550 2.6 0.7192 2.8 0.0890 1.0 0.36 549.4 5.4 550.2 12.0 553.5 57.6 549.4 5.4
JBC-14-056A-run2-Spot 160 123 24464 0.9 17.1108 3.5 0.6804 3.8 0.0844 1.3 0.36 522.5 6.7 527.0 15.4 546.4 76.6 522.5 6.7
JBC-14-056A-run2-Spot 161 141 18591 0.8 17.4389 3.2 0.6850 3.5 0.0866 1.2 0.36 535.6 6.3 529.8 14.3 504.8 71.3 535.6 6.3
JBC-14-056A-run2-Spot 162 167 26248 3.4 14.9013 2.2 1.2361 2.4 0.1336 1.0 0.40 808.3 7.3 817.1 13.6 841.2 46.5 808.3 7.3
JBC-14-056A-run2-Spot 163 383 76632 2.6 15.5317 1.5 1.1582 1.7 0.1305 0.6 0.39 790.5 4.8 781.1 9.1 754.3 32.6 790.5 4.8
JBC-14-056A-run2-Spot 164 65 17256 1.0 15.3134 3.7 1.1882 4.0 0.1320 1.6 0.39 799.0 11.8 795.1 22.1 784.1 77.5 799.0 11.8
JBC-14-056A-run2-Spot 166 469 110062 9.0 7.1797 0.6 7.4686 0.7 0.3889 0.4 0.56 2117.7 7.4 2169.2 6.5 2218.3 10.4 2218.3 10.4
JBC-14-056A-run2-Spot 168 346 73073 2.1 15.1748 1.6 1.1760 1.8 0.1294 0.7 0.39 784.6 5.1 789.4 9.6 803.1 33.9 784.6 5.1
JBC-14-056A-run2-Spot 169 406 21171 1.8 19.3234 2.7 0.3295 2.9 0.0462 0.9 0.32 291.0 2.7 289.2 7.3 274.4 62.7 291.0 2.7
JBC-14-056A-run2-Spot 170 61 22897 1.5 9.4628 2.1 4.3567 2.4 0.2990 1.2 0.50 1686.4 18.1 1704.2 20.1 1726.1 38.6 1726.1 38.6
JBC-14-056A-run2-Spot 171 518 33260 3.0 18.1862 1.9 0.5257 2.1 0.0693 0.7 0.34 432.2 3.0 429.0 7.2 411.7 43.5 432.2 3.0
JBC-14-056A-run2-Spot 172 281 37687 2.5 15.5149 1.8 1.1443 2.0 0.1288 0.8 0.39 780.8 5.6 774.5 10.6 756.5 38.1 780.8 5.6
JBC-14-056A-run2-Spot 173 349 112968 2.0 13.1722 1.3 1.9123 1.4 0.1827 0.6 0.43 1081.7 6.0 1085.4 9.4 1092.9 25.6 1092.9 25.6
JBC-14-056A-run2-Spot 174 583 117356 1.3 19.2811 2.5 0.2772 2.6 0.0388 0.8 0.32 245.2 2.0 248.5 5.8 279.5 56.6 245.2 2.0
JBC-14-056A-run2-Spot 175 419 381239 2.4 16.3790 1.7 0.8675 1.8 0.1031 0.7 0.37 632.3 4.1 634.2 8.6 641.1 36.5 632.3 4.1
JBC-14-056A-run2-Spot 176 108 73598 26.2 13.9581 2.5 1.5383 2.8 0.1557 1.1 0.41 933.0 9.9 945.8 17.0 975.8 51.3 975.8 51.3
JBC-14-056A-run2-Spot 177 335 43781 1.9 8.8459 0.8 4.9161 1.0 0.3154 0.5 0.52 1767.2 7.9 1805.0 8.4 1849.0 15.4 1849.0 15.4
JBC-14-056A-run2-Spot 178 706 47687 27.3 6.1077 0.4 9.2455 0.6 0.4096 0.3 0.59 2212.9 6.1 2362.6 5.1 2494.5 7.6 2494.5 7.6
JBC-14-056A-run2-Spot 180 40 13820 1.5 5.6077 1.7 12.9708 2.1 0.5275 1.3 0.62 2731.1 28.9 2677.5 19.9 2637.3 27.5 2637.3 27.5
JBC-14-056A-run2-Spot 182 96 3691 2.1 20.9343 6.1 0.2601 6.5 0.0395 2.1 0.32 249.6 5.1 234.7 13.6 87.8 145.5 249.6 5.1
JBC-14-056A-run2-Spot 183 115 23510 0.3 6.2290 1.1 9.7019 1.3 0.4383 0.8 0.59 2343.0 15.5 2406.9 12.3 2461.3 18.2 2461.3 18.2
JBC-14-056A-run2-Spot 184 43 48609 0.5 14.3893 4.4 1.2931 4.8 0.1349 1.9 0.40 816.0 14.8 842.7 27.7 913.5 91.2 816.0 14.8
JBC-14-056A-run2-Spot 185 239 56140 1.9 14.8125 2.0 1.0946 2.2 0.1176 0.9 0.39 716.7 5.8 750.7 11.7 853.6 42.1 716.7 5.8
JBC-14-056A-run2-Spot 187 105 41700 1.5 15.2648 2.9 1.1692 3.2 0.1294 1.2 0.39 784.7 9.1 786.2 17.3 790.7 61.0 784.7 9.1
JBC-14-056A-run2-Spot 188 243 97437 3.1 8.9889 1.0 4.8413 1.2 0.3156 0.6 0.51 1768.3 9.3 1792.1 9.8 1819.9 18.2 1819.9 18.2
JBC-14-056A-run2-Spot 189 201 128511 1.4 6.1703 0.8 10.2337 1.0 0.4580 0.6 0.60 2430.6 12.0 2456.1 9.2 2477.3 13.5 2477.3 13.5
JBC-14-056A-run2-Spot 190 149 23905 2.0 17.2381 3.2 0.6917 3.4 0.0865 1.2 0.36 534.7 6.2 533.8 14.0 530.2 69.1 534.7 6.2
JBC-14-056A-run2-Spot 191 571 49057 3.8 16.4236 1.5 0.8307 1.6 0.0989 0.6 0.37 608.2 3.4 614.0 7.4 635.3 32.0 608.2 3.4
JBC-14-056A-run2-Spot 192 437 17782 6.1 18.6797 2.3 0.4289 2.4 0.0581 0.8 0.34 364.1 2.9 362.4 7.4 351.5 52.0 364.1 2.9
JBC-14-056A-run3-Spot 193 190 105258 2.9 11.3474 1.6 2.8595 1.8 0.2353 0.8 0.46 1362.4 10.1 1371.3 13.5 1385.2 30.5 1385.2 30.5
JBC-14-056A-run3-Spot 194 425 213627 2.8 8.4121 0.9 4.7178 1.0 0.2878 0.5 0.52 1630.7 7.5 1770.4 8.4 1939.4 15.4 1939.4 15.4
JBC-14-056A-run3-Spot 195 790 317623 4.6 8.8739 0.6 4.8403 0.7 0.3115 0.4 0.51 1748.2 5.7 1791.9 6.1 1843.2 11.3 1843.2 11.3
JBC-14-056A-run3-Spot 196 143 35633 1.0 18.0851 4.0 0.5307 4.3 0.0696 1.5 0.34 433.8 6.2 432.3 15.1 424.1 90.0 433.8 6.2
JBC-14-056A-run3-Spot 197 530 43274 46.5 17.3319 1.8 0.7182 1.9 0.0903 0.7 0.36 557.2 3.7 549.6 8.3 518.3 40.0 557.2 3.7
JBC-14-056A-run3-Spot 199 189 12946 1.3 20.0938 4.9 0.2706 5.1 0.0394 1.6 0.32 249.3 4.0 243.1 11.1 184.1 113.8 249.3 4.0
JBC-14-056A-run3-Spot 200 121 168249 1.6 6.1513 1.1 10.6712 1.4 0.4761 0.8 0.60 2510.2 17.3 2494.9 13.0 2482.5 18.9 2482.5 18.9
JBC-14-056A-run3-Spot 201 206 57228 1.4 7.4651 1.1 6.5252 1.3 0.3533 0.7 0.55 1950.3 11.7 2049.3 11.2 2150.5 18.6 2150.5 18.6
JBC-14-056A-run3-Spot 202 139 9089 2.9 18.9929 4.3 0.4764 4.5 0.0656 1.5 0.34 409.7 6.1 395.6 14.8 313.8 96.8 409.7 6.1
JBC-14-056A-run3-Spot 203 326 111828 17.6 16.9558 2.3 0.7471 2.5 0.0919 0.9 0.36 566.6 4.8 566.6 10.7 566.3 50.0 566.6 4.8
JBC-14-056A-run3-Spot 204 410 28166 2.4 19.3849 3.0 0.3341 3.2 0.0470 1.0 0.32 295.9 3.0 292.7 8.1 267.1 69.1 295.9 3.0
JBC-14-056A-run3-Spot 205 807 52132 3.1 8.7371 0.6 5.2982 0.7 0.3357 0.4 0.52 1866.1 5.8 1868.6 5.9 1871.3 10.6 1871.3 10.6
JBC-14-056A-run3-Spot 206 82 26017 1.0 16.8598 4.6 0.7277 4.9 0.0890 1.8 0.36 549.5 9.4 555.2 21.2 578.6 100.3 549.5 9.4
JBC-14-056A-run3-Spot 207 1034 124879 3.5 13.4280 0.8 1.8638 0.9 0.1815 0.4 0.42 1075.2 3.8 1068.3 6.1 1054.3 16.9 1054.3 16.9
JBC-14-056A-run3-Spot 208 1441 152852 3.4 19.7071 1.8 0.2705 1.9 0.0387 0.6 0.32 244.6 1.4 243.1 4.1 229.2 41.1 244.6 1.4
JBC-14-056A-run3-Spot 209 134 51991 2.2 14.8508 2.7 1.3202 3.0 0.1422 1.2 0.40 857.1 9.4 854.6 17.1 848.2 56.5 857.1 9.4
JBC-14-056A-run3-Spot 210 202 51179 1.6 14.7374 2.2 1.2999 2.4 0.1389 1.0 0.40 838.7 7.6 845.7 13.9 864.1 46.2 838.7 7.6
JBC-14-056A-run3-Spot 211 736 248607 3.5 8.6921 0.6 5.3860 0.7 0.3395 0.4 0.52 1884.4 6.1 1882.6 6.1 1880.6 11.0 1880.6 11.0
JBC-14-056A-run3-Spot 212 85 88568 1.0 6.5303 1.5 8.6109 1.8 0.4078 1.0 0.57 2205.0 19.4 2297.7 16.5 2381.2 25.3 2381.2 25.3
JBC-14-056A-run3-Spot 213 2381 236673 11.1 20.5727 2.3 0.0902 2.5 0.0135 0.7 0.29 86.2 0.6 87.7 2.1 129.0 55.2 86.2 0.6
JBC-14-056A-run3-Spot 214 231 19626 1.1 19.3024 4.1 0.3089 4.3 0.0432 1.4 0.32 272.9 3.8 273.3 10.4 276.9 94.2 272.9 3.8
JBC-14-056A-run3-Spot 215 414 120675 2.3 14.3340 1.5 1.3531 1.7 0.1407 0.7 0.40 848.5 5.3 868.9 9.8 921.4 31.5 848.5 5.3
JBC-14-056A-run3-Spot 217 257 201063 3.0 15.4484 2.1 1.1637 2.3 0.1304 0.9 0.39 790.1 6.5 783.7 12.3 765.6 43.9 790.1 6.5
JBC-14-056A-run3-Spot 218 616 133300 0.6 14.7644 1.3 1.3006 1.4 0.1393 0.5 0.39 840.5 4.3 846.0 8.0 860.3 26.5 840.5 4.3
JBC-14-056A-run3-Spot 219 443 126024 1.3 20.1816 4.0 0.1773 4.2 0.0260 1.3 0.30 165.2 2.1 165.7 6.4 173.9 92.4 165.2 2.1
JBC-14-056A-run3-Spot 220 1280 78750 1.7 19.1120 1.8 0.3139 1.9 0.0435 0.6 0.32 274.5 1.6 277.2 4.5 299.5 40.5 274.5 1.6
JBC-14-056A-run3-Spot 221 319 74837 1.5 18.1838 2.6 0.5677 2.8 0.0749 1.0 0.35 465.5 4.3 456.6 10.3 412.0 58.7 465.5 4.3
JBC-14-056A-run3-Spot 222 359 86077 0.5 16.7447 2.1 0.7721 2.3 0.0938 0.8 0.36 577.8 4.6 581.0 10.1 593.5 46.2 577.8 4.6
JBC-14-056A-run3-Spot 223 198 15157 2.2 19.3416 4.1 0.3740 4.3 0.0525 1.4 0.33 329.7 4.5 322.6 11.9 272.2 93.0 329.7 4.5
JBC-14-056A-run3-Spot 224 355 452554 2.5 13.5759 1.5 1.7992 1.6 0.1771 0.7 0.42 1051.4 6.5 1045.2 10.4 1032.1 29.4 1032.1 29.4
JBC-14-056A-run3-Spot 225 404 56281 1.3 14.7711 1.6 1.3178 1.7 0.1412 0.7 0.40 851.3 5.4 853.6 9.8 859.4 32.4 851.3 5.4
JBC-14-056A-run3-Spot 226 601 68179 3.0 8.7588 0.7 5.4450 0.8 0.3459 0.4 0.52 1915.0 6.8 1892.0 6.8 1866.8 12.1 1866.8 12.1
JBC-14-056A-run3-Spot 227 398 48838 0.7 17.2752 2.2 0.6622 2.3 0.0830 0.8 0.36 513.8 4.1 515.9 9.4 525.4 47.7 513.8 4.1
JBC-14-056A-run3-Spot 228 309 53426 0.7 18.0979 2.8 0.5280 3.0 0.0693 1.0 0.34 432.0 4.2 430.5 10.4 422.5 62.0 432.0 4.2
JBC-14-056A-run3-Spot 229 340 68092 4.1 18.1329 2.6 0.5357 2.8 0.0705 1.0 0.34 438.9 4.1 435.6 9.9 418.2 59.0 438.9 4.1
JBC-14-056A-run3-Spot 230 571 101442 4.3 8.7708 0.7 5.2677 0.8 0.3351 0.4 0.52 1863.0 6.9 1863.6 7.0 1864.3 12.7 1864.3 12.7
JBC-14-056A-run3-Spot 231 208 35973 2.2 15.4805 2.5 1.0688 2.7 0.1200 1.0 0.38 730.6 7.0 738.1 14.0 761.2 52.1 730.6 7.0
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

JBC-14-056A-run3-Spot 232 358 88251 1.4 17.9020 2.5 0.5542 2.7 0.0720 0.9 0.34 447.9 4.0 447.8 9.7 446.8 56.0 447.9 4.0
JBC-14-056A-run3-Spot 233 90 13633 0.8 16.8055 4.4 0.7324 4.7 0.0893 1.7 0.36 551.2 9.0 557.9 20.2 585.6 95.1 551.2 9.0
JBC-14-056A-run3-Spot 234 138 10556 1.9 19.1877 5.2 0.3192 5.5 0.0444 1.8 0.32 280.2 4.9 281.3 13.6 290.5 120.0 280.2 4.9
JBC-14-056A-run3-Spot 235 671 124175 1.6 8.5774 0.6 5.6195 0.7 0.3496 0.4 0.53 1932.6 6.5 1919.1 6.4 1904.5 11.3 1904.5 11.3
JBC-14-056A-run3-Spot 236 423 50096 5.0 14.6191 1.5 1.4049 1.6 0.1490 0.7 0.40 895.1 5.4 891.0 9.6 880.8 30.8 895.1 5.4
JBC-14-056A-run3-Spot 238 343 84827 2.5 8.8340 0.9 5.3728 1.0 0.3442 0.5 0.52 1907.0 8.9 1880.5 8.8 1851.4 15.9 1851.4 15.9
JBC-14-056A-run3-Spot 239 52 98416 0.9 6.6041 1.9 8.8678 2.3 0.4247 1.3 0.58 2282.0 25.2 2324.5 20.8 2362.0 31.8 2362.0 31.8
JBC-14-056A-run3-Spot 240 387 41217 1.9 18.3928 2.5 0.5100 2.6 0.0680 0.9 0.34 424.3 3.7 418.4 9.0 386.3 55.6 424.3 3.7
JBC-14-056A-run3-Spot 241 81 28680 2.0 13.6297 3.1 1.7487 3.4 0.1729 1.4 0.42 1027.9 13.3 1026.7 21.7 1024.2 61.8 1024.2 61.8
JBC-14-056A-run3-Spot 242 979 221173 5.0 21.2135 3.7 0.0920 3.8 0.0142 1.1 0.29 90.6 1.0 89.4 3.3 56.3 87.4 90.6 1.0
JBC-14-056A-run3-Spot 243 67 41272 1.0 6.1542 1.5 10.3815 1.9 0.4634 1.1 0.59 2454.4 22.8 2469.4 17.5 2481.7 25.6 2481.7 25.6
JBC-14-056A-run3-Spot 244 158 46304 1.6 9.0475 1.4 4.9254 1.6 0.3232 0.8 0.51 1805.3 12.9 1806.6 13.6 1808.1 25.1 1808.1 25.1
JBC-14-056A-run3-Spot 245 143 4202 2.9 22.3301 6.0 0.2157 6.3 0.0349 1.9 0.31 221.4 4.2 198.3 11.4 67.4 146.7 221.4 4.2
JBC-14-056A-run3-Spot 246 1388 39968 8.4 19.4751 1.8 0.2749 1.9 0.0388 0.6 0.32 245.6 1.4 246.6 4.1 256.5 40.9 245.6 1.4
JBC-14-056A-run3-Spot 247 137 27481 0.9 16.6621 3.3 0.8197 3.6 0.0991 1.3 0.37 608.9 7.6 607.9 16.4 604.2 72.1 608.9 7.6
JBC-14-056A-run3-Spot 248 280 175791 0.6 6.2533 0.8 9.7233 0.9 0.4410 0.6 0.59 2355.0 11.0 2408.9 8.7 2454.8 12.9 2454.8 12.9
JBC-14-056A-run3-Spot 249 36 23401 1.2 9.1116 2.9 4.9409 3.3 0.3265 1.7 0.51 1821.4 27.0 1809.3 28.1 1795.3 52.0 1795.3 52.0
JBC-14-056A-run3-Spot 250 183 133803 0.8 6.1325 0.9 10.5185 1.1 0.4678 0.7 0.60 2474.0 14.0 2481.5 10.6 2487.7 15.5 2487.7 15.5
JBC-14-056A-run3-Spot 251 132 86717 1.5 9.1417 1.6 4.2818 1.9 0.2839 0.9 0.50 1610.9 13.3 1689.9 15.3 1789.2 29.3 1789.2 29.3
JBC-14-056A-run3-Spot 252 67 20462 1.0 17.1672 5.1 0.7059 5.5 0.0879 2.0 0.36 543.0 10.3 542.3 23.1 539.2 112.3 543.0 10.3
JBC-14-056A-run3-Spot 254 383 491063 3.3 8.7453 0.8 5.3861 1.0 0.3416 0.5 0.52 1894.5 8.4 1882.6 8.4 1869.6 15.1 1869.6 15.1
JBC-14-056A-run3-Spot 255 214 46790 3.7 16.6712 2.7 0.8421 2.9 0.1018 1.0 0.37 625.1 6.2 620.3 13.2 603.0 57.5 625.1 6.2
JBC-14-056A-run3-Spot 256 496 82235 1.6 6.2315 0.6 10.2284 0.7 0.4623 0.4 0.59 2449.6 8.4 2455.6 6.5 2460.6 9.5 2460.6 9.5
JBC-14-056A-run3-Spot 257 486 71869 3.8 13.5181 1.3 1.7634 1.4 0.1729 0.6 0.42 1028.0 5.5 1032.1 8.9 1040.8 25.3 1040.8 25.3
JBC-14-056A-run3-Spot 258 206 63961 1.3 12.3997 1.7 2.3301 1.9 0.2095 0.8 0.44 1226.4 9.2 1221.5 13.3 1212.8 33.0 1212.8 33.0
JBC-14-056A-run3-Spot 259 235 99008 1.1 16.2801 2.4 0.9192 2.6 0.1085 1.0 0.37 664.2 6.1 661.9 12.6 654.1 51.7 664.2 6.1
JBC-14-056A-run3-Spot 261 360 213150 1.0 7.6820 0.8 6.7132 0.9 0.3740 0.5 0.55 2048.3 9.1 2074.4 8.4 2100.3 13.9 2100.3 13.9
JBC-14-056A-run3-Spot 262 295 30364 4.6 8.7473 1.0 5.0536 1.2 0.3206 0.6 0.52 1792.7 9.4 1828.3 9.8 1869.2 17.9 1869.2 17.9
JBC-14-056A-run3-Spot 263 93 113999 2.0 8.5598 1.7 5.5319 2.0 0.3434 1.0 0.52 1903.2 17.3 1905.6 17.2 1908.2 30.6 1908.2 30.6
JBC-14-056A-run3-Spot 264 489 19351587 5.1 8.7673 0.8 4.8574 0.9 0.3089 0.5 0.51 1735.1 7.1 1794.9 7.7 1865.1 14.2 1865.1 14.2
JBC-14-056A-run3-Spot 266 89 6870020 3.4 5.7377 1.2 12.1904 1.6 0.5073 0.9 0.61 2645.0 20.6 2619.2 14.6 2599.2 20.5 2599.2 20.5
JBC-14-056A-run3-Spot 267 702 159167 1.6 18.4104 2.1 0.4149 2.2 0.0554 0.7 0.33 347.6 2.5 352.4 6.5 384.2 46.5 347.6 2.5
JBC-14-056A-run3-Spot 268 626 55099 4.0 13.7812 1.1 1.7651 1.2 0.1764 0.5 0.42 1047.4 4.9 1032.7 7.9 1001.7 22.5 1001.7 22.5
JBC-14-056A-run3-Spot 269 51 3603 36.8 18.7095 5.9 0.6581 6.3 0.0893 2.2 0.36 551.4 11.9 513.5 25.3 347.9 132.8 551.4 11.9
JBC-14-056A-run3-Spot 270 400 150251 2.9 8.7159 0.8 5.2712 1.0 0.3332 0.5 0.52 1853.9 8.2 1864.2 8.4 1875.7 15.1 1875.7 15.1
JBC-14-056A-run3-Spot 271 104 8346 1.3 18.6794 4.8 0.5053 5.1 0.0685 1.7 0.34 426.8 7.2 415.3 17.4 351.5 108.7 426.8 7.2
JBC-14-056A-run3-Spot 272 981 209651 3.2 6.1703 0.4 10.2337 0.5 0.4580 0.3 0.59 2430.6 6.0 2456.1 4.6 2477.3 6.8 2477.3 6.8
JBC-14-056A-run3-Spot 273 572 80498 4.2 8.8098 0.7 5.3212 0.8 0.3400 0.4 0.52 1886.7 6.9 1872.3 6.9 1856.3 12.5 1856.3 12.5
JBC-14-056A-run3-Spot 274 240 145932 1.5 5.9677 0.8 11.4016 1.0 0.4935 0.6 0.60 2585.7 12.4 2556.6 9.0 2533.5 13.0 2533.5 13.0
JBC-14-056A-run3-Spot 275 824 227283 20.9 8.7852 0.6 5.3129 0.7 0.3385 0.4 0.52 1879.5 5.8 1870.9 5.8 1861.4 10.5 1861.4 10.5
JBC-14-056A-run3-Spot 276 377 81494 2.1 9.4108 1.0 3.9580 1.1 0.2701 0.6 0.50 1541.5 7.7 1625.6 9.1 1736.2 18.0 1736.2 18.0
JBC-14-056A-run3-Spot 277 90 74746 0.4 6.0176 1.3 11.3238 1.6 0.4942 1.0 0.60 2588.9 20.3 2550.2 14.7 2519.5 21.2 2519.5 21.2
JBC-14-056A-run3-Spot 278 221 46027 3.2 16.5479 2.6 0.8633 2.8 0.1036 1.0 0.37 635.6 6.2 631.9 13.1 619.0 55.8 635.6 6.2
JBC-14-056A-run3-Spot 282 156 47656 2.3 6.0227 1.0 10.8116 1.2 0.4723 0.7 0.60 2493.4 15.2 2507.1 11.4 2518.1 16.6 2518.1 16.6
JBC-14-056A-run3-Spot 283 613 59201 1.8 17.8648 1.8 0.6114 1.9 0.0792 0.7 0.35 491.4 3.2 484.4 7.5 451.4 40.3 491.4 3.2
JBC-14-056A-run3-Spot 287 480 114598 1.5 17.0047 1.9 0.7426 2.0 0.0916 0.7 0.36 564.9 3.9 563.9 8.8 560.0 41.2 564.9 3.9
JBC-14-056A-run3-Spot 288 317 16226 1.6 17.7306 2.4 0.6627 2.6 0.0852 0.9 0.36 527.2 4.6 516.3 10.5 468.1 53.5 527.2 4.6
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Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Kryzarabot-Spot 106_14-76 98 5643 1.1 21.9692 3.0 0.1002 3.9 0.0160 2.5 0.64 102.1 2.6 96.9 3.6 27.8 73.5 102.1 2.6
Kryzarabot-Spot 113_14-76 517 90202 2.3 20.9905 1.2 0.1051 2.1 0.0160 1.7 0.81 102.3 1.7 101.4 2.0 81.4 29.1 102.3 1.7
Kryzarabot-Spot 109_14-76 270 41130 2.3 21.2486 1.3 0.1058 2.6 0.0163 2.2 0.86 104.3 2.3 102.1 2.5 52.4 31.4 104.3 2.3
Kryzarabot-Spot 108_14-76 711 30494 2.0 20.7643 1.0 0.1084 2.3 0.0163 2.1 0.91 104.3 2.2 104.5 2.3 107.1 23.4 104.3 2.2
Kryzarabot-Spot 104_14-76 676 15098 3.8 21.1121 0.9 0.1067 1.9 0.0163 1.6 0.87 104.5 1.7 103.0 1.8 67.7 22.0 104.5 1.7
Kryzarabot-Spot 107_14-76 619 83456 2.4 21.1382 0.9 0.1077 2.0 0.0165 1.7 0.88 105.6 1.8 103.9 2.0 64.8 22.6 105.6 1.8

Kryzarabot-Spot 112__14-76 65 6566 1.5 21.2537 2.9 0.1077 5.0 0.0166 4.1 0.82 106.1 4.3 103.8 4.9 51.8 68.7 106.1 4.3
Kryzarabot-Spot 111_14-76 916 21731 3.5 21.0816 1.1 0.1092 2.5 0.0167 2.2 0.90 106.8 2.4 105.3 2.5 71.1 26.3 106.8 2.4
Kryzarabot-Spot 105_14-76 451 53844 2.5 21.1134 1.6 0.1091 2.7 0.0167 2.2 0.82 106.8 2.4 105.1 2.7 67.6 37.6 106.8 2.4
Kryzarabot-Spot 110_14-76 217 8568 2.8 21.0416 1.3 0.1104 2.5 0.0168 2.1 0.85 107.7 2.3 106.3 2.5 75.7 31.3 107.7 2.3

*Values highlighted were excluded from weighted mean age calculations

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Kryzarabot-Spot 83_14-77 310 8046 2.7 22.0471 1.9 0.1006 2.6 0.0161 1.7 0.68 102.8 1.8 97.3 2.4 36.4 45.6 102.8 1.8
Kryzarabot-Spot 78_14-77 665 359568 2.1 20.8008 1.2 0.1077 2.2 0.0162 1.8 0.83 103.9 1.9 103.9 2.1 103.0 28.5 103.9 1.9
Kryzarabot-Spot 81_14-77 128 9218 2.5 22.2163 1.7 0.1014 3.0 0.0163 2.4 0.81 104.5 2.5 98.1 2.8 55.0 42.3 104.5 2.5
Kryzarabot-Spot 80_14-77 492 55031 2.9 20.6181 1.3 0.1097 2.2 0.0164 1.8 0.81 104.9 1.9 105.7 2.2 123.8 30.1 104.9 1.9
Kryzarabot-Spot 79_14-77 320 10045 2.0 21.4327 1.5 0.1058 2.6 0.0164 2.2 0.83 105.2 2.2 102.1 2.5 31.7 35.0 105.2 2.2
Kryzarabot-Spot 84_14-77 398 25804 1.9 21.3665 1.3 0.1074 3.0 0.0166 2.7 0.90 106.4 2.8 103.6 2.9 39.2 31.1 106.4 2.8
Kryzarabot-Spot 82_14-77 352 11144 2.3 20.4342 1.4 0.1128 2.6 0.0167 2.1 0.83 106.9 2.3 108.5 2.6 144.8 33.3 106.9 2.3
Kryzarabot-Spot 77_14-77 234 189686 2.0 21.1275 1.3 0.1113 2.4 0.0170 2.0 0.82 109.0 2.1 107.1 2.4 66.0 32.1 109.0 2.1
Kryzarabot-Spot 85_14-77 376 2772 1.3 16.0438 2.9 0.1469 3.7 0.0171 2.2 0.60 109.3 2.4 139.2 4.8 685.4 62.8 109.3 2.4
Kryzarabot-Spot 76_14-77 334 18351 3.0 21.3960 1.1 0.1128 3.0 0.0175 2.8 0.93 111.9 3.1 108.5 3.1 35.8 25.7 111.9 3.1

*Values highlighted were excluded from weighted mean age calculations

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Kryzarabot-Spot 68_14-74 318 2217 1.9 14.8436 1.8 0.1598 3.2 0.0172 2.6 0.83 109.9 2.9 150.5 4.4 849.2 37.2 109.9 2.9
Kryzarabot-Spot 76_14-77 334 18351 3.0 21.3960 1.1 0.1128 3.0 0.0175 2.8 0.93 111.9 3.1 108.5 3.1 35.8 25.7 111.9 3.1
Kryzarabot-Spot 67_14-74 264 18001 0.9 18.9368 1.3 0.3115 3.0 0.0428 2.7 0.90 270.1 7.1 275.4 7.2 320.5 29.8 270.1 7.1
Kryzarabot-Spot 69_14-74 144 19645 1.9 17.3178 1.2 0.5985 2.8 0.0752 2.5 0.90 467.2 11.2 476.3 10.6 520.0 27.1 467.2 11.2
Kryzarabot-Spot 72_14-74 173 16058 1.2 17.8133 0.9 0.5837 2.4 0.0754 2.3 0.93 468.7 10.2 466.8 9.1 457.8 19.7 468.7 10.2
Kryzarabot-Spot 75_14-74 137 383034 1.3 17.5736 0.8 0.6192 2.7 0.0789 2.6 0.96 489.7 12.3 489.3 10.6 487.8 17.7 489.7 12.3
Kryzarabot-Spot 70_14-74 82 30135 1.6 17.6785 1.2 0.6258 3.1 0.0802 2.8 0.91 497.5 13.3 493.4 11.9 474.6 27.6 497.5 13.3
Kryzarabot-Spot 71_14-74 123 437601 1.5 9.8606 0.8 4.0826 2.5 0.2920 2.4 0.95 1651.4 34.8 1650.8 20.6 1650.1 15.0 1650.1 15.0

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Kryzarabot-Spot 94_14-88 417 11659 3.1 21.3289 1.3 0.1032 2.2 0.0160 1.8 0.82 102.1 1.9 99.8 2.1 43.4 30.3 102.1 1.9
Kryzarabot-Spot 95_14-88 559 92691 2.5 20.5842 1.2 0.1083 2.3 0.0162 2.0 0.85 103.4 2.0 104.4 2.3 127.7 29.3 103.4 2.0
Kryzarabot-Spot 86_14-88 473 70256 2.8 20.9446 1.0 0.1072 2.4 0.0163 2.1 0.91 104.1 2.2 103.4 2.3 86.7 23.6 104.1 2.2
Kryzarabot-Spot 93_14-88 471 15940 2.4 21.2173 1.1 0.1062 2.3 0.0163 2.0 0.88 104.5 2.1 102.5 2.2 55.9 25.4 104.5 2.1
Kryzarabot-Spot 92_14-88 393 88464 2.1 20.6485 1.1 0.1091 2.6 0.0163 2.4 0.92 104.5 2.5 105.2 2.6 120.3 24.9 104.5 2.5
Kryzarabot-Spot 89_14-88 360 18235 1.7 20.9609 1.2 0.1078 2.5 0.0164 2.2 0.87 104.8 2.2 103.9 2.4 84.8 29.3 104.8 2.2
Kryzarabot-Spot 88_14-88 626 340532 2.7 20.8461 1.2 0.1087 2.3 0.0164 2.0 0.85 105.1 2.1 104.8 2.3 97.8 29.2 105.1 2.1
Kryzarabot-Spot 87_14-88 473 121396 1.8 20.7123 1.4 0.1097 2.7 0.0165 2.3 0.85 105.4 2.4 105.7 2.7 113.1 33.1 105.4 2.4
Kryzarabot-Spot 91_14-88 495 21094 2.3 21.3159 1.3 0.1076 2.5 0.0166 2.2 0.86 106.4 2.3 103.8 2.5 44.8 30.0 106.4 2.3
Kryzarabot-Spot 90_14-88 119 3524 2.0 23.0684 5.1 0.1005 5.5 0.0168 2.0 0.37 107.5 2.1 97.3 5.1 147.5 126.5 107.5 2.1
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Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 87-6 899 57369 2.2 20.6839 2.6 0.1067 2.9 0.0160 1.3 0.45 102.3 1.3 102.9 2.9 116.3 61.5 102.3 1.3
-Spot 87-19 326 36155 1.2 21.5270 3.4 0.1027 4.0 0.0160 2.2 0.54 102.5 2.2 99.3 3.8 21.2 81.6 102.5 2.2
-Spot 87-17 1229 91466 1.1 20.9237 2.4 0.1059 2.8 0.0161 1.6 0.55 102.8 1.6 102.2 2.7 89.0 55.7 102.8 1.6
-Spot 87-18 982 54024 1.9 20.4061 1.3 0.1091 3.8 0.0161 3.5 0.94 103.2 3.6 105.1 3.8 148.0 30.5 103.2 3.6
-Spot 87-4 1590 107143 1.2 20.1102 1.5 0.1109 2.8 0.0162 2.4 0.85 103.4 2.4 106.8 2.9 182.2 35.0 103.4 2.4
-Spot 87-7 858 129629 2.5 20.7364 1.9 0.1075 2.2 0.0162 1.2 0.55 103.4 1.3 103.7 2.2 110.3 44.2 103.4 1.3

-Spot 87-12 1233 61057 2.0 20.7097 2.0 0.1078 2.4 0.0162 1.2 0.51 103.6 1.2 104.0 2.3 113.3 47.9 103.6 1.2
-Spot 87-2C 879 128990 1.8 20.2656 1.6 0.1102 3.4 0.0162 2.9 0.87 103.6 3.0 106.2 3.4 164.2 38.1 103.6 3.0
-Spot 87-1C 758 52373 2.3 20.5132 2.0 0.1090 3.4 0.0162 2.8 0.81 103.7 2.9 105.1 3.4 135.8 47.6 103.7 2.9
-Spot 87-1R 974 210497 2.7 20.4508 1.3 0.1099 1.7 0.0163 1.1 0.67 104.2 1.2 105.9 1.7 143.0 29.6 104.2 1.2
-Spot 87-14 538 28349 2.6 20.7215 1.8 0.1086 3.1 0.0163 2.6 0.82 104.4 2.7 104.7 3.1 112.0 42.3 104.4 2.7
-Spot 87-3R 974 95931 3.2 20.4502 1.9 0.1104 2.2 0.0164 1.2 0.54 104.7 1.3 106.3 2.3 143.0 44.4 104.7 1.3
-Spot 87-3C 842 93064 1.7 20.4605 1.8 0.1107 4.2 0.0164 3.7 0.90 105.0 3.9 106.6 4.2 141.8 42.9 105.0 3.9
-Spot 87-2R 844 219570 3.7 20.5703 2.2 0.1103 2.6 0.0164 1.4 0.53 105.2 1.4 106.2 2.6 129.3 51.5 105.2 1.4
-Spot 87-16 1141 70902 2.1 20.6785 1.3 0.1099 2.6 0.0165 2.3 0.87 105.3 2.4 105.8 2.6 116.9 30.1 105.3 2.4
-Spot 87-5 1951 102132 2.2 20.5198 1.5 0.1108 2.9 0.0165 2.5 0.86 105.5 2.6 106.7 2.9 135.0 35.4 105.5 2.6

-Spot 87-10R 1163 106949 1.9 20.5107 1.2 0.1115 1.8 0.0166 1.4 0.77 106.0 1.5 107.3 1.9 136.1 27.2 106.0 1.5
-Spot 87-15 733 52071 2.6 20.7377 2.2 0.1103 3.9 0.0166 3.2 0.82 106.1 3.4 106.2 3.9 110.2 52.5 106.1 3.4
-Spot 87-8 1283 117541 1.3 20.5606 1.3 0.1113 1.7 0.0166 1.1 0.64 106.1 1.1 107.1 1.7 130.3 29.8 106.1 1.1

-Spot 87-20 1677 323642 2.0 21.0404 1.2 0.1089 1.6 0.0166 1.0 0.65 106.3 1.1 105.0 1.6 75.8 28.7 106.3 1.1
-Spot 87-11 760 21542 1.5 19.9614 2.2 0.1151 4.0 0.0167 3.4 0.83 106.5 3.5 110.6 4.2 199.5 51.6 106.5 3.5
-Spot 87-21 974 72009 2.6 20.8611 1.6 0.1105 4.2 0.0167 3.8 0.92 106.8 4.1 106.4 4.2 96.1 38.2 106.8 4.1

-Spot 87-10C 575 30224 2.1 18.7364 3.4 0.1253 3.7 0.0170 1.5 0.39 108.9 1.6 119.9 4.2 344.7 76.9 108.9 1.6
-Spot 87-9R 1511 205650 2.1 20.8237 1.4 0.1141 1.7 0.0172 0.9 0.51 110.1 0.9 109.7 1.8 100.4 34.2 110.1 0.9
-Spot 87-13 1890 287149 2.8 20.9269 1.3 0.1136 2.0 0.0172 1.5 0.74 110.2 1.6 109.2 2.1 88.7 31.4 110.2 1.6

*Values highlighted were excluded from weighted mean age calculations

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 89-3R 648 50095 2.8 15.6451 12.1 0.1382 12.2 0.0157 1.7 0.14 100.3 1.7 131.4 15.1 738.9 257.4 100.3 1.7
-Spot 89-13 1195 73225 2.7 20.7370 1.4 0.1049 1.9 0.0158 1.2 0.64 100.9 1.2 101.3 1.8 110.2 33.9 100.9 1.2
-Spot 89-18 592 334033 2.4 20.1260 2.0 0.1090 2.6 0.0159 1.6 0.62 101.8 1.6 105.0 2.6 180.4 47.6 101.8 1.6
-Spot 89-2 610 55234 2.1 20.8039 2.7 0.1057 3.3 0.0160 1.9 0.57 102.0 1.9 102.0 3.2 102.6 63.8 102.0 1.9

-Spot 89-12 855 116401 1.7 21.0319 2.2 0.1051 2.9 0.0160 1.8 0.63 102.6 1.8 101.5 2.8 76.8 52.8 102.6 1.8
-Spot 89-11R 1094 84105 1.7 20.3892 1.7 0.1086 3.9 0.0161 3.5 0.90 102.7 3.6 104.7 3.9 150.0 39.8 102.7 3.6

-Spot 89-1 953 69126 1.7 20.6845 1.5 0.1074 2.1 0.0161 1.4 0.69 103.0 1.5 103.6 2.1 116.2 35.8 103.0 1.5
-Spot 89-8 1066 57011 2.7 20.8914 1.8 0.1064 2.3 0.0161 1.4 0.62 103.1 1.5 102.6 2.3 92.7 43.2 103.1 1.5

-Spot 89-15 558 80285 1.7 20.6598 2.4 0.1076 2.8 0.0161 1.4 0.52 103.1 1.5 103.8 2.7 119.0 55.9 103.1 1.5
-Spot 89-4C 762 48789 1.8 20.8679 2.2 0.1068 2.5 0.0162 1.3 0.51 103.4 1.3 103.0 2.5 95.4 51.1 103.4 1.3

-Spot 89-6 351 31714 3.4 20.1381 3.4 0.1107 3.9 0.0162 2.0 0.50 103.4 2.0 106.6 4.0 179.0 79.2 103.4 2.0
-Spot 89-19R 699 28742 1.7 21.0165 1.8 0.1064 2.3 0.0162 1.4 0.61 103.7 1.4 102.6 2.2 78.5 42.7 103.7 1.4
-Spot 89-19C 721 134949 3.0 20.7547 2.1 0.1080 3.6 0.0163 2.9 0.81 103.9 3.0 104.1 3.6 108.2 49.4 103.9 3.0

-Spot 89-20 882 71567 1.2 18.5646 1.5 0.1212 2.0 0.0163 1.4 0.67 104.3 1.4 116.1 2.2 365.4 34.1 104.3 1.4
-Spot 89-16 441 41267 2.2 20.8198 2.4 0.1081 2.9 0.0163 1.5 0.52 104.3 1.6 104.2 2.8 100.8 57.7 104.3 1.6
-Spot 89-22 407 93221 1.5 20.3744 3.5 0.1106 3.8 0.0163 1.4 0.38 104.5 1.5 106.5 3.8 151.7 81.6 104.5 1.5
-Spot 89-7 447 38634 2.9 20.1847 2.9 0.1123 3.3 0.0164 1.7 0.51 105.1 1.7 108.1 3.4 173.6 66.6 105.1 1.7

-Spot 89-10 1327 52208 2.5 20.7296 1.5 0.1097 2.1 0.0165 1.4 0.70 105.5 1.5 105.7 2.1 111.0 34.8 105.5 1.5
-Spot 89-14 448 26848 2.3 19.6358 3.1 0.1160 3.8 0.0165 2.1 0.56 105.6 2.2 111.4 4.0 237.5 71.5 105.6 2.2
-Spot 89-4R 358 53986 2.5 20.5016 3.0 0.1112 3.3 0.0165 1.4 0.41 105.7 1.4 107.0 3.4 137.1 71.6 105.7 1.4
-Spot 89-17 1399 413708 2.4 20.6903 1.4 0.1104 2.4 0.0166 1.9 0.79 105.9 1.9 106.4 2.4 115.6 34.2 105.9 1.9
-Spot 89-21 918 72151 2.5 20.6806 1.8 0.1109 2.3 0.0166 1.4 0.60 106.3 1.5 106.8 2.3 116.6 43.4 106.3 1.5
-Spot 89-5 732 26821 2.8 20.1702 1.8 0.1139 2.4 0.0167 1.6 0.67 106.6 1.7 109.6 2.5 175.2 42.4 106.6 1.7
-Spot 89-9 722 50988 2.2 20.1796 1.9 0.1146 3.7 0.0168 3.2 0.86 107.2 3.4 110.2 3.9 174.2 44.5 107.2 3.4

-Spot 89-3C 2864 179883 1.5 20.8416 1.8 0.1175 2.3 0.0178 1.4 0.63 113.5 1.6 112.8 2.5 98.3 42.5 113.5 1.6

*Values highlighted were excluded from weighted mean age calculations
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Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

JBC_14_073_02 <> 2955 53484 4.2 19.9410 1.8 0.1907 2.0 0.0276 1.1 0.51 175.3 1.8 177.2 3.3 201.8 40.8 175.3 1.8
JBC_14_073_03 <> 1605 14340 3.9 19.2427 1.6 0.2122 2.0 0.0296 1.2 0.58 188.2 2.2 195.4 3.6 284.0 37.6 188.2 2.2
JBC_14_073_01 <> 3686 2591 1.4 15.3519 14.1 0.2668 14.3 0.0297 2.6 0.18 188.7 4.8 240.1 30.7 778.8 297.9 188.7 4.8
JBC_14_073_18 <> 200 11228 2.4 19.2834 1.5 0.2138 1.9 0.0299 1.2 0.64 190.0 2.3 196.8 3.4 279.2 33.9 190.0 2.3
JBC_14_073_19 <> 878 65771 3.1 19.2752 0.7 0.2186 3.1 0.0306 3.0 0.97 194.0 5.7 200.7 5.6 280.1 17.1 194.0 5.7
JBC_14_073_16 <> 1145 41291 4.6 19.5765 1.1 0.2177 2.4 0.0309 2.1 0.89 196.2 4.1 200.0 4.3 244.5 24.4 196.2 4.1
JBC_14_073_23 <> 1661 119951 4.6 19.6979 1.2 0.2167 3.2 0.0310 2.9 0.92 196.5 5.6 199.1 5.7 230.2 27.9 196.5 5.6
JBC_14_073_24 <> 1360 84028 4.5 19.6087 0.8 0.2177 1.1 0.0310 0.8 0.70 196.6 1.5 200.0 2.0 240.7 18.3 196.6 1.5
JBC_14_073_22 <> 1583 47924 3.9 19.7581 0.7 0.2163 2.2 0.0310 2.1 0.95 196.8 4.1 198.8 4.0 223.2 15.7 196.8 4.1
JBC_14_073_08 <> 1822 54766 3.5 19.9725 1.1 0.2162 4.0 0.0313 3.9 0.96 198.8 7.6 198.7 7.3 198.2 24.9 198.8 7.6
JBC_14_073_06 <> 721 133992 5.1 19.4502 1.0 0.2224 1.9 0.0314 1.6 0.85 199.2 3.2 203.9 3.5 259.4 22.5 199.2 3.2
JBC_14_073_05 <> 1320 39067 4.1 19.8143 1.1 0.2185 2.5 0.0314 2.2 0.89 199.3 4.3 200.7 4.5 216.6 26.2 199.3 4.3
JBC_14_019_09 <> 2308 90452 1.5 19.9780 1.5 0.2173 3.8 0.0315 3.6 0.93 199.9 7.0 199.7 7.0 197.6 33.8 199.9 7.0
JBC_14_073_21 <> 1866 58192 5.1 19.7948 1.2 0.2203 3.1 0.0316 2.9 0.92 200.7 5.7 202.2 5.7 218.9 27.7 200.7 5.7
JBC_14_073_15 <> 1247 33097 3.2 19.7435 0.8 0.2218 1.8 0.0318 1.6 0.89 201.6 3.1 203.4 3.3 224.9 18.7 201.6 3.1
JBC_14_073_04 <> 793 14883 3.7 19.2580 1.7 0.2275 4.0 0.0318 3.6 0.90 201.6 7.2 208.1 7.5 282.2 39.2 201.6 7.2
JBC_14_073_17 <> 1901 59663 4.4 19.6133 1.4 0.2241 3.8 0.0319 3.5 0.93 202.3 7.1 205.3 7.1 240.2 33.1 202.3 7.1
JBC_14_019_11 <> 1381 52503 3.9 19.7450 1.0 0.2240 2.1 0.0321 1.9 0.88 203.5 3.7 205.2 3.9 224.7 23.0 203.5 3.7
JBC_14_073_07 <> 1385 92720 4.2 19.5702 0.7 0.2276 4.3 0.0323 4.2 0.99 205.0 8.5 208.2 8.0 245.2 16.7 205.0 8.5
JBC_14_019_10 <> 2056 72619 4.1 20.1114 1.1 0.2245 4.5 0.0328 4.4 0.97 207.7 9.0 205.7 8.4 182.0 24.5 207.7 9.0
JBC_14_073_13 <> 1218 27743 5.0 19.5566 0.9 0.2348 1.5 0.0333 1.2 0.79 211.2 2.4 214.2 2.9 246.9 21.1 211.2 2.4

*Values highlighted were excluded from weighted mean age calculations

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Chapman 14-60-Spot 45 945 143629 5.1 20.1499 1.4 0.1120 3.8 0.0164 3.5 0.92 104.7 3.6 107.8 3.9 177.6 33.5 104.7 3.6
Chapman 14-60-Spot 44 4934 141388 0.5 20.3520 1.5 0.1125 3.7 0.0166 3.4 0.91 106.2 3.6 108.2 3.8 154.3 35.5 106.2 3.6
Chapman 14-60-Spot 10 335 8354 1.1 20.2767 2.0 0.1134 4.3 0.0167 3.8 0.89 106.6 4.1 109.0 4.5 162.9 46.1 106.6 4.1
Chapman 14-60-Spot 41 1533 37156 1.7 20.9715 1.5 0.1099 4.4 0.0167 4.1 0.94 106.9 4.4 105.9 4.4 83.6 35.4 106.9 4.4
Chapman 14-60-Spot 43 2304 144538 5.2 20.4080 1.4 0.1147 4.4 0.0170 4.2 0.95 108.6 4.5 110.2 4.6 147.9 32.2 108.6 4.5
Chapman 14-60-Spot 13 1427 60377 4.2 20.6057 1.2 0.1142 3.8 0.0171 3.6 0.95 109.1 3.9 109.8 3.9 125.2 28.5 109.1 3.9
Chapman 14-60-Spot 39 712 13027 1.5 17.3714 2.9 0.1369 4.6 0.0173 3.5 0.77 110.3 3.8 130.2 5.6 513.3 64.5 110.3 3.8
Chapman 14-60-Spot 42 1172 286191 6.0 20.5112 1.5 0.1162 3.8 0.0173 3.5 0.92 110.6 3.8 111.6 4.0 136.0 34.8 110.6 3.8
Chapman 14-60-Spot 23 1054 19156 5.6 21.1108 1.2 0.1137 3.7 0.0174 3.5 0.95 111.3 3.9 109.3 3.8 67.9 27.4 111.3 3.9
Chapman 14-60-Spot 40 463 9944 3.5 20.6256 1.5 0.1166 4.8 0.0174 4.5 0.95 111.5 5.0 112.0 5.1 122.9 36.4 111.5 5.0
Chapman 14-60-Spot 20 776 35064 0.7 19.6655 1.4 0.1279 3.8 0.0183 3.6 0.93 116.6 4.1 122.2 4.4 234.1 31.6 116.6 4.1
Chapman 14-60-Spot 38 400 8036 2.2 19.8137 1.9 0.1916 4.0 0.0275 3.5 0.88 175.1 6.1 178.0 6.5 216.7 44.2 175.1 6.1
Chapman 14-60-Spot 11 92 5670 3.5 19.6316 2.2 0.2409 6.0 0.0343 5.6 0.93 217.5 11.9 219.2 11.8 238.0 50.3 217.5 11.9
Chapman 14-60-Spot 24 697 43245 2.8 19.7857 1.4 0.2614 3.6 0.0375 3.3 0.92 237.4 7.8 235.8 7.6 220.0 33.1 237.4 7.8
Chapman 14-60-Spot 46 274 205092 2.6 17.3023 1.4 0.6868 4.7 0.0862 4.5 0.95 533.1 22.9 530.9 19.4 522.0 31.8 533.1 22.9
Chapman 14-60-Spot 14 705 66941 2.1 14.7880 1.3 1.1493 3.8 0.1233 3.6 0.94 749.6 25.7 776.9 20.9 857.0 26.3 749.6 25.7
Chapman 14-60-Spot 12 28 9829 0.7 13.5591 2.1 1.7849 4.6 0.1756 4.1 0.89 1042.9 39.3 1040.0 29.8 1034.7 41.5 1034.7 41.5

*Values highlighted were excluded from weighted mean age calculations

*Values highlighted were excluded from weighted mean age calculations
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: 13P101
13P101-20 <> 327.5019 6636.004 1.539005 19.09952 12.17582 0.130551 12.43121 0.018084 2.506888 115.5372 2.870587 124.5927 14.57683 301.0692 278.5576 115.5372 2.870587
13P101-18 <> 322.4108 9806.112 1.898365 21.23467 5.638648 0.117656 6.371926 0.01812 2.967674 115.7636 3.404823 112.945 6.811046 53.91819 134.627 115.7636 3.404823
13P101-08 <> 672.3706 5801.079 1.23345 20.41842 4.535978 0.123451 4.817878 0.018282 1.623837 116.7872 1.879359 118.1962 5.375656 146.6743 106.3976 116.7872 1.879359
13P101-24 <> 831.0503 51120.07 3.79852 20.58905 2.434027 0.122788 3.024721 0.018335 1.795676 117.1272 2.084234 117.5965 3.358729 127.1245 57.28622 117.1272 2.084234
13P101-16 <> 1231.48 21953.21 1.355227 20.49817 1.762961 0.124886 2.065893 0.018566 1.076979 118.5891 1.265503 119.4919 2.328861 137.4906 41.39586 118.5891 1.265503
13P101-19 <> 782.9484 15212.95 2.902261 20.42261 3.416167 0.127842 3.968015 0.018936 2.018651 120.9265 2.418331 122.1567 4.567002 146.1952 80.14861 120.9265 2.418331
13P101-13 <> 1789.27 7822.81 0.80523 20.54235 1.984406 0.127214 2.971569 0.018953 2.211867 121.0366 2.652193 121.5908 3.405215 132.4632 46.64031 121.0366 2.652193
13P101-23 <> 1291.265 7770.338 1.52084 20.58275 2.851786 0.12766 4.371715 0.019057 3.313489 121.6939 3.994491 121.9927 5.025291 127.8439 67.14467 121.6939 3.994491
13P101-02 <> 671.6296 6708.617 2.45098 20.33484 3.607016 0.130539 4.649351 0.019252 2.933581 122.9277 3.572018 124.5817 5.451052 156.2395 84.44813 122.9277 3.572018
13P101-22 <> 604.0957 57029.05 1.063303 20.7089 2.80449 0.129265 3.322498 0.019415 1.781525 123.9575 2.187238 123.4371 3.86173 113.4246 66.1758 123.9575 2.187238
13P101-05 <> 375.3576 23284.71 1.373932 21.01827 12.53317 0.129549 12.73586 0.019748 2.263125 126.0648 2.825288 123.6922 14.8326 78.29531 298.6486 126.0648 2.825288
13P101-15 <> 531.3316 14970.42 2.951987 18.15102 2.035425 0.255889 8.911623 0.033686 8.676063 213.5772 18.22654 231.3484 18.43888 415.9915 45.48264 213.5772 18.22654
13P101-12 <> 257.6633 235606.1 3.849884 17.13316 1.669526 0.713467 2.090679 0.088656 1.258421 547.5857 6.606375 546.8027 8.839473 543.5386 36.51574 547.5857 6.606375
13P101-14 <> 186.3621 18073.7 1.162778 15.64733 1.229157 1.086433 2.319184 0.123294 1.966669 749.4955 13.9155 746.7696 12.26266 738.589 25.99123 749.4955 13.9155
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Supplementary File 3: Detrital zircon fission track data for sedimentary rocks and zeta 
calibration 
 

 
  

ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
14-083A (per yr)

Date 9-Jul-16
Analyst JBC No. of Crystals 93

Degrees of Freedom 92
Session Zeta and unc 2729 107

Grain # N s Area (microns^2) U (ppm) ± 1 σ Rho s (tracks/cm^2) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 1 22 100 124.9 16.2 2.200E+07 236.05 59.67 591.8 57 wispy, not c-axis aligned?
Spot 4 28 100 454.9 59.1 2.800E+07 83.44 19.42 511.4 177
Spot 5 9 100 160.4 20.9 9.000E+06 76.10 27.39 320.1 39
Spot 6 27 256 49.7 6.5 1.055E+07 283.46 66.76 235.2 22
Spot 7 44 256 135.3 17.6 1.719E+07 171.07 34.71 319.9 83
Spot 8 26 256 108.1 14.0 1.016E+07 127.00 30.29 108.1 22 poor
Spot 11 24 100 135.8 17.7 2.400E+07 236.74 58.04 386.4 40
Spot 12 15 100 301.0 39.1 1.500E+07 67.64 19.73 76.0 17
Spot 13 15 100 97.4 12.7 1.500E+07 206.82 60.33 170.1 12
Spot 14 17 100 77.7 10.1 1.700E+07 292.01 81.17 1481.6 95
Spot 16 21 100 113.8 14.8 2.100E+07 247.00 63.48 748.8 66
Spot 17 7 100 101.6 13.2 7.000E+06 93.31 37.47 99.4 7
Spot 19 20 256 61.6 8.0 7.813E+06 170.66 44.65 0
Spot 20 23 100 163.4 21.2 2.300E+07 189.28 47.10 1839.1 255
Spot 21 23 100 269.2 35.0 2.300E+07 115.54 28.75 190.9 38
Spot 22 16 100 37.0 4.8 1.600E+07 564.85 160.70 832.9 24
Spot 24 11 100 83.0 10.8 1.100E+07 178.39 58.99 945.1 62
Spot 25 18 100 236.6 30.8 1.800E+07 102.98 28.01 104.3 18
Spot 26 37 100 162.1 21.1 3.700E+07 304.25 64.87 311.9 38
Spot 27 24 100 222.1 28.9 2.400E+07 145.76 35.73 535.6 91
Spot 28 18 144 46.0 6.0 1.250E+07 360.60 98.09 770.9 40
Spot 29 31 100 146.2 19.0 3.100E+07 283.06 63.73 1844.5 229
Spot 30 13 100 100.4 13.0 1.300E+07 174.35 53.84 0
Spot 31 19 256 91.2 11.9 7.422E+06 110.10 29.35 105.8 18
Spot 32 4 100 21.6 2.8 4.000E+06 247.61 128.29 616.6 10
Spot 33 73 256 140.5 18.3 2.852E+07 271.23 48.62 885.1 250
Spot 34 31 100 341.0 44.3 3.100E+07 122.87 27.66 109.3 28
Spot 35 37 256 77.7 10.1 1.445E+07 249.10 53.11 282.6 42
Spot 36 44 256 124.5 16.2 1.719E+07 185.68 37.67 1789.2 482
Spot 38 26 100 340.7 44.3 2.600E+07 103.30 24.64 101.9 26
Spot 39 32 100 280.2 36.4 3.200E+07 153.97 34.32 103.4 21
Spot 40 26 100 72.6 9.4 2.600E+07 471.29 112.42 933.6 53
Spot 41 37 196 114.3 14.9 1.888E+07 221.51 47.23 248.8 42
Spot 42 8 100 127.0 16.5 8.000E+06 85.41 32.35 92.1 9
Spot 43 27 100 48.8 6.3 2.700E+07 714.50 168.29 1042.6 40
Spot 44 47 196 154.7 20.1 2.398E+07 208.12 41.47 1719.8 438
Spot 45 25 100 285.6 37.1 2.500E+07 118.36 28.61 106.1 22
Spot 46 42 144 342.9 44.6 2.917E+07 115.02 23.64 105.2 38
Spot 47 33 100 86.9 11.3 3.300E+07 498.57 110.07 1879.7 139
Spot 48 13 196 75.1 9.8 6.633E+06 119.33 36.85 1074.8 126
Spot 49 18 100 247.4 32.2 1.800E+07 98.50 26.79 86.4 16
Spot 50 25 196 116.4 15.1 1.276E+07 147.78 35.72 948.5 171
Spot 51 37 100 146.1 19.0 3.700E+07 336.59 71.77 498.0 55
Spot 52 33 196 224.0 29.1 1.684E+07 101.77 22.47 105.8 34
Spot 53 28 256 60.1 7.8 1.094E+07 243.63 56.69 2449.0 336
Spot 54 24 100 393.4 51.1 2.400E+07 82.72 20.28 104.6 30
Spot 55 48 256 66.9 8.7 1.875E+07 371.48 73.62 2460.4 376
Spot 56 25 100 134.4 17.5 2.500E+07 248.99 60.19 2479.5 298
Spot 57 43 256 177.4 23.1 1.680E+07 127.92 26.12 1184.4 433
Spot 58 50 256 210.9 27.4 1.953E+07 125.16 24.54 1044.4 449
Spot 59 24 196 33.3 4.3 1.224E+07 482.54 118.30 2487.9 145
Spot 60 30 256 27.9 3.6 1.172E+07 549.30 124.98 2486.0 159
Spot 61 28 196 145.9 19.0 1.429E+07 132.28 30.78 243.2 52
Spot 62 19 144 53.7 7.0 1.319E+07 326.99 87.17 1167.8 73
Spot 63 45 196 120.8 15.7 2.296E+07 254.27 51.27 321.8 57
Spot 64 28 100 83.6 10.9 2.800E+07 441.77 102.80 499.8 32
Spot 65 45 144 108.8 14.1 3.125E+07 380.46 76.72 858.0 105
Spot 66 18 196 167.3 21.7 9.184E+06 74.48 20.26 105.6 26
Spot 67 19 100 217.3 28.2 1.900E+07 118.21 31.51 0
Spot 69 12 196 26.5 3.4 6.122E+06 307.75 98.18 726.6 29
Spot 70 42 196 197.3 25.7 2.143E+07 146.51 30.11 2841.3 1012
Spot 71 15 144 34.0 4.4 1.042E+07 404.81 118.09 1009.9 39
Spot 72 9 100 113.5 14.8 9.000E+06 107.29 38.62 880.3 78
Spot 73 39 100 176.3 22.9 3.900E+07 295.07 61.95 566.0 76
Spot 74 35 196 70.2 9.1 1.786E+07 338.03 73.29 295.7 31
Spot 75 30 100 153.2 19.9 3.000E+07 261.82 59.57 105.6 12

Spot 76a 33 100 91.3 11.9 3.300E+07 475.01 104.87 646.5 46
Spot 76b 29 100 92.6 12.0 2.900E+07 413.95 95.23 651.4 46
Spot 77 18 100 264.8 34.4 1.800E+07 92.09 25.05 102.1 20
Spot 78 10 196 26.6 3.5 5.102E+06 256.38 88.23 0
Spot 79 25 100 121.4 15.8 2.500E+07 275.11 66.50 0
Spot 80 25 100 113.5 14.8 2.500E+07 293.68 70.99 964.1 87
Spot 81 8 100 37.3 4.8 8.000E+06 286.42 108.48 774.8 22

Spot 82a 21 100 144.3 18.8 2.100E+07 195.61 50.28 154.9 17
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Grain # N s Area (microns^2) U (ppm) ± 1 σ Rho s (tracks/cm^2) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 82b 19 100 169.6 22.0 1.900E+07 151.11 40.28 152.2 19
Spot 83 8 100 34.0 4.4 8.000E+06 313.77 118.83 2435.2 74
Spot 84 44 100 142.6 18.5 4.400E+07 407.86 82.75 992.0 112
Spot 85 20 100 132.9 17.3 2.000E+07 202.13 52.88 824.9 86
Spot 86 23 100 83.1 10.8 2.300E+07 366.98 91.31 254.9 16
Spot 87 12 100 168.2 21.9 1.200E+07 96.61 30.82 896.4 119
Spot 88 10 196 58.8 7.6 5.102E+06 117.35 40.39 341.9 30
Spot 89 19 100 74.8 9.7 1.900E+07 337.67 90.02 1851.1 118
Spot 90 34 196 218.6 28.4 1.735E+07 107.39 23.49 107.7 34
Spot 91 62 100 156.0 20.3 6.200E+07 520.82 96.83 0
Spot 92 14 196 41.9 5.4 7.143E+06 228.71 68.56 684.1 43
Spot 93 18 100 90.0 11.7 1.800E+07 267.24 72.69 1177.0 85
Spot 94 31 100 77.9 10.1 3.100E+07 521.26 117.37 721.9 44
Spot 95 32 100 187.4 24.4 3.200E+07 228.94 51.03 2192.9 359
Spot 96 22 100 80.8 10.5 2.200E+07 361.01 91.25 1803.8 123
Spot 97 19 100 210.3 27.3 1.900E+07 122.10 32.55 106.1 16
Spot 98 28 100 132.3 17.2 2.800E+07 282.61 65.76 1851.0 208
Spot 99 44 100 229.9 29.9 4.400E+07 256.03 51.95 0

Spot 100 29 100 115.6 15.0 2.900E+07 333.47 76.71 1455.1 138

ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
15-28A&B (per yr)

Date 10-Jul-16
Analyst JBC No. of Crystals 100

Degrees of Freedom 99
Session Zeta and unc 2729 107

Grain # N s Area (microns^2) U (ppm) ± 1 σ Rho s (tracks/cm^2) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 1 90 225 267.9 34.8 4.000E+07 200.62 34.49 1877.1 962
Spot 2 42 196 128.0 16.6 2.143E+07 224.44 46.13 0
Spot 3 50 196 184.3 24.0 2.551E+07 186.18 36.50 925.7 263
Spot 4 19 196 50.1 6.5 9.694E+06 258.75 68.98 343.3 25
Spot 5 19 144 63.7 8.3 1.319E+07 276.54 73.72 0
Spot 6 10 196 23.6 3.1 5.102E+06 288.14 99.16 2524.5 105
Spot 7 23 256 22.3 2.9 8.984E+06 528.22 131.44 278.9 12
Spot 8 33 100 62.8 8.2 3.300E+07 679.91 150.11 0
Spot 9 79 196 265.3 34.5 4.031E+07 204.03 35.98 987.1 407
Spot 11 38 196 217.3 28.2 1.939E+07 120.62 25.52 238.7 76 poor
Spot 12 43 196 201.7 26.2 2.194E+07 146.71 29.96 1839.8 617
Spot 13 34 144 128.3 16.7 2.361E+07 246.37 53.89 807.6 116
Spot 15 21 100 172.5 22.4 2.100E+07 164.02 42.15 152.8 20
Spot 17 31 100 106.5 13.8 3.100E+07 385.53 86.80 2482.1 236
Spot 19 50 225 105.7 13.7 2.222E+07 280.62 55.02 634.1 116
Spot 20 15 100 79.7 10.4 1.500E+07 251.95 73.50 271.7 16
Spot 21 47 196 184.6 24.0 2.398E+07 174.87 34.85 3164.7 1083
Spot 22 74 196 127.6 16.6 3.776E+07 391.62 70.00 0
Spot 23 27 196 107.6 14.0 1.378E+07 172.38 40.60 183.3 29
Spot 24 24 100 58.8 7.6 2.400E+07 533.97 130.91 1120.5 53
Spot 25 13 100 112.1 14.6 1.300E+07 156.28 48.26 0
Spot 26 76 256 171.6 22.3 2.969E+07 231.85 41.21 705.5 240
Spot 27 14 100 78.4 10.2 1.400E+07 239.12 71.68 986.0 61
Spot 28 56 196 62.1 8.1 2.857E+07 599.29 114.17 1549.1 156
Spot 29 44 196 147.5 19.2 2.245E+07 204.46 41.48 261.4 57
Spot 30 9 256 20.9 2.7 3.516E+06 225.89 81.31 973.5 41 faint
Spot 31 49 196 107.3 14.0 2.500E+07 310.23 61.14 971.7 162
Spot 32 25 100 59.5 7.7 2.500E+07 549.39 132.81 2156.6 112
Spot 33 6 196 17.4 2.3 3.061E+06 236.28 101.66 929.8 25
Spot 34 24 100 156.7 20.4 2.400E+07 205.65 50.42 1875.0 250
Spot 35 21 100 100.3 13.0 2.100E+07 279.61 71.86 2687.9 245
Spot 36 28 100 163.4 21.2 2.800E+07 229.72 53.46 428.4 53
Spot 37 17 196 39.3 5.1 8.673E+06 294.40 81.83 1019.5 62
Spot 38 35 196 95.9 12.5 1.786E+07 249.21 54.03 973.8 145
Spot 39 36 100 230.1 29.9 3.600E+07 210.03 45.15 419.1 73
Spot 40 38 196 98.9 12.9 1.939E+07 262.15 55.46 602.7 90
Spot 41 17 100 98.2 12.8 1.700E+07 231.89 64.46 222.6 16
Spot 44 26 100 35.0 4.6 2.600E+07 940.55 224.35 911.7 25
Spot 45 13 100 93.3 12.1 1.300E+07 187.36 57.86 527.6 38
Spot 46 12 100 61.6 8.0 1.200E+07 260.35 83.06 1141.0 56
Spot 47 18 144 66.0 8.6 1.250E+07 253.34 68.91 0
Spot 48 29 144 153.3 19.9 2.014E+07 176.79 40.67 537.7 91
Spot 49 22 196 45.2 5.9 1.122E+07 330.10 83.44 0
Spot 50 33 100 250.6 32.6 3.300E+07 177.23 39.13 242.9 45
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Grain # N s Area (microns^2) U (ppm) ± 1 σ Rho s (tracks/cm^2) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 51 22 100 143.6 18.7 2.200E+07 205.78 52.02 979.3 111
Spot 52 34 100 124.2 16.1 3.400E+07 363.25 79.46 821.4 80
Spot 53 37 196 145.8 19.0 1.888E+07 174.24 37.15 1940.9 474
Spot 54 13 100 89.4 11.6 1.300E+07 195.33 60.32 1018.1 72
Spot 55 38 100 198.5 25.8 3.800E+07 256.12 54.18 978.4 154
Spot 56 25 100 138.2 18.0 2.500E+07 242.22 58.55 0 poor
Spot 57 15 100 116.8 15.2 1.500E+07 172.83 50.42 0
Spot 58 19 100 48.8 6.3 1.900E+07 510.69 136.14 1825.4 75 not etched
Spot 59 10 100 54.4 7.1 1.000E+07 246.05 84.68 925.9 40
Spot 60 43 100 245.2 31.9 4.300E+07 234.96 47.98 490.7 92
Spot 61 33 144 149.9 19.5 2.292E+07 205.25 45.31 0
Spot 62 20 144 93.4 12.1 1.389E+07 199.79 52.27 958.1 102
Spot 63 11 100 64.1 8.3 1.100E+07 230.17 76.11 639.5 32
Spot 64 33 100 78.7 10.2 3.300E+07 548.07 121.00 0
Spot 66 18 100 86.0 11.2 1.800E+07 279.31 75.98 978.4 67
Spot 67 25 100 130.1 16.9 2.500E+07 257.04 62.14 774.1 78
Spot 68 39 100 235.9 30.7 3.900E+07 221.73 46.55 827.8 153
Spot 69 26 100 94.9 12.3 2.600E+07 363.52 86.71 840.8 62
Spot 70 49 100 202.6 26.3 4.900E+07 321.79 63.42 409.0 63
Spot 71 10 100 25.4 3.3 1.000E+07 515.73 177.49 2476.6 56
Spot 72 46 100 62.3 8.1 4.600E+07 936.64 187.74 0
Spot 73 32 100 147.8 19.2 3.200E+07 288.89 64.40 0
Spot 74 8 100 68.0 8.8 8.000E+06 158.57 60.06 975.3 52 poor
Spot 75 42 100 91.1 11.8 4.200E+07 600.42 123.41 653.1 46
Spot 76 24 100 195.3 25.4 2.400E+07 165.51 40.58 2030.2 342
Spot 77 51 100 88.5 11.5 5.100E+07 741.77 144.68 1844.4 139
Spot 78 21 100 43.7 5.7 2.100E+07 624.20 160.43 742.9 25
Spot 79 43 100 147.4 19.2 4.300E+07 386.26 78.87 2478.3 326
Spot 80 28 100 190.1 24.7 2.800E+07 197.95 46.06 0
Spot 81 37 100 44.1 5.7 3.700E+07 1054.38 224.82 1760.1 65
Spot 82 12 196 34.1 4.4 6.122E+06 240.65 76.77 3143.4 198
Spot 83 18 196 39.9 5.2 9.184E+06 306.64 83.41 0
Spot 84 53 256 182.3 23.7 2.070E+07 153.14 29.58 605.9 217
Spot 85 24 100 103.9 13.5 2.400E+07 307.78 75.46 0
Spot 86 25 196 72.0 9.4 1.276E+07 237.35 57.38 246.5 26
Spot 87 31 100 171.2 22.3 3.100E+07 242.44 54.59 1870.5 272
Spot 88 17 100 133.5 17.4 1.700E+07 171.49 47.67 267.7 27
Spot 89 35 100 51.1 6.6 3.500E+07 872.53 189.18 844.5 34
Spot 90 39 100 487.2 63.3 3.900E+07 108.32 22.74 0
Spot 91 32 100 183.1 23.8 3.200E+07 234.12 52.19 963.5 139
Spot 92 18 100 180.8 23.5 1.800E+07 134.46 36.58 106.2 14
Spot 93 16 100 172.1 22.4 1.600E+07 125.61 35.74 965.7 131
Spot 94 35 100 66.8 8.7 3.500E+07 678.20 147.04 520.631 27
Spot 95 15 196 55.9 7.3 7.653E+06 184.02 53.68 0
Spot 96 8 100 70.4 9.2 8.000E+06 153.19 58.02 802.060 44
Spot 99 12 144 36.4 4.7 8.333E+06 304.92 97.27 489.892 20

Spot 100 22 100 175.2 22.8 2.200E+07 169.12 42.75 622.109 84
Spot 101 35 196 94.6 12.3 1.786E+07 252.62 54.77 0
Spot 103 24 100 121.9 15.8 2.400E+07 263.28 64.55 249.586 23
Spot 104 13 100 69.6 9.1 1.300E+07 249.86 77.16 2185.386 133
Spot 105 51 196 103.1 13.4 2.602E+07 335.43 65.43 0
Spot 106 10 196 30.0 3.9 5.102E+06 228.18 78.53 1759.820 87
Spot 107 21 196 32.7 4.3 1.071E+07 431.71 110.96 1725.586 93
Spot 108 61 196 173.5 22.6 3.112E+07 240.25 44.84 632.400 166
Spot 109 26 100 139.6 18.1 2.600E+07 249.24 59.45 1085.729 121
Spot 110 21 196 47.0 6.1 1.071E+07 303.98 78.13 784.714 56
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
GUM_02 (per yr)

Date 9-Jul-16
Analyst JBC No. of Crystals 35

Degrees of Freedom 34
Session Zeta and unc 2729 107

Grain # N s Area (microns^2) U (ppm) ± 1 σ Rho s (tracks/cm^2) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
4 65 196 478.6 62.2 3.316E+07 93.86 17.26 108.1 75
5 37 100 455.2 59.2 3.700E+07 109.97 23.45 111.8 38
6 31 100 468.9 61.0 3.100E+07 89.59 20.17 111.5 39
8 22 100 297.7 38.7 2.200E+07 100.04 25.29 114.4 25
9 11 100 157.0 20.4 1.100E+07 94.91 31.38 107.2 12 not etched

10 22 100 55.6 7.2 2.200E+07 518.42 131.04 102.1 4
11 18 100 195.7 25.4 1.800E+07 124.32 33.82 107.8 16
12 28 144 221.3 28.8 1.944E+07 118.81 27.65 109.4 26
13 25 144 179.2 23.3 1.736E+07 130.82 31.63 110.6 21
14 24 144 162.8 21.2 1.667E+07 138.24 33.89 107.9 19
15 19 100 203.4 26.4 1.900E+07 126.21 33.65 110.6 17
16 22 100 246.6 32.1 2.200E+07 120.59 30.48 112.0 20
17 27 100 327.2 42.5 2.700E+07 111.62 26.29 108.6 26
18 21 100 299.6 39.0 2.100E+07 94.93 24.40 106.6 24
20 23 100 307.1 39.9 2.300E+07 101.38 25.23 109.7 25
21 75 324 277.6 36.1 2.315E+07 112.78 20.10 105.7 70
22 9 100 118.7 15.4 9.000E+06 102.67 36.95 105.0 9
23 15 100 182.0 23.7 1.500E+07 111.48 32.52 115.4 16
24 38 100 518.1 67.4 3.800E+07 99.30 21.01 116.2 45
25 36 100 833.5 108.4 3.600E+07 58.67 12.61 118.3 73
27 8 100 109.7 14.3 8.000E+06 98.72 37.39 126.3 10
28 12 100 98.7 12.8 1.200E+07 163.86 52.27 123.0 9
29 13 144 104.8 13.6 9.028E+06 116.51 35.98 126.2 14
30 14 144 104.8 13.6 9.722E+06 125.39 37.59 126.2 14
31 6 100 79.7 10.4 6.000E+06 101.90 43.84 113.3 7
32 10 196 54.0 7.0 5.102E+06 127.62 43.92 113.5 9
33 7 100 100.9 13.1 7.000E+06 94.01 37.76 106.7 8
34 10 100 98.1 12.8 1.000E+07 137.60 47.35 109.5 8
35 16 196 94.8 12.3 8.163E+06 116.49 33.14 106.9 15
36 11 196 71.1 9.2 5.612E+06 106.88 35.34 112.4 12
37 18 196 94.4 12.3 9.184E+06 131.38 35.74 109.8 15
38 28 196 157.3 20.5 1.429E+07 122.74 28.56 121.7 28
39 21 144 31.6 4.1 1.458E+07 601.41 154.57 686.9 24
40 23 100 39.2 5.1 2.300E+07 754.53 187.75 693.2 21

Sample Zeta Average
UA-FCT2-A set1 2767.632 ± 159.9466 2728.625 2728.625 0 25
UA-FCT2-A set2 2748.389 ± 169.6165
UA-FCT2-A set3 2712.194 ± 164.8604 stdev=
UA-FCT2-A set4 3023.2 ± 152.8215 106.6788
UA-FCT2-A set5 2754.17 ± 161.4918
UA-FCT2-A set6 2652.234 ± 151.0305
UA-Z13-FCT-1 set1 2539.955 ± 139.4637
UA-Z13-FCT-1 set2 2666.919 ± 167.8501
UA-Z13-FCT-1 set3 2893.117 ± 194.0962
UA-Z13-FCT-1 set4 2848.138 ± 189.0572
UA-Z13-FCT-1 set5 2661.09 ± 156.7338
UA-Z13-FCT-1 set6 2624.258 ± 158.6649
UA-Z13-FCT-1 set7 2789.207 ± 184.3467
UA-Z13-FCT-1 set8 2677.568 ± 167.416
UA-Z13-FCT-1 set9 2660.855 ± 178.8115
UA-Z13-FCT-1 set10 2822.263 ± 185.4275
UA-Z13-FCT-1 set11 2626.535 ± 174.5684
UA-Z13-FCT-1 set12 2736.277 ± 180.9404
UA-Z13-FCT-1 set13 2743.502 ± 182.0466
UA-Z13-FCT-1 set14 2688.114 ± 170.7694
UA-Z13-FCT-1 set15 2665.514 ± 147.507
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Supplementary File 4: Zircon and apatite (U-Th)/He data 
 

 
  

sample name He date pmol He 1s ± pmol H% 1s ± He U+Th date (238/233)m(238/233)m  (232/229)m(232/229)m  (91/90)m (91/90)m 1  ng U 1s ± ng U % 1s ± ng Ung Th 1s ± ng Th % 1s ± ng T ng Zr 1s ± ng Zr % 1s ± ng Z
ZIRCON DATA
16A977_jbc_14_089_zr3 4/26/2016 0.161679 0.001555 0.9616501 7/18/2016 0.437264 0.004007 0.252598 0.00509 0.031514 0.000085 0.427737 0.006368 1.488875 0.273521 0.004622 1.689822 501.7794 7.661886 1.526943
17A526_jbc-14-89_zr4 3/23/2017 1.055167 0.003577 0.3390382 5/2/2017 2.1498 0.0096 1.0625 0.0026 0.0717 0.0001 2.136392 0.031837 1.490224 1.169862 0.016756 1.432336 1891.804 42.22007 2.231736
17A527_jbc-14-89_zr5 3/23/2017 1.130484 0.003843 0.339929 5/2/2017 2.3329 0.0053 1.3104 0.0033 0.0633 0.0002 2.318571 0.034321 1.480248 1.443123 0.020674 1.432576 1556.129 34.86715 2.240634
17A528_jbc-14-89_zr6 3/23/2017 0.52728 0.001803 0.3419122 5/2/2017 1.3783 0.0016 0.6338 0.002 0.0478 0.0002 1.368774 0.020226 1.477671 0.697305 0.010007 1.435149 1023.667 23.02078 2.248853

16A983_jbc_14_087_zr1 4/27/2016 0.399605 0.001344 0.3363636 7/18/2016 1.030568 0.004678 0.662183 0.009782 0.060305 0.000255 1.011364 0.014614 1.444983 0.719069 0.01131 1.572815 1289.201 19.88062 1.542089
16A984_jbc_14_087_zr2 4/27/2016 0.309756 0.001189 0.3836939 7/18/2016 0.82328 0.002761 0.372851 0.010556 0.04671 0.000332 0.807457 0.011615 1.438486 0.404333 0.007724 1.910208 884.4123 14.0089 1.583979
16A985_jbc_14_087_zr3 4/27/2016 0.22222 0.000833 0.3746831 7/18/2016 0.541656 0.00875 0.245836 0.021672 0.032241 0.000127 0.530427 0.008509 1.604184 0.266166 0.011206 4.210226 518.6599 7.977382 1.538076

16A992_jbc_14_060_zr1 4/28/2016 0.228964 0.001939 0.846995 7/18/2016 3.857709 0.009577 0.685028 0.005431 0.061166 0.00031 3.792393 0.054416 1.434867 0.74392 0.010938 1.470344 1317.199 20.46787 1.553894
16A993_jbc_14_060_zr2 4/28/2016 0.286251 0.002409 0.8417077 7/18/2016 3.539223 0.011718 0.829403 0.014216 0.065342 0.00085 3.479102 0.050037 1.438214 0.900972 0.014597 1.620175 1457.472 25.68655 1.762404
16A994_jbc_14_060_zr3 4/28/2016 0.171959 0.001485 0.863852 7/18/2016 2.43849 0.006607 0.325051 0.003465 0.042247 0.00023 2.396322 0.034404 1.435696 0.352336 0.005302 1.504908 765.1749 11.90413 1.55574

16A995_jbc_14_073_zr1 4/28/2016 0.545132 0.004607 0.8450775 7/18/2016 7.875198 0.04195 2.508731 0.035214 0.074759 0.000362 7.744354 0.112314 1.450271 2.727749 0.042523 1.558899 1803.794 28.05729 1.555459
16A996_jbc_14_073_zr2 4/28/2016 1.17963 0.009755 0.8269575 7/18/2016 11.91223 0.025103 1.683916 0.019 0.125571 0.000264 11.71553 0.167961 1.433661 1.830513 0.027705 1.513515 4889.147 74.89825 1.531929
16A997_jbc_14_073_zr3 4/28/2016 0.86873 0.007561 0.8703408 7/18/2016 6.701165 0.013905 1.093567 0.012442 0.073051 0.000153 6.58947 0.094465 1.433568 1.18833 0.018003 1.514992 1737.642 26.45828 1.522655

17A522_jbc_16-22_zr1 3/22/2017 0.525826 0.002138 0.4066013 5/2/2017 9.2638 0.0185 0.8438 0.0044 0.0613 0.0001 9.214595 0.136325 1.479446 0.928789 0.013441 1.447117 1481.508 33.08249 2.233028
17A523_jbc_16-22_zr2 3/22/2017 0.410321 0.001706 0.4156847 5/2/2017 7.3713 0.0225 0.5804 0.0024 0.0534 0.0001 7.331618 0.108731 1.483046 0.638442 0.009195 1.440148 1204.475 26.9158 2.234649
17A524_jbc-16-22_zr3 3/23/2017 0.583651 0.004453 0.7629519 5/2/2017 10.0291 0.0238 0.8659 0.0019 0.0641 0.0002 9.976044 0.147701 1.480557 0.953149 0.013645 1.431524 1586.52 35.54408 2.24038
17A525_jbc-16-22_zr4 3/23/2017 0.408923 0.001378 0.3369308 5/2/2017 6.5134 0.0231 0.6378 0.0033 0.0696 0.0001 6.478035 0.096215 1.485246 0.701714 0.010153 1.44686 1804.325 40.27153 2.231945

17A529_jbc_13P99_zr1 3/23/2017 0.068653 0.000242 0.352697 5/2/2017 0.2266 0.0011 0.165 0.0005 0.0465 0.0001 0.22287 0.003328 1.493317 0.180546 0.002591 1.43527 983.382 21.9975 2.236924
17A530_jbc_13P99_zr2 3/23/2017 0.588784 0.001991 0.3381159 5/2/2017 2.4503 0.0079 0.7774 0.0033 0.0513 0.0002 2.43538 0.036136 1.483786 0.855596 0.012327 1.440754 1135.249 25.5004 2.246237
17A531_jbc_13P99_zr3 3/23/2017 0.407154 0.001372 0.3370205 5/2/2017 1.2473 0.0038 0.2961 0.0011 0.0442 0.0001 1.238434 0.018367 1.483055 0.325058 0.004674 1.43803 913.5837 20.44576 2.237974
17A532_jbc_13P99_zr4 3/23/2017 0.663632 0.002305 0.3473845 5/2/2017 1.815 0.0047 0.9906 0.0045 0.0908 0.0001 1.803277 0.026712 1.481298 1.090607 0.015733 1.442554 2819.981 62.90057 2.230532
17A533_jbc_13P99_zr5 3/23/2017 0.161006 0.000554 0.3442564 5/2/2017 0.6769 0.0029 0.4039 0.0012 0.0596 0.0002 0.670904 0.009991 1.489255 0.443886 0.006367 1.434434 1419.561 31.82602 2.241962

15C499_13P101_Zr1 12/16/2015 1.927063 0.019928 1.0341306 2/1/2016 13.1239 0.079322 2.613676 0.006235 0.090405 0.000264 12.70276 0.184177 1.449896 2.82016 0.040292 1.428708 2315.538 34.54824 1.492018
15C500_13P101_Zr2 12/16/2015 1.444842 0.015016 1.039291 2/1/2016 13.1705 0.080261 3.012038 0.010256 0.076613 0.000368 12.74788 0.184884 1.450314 3.250216 0.04657 1.432832 1742.19 26.40333 1.515526
15C501_13P101_Zr3 12/16/2015 0.7081 0.007279 1.0279518 2/1/2016 4.535545 0.015932 0.829604 0.004745 0.063924 0.000052 4.388247 0.062889 1.433121 0.894149 0.012945 1.447766 1305.311 19.24964 1.474718

sample name He date pmol He 1s ± pmol H% 1s ± He U+Th date (238/233)m(238/233)m  (232/229)m(232/229)m  (152/147)m(152/147)m  (44/42)m (44/42)m 1  ng U 1s ± ng U % 1s ± ng Ung Th 1s ± ng Th % 1s ± ng T ng Sm
APATITE DATA
17A500_jbc_14-89_ap1 3/21/2017 0.116604 0.000335 0.2872171 3/31/2017 0.4912 0.0006 1.337 0.004 0.8479 0.0036 0.6346 0.0027 0.237474 0.00337 1.419102 0.7297 0.010389 1.423747 4.132685
17A501_jbc_14-89_ap2 3/21/2017 0.03579 0.000154 0.4292912 3/31/2017 0.1223 0.0002 0.42 0.001 0.3758 0.0017 0.2568 0.0012 0.058137 0.000826 1.421033 0.228734 0.003252 1.421538 1.210925
17A502_jbc_14-89_ap3 3/21/2017 0.0196 0.000141 0.7168549 3/31/2017 0.1451 0.0004 0.3643 0.0006 0.3878 0.0018 0.2737 0.0015 0.069221 0.000986 1.424294 0.198305 0.002815 1.419477 1.260727
17A504_jbc_14-89_ap4 3/21/2017 0.017398 8.24E-05 0.4736622 3/31/2017 0.1179 0.0005 0.2578 0.0016 0.3517 0.0014 0.2569 0.0009 0.055998 0.000802 1.432363 0.140123 0.002025 1.444866 1.113426
17A505_jbc_14-89_ap5 3/21/2017 0.011759 6.21E-05 0.5282303 3/31/2017 0.0847 0.0004 0.1991 0.0007 0.2761 0.0015 0.2254 0.0021 0.039858 0.000573 1.436952 0.108054 0.001542 1.426657 0.827794

17A506_jbc_14-87_ap1 3/21/2017 0.020069 0.000118 0.5884165 3/31/2017 0.1172 0.0004 0.2894 0.0014 0.448 0.0021 0.1614 0.0009 0.055658 0.000795 1.427738 0.157386 0.002257 1.434187 1.524063
17A507_jbc_14-87_ap2 3/21/2017 0.009484 6.28E-05 0.662473 3/31/2017 0.0791 0.0004 0.2168 0.0013 0.4574 0.0013 0.1794 0.0019 0.037136 0.000535 1.439814 0.117724 0.001699 1.443225 1.567338
17A508_jbc_14-87_ap3 3/21/2017 0.022123 0.000113 0.5128283 3/31/2017 0.098 0.0004 0.2604 0.0011 0.5101 0.0014 0.2185 0.0003 0.046324 0.000663 1.432048 0.141543 0.002025 1.430331 1.821779
17A509_jbc_14-87_ap4 3/21/2017 0.008015 5.03E-05 0.6279546 3/31/2017 0.1271 0.0007 0.233 0.0009 0.4264 0.001 0.1712 0.0006 0.06047 0.000871 1.441126 0.126574 0.001808 1.428339 1.426891
17A510_jbc_14-87_ap5 3/21/2017 0.009234 6.92E-05 0.7493416 3/31/2017 0.0981 0.0004 0.1688 0.0008 0.4703 0.0021 0.2199 0.0004 0.046372 0.000664 1.432019 0.091501 0.001312 1.434017 1.627735

17A511_jbc_16-23_ap1 3/22/2017 0.003786 2.66E-05 0.7016686 3/31/2017 0.0446 0.0004 0.0177 0.0003 0.0394 0.0005 0.047 0.0003 0.020364 0.000303 1.489367 0.008954 0.000151 1.6897 0.093533
17A512_jbc_16-23_ap2 3/22/2017 0.07824 0.000337 0.4301419 3/31/2017 0.5248 0.0015 0.8444 0.0021 0.2047 0.0008 0.0777 0.0007 0.253808 0.003614 1.42384 0.460588 0.006549 1.421818 0.583131
17A513_jbc_16-23_ap3 3/22/2017 0.005222 3.03E-05 0.5807206 3/31/2017 0.0114 0.0002 0.278 0.0003 0.1622 0.0005 0.1041 0.0012 0.004224 8.08E-05 1.91202 0.151158 0.002144 1.418471 0.447723
17A514_jbc_16-23_ap4 3/22/2017 0.002093 2.21E-05 1.0569713 3/31/2017 0.0147 0.0002 0.034 0.0002 0.0318 0.0007 0.0487 0.0005 0.005828 9.88E-05 1.69552 0.017859 0.000261 1.458825 0.073243
17A515_jbc_16-23_ap5 3/22/2017 0.000466 9.58E-06 2.0571172 3/31/2017 0.0066 0.0001 0.0189 0.0003 0.0155 0.0002 0.0259 0.0003 0.001891 4.73E-05 2.501194 0.009609 0.000159 1.656379 0.030315
17A516_jbc_16-23_ap6 3/22/2017 0.010826 5.52E-05 0.5100228 3/31/2017 0.0486 0.0003 0.3702 0.0019 0.1216 0.0012 0.0971 0.0014 0.022308 0.000325 1.455034 0.201528 0.002894 1.43614 0.324833
17A518_jbc_16-23_ap7 3/22/2017 0.009374 4.88E-05 0.5201899 3/31/2017 0.0755 0.0004 0.1077 0.0007 0.0367 0.0005 0.0457 0.0001 0.035386 0.00051 1.44201 0.058122 0.000842 1.449086 0.086305
17A519_jbc_16-23_ap8 3/22/2017 0.006872 7.46E-05 1.0854102 3/31/2017 0.2361 0.0013 0.0315 0.0001 0.1418 0.0008 0.1037 0.0004 0.11346 0.001634 1.43997 0.016493 0.000238 1.443218 0.385216
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sample name Th/U raw date (M1s ± date (M1s ± date %Ft 238U Ft 235U Ft 232Th Ft 147SmRs (um) corr date 1s ± date ( 1s ± date ppm eU (morphppm U (morph) d ppm U (moppm Th (morph) d ppm Th (morphnmol 4He/g (morphd nmol 4He/g (mo
ZIRCON DATA
16A977_jbc_14_089_zr3 0.656007 60.62901 0.967539 1.595834 0.640 0.592 0.592 0.883 32.10 95.62 1.54 1.61 402.81 350.19 5.21 223.93 3.78 132.37 1.27
17A526_jbc-14-89_zr4 0.561756 80.60678 1.074225 1.332673 0.713 0.673 0.673 0.908 41.33 113.68 1.53 1.35 667.87 591.73 8.82 324.02 4.64 292.25 9.91E-01
17A527_jbc-14-89_zr5 0.638524 78.36333 1.025156 1.308209 0.732 0.694 0.694 0.914 44.54 107.70 1.42 1.32 839.50 732.37 10.84 455.84 6.53 357.09 1.21E+00
17A528_jbc-14-89_zr6 0.522619 63.46997 0.844011 1.32978 0.712 0.671 0.671 0.907 41.11 89.71 1.20 1.34 659.25 588.76 8.70 299.94 4.30 226.80 7.75E-01

16A983_jbc_14_087_zr1 0.729386 62.44851 0.788873 1.263238 0.693 0.651 0.651 0.901 38.40 90.85 1.16 1.28 370.14 317.15 4.58 225.49 3.55 125.31 0.42
16A984_jbc_14_087_zr2 0.513705 63.32306 0.834564 1.317947 0.673 0.629 0.629 0.894 35.79 94.68 1.26 1.33 414.78 371.11 5.34 185.83 3.55 142.36 0.55
16A985_jbc_14_087_zr3 0.514779 69.10432 1.041148 1.506633 0.637 0.589 0.589 0.882 31.83 109.20 1.66 1.52 485.54 434.32 6.97 217.94 9.18 181.96 0.68

16A992_jbc_14_060_zr1 0.201237 10.70324 0.168081 1.570375 0.716 0.676 0.676 0.909 41.72 15.02 0.24 1.58 1381.28 1320.41 18.95 259.01 3.81 79.72 0.68
16A993_jbc_14_060_zr2 0.265667 14.3765 0.22376 1.556429 0.735 0.698 0.698 0.915 45.17 19.63 0.31 1.56 1010.94 952.95 13.71 246.78 4.00 78.41 0.66
16A994_jbc_14_060_zr3 0.150836 12.86245 0.204828 1.592452 0.683 0.639 0.639 0.897 36.95 18.92 0.30 1.60 1365.26 1319.66 18.95 194.03 2.92 94.70 0.82

16A995_jbc_14_073_zr1 0.361338 12.05079 0.186354 1.546402 0.744 0.707 0.707 0.918 46.72 16.29 0.25 1.55 1865.54 1722.93 24.99 606.86 9.46 121.28 1.02
16A996_jbc_14_073_zr2 0.16029 18.00136 0.282539 1.569543 0.817 0.790 0.790 0.943 67.14 22.07 0.35 1.57 1002.79 967.28 13.87 151.13 2.29 97.39 0.81
16A997_jbc_14_073_zr3 0.185004 23.42903 0.372005 1.587794 0.765 0.731 0.731 0.925 51.40 30.70 0.49 1.59 1377.13 1321.14 18.94 238.25 3.61 174.17 1.52

17A522_jbc_16-22_zr1 0.103403 10.34047 0.149941 1.450036 0.716 0.676 0.676 0.909 41.84 14.48 0.21 1.45 2780.87 2716.52 40.19 273.81 3.96 155.02 6.30E-01
17A523_jbc_16-22_zr2 0.089334 10.17392 0.14854 1.460005 0.695 0.652 0.652 0.902 38.59 14.69 0.22 1.47 3049.36 2988.20 44.32 260.21 3.75 167.24 6.95E-01
17A524_jbc-16-22_zr3 0.098016 10.6142 0.168756 1.589908 0.682 0.638 0.638 0.897 36.90 15.61 0.25 1.60 4540.68 4440.97 65.75 424.31 6.07 259.82 1.98E+00
17A525_jbc-16-22_zr4 0.111125 11.41753 0.16386 1.435163 0.729 0.691 0.691 0.913 44.04 15.70 0.23 1.44 1768.68 1724.78 25.62 186.83 2.70 108.88 3.67E-01

17A529_jbc_13P99_zr1 0.831058 47.78693 0.612427 1.281579 0.698 0.656 0.656 0.903 39.02 69.18 0.90 1.30 133.16 111.86 1.67 90.62 1.30 34.46 1.22E-01
17A530_jbc_13P99_zr2 0.36041 41.2904 0.565561 1.369716 0.704 0.663 0.663 0.905 39.92 58.96 0.81 1.38 1033.47 954.65 14.16 335.39 4.83 230.80 7.80E-01
17A531_jbc_13P99_zr3 0.269267 57.1802 0.797309 1.39438 0.679 0.634 0.634 0.896 36.44 84.59 1.19 1.41 667.31 628.54 9.32 164.98 2.37 206.64 6.96E-01
17A532_jbc_13P99_zr4 0.62044 59.45896 0.780593 1.312827 0.767 0.733 0.733 0.926 51.81 77.95 1.03 1.32 376.67 329.80 4.89 199.46 2.88 121.37 4.22E-01
17A533_jbc_13P99_zr5 0.678743 38.391 0.500614 1.303989 0.736 0.699 0.699 0.916 45.31 52.54 0.69 1.31 236.67 204.83 3.05 135.52 1.94 49.15 1.69E-01

15C499_13P101_Zr1 0.227756 26.69877 0.450237 1.68636 euhedral w  0.751 0.715 0.921 48.18 35.68 0.60 1.69 2357.25 2240.36 32.48 497.39 7.11 339.87 3.51E+00
15C500_13P101_Zr2 0.261558 19.81221 0.333153 1.681553 inclusions, m   0.754 0.719 0.922 48.92 26.37 0.44 1.69 2695.51 2543.13 36.88 648.40 9.29 288.24 3.00E+00
15C501_13P101_Zr3 0.209032 28.51118 0.47751 1.674818 euhedral w     0.726 0.687 0.912 43.44 39.42 0.66 1.68 1529.55 1459.66 20.92 297.42 4.31 235.53 2.42E+00

sample name 1s ± ng Sm % 1s ± ng S ng Ca 1s ± ng Ca % 1s ± ng CTh/U raw date (M1s ± date 1s ± date Ft 238U Ft 235U Ft 232Th Ft 147Sm Rs (um) corr date (M 1s ± date (Ma) 1s ± date % ppm eU (morph) ppm eU w/ Sm  (m
APATITE DATA
17A500_jbc_14-89_ap1 0.062234 1.505906 4657.391 73.19971 1.571689 3.152269 51.90345 0.5318 1.0247 0.805 0.778 0.778 0.938 74.70 65.27 0.67 1.03 32.52 34.01
17A501_jbc_14-89_ap2 0.017973 1.484259 1589.094 24.98132 1.572047 4.036209 58.13061 0.6203 1.0671 0.732 0.695 0.695 0.914 53.05 81.10 0.86 1.07 23.79 24.95
17A502_jbc_14-89_ap3 0.018732 1.485838 1709.558 26.99212 1.578895 2.938938 30.82311 0.3762 1.2206 0.748 0.713 0.713 0.919 56.70 41.90 0.51 1.22 22.56 23.68
17A504_jbc_14-89_ap4 0.016463 1.478619 1589.803 24.86527 1.564047 2.567033 35.56382 0.3956 1.1123 0.755 0.722 0.722 0.922 58.67 47.71 0.53 1.12 17.02 18.00
17A505_jbc_14-89_ap5 0.012336 1.490265 1368.879 22.24748 1.625234 2.781126 32.75222 0.3697 1.1287 0.728 0.691 0.691 0.912 52.26 45.74 0.52 1.13 16.77 17.74

17A506_jbc_14-87_ap1 0.022686 1.488498 934.0125 14.76658 1.580984 2.900925 39.17644 0.4505 1.1498 0.692 0.651 0.651 0.900 45.59 57.65 0.66 1.15 32.53 34.99
17A507_jbc_14-87_ap2 0.023066 1.471683 1054.471 17.36054 1.646374 3.252133 26.24393 0.3102 1.1822 0.723 0.685 0.685 0.911 51.21 36.86 0.43 1.18 18.88 20.99
17A508_jbc_14-87_ap3 0.026813 1.471776 1321.104 20.55069 1.55557 3.134584 49.85202 0.5503 1.1038 0.728 0.691 0.691 0.912 52.21 69.48 0.77 1.10 21.34 23.60
17A509_jbc_14-87_ap4 0.020949 1.468172 999.4192 15.64032 1.564941 2.147322 16.11524 0.1934 1.2002 0.691 0.650 0.650 0.900 45.45 23.67 0.28 1.20 36.90 39.59
17A510_jbc_14-87_ap5 0.024202 1.486836 1330.78 20.71694 1.556752 2.024241 24.42964 0.3088 1.2639 0.744 0.709 0.709 0.918 55.84 33.12 0.42 1.27 15.62 17.36

17A511_jbc_16-23_ap1 0.001493 1.596582 200.3372 3.271827 1.63316 0.451064 31.02127 0.4597 1.4818 0.658 0.613 0.613 0.888 40.60 47.41 0.71 1.49 19.89 20.27
17A512_jbc_16-23_ap2 0.008603 1.475344 391.9863 6.428992 1.640106 1.861666 39.81033 0.4518 1.1348 0.650 0.605 0.605 0.886 39.62 62.50 0.72 1.15 291.38 293.22
17A513_jbc_16-23_ap3 0.006581 1.46983 559.8082 9.371898 1.674126 36.71139 23.82356 0.3323 1.3947 0.681 0.638 0.638 0.896 43.81 36.87 0.51 1.38 27.38 28.73
17A514_jbc_16-23_ap4 0.001356 1.852025 210.8528 3.602401 1.708491 3.143413 38.17055 0.5883 1.5414 0.631 0.583 0.583 0.879 37.23 62.29 0.97 1.55 11.42 11.80
17A515_jbc_16-23_ap5 0.000502 1.656794 70.75087 1.477666 2.088549 5.214345 20.52098 0.5118 2.494 0.583 0.530 0.530 0.862 32.37 36.88 0.92 2.51 5.23 5.40
17A516_jbc_16-23_ap6 0.005005 1.540936 515.0339 8.963647 1.740399 9.26747 28.44919 0.3377 1.1869 0.681 0.639 0.639 0.896 43.90 43.53 0.51 1.18 34.21 34.86
17A518_jbc_16-23_ap7 0.001396 1.618058 192.3035 3.054595 1.588424 1.685024 35.22094 0.4218 1.1977 0.589 0.537 0.537 0.864 32.96 61.25 0.74 1.21 84.10 84.70
17A519_jbc_16-23_ap8 0.005734 1.488426 557.2443 8.753271 1.570814 0.149124 10.81979 0.1863 1.722 0.701 0.661 0.661 0.903 47.11 15.48 0.27 1.73 50.45 51.22

sample name ppm U (Ca) d ppm U (Ca) ppm Th (Ca) d ppm Th (ppm Sm (Cd ppm Sm nmol 4He/  d nmol 4He  ppm eU (C ppm eU w/  eU (morph  
APATITE DATA
17A500_jbc_14-89 20.26 0.43 62.27 1.32 352.66 7.68 9.95 0.16 34.90 36.49 0.93
17A501_jbc_14-89 14.54 0.31 57.21 1.21 302.85 6.55 8.95 0.15 27.98 29.35 0.85
17A502_jbc_14-89 16.09 0.34 46.10 0.98 293.09 6.35 4.56 0.08 26.93 28.26 0.84
17A504_jbc_14-89 14.00 0.30 35.03 0.75 278.34 5.99 4.35 0.07 22.23 23.50 0.77
17A505_jbc_14-89 11.57 0.25 31.37 0.68 240.34 5.30 3.41 0.06 18.94 20.04 0.89

17A506_jbc_14-87 23.68 0.50 66.97 1.43 648.51 14.08 8.54 0.14 39.42 42.40 0.83
17A507_jbc_14-87 14.00 0.31 44.37 0.97 590.73 13.04 3.57 0.06 24.42 27.16 0.77
17A508_jbc_14-87 13.94 0.29 42.58 0.90 548.05 11.74 6.66 0.11 23.94 26.48 0.89
17A509_jbc_14-87 24.05 0.51 50.33 1.07 567.42 12.18 3.19 0.05 35.88 38.49 1.03
17A510_jbc_14-87 13.85 0.29 27.33 0.58 486.12 10.46 2.76 0.05 20.27 22.53 0.77

17A511_jbc_16-23 40.40 0.89 17.76 0.42 185.55 4.24 7.51 0.13 44.57 45.43 0.45
17A512_jbc_16-23 257.33 5.59 466.99 10.14 591.23 13.04 79.33 1.35 367.08 369.39 0.79
17A513_jbc_16-23 3.00 0.08 107.31 2.35 317.86 7.08 3.71 0.07 28.22 29.60 0.97
17A514_jbc_16-23 10.99 0.26 33.66 0.76 138.06 3.48 3.95 0.08 18.90 19.51 0.60
17A515_jbc_16-23 10.62 0.35 53.98 1.44 170.29 4.54 2.62 0.08 23.30 24.05 0.22
17A516_jbc_16-23 17.21 0.39 155.51 3.51 250.66 5.83 8.35 0.15 53.76 54.78 0.64
17A518_jbc_16-23 73.13 1.57 120.12 2.58 178.37 4.04 19.37 0.32 101.36 102.08 0.83
17A519_jbc_16-23 80.92 1.72 11.76 0.25 274.74 5.95 4.90 0.09 83.68 84.96 0.60
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sample name mol Zr d mol Zr mass zirc (g) d mass zirc ppm U (Zr)d ppm U (Zr) ppm Th (Zr) d ppm Th (Z nmol 4He/g (Zd nmol 4He/g ppm eU (Zr) eU (morph)/eU (Z
ZIRCON DATA
16A977_jbc_14_089_zr3 5.50E-09 8.40E-11 1.01E-06 1.54E-08 424.22 9.05 271.27 6.18 160.35 2.89 487.96 0.83
17A526_jbc-14-89_zr4 2.07E-08 4.63E-10 3.80E-06 0.00 561.99 15.08 307.74 8.16 277.57 6.27 634.31 1.052916153
17A527_jbc-14-89_zr5 1.71E-08 3.82E-10 3.13E-06 0.00 741.48 19.91 461.51 12.27 361.53 8.19 849.93 0.987725199
17A528_jbc-14-89_zr6 1.12E-08 2.52E-10 2.06E-06 0.00 665.42 17.91 338.99 9.04 256.33 5.83 745.08 0.884801341

16A983_jbc_14_087_zr1 1.41E-08 2.18E-10 2.59E-06 3.99E-08 390.40 8.25 277.57 6.11 154.25 2.43 455.63 0.81
16A984_jbc_14_087_zr2 9.69E-09 1.54E-10 1.78E-06 2.82E-08 454.35 9.72 227.51 5.65 174.30 2.84 507.81 0.82
16A985_jbc_14_087_zr3 5.69E-09 8.74E-11 1.04E-06 1.60E-08 508.94 11.31 255.38 11.45 213.22 3.38 568.95 0.85

16A992_jbc_14_060_zr1 1.44E-08 2.24E-10 2.65E-06 4.11E-08 1432.80 30.30 281.06 6.01 86.50 1.53 1498.85 0.92
16A993_jbc_14_060_zr2 1.60E-08 2.82E-10 2.93E-06 5.16E-08 1187.93 27.02 307.63 7.36 97.74 1.91 1260.22 0.80
16A994_jbc_14_060_zr3 8.39E-09 1.30E-10 1.54E-06 2.39E-08 1558.50 32.99 229.15 4.96 111.84 1.99 1612.35 0.85

16A995_jbc_14_073_zr1 1.98E-08 3.08E-10 3.62E-06 5.64E-08 2136.59 45.44 752.56 16.57 150.40 2.66 2313.44 0.81
16A996_jbc_14_073_zr2 5.36E-08 8.21E-10 9.82E-06 1.51E-07 1192.48 25.02 186.32 4.01 120.07 2.09 1236.27 0.81
16A997_jbc_14_073_zr3 1.90E-08 2.90E-10 3.49E-06 5.32E-08 1887.18 39.47 340.33 7.31 248.80 4.36 1967.15 0.70

17A522_jbc_16-22_zr1 1.62E-08 3.63E-10 2.98E-06 0.00 3095.24 82.91 311.99 8.30 176.63 4.01 3168.56 0.877644994
17A523_jbc_16-22_zr2 1.32E-08 2.95E-10 2.42E-06 0.00 3029.17 81.24 263.78 7.01 169.53 3.85 3091.16 0.986474955
17A524_jbc-16-22_zr3 1.74E-08 3.90E-10 3.19E-06 0.00 3129.21 84.03 298.98 7.95 183.08 4.33 3199.47 1.419196998
17A525_jbc-16-22_zr4 1.98E-08 4.41E-10 3.63E-06 0.00 1786.70 47.90 193.54 5.15 112.78 2.55 1832.18 0.965343373

17A529_jbc_13P99_zr1 1.08E-08 2.41E-10 1.98E-06 0.00 112.79 3.03 91.37 2.43 34.74 0.79 134.26 0.99180283
17A530_jbc_13P99_zr2 1.24E-08 2.80E-10 2.28E-06 0.00 1067.57 28.74 375.06 10.01 258.10 5.86 1155.71 0.894224337
17A531_jbc_13P99_zr3 1.00E-08 2.24E-10 1.84E-06 0.00 674.60 18.11 177.07 4.71 221.79 5.02 716.21 0.931723214
17A532_jbc_13P99_zr4 3.09E-08 6.90E-10 5.67E-06 0.00 318.23 8.52 192.46 5.11 117.11 2.64 363.46 1.036364724
17A533_jbc_13P99_zr5 1.56E-08 3.49E-10 2.85E-06 0.00 235.20 6.33 155.61 4.14 56.44 1.28 271.76 0.870875196

15C499_13P101_Zr1 2.54E-08 3.79E-10 4.65E-06 0.00 2730.04 56.80 606.10 12.52 414.16 7.52 2872.47 0.820634911
15C500_13P101_Zr2 1.91E-08 2.89E-10 3.50E-06 0.00 3641.37 76.38 928.41 19.36 412.71 7.58 3859.55 0.698400172
15C501_13P101_Zr3 1.43E-08 2.11E-10 2.62E-06 0.00 1673.01 34.40 340.89 7.04 269.96 4.85 1753.12 0.872471529

sample name ppm U (morph) d ppm U (morph) ppm Th (morph) d ppm Th (ppm Sm (md ppm Sm (m nmol 4He/g (mod nmol 4He/  mol Ca d mol Ca mass ap (g) d mass ap (g)
APATITE DATA
17A500_jbc_14-89_ap1 18.88 0.27 58.03 0.83 328.65 4.95 9.27 0.03 1.16E-07 1.83E-09 1.17E-05 1.84E-07
17A501_jbc_14-89_ap2 12.36 0.18 48.62 0.69 257.42 3.82 7.61 0.03 3.96E-08 6.23E-10 4.00E-06 6.29E-08
17A502_jbc_14-89_ap3 13.49 0.19 38.63 0.55 245.61 3.65 3.82 0.03 4.26E-08 6.73E-10 4.30E-06 6.79E-08
17A504_jbc_14-89_ap4 10.72 0.15 26.83 0.39 213.16 3.15 3.33 0.02 3.97E-08 6.20E-10 4.00E-06 6.26E-08
17A505_jbc_14-89_ap5 10.24 0.15 27.77 0.40 212.72 3.17 3.02 0.02 3.41E-08 5.55E-10 3.44E-06 5.60E-08

17A506_jbc_14-87_ap1 19.54 0.28 55.26 0.79 535.14 7.97 7.05 0.04 2.33E-08 3.68E-10 2.35E-06 3.72E-08
17A507_jbc_14-87_ap2 10.82 0.16 34.30 0.50 456.71 6.72 2.76 0.02 2.63E-08 4.33E-10 2.65E-06 4.37E-08
17A508_jbc_14-87_ap3 12.42 0.18 37.95 0.54 488.43 7.19 5.93 0.03 3.30E-08 5.13E-10 3.32E-06 5.17E-08
17A509_jbc_14-87_ap4 24.73 0.36 51.77 0.74 583.56 8.57 3.28 0.02 2.49E-08 3.90E-10 2.51E-06 3.94E-08
17A510_jbc_14-87_ap5 10.67 0.15 21.06 0.30 374.59 5.57 2.13 0.02 3.32E-08 5.17E-10 3.35E-06 5.21E-08

17A511_jbc_16-23_ap1 18.03 0.27 7.93 0.13 82.81 1.32 3.35 0.02 5.00E-09 8.16E-11 5.04E-07 8.23E-09
17A512_jbc_16-23_ap2 204.27 2.91 370.69 5.27 469.31 6.92 62.97 0.27 9.78E-09 1.60E-10 9.86E-07 1.62E-08
17A513_jbc_16-23_ap3 2.91 0.06 104.14 1.48 308.46 4.53 3.60 0.02 1.40E-08 2.34E-10 1.41E-06 2.36E-08
17A514_jbc_16-23_ap4 6.64 0.11 20.35 0.30 83.46 1.55 2.39 0.03 5.26E-09 8.99E-11 5.31E-07 9.06E-09
17A515_jbc_16-23_ap5 2.38 0.06 12.12 0.20 38.24 0.63 0.59 0.01 1.76E-09 3.69E-11 1.78E-07 3.72E-09
17A516_jbc_16-23_ap6 10.95 0.16 98.96 1.42 159.50 2.46 5.32 0.03 1.28E-08 2.24E-10 1.30E-06 2.26E-08
17A518_jbc_16-23_ap7 60.68 0.88 99.67 1.44 148.00 2.39 16.07 0.08 4.80E-09 7.62E-11 4.84E-07 7.69E-09
17A519_jbc_16-23_ap8 48.78 0.70 7.09 0.10 165.61 2.47 2.95 0.03 1.39E-08 2.18E-10 1.40E-06 2.20E-08
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Supplementary File 5: Compiled thermochronology data 
 

 
  

System sample nam Age_Ma Age_error source distance (km) closure temp. (C )
AFT P20 55.7 4.1 Rutte et al., 2017b 56.50770777 120
AFT P22 39.8 2.2 Rutte et al., 2017b 41.61577302 120
AFT P24 25.2 2.3 Rutte et al., 2017b 41.04254897 120
AFT P26 18 2.1 Rutte et al., 2017b 11.72657283 120
AFT P15 15.4 1.7 Rutte et al., 2017b 87.45954615 120
AFT P25 18.8 1.9 Rutte et al., 2017b 12.68708487 120
AFT P17 15.7 1.4 Rutte et al., 2017b 83.95782951 120
AFT 96A6b 19.9 3.8 Rutte et al., 2017b 114.8852303 120
AFT P2 10.7 1.5 Rutte et al., 2017b 128.8645406 120
AFT P5 10.1 1.7 Rutte et al., 2017b 125.4497567 120
AFT 13P95 4.2 1 Worthington et al., in prep 196.1844761 130
AFT 9912B1 5.1 0.4 Worthington et al., in prep 178.0658271 130
AFT 9912A2 5.8 0.6 Worthington et al., in prep 178.0908248 130
AFT 13P73 6.3 0.7 Worthington et al., in prep 195.0971206 130
AFT 9914D1 6.6 1 Worthington et al., in prep 181.7115266 130
AFT 0909C1 6.9 1.8 Worthington et al., in prep 170.7362798 107
AFT 13P43 7.3 0.7 Worthington et al., in prep 193.6623152 130
AFT 13P49 7.7 0.8 Worthington et al., in prep 196.5525494 130
AFT 13P58 8.1 1.2 Worthington et al., in prep 195.0832674 130
AFT 9912C1 11.1 2.4 Worthington et al., in prep 178.0995399 130
AFT 0909B2 11.2 1 Worthington et al., in prep 166.1845067 107
AFT 13P21 12.9 1.1 Worthington et al., in prep 168.7341981 107
AFT 0909A1 16.8 1 Worthington et al., in prep 164.4051824 107
AFT L96A9 5.7 0.6 Rutte et al., 2017b 119.5573211 114
AFT L96M25A 7.5 0.8 Rutte et al., 2017b 119.1356193 112
AFT 0826A1 7.7 0.6 Rutte et al., 2017b 100.4507453 118
AFT Pa5360 8 1 Rutte et al., 2017b 90.12471677 118
AFT 96Ak2c 9 2 Rutte et al., 2017b 89.29688098 118
AFT P5sf 10 3 Rutte et al., 2017b 125.4713895 128
AFT Pa4460 10 1 Rutte et al., 2017b 88.63713568 132
AFT 0827A1 11 1 Rutte et al., 2017b 89.49737915 132
AFT P2sf 11 3 Rutte et al., 2017b 128.8653644 128
AFT A96S1b 13 2 Rutte et al., 2017b 86.96165937 121
AFT 4725C1 14 8 Rutte et al., 2017b 122.291552 113
AFT A96K1a 14 2 Rutte et al., 2017b 86.60012094 121
AFT A96M18g 15 1 Rutte et al., 2017b 109.8451653 130
AFT 96M9a-1 16 2 Rutte et al., 2017b 103.6174002 132
AFT A96S1a 21 2 Rutte et al., 2017b 86.96165937 121
AFT 96A10b 29 3 Rutte et al., 2017b 125.1526631 114
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System sample nam Age_Ma Age_error source distance (km) closure temp. (C )
AHe 17.8 Amidon and Hynek, 2010 21.32863084 75
AHe 18.4 Amidon and Hynek, 2010 22.17549452 75
AHe 18.8 Amidon and Hynek, 2010 23.37106678 75
AHe 22 Amidon and Hynek, 2010 19.83416551 75
AHe 17.2 Amidon and Hynek, 2010 21.82678595 75
AHe 19.2 Amidon and Hynek, 2010 22.72346514 75
AHe 17.7 Amidon and Hynek, 2010 23.71977536 75
AHe 15.3 Amidon and Hynek, 2010 24.61645455 75
AHe 65 Amidon and Hynek, 2010 51.37734699 75
AHe 43 Amidon and Hynek, 2010 51.4271625 75
AHe 44 Amidon and Hynek, 2010 51.4271625 75
AHe 37 Amidon and Hynek, 2010 52.07476414 75
AHe 33 Amidon and Hynek, 2010 52.3238417 75
AHe 53 Amidon and Hynek, 2010 51.8755021 75
AHe 15.8 Amidon and Hynek, 2010 50.87919188 75
AHe 17.1 Amidon and Hynek, 2010 51.77587108 75
AHe 32 Amidon and Hynek, 2010 52.62273476 75
AHe 40 Amidon and Hynek, 2010 53.02125885 75
Ahe 14P34 9.1 3 Worthington et al., in prep 199.1472037 80
Ahe 13P101 28.6 15.7 Worthington et al., in prep 154.4247383 56
AHe p912-1 8 1.2 Rutte et al., 2017b 123.5091024 78
AHe p912-2 11.9 1.2 Rutte et al., 2017b 128.4661744 82
AHe 14-89 56.3 16.5 This_Study 166.5529174 75
AHe 16-23 45.8 16.4 This_Study 152.92 75
AHe 14-87 44.2 18.8 This_Study 164.5 75

System sample nam Age_Ma Age_error source distance (km) closure temp. (C )
ArAr_amp 96S6d 18.8 0.4 Rutte et al., 2017b 89.50307826 515
ArAr_amp P15s 20 1 Rutte et al., 2017b 87.06564786 499
ArAr_amp P9s 22 1 Rutte et al., 2017b 103.6753209 500
ArAr_amp 96Ak3f 19.1 0.1 Rutte et al., 2017b 91.2225533 500
ArAr_amp 96S6c 21 1 Rutte et al., 2017b 89.50307826 500
ArAr_amp 96Ak3f 15 1 Rutte et al., 2017b 91.2225533 500
ArAr_amp P8s 22 2 Rutte et al., 2017b 103.6753209 500
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System sample nameAge_Ma Age_error source distance (km) closure temp. (C )
ArAr_bt 9914D1 11.5 0.6 Worthington et al., in prep 181.7115266 317
ArAr_bt 9912C1 11.9 0.3 Worthington et al., in prep 178.0995399 341
ArAr_bt 9914B1 12 0.5 Worthington et al., in prep 173.9278359 341
ArAr_bt 9912A2 12.1 0.3 Worthington et al., in prep 178.0908248 342
ArAr_bt 9914D2 12.4 0.7 Worthington et al., in prep 181.7115266 343
ArAr_bt 13P34 12.4 0.3 Worthington et al., in prep 184.0594912 343
ArAr_bt 13P36 12.5 0.5 Worthington et al., in prep 186.7449026 343
ArAr_bt 13P26 12.7 0.2 Worthington et al., in prep 192.4082336 343
ArAr_bt 96M10a 15.1 0.8 Rutte et al., 2017b 104.276659 307
ArAr_bt P10s 15.3 0.4 Rutte et al., 2017b 97.13015907 321
ArAr_bt 1924F1 15.6 0.2 Rutte et al., 2017b 102.4050655 320
ArAr_bt 0826A1 15.7 0.3 Rutte et al., 2017b 100.4507453 321
ArAr_bt 0827A1 15.7 0.9 Rutte et al., 2017b 89.49737915 332
ArAr_bt 1102C1 15.7 0.2 Rutte et al., 2017b 96.04146462 323
ArAr_bt 1104B1 15.7 0.2 Rutte et al., 2017b 94.54299744 323
ArAr_bt 1104B1 15.7 0.2 Rutte et al., 2017b 94.54299744 348
ArAr_bt 1104C1&2 15.7 0.2 Rutte et al., 2017b 92.33347295 322
ArAr_bt Pa4460 15.7 0.4 Rutte et al., 2017b 88.63713568 323
ArAr_bt 96Ak3a 15.9 0.3 Rutte et al., 2017b 91.2225533 347
ArAr_bt 1101C1 16 0.2 Rutte et al., 2017b 98.29931228 323
ArAr_bt 1101F1 16 0.2 Rutte et al., 2017b 97.27747583 323
ArAr_bt 1104B1 16 0.2 Rutte et al., 2017b 94.54299744 348
ArAr_bt 96M11b 16 1 Rutte et al., 2017b 105.8464189 307
ArAr_bt P14sa 16 1 Rutte et al., 2017b 87.06564786 326
ArAr_bt P14sb 16 1 Rutte et al., 2017b 87.06564786 320
ArAr_bt Pa5360 16.1 0.4 Rutte et al., 2017b 90.12471677 314
ArAr_bt 0827X1 16.2 0.1 Rutte et al., 2017b 92.58809549 323
ArAr_bt 1103B2 16.2 0.3 Rutte et al., 2017b 95.48112487 323
ArAr_bt 19300B 16.3 0.2 Rutte et al., 2017b 100.5350476 320
ArAr_bt 1102A1 16.3 0.2 Rutte et al., 2017b 96.49360986 323
ArAr_bt 96Ak2c 16.3 0.1 Rutte et al., 2017b 89.29688098 327
ArAr_bt 96M21a 16.3 0.1 Rutte et al., 2017b 101.3702644 320
ArAr_bt 1930J1 16.4 0.2 Rutte et al., 2017b 98.79985829 323
ArAr_bt P15s 16.4 0.2 Rutte et al., 2017b 87.06564786 327
ArAr_bt 96M9a 16.5 0.2 Rutte et al., 2017b 103.6174002 324
ArAr_bt 1930F1 16.6 0.2 Rutte et al., 2017b 99.42846812 323
ArAr_bt 827000B 17 0.4 Rutte et al., 2017b 95.81899234 323
ArAr_bt 96S5a 17 1 Rutte et al., 2017b 86.88189156 308
ArAr_bt 0828C1 17.4 0.2 Rutte et al., 2017b 100.5829385 320
ArAr_bt 96Ak2f 18 2 Rutte et al., 2017b 89.29688098 328
ArAr_bt L96M18c 19.3 0.1 Rutte et al., 2017b 110.3623998 320
ArAr_bt P17s 24 2 Rutte et al., 2017b 83.92401764 299
ArAr_bt P5s 71.7 0.7 Rutte et al., 2017b 125.4713895 259
ArAr_bt M96A7b 98 1 Rutte et al., 2017b 122.9070007 257
ArAr_bt P2s 100.6 0.6 Rutte et al., 2017b 128.8653644 265
ArAr_bt 4725C 104 3 Rutte et al., 2017b 122.291552 267
ArAr_bt L96A9 129.1 0.9 Rutte et al., 2017b 119.5573211 286
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System sample nameAge_Ma Age_error source distance (km) closure temp. (C )
ArAr_kfs P15s 15.3 0.3 Rutte et al., 2017b 87.06564786 295
ArAr_kfs Pa5360 15.8 0.3 Rutte et al., 2017b 90.12471677 303
ArAr_kfs 0827Z1 16 6 Rutte et al., 2017b 91.78561553 323
ArAr_kfs P2s 102 2 Rutte et al., 2017b 128.8653644 238
ArAr_kfs P7s 113 5 Rutte et al., 2017b 119.3808664 247
ArAr_kfs P2s 22 3 Rutte et al., 2017b 128.8653644 197
ArAr_kfs P7s 59 2 Rutte et al., 2017b 119.3808664 218
ArAr_kfs P5s 70 5 Rutte et al., 2017b 125.4713895 253
ArAr_kfs P5s 60 3 Rutte et al., 2017b 125.4713895 219

ArAr_plg 0827A1 47 9 Rutte et al., 2017b 89.49737915 675
ArAr_plg 0827A1 17 5 Rutte et al., 2017b 89.49737915 300

ArAr_wm 196 Rutte et al., 2017b 10.95364426 350
ArAr_wm 191 Rutte et al., 2017b 12.93842149 350
ArAr_wm 203 Rutte et al., 2017b 40.93062452 350
ArAr_wm 204 Rutte et al., 2017b 40.51998096 350
ArAr_wm 203 Rutte et al., 2017b 56.67196119 350
ArAr_wm 13P11 102.4 0.8 Worthington et al., in prep 147.933043 327
ArAr_wm 13P40 106.5 1 Worthington et al., in prep 177.6956265 325
ArAr_wm 9914D1 11.6 0.3 Worthington et al., in prep 181.7115266 346
ArAr_wm 9912C1 11.8 0.3 Worthington et al., in prep 178.0995399 374
ArAr_wm 13P21 116.2 1 Worthington et al., in prep 168.7341981 326
ArAr_wm 9914B1 12 0.3 Worthington et al., in prep 173.9278359 346
ArAr_wm 9912B1 12.1 0.3 Worthington et al., in prep 178.0658271 374
ArAr_wm 13P70 12.7 0.3 Worthington et al., in prep 191.5001327 374
ArAr_wm 13P73 13.3 0.3 Worthington et al., in prep 195.0971206 374
ArAr_wm 14P22 13.5 0.3 Worthington et al., in prep 195.8115379 374
ArAr_wm 13P49 13.8 0.4 Worthington et al., in prep 196.5525494 374
ArAr_wm 14P38 14.1 0.3 Worthington et al., in prep 198.0673272 373
ArAr_wm 13P43 15.1 0.3 Worthington et al., in prep 193.6623152 374
ArAr_wm 14P36 15.4 0.2 Worthington et al., in prep 202.1398423 374
ArAr_wm 14P65 15.7 0.7 Worthington et al., in prep 196.7830304 374
ArAr_wm 1104B1 15.8 0.2 Rutte et al., 2017b 94.54299744 380
ArAr_wm 1101C1 15.9 0.3 Rutte et al., 2017b 98.29931228 349
ArAr_wm 1103B2 15.9 0.2 Rutte et al., 2017b 95.48112487 380
ArAr_wm 1103B2 16.1 0.3 Rutte et al., 2017b 95.48112487 351
ArAr_wm 1104B1 16.1 0.2 Rutte et al., 2017b 94.54299744 351
ArAr_wm 0827X1 16.2 0.1 Rutte et al., 2017b 92.58809549 348
ArAr_wm 1101F1 16.3 0.3 Rutte et al., 2017b 97.27747583 350
ArAr_wm 1104C1&2 16.3 0.4 Rutte et al., 2017b 92.33347295 341
ArAr_wm 1930J1 16.3 0.2 Rutte et al., 2017b 98.79985829 350
ArAr_wm 1102A1 16.7 0.2 Rutte et al., 2017b 96.49360986 350
ArAr_wm 1930F1 16.8 0.3 Rutte et al., 2017b 99.42846812 346
ArAr_wm 96Ak3d 17.5 0.1 Rutte et al., 2017b 91.2225533 354
ArAr_wm M96A7a 103.7 0.6 Rutte et al., 2017b 122.9070007 293
ArAr_wm P7s 108 2 Rutte et al., 2017b 119.3808664 290
ArAr_wm 96P4e 160 10 Rutte et al., 2017b 112.6133214 350
ArAr_wm A96M18h 170 1 Rutte et al., 2017b 114.6744954 350
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System sample nam Age_Ma Age_error source distance (km) closure temp. (C )
ZFT 122 Rutte et al., 2017b 10.95364426 240
ZFT 108 Rutte et al., 2017b 12.93842149 240
ZFT 9912C1 12.6 1.4 Worthington et al., in prep 178.0995399 248
ZFT 9914B1 13.1 1.4 Worthington et al., in prep 173.9278359 248
ZFT 9913D1 8.6 0.8 Worthington et al., in prep 190.0404969 248
ZFT P8s 14 1 Rutte et al., 2017b 103.6753209 250
ZFT Pa4460 14 2 Rutte et al., 2017b 88.63713568 250
ZFT P15sd 16 1 Rutte et al., 2017b 87.06564786 250
ZFT A96M4b 19 2 Rutte et al., 2017b 108.370132 240
ZFT M96M6b 20 2 Rutte et al., 2017b 110.338809 240
ZFT P17s 20 3 Rutte et al., 2017b 83.92401764 240
ZFT P5se 43 6 Rutte et al., 2017b 125.4713895 211
ZFT M96A7e 54 7 Rutte et al., 2017b 122.9070007 225
ZFT 96A10bd 59 9 Rutte et al., 2017b 125.1526631 211
ZFT A96S1bd 64 5 Rutte et al., 2017b 86.96165937 243
ZFT L96M25ad 69 7 Rutte et al., 2017b 119.1356193 211
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System sample nameAge_Ma Age_error source distance (km) closure temp. (C )
ZHe 38 Amidon and Hynek, 2010 21.32863084 190
ZHe 38 Amidon and Hynek, 2010 22.17549452 190
ZHe 40 Amidon and Hynek, 2010 23.37106678 190
ZHe 43 Amidon and Hynek, 2010 19.83416551 190
ZHe 24.6 Amidon and Hynek, 2010 21.82678595 190
ZHe 22.2 Amidon and Hynek, 2010 22.72346514 190
ZHe 22.4 Amidon and Hynek, 2010 23.71977536 190
ZHe 20.3 Amidon and Hynek, 2010 24.61645455 190
ZHe 161 Amidon and Hynek, 2010 51.37734699 190
ZHe 161 Amidon and Hynek, 2010 51.4271625 190
ZHe 162 Amidon and Hynek, 2010 52.07476414 190
ZHe 97 Amidon and Hynek, 2010 51.8755021 190
ZHe 141 Amidon and Hynek, 2010 50.87919188 190
ZHe 155 Amidon and Hynek, 2010 51.77587108 190
ZHe 162 Amidon and Hynek, 2010 52.62273476 190
ZHe 173 Amidon and Hynek, 2010 53.02125885 190
ZHe 9914B1 8.2 0.3 Worthington et al., in prep 173.9278359 201
ZHe 13P57 8.2 0.5 Worthington et al., in prep 193.8527059 190
ZHe 14P65 8.5 1.3 Worthington et al., in prep 196.7830304 194
ZHe 13P26 8.9 0.7 Worthington et al., in prep 192.4082336 201
ZHe 14P38 9.2 0.9 Worthington et al., in prep 198.0673272 193
ZHe 13P73 9.3 0.3 Worthington et al., in prep 195.0971206 196
ZHe 14P36 9.3 0.2 Worthington et al., in prep 202.1398423 195
ZHe 13P36 9.7 0.9 Worthington et al., in prep 186.7449026 202
ZHe 13P34 9.9 1.3 Worthington et al., in prep 184.0594912 201
ZHe 14P34 10.4 0.4 Worthington et al., in prep 199.1472037 199
ZHe 14P62A 10.4 1 Worthington et al., in prep 202.1154473 193
ZHe 9914D1 11.4 2.2 Worthington et al., in prep 181.7115266 197
ZHe 13P40 16.5 2 Worthington et al., in prep 177.6956265 165
ZHe 13P11 21.1 4.8 Worthington et al., in prep 147.933043 171
ZHe 0909A1 49.7 13.4 Worthington et al., in prep 164.4051824 170
ZHe 0909C1 55.4 21.7 Worthington et al., in prep 170.7362798 170
ZHe 0909B2 69.6 17.6 Worthington et al., in prep 166.1845067 170
ZHe P5s 10.6 1.7 Rutte et al., 2017b 125.4713895 186
ZHe P912-1 12.5 2.5 Rutte et al., 2017b 123.5091024 193
ZHe P15s 13.1 1.6 Rutte et al., 2017b 87.06564786 203
ZHe 0827X1 13.9 2 Rutte et al., 2017b 92.58809549 198
ZHe 96M25 20.8 3.7 Rutte et al., 2017b 119.1356193 177
ZHe p913-1 23.3 2.3 Rutte et al., 2017b 117.0686703 175
ZHe p912-2 40 4.3 Rutte et al., 2017b 128.4661744 195
ZHe jbc_14_060 20.1 7.3 This_Study 128.7349396 170
ZHe jbc_14_073 17.3 2.5 This_Study 119.1317341 170
ZHe jbc_14_087 96.1 9.7 This_Study 170 170
ZHe jbc_14_089 95.6 1.5 This_Study 166.5529174 170
ZHe 13P101 33.8 7.8 Worthington et al., in prep 154.4247383 170
ZHe 13P99 68.6 13.2 This_Study 160 170
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Type Lat Long Strike Dip Unit Lithology Type Lat Long Strike Dip Unit Lithology
Bedding 37.769683 73.745033 300 60 Darbashatash conglomerate Bedding 37.6 74.133333 265 25 P-Tr limestone
Bedding 37.796167 73.728 85 10 P-Tr limestone Bedding 37.608333 74.133333 300 15 Jurassic limestone
Bedding 37.7971 73.77035 110 35 P-Tr limestone Bedding 37.641667 74.175 280 30 Jurassic limestone
Bedding 37.778967 73.829433 320 10 Darbashatash conglomerate Bedding 37.655 74.166667 340 20 Jurassic limestone
Bedding 37.811733 73.798783 130 30 P-Tr limestone Bedding 37.62 74.028333 340 45 P-Tr limestone
Bedding 37.810833 73.800267 185 20 P-Tr limestone Bedding 37.620417 74.021867 160 70 P-Tr limestone
Bedding 37.80725 73.9571 155 90 P-Tr limestone Bedding 37.666667 73.866667 300 30 Jurassic limestone
Bedding 37.816017 73.958617 265 45 Darbashatash conglomerate Bedding 37.666667 74.033333 340 35 Jurassic limestone
Bedding 37.84555 74.071767 325 42 Jurassic limestone Bedding 37.671517 74.065667 95 40 Jurassic karst breccia
Bedding 37.839633 74.0888 275 35 Cretaceous conglomerate Bedding 37.65415 74.0993 95 15 Jurassic karst breccia
Bedding 37.84305 74.0953 310 65 Cretaceous conglomerate Bedding 37.691667 74.05 130 35 Jurassic limestone
Bedding 37.84335 74.09275 75 75 P-Tr limestone Bedding 37.74905 74.052133 140 55 Darbashataconglomerate
Bedding 37.842967 74.091967 140 70 Cretaceous conglomerate Bedding 37.74905 74.052133 180 65 Darbashataconglomerate
Bedding 37.843 74.091233 140 70 Cretaceous conglomerate Bedding 37.8111 74.096083 25 15 P-Tr conglomerate
Bedding 37.841967 74.091083 150 15 Cretaceous conglomerate Bedding 37.81325 74.1021 295 40 Jurassic limestone
Bedding 37.840006 74.08907 310 35 Cretaceous conglomerate Bedding 37.808333 74.083333 105 20 Jurassic limestone
Bedding 37.843317 74.095483 290 65 Cretaceous conglomerate Bedding 37.80315 73.98135 315 50 Jurassic limestone
Bedding 37.843633 74.097033 295 40 Cretaceous conglomerate Bedding 37.775 74.05 110 30 Jurassic limestone
Bedding 37.948533 73.9925 310 55 P-Tr conglomerate Bedding 37.766667 74.033333 320 65 Jurassic limestone
Bedding 37.95155 73.996517 290 30 Darbashatash conglomerate Bedding 37.8165 74.0159 340 15 Jurassic limestone
Bedding 37.933667 74.02475 290 65 Darbashatash conglomerate Bedding 38.041667 73.966667 290 35 P-Tr limestone
Bedding 37.933583 74.022933 330 20 P-Tr limestone Bedding 38.103333 73.933333 275 10 Jurassic limestone
Bedding 37.9326 74.0281 275 55 Darbashatash conglomerate Bedding 38.065 74.05 90 15 Jurassic limestone
Bedding 37.90375 74.089367 305 70 Jurassic karst breccia Bedding 38.053333 74.125 115 10 Jurassic limestone
Bedding 37.906333 74.054783 295 50 P-Tr limestone Bedding 38.066667 74.183333 275 20 Jurassic limestone
Bedding 37.956833 74.0267 310 40 Cretaceous conglomerate Bedding 38.083333 74.125 280 25 Jurassic limestone
Bedding 37.898783 73.973333 305 55 Jurassic limestone Bedding 38.121667 73.833333 280 40 Jurassic limestone
Bedding 37.8908 73.94875 325 35 Jurassic limestone Bedding 38.183333 74.125 300 20 Jurassic limestone
Bedding 37.8926 73.953183 357 25 Jurassic limestone Bedding 38.105 74.016667 95 60 Jurassic limestone
Bedding 37.92995 73.9909 310 45 P-Tr sandstone Bedding 37.983333 73.883333 345 5 Jurassic limestone
Bedding 37.625 74.4 290 30 Jurassic limestone Bedding 37.936933 73.9855 112 45 P-Tr limestone
Bedding 37.583333 74.441667 330 45 Jurassic limestone Bedding 38.004183 73.851983 135 40 Jurassic limestone
Bedding 37.608333 74.425 205 45 Cretaceous volcanic Bedding 38 73.85 90 7 Jurassic limestone
Bedding 37.518367 74.509767 270 40 Cretaceous conglomerate Bedding 38 73.84 150 20 Jurassic limestone
Bedding 37.516783 74.510383 290 35 Cretaceous conglomerate Bedding 37.968333 73.86 300 40 Jurassic limestone
Bedding 37.4694 74.766617 295 40 Cretaceous conglomerate Bedding 37.887583 73.964583 280 35 Jurassic limestone
Bedding 37.475033 74.765017 325 45 Cretaceous conglomerate Bedding 37.90185 73.969917 290 60 P-Tr limestone
Bedding 37.465267 74.772717 295 45 Cretaceous conglomerate Bedding 37.914983 73.96715 270 25 Jurassic limestone
Bedding 37.46045 74.721433 300 30 Cretaceous conglomerate Bedding 37.936167 73.95315 200 35 P-Tr limestone
Bedding 37.466317 74.725017 295 45 Cretaceous conglomerate Bedding 37.90155 73.966133 293 47 Jurassic limestone
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Abstract 

 Investigation of a > 6 km thick succession of Cretaceous to Cenozoic sedimentary rocks 

reveals that the Tajik Basin fill consists of three stacked basin systems that are interpreted to 

reflect tectonics in the Pamir Mountains and the India-Asia collision zone: a Lower to mid-
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Cretaceous succession, an Upper Cretaceous-lower Eocene succession, and an Eocene-Neogene 

succession. 

 The >800 m thick, Lower to mid-Cretaceous succession coarsens upward and consists of 

sandy to muddy fluvial deposits.  Sandstone petrography, conglomerate compositions, and 

detrital zircon U-Pb ages show that the Lower to mid-Cretaceous succession was derived from 

the Triassic Karakul-Mazar subduction-accretion complex in the northern Pamir.  Detrital zircon 

fission track analyses document a mid-Cretaceous exhumation event in the sediment source 

region that could be related to mid-Cretaceous crustal shortening in the Pamir.  The Lower to 

mid-Cretaceous succession is characterized by a convex-up (accelerating) subsidence curve, 

thickens asymmetrically toward the Pamir, and can be modeled as a flexural foredeep.  The 

Lower to mid-Cretaceous succession is interpreted as a retroarc foreland basin system associated 

with northward subduction of Tethyan oceanic lithosphere. 

 The Upper Cretaceous to early Eocene succession fines upward over a thickness of ca. 

1.4 km.  The lower and middle parts of the succession consist of fine-grained, marginal marine 

deposits.  The upper part of the succession consists of interbedded limestone, mudstone, and 

gypsum that were deposited in a carbonate lagoon to sabkha environment.  The Upper 

Cretaceous-early Eocene succession thickens slightly toward the center of the Tajik Basin.  

Regionally extensive limestone beds in the Paleogene Bukhara Formation are consistent with 

late-stage thermal relaxation and relative sea-level rise following lithospheric extension.  Detrital 

zircon U-Pb age populations and relatively high percentages of mafic volcanic lithic fragments in 

sandstones suggest that extension-related igneous rocks in the Central Pamir were a sediment 

source during the Late Cretaceous.  The Upper Cretaceous-early Eocene succession is 
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characterized by a concave-up subsidence curve that can be interpreted as an extensional basin 

response to Tethyan slab roll-back/foundering. 

 The Upper Cretaceous-early Eocene succession is capped by a middle Eocene to early 

Oligocene (ca. 50-30 Ma) disconformity, which is interpreted to record the passage of a flexural 

forebulge.  The base of the hiatus is 10 Myr younger than estimates for the initiation of India-

Asia collision and overlaps with prograde metamorphism recorded in the Pamir gneiss domes.  

The overlying > 4 km thick upper Eocene-Neogene succession displays a classic, coarsening-

upward unroofing sequence characterized by accelerating subsidence, which we interpret as a 

retro-foreland basin associated with crustal thickening in the Pamir during India-Asia collision.  

Provenance data indicate that the Central Pamir terrane was a major sediment source by the late 

Paleogene and the South Pamir terrane was contributing sediment by the Miocene.   

 

Introduction 

 The modern Tajik Basin is a retro-foreland basin  related to flexural loading by the Pamir 

Mountains to the east and by the Tian Shan Mountains to the north and west (Burtman and 

Molnar, 1993) (Fig. 1).  Traditionally, foreland basin sedimentation in the Tajik Basin is 

regarded to have started during the Late Oligocene to Early Miocene, consistent with the onset of 

rapid subsidence and deposition of large volumes of coarse clastic sediment (Varentsov et al., 

1977; Leith, 1982; 1985; Nikolaev, 2002; Klocke et al., 2017).  However, Carrapa et al. (2015) 

suggested that the modern foreland basin system was in place by the middle Eocene and 

Hamburger et al. (1992) suggested that the foreland basin system initiated during the Late 

Jurassic to Early Cretaceous.  The timing of initial foreland basin sedimentation in the Tajik 
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Basin is important because it one of the primary geological indicators for the timing of uplift of 

the Pamir Mountains (Burtman and Molnar, 1993; Nikolaev, 2002).  

 Obfuscating the question of foreland basin initiation is a ≥3 km thick succession of 

Jurassic to lower Paleogene sedimentary rocks in the Tajik Basin that is commonly referred to as 

the “pre-orogenic” sequence.  Basin models previously proposed for these strata include: a 

cratonic basin, passive margin, back-arc basin, peripheral foreland basin, or retroarc foreland 

basin (Fig. 2) (Bratash, 1970; Varentsov et al., 1977; Chatelain et al., 1980; Tapponnier et al., 

1981; Sengor, 1984; Leith, 1985; Zonenshain et al., 1990; Hamburger et al., 1992; Burtman and 

Molnar, 1993; Burtman, 2000; Nikolaev, 2002; Ulmishek, 2004; Tevelev and Georgievskii, 

2012; Carrapa et al., 2015).  The wide variety of interpretations for a single basin suggests the 

possibility that the basin evolved in response to multiple tectonic mechanisms. 

 The goals of this study are to document the Mesozoic through Cenozoic stratigraphic and 

sedimentological record of the Tajik Basin, better resolve the nature of Jurassic-lower Paleogene 

sedimentation, place the basin in an actualistic tectonic context, and relate the basin history to the 

orogenic evolution of the Pamir Mountains.  To accomplish this, stratigraphic sections were 

measured across the Tajik Basin and detailed sedimentological, geochronological, petrologic, 

and subsidence analyses were undertaken on the easternmost (closest to the Pamir) measured 

section.  The results of the study indicate that the Tajik Basin was constructed by at least three 

main basin forming events: 1) retroarc foreland basin deposition during the Early to mid-

Cretaceous, 2) deposition in an extensional basin during the Late Cretaceous-early Eocene, and 

3) retro-foreland basin deposition during the Middle Eocene-modern. 

Geologic Setting 

Pamir Mountains 
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 The Pamir Mountains are the westernmost part of the Tibetan Plateau and bound the 

Tajik Basin to the east (Fig. 1).  The Pamir Mountains are composed of terranes that were 

constructed on or accreted to the southern margin of Asia during the late Paleozoic to early 

Mesozoic, including the Kunlun arc, Karakul-Mazar subduction-accretion complex, Central 

Pamir terrane, and South Pamir terrane (Burtman and Molnar, 1993; Schwab et al., 2004; 

Robinson, 2012).  The Kunlun arc was built on the southern edge of the Tajik-Tarim continent 

and is composed primarily of Late Devonian to Early Permian plutons and volcaniclastic 

metasedimentary rocks (Xiao et al., 2002; Schwab et al., 2004).  The Karakul-Mazar subduction-

accretion complex was constructed outboard of the Kunlun arc and is composed of Triassic 

metasedimentary and metavolcanic mélange extensively intruded by 230-210 Ma intermediate 

igneous rocks (Schwab et al., 2004; Robinson et al., 2007; 2012).  A compilation of detrital 

zircon U-Pb ages from the Pamir suggests that the Karakul-Mazar complex is characterized by a 

245-210 Ma age population (Chapman et al., 2018b).  Low-temperature thermochronological 

data from the Kunlun arc and Karakul-Mazar complex indicate moderate (< 10 km) exhumation 

since the Triassic, with minor pulses of exhumation during the Paleocene to early Eocene and 

during the Early Miocene (Amidon and Hynek, 2010).  Muscovite and biotite 40Ar/39Ar ages 

record a higher temperature cooling/exhumation event in the Karakul-Mazar complex during the 

mid-Cretaceous (ca. 100 Ma), which Robinson et al. (2004, 2007) interpreted to reflect crustal 

shortening.  The Kongur Shan-Muztaghata extensional fault system in the northeast Pamir cross-

cuts the Kunlun arc, Karakul-Mazar complex, and Central Pamir terrane and yields low- to mid-

temperature cooling ages that are younger than 10 Ma (Robinson et al., 2004; Cao et al., 2013; 

Thiede et al., 2013).   
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 The Central Pamir and South Pamir terranes are composed of a metamorphosed 

Paleozoic-Triassic passive margin sequence overlain by upper Mesozoic marine to continental 

sedimentary rocks (Schwab et al., 2004; Rutte et al., 2017a).  Major igneous complexes in the 

Central and South Pamir terranes include the South Pamir batholith, Upper Cretaceous mafic 

magmatism, and the Vanj magmatic complex (Chapman et al., 2018b).  The South Pamir 

batholith was constructed from 120-100 Ma during northward subduction of Tethyan oceanic 

lithosphere and is the largest source of detrital zircon in modern rivers draining the Pamir 

(Schwab et al., 2004; Lukens et al., 2012; Carrapa et al., 2014; Chapman et al., 2018b).  Intrusive 

and extrusive magmatism during the Late Cretaceous (80-70 Ma) is restricted to the Central 

Pamir terrane and northern South Pamir terrane, is low volume, relatively mafic, and interpreted 

to be related to regional extension and Neotethyan slab-roll back (Schwab et al., 2004; Chapman 

et al., 2018b).  The Eocene (45-35 Ma) Vanj magmatic complex is located in the western Pamir, 

crops out only in the Central Pamir and northern South Pamir terranes, and has been interpreted 

to be related to a small mantle drip or delamination event (Chapman et al., 2018b).   Both low 

and high temperature thermochronological ages from the Central and South Pamir terranes are 

dominated by a ca. 20-10 Ma age population that reflects the exhumation of the Pamir 

extensional gneiss domes (Stübner et al., 2013; Rutte et al., 2017b).  Outside of the gneiss 

domes, Cretaceous to early Paleogene bedrock cooling ages in the Central and South Pamir 

terranes indicate moderate (<10 km) exhumation (Stübner et al., 2013; Rutte et al., 2017b; 

Chapman et al., 2018a).  In addition to gneiss dome exhumation, detrital thermochronological 

data from modern rivers draining the Pamir indicate deeper exhumation of westward-facing 

drainage basins that may reflect an orographic effect on exhumation (Lukens et al., 2012; 

Carrapa et al., 2014).   
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 Active shortening is concentrated at the outer margin of the Pamir  and in the Tajik fold-

thrust belt (10-15 mm/yr; Ischuk et al., 2013), which is a thin-skinned, bivergent fold-thrust belt 

that propagated from both the Pamir and the Tian Shan into the Tajik Basin beginning in the 

Early Miocene (Chapman et al., 2017). 

 

Tian Shan 

 The Tian Shan bounds the Tajik Basin to the north and west and may be an important 

source of sediment.  Lithologies in the southern Tian Shan are dominated by Permian igneous 

and metamorphic rocks associated with the Gissar arc and by late Paleozoic meta-volcanic and 

metasedimentary rocks associated with the Zaravshan subduction-accretion complex (Käßner et 

al., 2016a; Worthington et al., 2017).  Compilations of detrital and in-situ zircon U-Pb data 

shows that the most significant zircon U-Pb age population in the southern Tian Shan is 290-300 

Ma, with no significant zircon age populations younger than ~250 Ma (Käßner et al., 2016a; 

Worthington et al., 2017).  Parts of the Tian Shan may have been actively eroding and supplying 

sediment during the early Mesozoic, but regional stratigraphic correlations suggest that by Late 

Jurassic to Early Cretaceous, sedimentary strata extended across the southern Tian Shan 

(Burtman, 2000).  Rare basaltic rocks were emplaced into sedimentary rocks in the southern Tian 

Shan during the Late Cretaceous (Simonov et al., 2008) and have been associated with a long-

lived (150-60 Ma) thermal overprint and possible extensional event in the region (Käßner et al., 

2016a).  Low-temperature thermochronological (apatite fission track and apatite (U-Th)/He) data 

suggest that the southern Tian Shan experienced relative tectonic quiescence from 150 to 15 Ma 

(Käßner et al., 2016b).  Uplift and erosion of the southern Tian Shan began during the early 

Miocene and has accelerated since ~10 Ma (DeGrave et al., 2012; Käßner et al., 2016b).   
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Stratigraphy of the Tajik Basin 

 Basement in the Tajik Basin consists of Proterozoic to Paleozoic continental crust that 

was accreted to Asia during the late Carboniferous to early Permian (Burtman and Molnar, 1993, 

Schwab et al., 2004).  Carboniferous to Permian igneous and metamorphic rocks associated with 

this subduction-accretion event are widely exposed in the Tian Shan (Fig. 1; Worthington et al., 

2017).  Permian and Triassic sedimentary rocks are locally present on the Tajik Basin margins 

and are thought to be locally present at depth (Nikolaev, 2002) (Fig. 1).  The Permian section is 

thin to absent in the Tian Shan and thickens to ~4 km in the North Pamir terrane (Leven, 1997).  

Permian rocks in the North Pamir terrane consist mainly of light gray bioclastic to reefal 

limestone and volcaniclastic rocks (Leven, 1997).  The Permian section generally exhibits an up-

section trend from deep-marine to marginal-marine facies (Angiolini et al., 2016).  Triassic rocks 

exposed on the margins of the Tajik Basin mainly consist of red sandstone and conglomerate 

interbedded with bimodal volcanic rocks (Brookfield and Hashmat, 2001).  Triassic strata have 

been interpreted as small rift basins (Nikolaev, 2002).   

 Basin-wide deposition began during the Jurassic.  Lower Jurassic rocks consist of fluvial 

sandstone, coal, and conglomerate (Brookfield and Hashmat, 2001).  The middle Jurassic section 

is dominated by shallow-marine carbonates that  thicken from 200 to 500 m in a southeastward 

direction, which is inferred to be the opening direction of the Jurassic seaway (Bratash et al., 

1970; Ulmishek, 2004).  Upper Jurassic rocks transition from carbonate to a several hundred 

meter thick evaporite succession that thins abruptly toward the northern margin of the basin 

(Fürsich et al., 2015).   



284 
 

 The Cretaceous section has been subdivided into many local formations (cf., Burtman, 

2000), although most previous workers divided and mapped the Cretaceous section by stage 

name (Vlasov et al., 1991) (Fig. 3).  Lower Cretaceous rocks consist primarily of nonmarine red 

sandstone and siltstone, locally interbedded with thin evaporate layers and freshwater lacustrine 

shale, marlstone, and dolostone toward the basin center (Djalilov, 1971).  The Lower Cretaceous 

section thickens eastward, from 300 to 600 m in the southwestern Tian Shan to ~1.5 km along 

the Pamir front (Varentsov et al., 1977; Burtman, 2000).  Upper Cretaceous rocks in the Tajik 

Basin record the first of several transgressive-regressive cycles of the Paratethys Sea that 

connected the Tarim and Tajik Basins (Bosboom et al., 2017).  Upper Cretaceous rocks consist 

primarily of dark gray to green, marine shale, limestone, and evaporite (Djalilov, 1971).  The 

Upper Cretaceous section thickens from 500-750 m in the central Tajik Basin to > 1 km adjacent 

the Pamir Mountains (Burtman et al., 2000).  

 Unlike the Cretaceous stratigraphy, local formation names or regionally correlated 

subdivision names are commonly used for Cenozoic strata in the Tajik Basin (Burtman et al., 

2000) (Fig. 3).  Paleocene rocks are lithologically similar to Upper Cretaceous rocks and include 

shallow marine limestone, calcareous mudstone, and minor evaporite (Davidzon et al., 1982).  

Thick (≤ 300 m) limestone beds in the Paleocene section are regionally extensive and known as 

the Bukhara (or Buhara) Formation (Nikolaev, 2002).  The Eocene in the Tajik Basin is < 400 m 

thick and consists of red to green mudstone interbedded with evaporite, carbonate rocks, and 

sandstone (Davidzon et al., 1982; Bosboom et al., 2017).  In many locations the Eocene is 

partially eroded and separated from the overlying Oligocene and younger section by a regional 

disconformity to slight angular unconformity (Burtman, 2000; Nikolaev, 2002).   
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 Oligocene and younger rocks in the Tajik Basin are commonly classified as the 

synorogenic assemblage (Bratash, 1970; Burtman and Molnar, 1993; Nikolaev, 2002; Klocke et 

al., 2017).  At the base of the synorogenic assemblage is the Oligocene Baldshuan Formation, 

which is subdivided into the Shurysay, Kamolin, and Childara Members (Fig. 3).  The Shurysay 

Member consists of ≤ 300 m of alternating fine-grained red sandstone, mudstone, and gypsum 

(Varentsov et al., 1977).  The Kamolin Member consists of ≤ 400 m of cross-bedded, coarse-

grained sandstone and conglomerate (Klocke et al., 2017).  The Childara Member consists of ≤ 

800 m of fine- to medium-grained red sandstone, siltstone, and minor conglomerate (Klocke et 

al., 2017).  Conformably overlying the Baldshuan Formation is the Miocene Chingou Formation, 

which consists of regularly alternating beds of fine-grained red sandstone and conglomerate that 

locally exceed 2 km in aggregate thickness (Klocke et al., 2017).  The Upper Miocene Tavildara 

Formation is composed of ≤ 5 km of massive, cliff-forming pebble-cobble conglomerate with 

rare thin beds of fine-grained red sandstone (Lukens et al., 2012; Klocke et al., 2017).  

Unconformably overlying the Tavildara Formation are the Pliocene Karanak and Polizak 

Formations, which are ≤ 3 km thick and consist of light gray cobble-boulder conglomerate 

(Nikolaev, 2002).   

 

Origin of the Late Jurassic – Early Paleogene Tajik Basin 

  Several contrasting basin models have been proposed to explain the late Jurassic 

to early Paleogene Tajik Basin (Fig. 2).  A cratonic basin (also termed intracratonic or sag basin) 

is the most widely-cited origin for the Mesozoic Tajik Basin (Burtman and Molnar, 1993; 

Burtman, 2000; Nikolaev, 2002; Ulmishek, 2004; Schneider et al., 2013).  This basin 

classification originated in the Soviet literature and largely predates modern basin classification 
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schemes (Bratash, 1970; Varentsov et al., 1977).  Burtman and Molnar (1993) suggested that 

Paleozoic shortening and crustal thickening of the Tajik microcontinent resulted in a high plateau 

that may have collapsed by crustal extension during the Triassic.  They proposed that following 

extension, the basin subsided thermally from the Jurassic until the Late Oligocene to Early 

Miocene.   

 Thermal subsidence since the mid-Mesozoic was also proposed by Leith (1982, 1985), 

who suggested that concave-up subsidence curves during the Cretaceous are indicative of crustal 

stretching.  Leith (1985) proposed that the Mesozoic to Early Miocene Tajik Basin originated as 

a passive margin that transitioned southward into an open ocean (Fig. 2).  Large changes in the 

thickness of the Cretaceous section over short distances in the Tajik Basin were used to support a 

rift-margin geometry (Leith, 1985).  Subsequent structural studies, however, have shown that the 

abrupt thinning of Cretaceous strata is a result of thrust displacement in the Tajik thrust belt 

(Hamburger et al., 1992; Chapman et al., 2017). 

 Another model for the Mesozoic Tajik Basin is a back-arc basin (Fig. 2) (Chatelain et al., 

1980; Tapponnier et al., 1981; Zonenshain et al., 1990; Tevelev and Georgievskii, 2012).  During 

the late Paleozoic, north-directed subduction of Paleo-Tethyan oceanic lithosphere occurred 

along the southern margin of the Tajik-Tarim continent to construct the Kunlun arc (Tapponnier 

et al., 1981; Boulin, 1988).  Triassic extension of the Turan platform and Tajik Basin has been 

associated with slab roll-back or steepening in this subduction system (Brookfield and Hashmat, 

2001) and some authors have suggested that extension in the Tajik Basin may have continued 

into the Cretaceous (Tevelev and Georgievskii, 2012).  The back-arc basin model is based 

largely on regional comparisons to the Black Sea and South Caspian Sea that are underlain by 

oceanic crust (Zonenshain and Le Pichon, 1986).  Recent geophysical studies have shown that 
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the Tajik Basin is underlain by 32-37 km thick continental crust (excluding sediment thickness, 

total crustal thickness = 40-45 km) (Schneider et al., 2013; Sippl et al., 2013).   

 Finally, the Upper Jurassic to lower Paleogene Tajik Basin may be a foreland basin 

(Sengor, 1984; Hamburger et al., 1992; Carrapa et al., 2015).  The southern Asian margin 

experienced significant deformation during the Mesozoic as a series of continental blocks 

accreted to the margin and during subduction of Tethyan oceanic lithosphere (Sengor, 1984; 

Schwab et al., 2004; Angiolini et al., 2013).  Hamburger et al. (1992) noted that sedimentation 

rates increased during the Late Jurassic to Early Cretaceous in the Tajik Basin and that 

Cretaceous rocks have a southerly source that may be related to terrane accretion events (e.g., 

Cimmerian orogeny; Angiolini et al., 2013) in the interior of the Pamir-Hindu Kush orogenic 

system.  This model suggests that the Mesozoic Tajik basin is a peripheral foreland basin 

associated with southward underthrusting of Asian crust beneath the Pamir (Fig. 2).  Similarly, 

data from the western Tarim Basin, along the southern Tian Shan margin, indicate flexural 

subsidence throughout most of the Mesozoic (Hendrix et al., 1992).  These results allow for the 

Mesozoic Tajik Basin to be a peripheral foreland basin associated with the Tian Shan.  Early to 

mid-Cretaceous shortening and crustal thickening have also been reported in the Pamir interior 

associated with the northward subduction of Tethyan oceanic lithosphere (Robinson, 2015; 

Chapman et al., 2018a).  In this scenario the Mesozoic Tajik Basin may be a retroarc foreland 

basin system located inland of the Cretaceous Karakoram/South Pamir continental arc (Fig. 2) 

(Chapman et al., 2018b). 

 

Sedimentology and Stratigraphy 

Section Descriptions 
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 In order to understand the evolution of the Tajik Basin, we measured four new 

stratigraphic sections within the Tajik Basin: the Dashtijumb (Fig. 4), Lattaband (Fig. 5), Khlitoy 

(Fig. 6), and Shar Shar Pass (Fig. 6) sections.  Sedimentological and stratigraphic data were 

collected from each section and include lithofacies, bedding characteristics, and paleocurrent 

measurements.  The Lattaband section is located near the Uzbekistan-Tajikistan border and is the 

section most distal to the Pamir.  The Lattaband section is ~1450 m thick, starts in the Lower 

Cretaceous and ends in the Paleocene to lower Eocene (Fig. 4).  The Khlitoy (~750 m thick) and 

Shar Shar Pass (~250 m thick) sections are located in the central Tajik Basin (Fig. 6). 

 The ~ 6 km thick Dashtijum section is the main focus of this paper and is the most 

proximal section to the Pamir Mountains.  The section is located in the Sangoba stream valley, a 

tributary of the Obimino River, which is located in the Dashtijum nature preserve.  The 

Dashtijum section starts in Lower Cretaceous strata and ends in Miocene strata (Fig. 7).  The 

following descriptions and interpretations of sedimentary formations are based mainly on 

observations and data collected from the Dashtijum section.  Type sections of three newly-

defined formations (Schuchi-poyon, Hasarak-bolo, and Sangoba Formations) are within the 

Dashtijum section.   

 

Schuchi-poyon Formation 

Description 

 The Dastijum measured section starts in a ~10 m thick gypsum bed that Vlasov (1964) 

regionally interpreted to be Albian in age.  The base of the Schuchi-poyon Formation is defined 

here as the first sandstone bed that occurs above the gypsum bed (Fig. 4).  No other evaporitic 

deposits were observed in the Schuchi-poyon Formation.  The unit consists of ~780 m of 

siliciclastic strata including lenticular to tabular sandstone bodies alternating with maroon to dark 
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red siltstone.  The Schuchi-poyon Formation may be correlative with the local Talhab, 

Gaxdagan, Tagarin, Karikansau, Tubegatan, Shirabad, Akkapchingay, Babatag, and Derbent 

Formations within the Tajik Basin (Djalilov, 1971; Burtman, 2000).  The Schuchi-poyon 

Formation is named for a hamlet located north of the Sangoba valley (Fig. 7) 

 The lower part of the Schuchi-poyon Formation (55-500 m level; Fig. 4) is composed of 

numerous 0.5-6 m thick, upward fining sandstone intervals interbedded with siltstone.  The 

sandstone bodies are generally medium-grained, contain large scale (typical thickness 0.5-1 m) 

trough and planar cross-stratification, and have erosional bases.  Low-angle (< 5°) cross-

stratification is also present in the sandstone units.  Mudstone intraclasts and pebbly 

conglomerate lags are common at the bases of these sandstone bodies (Fig. 8A).  Individual beds 

with cross-stratification are up to ca. 3 m thick. Bioturbation is common, including vertical 

burrows (Fig. 8B).  Relatively thin (<0.5 m), medium-to fine-grained tabular sandstone beds with 

vague horizontal stratification are interbedded with siltstone.  Locally, sandstone bodies with 

large trough cross-strata display inversely graded laminae that are composed of frosted grains 

(Fig. 8C).  Djalilov (1971) and Starshinin (1972) both noted a conglomeratic layer (interpreted as 

Cenomanian in age) in nearby sedimentary sections, which may be correlative with a prominent, 

~2 m thick, pebbly conglomerate layer in the Dashtijum section (ca. 380 m level).  Clast counts 

from the Schuchi-poyon Formation show that conglomerates are dominated by siltstone (mainly 

intraclasts) and sandstone clasts.  The first appearance of limestone clasts occurs at the 625 m 

level in the measured section (Fig. 4).   

 The sandstone/siltstone ratio in the Schuchi-poyon Formation increases sharply above the 

ca. 500 m level (Fig. 4).  Sandstone bodies are medium-grained and occur in 1-3 m thick simple 

or amalgamated units, either isolated or more commonly amalgamated vertically to form 
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laterally extensive packages separated by thin siltstone layers (Fig. 8E).  Sandstone beds are 

generally horizontally stratified, but occasionally display large amplitude (≤ 1 m) trough cross-

stratification (Fig. 8D) and penecontemporaneous deformation structures (Fig. 8F).  Above the 

ca. 690 m level, the Schuchi-poyon Formation contains numerous thick (≤ 5 m), massive 

sandstone beds that are pervasively bioturbated and contain carbonate nodules.  Carbonate 

nodules are up to a few 10s of cm in diameter, have convoluted shapes, and rarely occur in well-

defined beds or layers (Fig. 8G).  More commonly, they are concentrated into zones that cross-

cut bedding and have reduction halos.  The upper Schuchi-poyon Formation, which contains 

abundant carbonate nodules, may be equivalent with carbonate-bearing strata in nearby 

sedimentary sections that were interpreted to be Turonian to lower Coniacian in age (Djalilov, 

1971; Starshinin, 1972).   

 

Interpretation 

 We interpret the Schuchi-poyon Formation to be fluvial channel and overbank deposits 

(e.g., Miall, 1996).  The trough cross-stratified sandstone bodies below the 500 m level of the 

section with mudstone intraclasts and basal gravel conglomerate lags are typical of meandering 

fluvial channel deposits (Smith, 1987).  Up to 3 m thick sandstone beds with low-angle cross-

stratification are interpreted as accretion sets in a point bar system (Allen, 1964).  Internal scour 

surfaces within sandstone beds indicate periods of channel reoccupation.  Thinner tabular 

sandstone beds with predominantly horizontal laminations that are interbedded with siltstone are 

interpreted as levee or crevasse splay deposits adjacent to the channel systems (Bristow et al., 

1999).  Localized beds of massive to trough cross-stratified sandstone containing frosted grains 

and inversely-graded layers are interpreted to be grain-flow deposits that formed in small eolian 

dunes (Hunter, 1977) on a fluvial floodplain.  The upper part (670-820 m level; Fig. 4) of the 
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Schuchi-poyon Formation that contains widespread bioturbation and carbonate nodules is 

consistent with paleosol development on a sandy floodplain (Bown and Kraus, 1987).  The size, 

shape, and concentrated nature of the carbonate nodules may be associated with calcareous 

rhizoconcretions (Klappa, 1980) and the development of Calcisols, which can be distinguished 

by horizons of carbonate dissolution/leaching and reprecipitation/accumulation (Mack et al., 

1993; Quade et al., 1995).   

 

Hasarak-bolo Formation 

Description 

 The top of the Schuchi-poyon Formation and the base of the Hasarak-bolo Formation 

(837 m level; Fig. 4) is defined here by a topographic break and the abrupt appearance of 

predominantly fine-grained lithofacies.  The Hasarak-bolo Formation may be correlative with the 

local Sarykamysh, Kattakamysh, Akrabat, Modun, Muzrabat, and Disgiryak Formations in the 

Tajik Basin (Djalilov, 1971; Burtman, 2000).  The Hasarak-bolo Formation is named after a 

village located south of the Sangoba Valley. 

 The unit is ~500 m thick and consists of siliciclastic strata including massive, 

maroon/green (often mottled) siltstone interbedded with widely spaced, thin (≤ 0.5 m) tabular, 

fine-grained sandstone bodies (Fig. 8H).  Most sandstone beds have horizontal laminae or exhibit 

climbing and oscillatory-current ripple cross-stratification (Fig. 8K), including wavy and flaser 

bedding (Fig. 8L).  Trough cross-stratification in sandstone bodies is less common, but where 

present is medium- to large-scale (≤ 0.5 m).  Dewatering structures are locally present (Fig. 8M).  

Bioturbation is common and fossils include bivalves in siltstone lithofacies, Ophiomorpha 

burrows (Fig. 8J), Teichichnus burrows (Fig. 8N), and root traces (Fig. 8I).  Detrital 

carbonaceous material (coal) is also observed.  Thin evaporitic layers containing bedded gypsum 
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and gypsum nodules were observed at the ~1200 m level (Fig. 4), which may correlate with 

isolated gypsum beds in nearby sedimentary sections interpreted by Starshinin (1972) to mark 

the base of the Campanian.  Large, sandstone-filled desiccation cracks are common in the upper 

part of the formation (Fig. 8O).  The upper ca. 100 m of the Hasarak-bolo Formation displays an 

up-section increase in sand content.  Sandstones in this interval consist of fine-grained, 

horizontally laminated to rippled sandstones with variable bioturbation that are overlain by thin 

bodies of fining-upward trough cross-stratified sandstone that are also commonly bioturbated. 

 

Interpretation 

 The Hasarak-bolo Formation contains sedimentological evidence of deposition under 

tidal influence in a marginal-marine setting, perhaps in an estuarine system (Dalrymple et al., 

1992).  The fine-grained lithofacies that comprise the majority of the unit are consistent with 

deposition in a tidal-flat environment (Reineck and Singh, 1980).  Desiccation cracks and 

evaporitic layers suggest episodic subaerial exposure and drying.  Root traces, bioturbation, red-

green mottling, and carbonaceous debris are consistent with plant colonization on exposed 

supratidal flats (Reineck and Singh, 1980).  Broadly lenticular sandstone bodies with ripple 

cross-stratification, mud drapes, occasional trough cross-stratification, and erosive bases are 

interpreted as tidal channels and bars (Reineck and Wunderlich, 1968).  Ophiomorpha and 

Teichichnus burrows suggest deposition in an intertidal to subtidal estuarine tidal bar system 

(Pollard et al., 1993; Knaust, 2018).  The upper ca. 100 m of the Hasarak-bolo Formation that 

consists of fine-grained, horizontally laminated sandstone is interpreted as upper flow-regime 

deposition on sand flats and tidal bars.  The overlying trough cross-stratified sandstone intervals 

are interpreted as a tidal-fluvial channel network (Dalrymple et al., 1990). 
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Sangoba Formation 

Description 

 The top of the Hasarak-bolo Formation (1338 m level; Fig. 4) is defined by a conspicuous 

color and lithologic change, from pink sandstone to dark green laminated mudstone of the 

Sangoba Formation (Fig. 9A).  The Sangoba Formation may be correlative with the local 

Bulgarin, Udantau, and Daralitau Formations in the Tajik Basin (Djalilov, 1971; Davidzon et al., 

1982) and includes part or all of the Akdjar Formation, which has been correlated throughout 

Central Asia (Burtman, 2000; Bosboom et al., 2017).  The Sangoba Formation is named for the 

Sangoba stream valley.   

 The Sangoba Formation is divided into three informal members based on lithofacies.  The 

lower member is ~180 m thick and composed of dark green, organic-rich, laminated to massive 

silty mudstone interbedded with thin (2-40 cm), occasionally fossiliferous, yellow-green fine- to 

medium-grained sandstone beds (Fig. 9C).  Fossiliferous sandstone beds commonly include a 

fossil shell hash at the base.  A few thin (~0.5 m) matrix-supported (green mudstone matrix), 

sub-rounded pebble conglomerate beds are present (Fig. 9B).  Thicker (>1 m) sandstone beds 

with ripple cross-stratification are present near the top of the lower member, which is transitional 

with the middle member.   

 The base of the middle member of the Sangoba Formation (1516 m level; Fig. 4) is 

defined as the base of a prominent, ridge-forming, ~15 m thick sandstone body with low-angle 

trough cross-stratification.  The bed has a bimodal grain size distribution of coarse-grained 

sandstone intercalated with thin (≤ 0.5 m) conglomeratic layers.  The middle member is ~115 m 

thick and is composed mostly of maroon-brown siltstone and interbedded, pink sandstone 

intervals (Fig. 9D).  The member is distinguished by its red-brown color, which contrasts with 

the lower and upper members of the Sangoba Formation.  Siltstone intervals in the middle 
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member are generally massive and locally mottled.  Ripple and trough cross-stratification, and 

horizontal lamination are all common in middle Sangoba sandstone beds.  The 

sandstone/siltstone ratio, sandstone bed thickness, and overall grain-size increase up-section.   

Massive and horizontally stratified sandstone beds are more common in the lower part of the 

member and sedimentary features include Skolithos ichnofacies (Fig. 9E), flute casts (Fig. 9F), 

and carbonaceous debris (coal).  Trough cross-stratification is most common in the upper part of 

the member and sandstone beds often fine upward with a gravel to pebble lag at the base (Fig. 

9G).  Conglomerate in the upper part of the middle member is compositionally immature and 

contains the first granitic clasts in the Dashtijum section.   

 The contact between the middle and upper members of the Sangoba Formation (1633 m; 

Fig. 4) is defined by a change from red-brown massive siltstone in the middle member to gray-

green laminated mudstone and the appearance of thick (> 1 m) limestone beds.  Similar thick 

limestone beds in nearby sedimentary sections were previously interpreted to mark the start of 

the Maastrichtian (Djalilov, 1971; Starshinin, 1972).  Laminated mudstone and marlstone layers 

in the lower part of the member contain algal laminae, coal lenses, and isolated vertical burrows 

(Fig. 9H).  The limestone beds in the lower part of the member contain concentrated shell beds 

and locally display convoluted lamination (Fig. 9I).  The upper part of the upper member is 

composed chiefly of massive, light green-gray mudstone interbedded with yellow-green, fine-

grained sandstone with calcareous cement and carbonate concretions/nodules (Fig. 9J).  

Sandstone beds are tabular, up to ~2m thick, and rarely amalgamated.  Bioturbation is common 

in both the mudstone and sandstone layers and trace fossils are often enriched in calcite and 

appear micritic (Fig. 9K).  Fossiliferous shell beds, including bivalves and grastropods, are 

common in the fine-grained sandstone beds (Fig. 9L).   
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Interpretation 

 The Sangoba Formation represents a major transgressive event and may correlate with 

the second (of five total) marine incursion into the Tajik-Tarim Basin since the Late Mesozoic 

(Bosboom et al., 2013; 2017).  The lower member of the Sangoba Formation is interpreted to 

have been deposited in a low-gradient, mud-dominated shelf/ramp environment (Varban and 

Plint, 2008).  The scarcity of bioturbation and high inferred organic content could indicate that 

bottom waters were dysoxic (Sageman et al., 2003).  Isolated and thin (<0.5 m) sandstone bodies, 

locally exhibiting ripple cross-stratification, are interpreted as deposits of episodic storm-

generated flows (Snedden et al., 1988).  Rippled sandstone beds indicate water depths above 

storm wave base.  Thicker (>2 m) sandstone bodies that transition from planar laminae at the 

base to ripple cross-stratification at the top are interpreted as the deposits of combined flows 

during waning storms (e.g., Duke, 1990).  Fossiliferous sandstones that include a basal fossil 

hash are also interpreted as storm deposits (Myrow and Southard, 1996).  The matrix-supported 

conglomerate beds near the base of the upper member (Fig. 9B) are interpreted as subaqueous 

debris flows (Lowe, 1979).   

 The middle member of the Sangoba Formation exhibits a wide range of sedimentary 

features and is interpreted as an overall progradational shoreface sequence ranging in paleo-

water depth from the lower shoreface to a fluvial system at the top of the member.  The thick, 

trough cross-stratified sandstone at the base of the member with a bimodal grain size distribution 

is consistent with deposition in a wave-dominated shoreface (Clifton et al., 1981; DeCelles, 

1987; Hart and Plint, 1995; Hampson and Storms, 2003).  Skolithos burrows also support a 

shoreface environment (Ekdale, 1985).  The middle part (~1540-1570 m) of the middle member, 

which is characterized by massive red-brown to mottled siltstone interbedded with fine-grained 
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sandstone that occasionally contains coal clasts, may record deposition in estuarine to tidal 

environments (Dalrymple et al., 1992).  Amalgamated trough cross-stratified sandstone beds 

with conglomerate lags at the top of the middle member are interpreted as fluvial deposits (Miall, 

1996).  Poorly-sorted, clast-supported pebble conglomerates with a sandy matrix in the upper 

part of the member are also interpreted to be fluvial in origin. 

 The upper member of the Sangoba Formation is interpreted as marginal marine to 

lagoonal deposits.  In the lower part of the member, mudstone with coal debris and algal laminae 

mixed with laminated limestone beds are consistent with deposition in a lagoonal setting 

(Kendall, 1968).  The laminated limestone beds are interpreted as peritidal or lagoonal carbonate 

(Wright, 1984).  In the upper part of the member, interbedded mudstone and fine-grained 

sandstone are typical of inner shelf (lower shoreface to offshore) deposition in a marginal marine 

setting (Swift et al., 1987).  Extensive bioturbation, locally fossiliferous fine-grained sandstone 

beds, the lack of sedimentary structures, and the large amount of fine-grained sediment suggest 

deposition mainly below fairweather wave-base (Reading and Collinson, 1996).  Fossil 

assemblages (rudists, ostracods, echinoid remains, and calcareous nannofossils) in sample DSH-

16-24 from the upper member of Sangoba Formation suggest a low to moderate energy 

carbonate ramp environment located above mean storm wave-base (see Micropaleontology 

section below).   

 

Bukhara Fm. 

Description 

 The base of the Bukhara Formation (~1860 m level; Fig.4) is defined by the 

disappearance of fine-grained calcareous sandstone beds and the appearance of thick (>1 m) 

fossiliferous limestone beds.  The Bukhara Formation in the Dashtijum section is ~315 m thick 
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and composed of limestone interbedded with siltstone, mudstone, and gypsum.  The Bukhara 

Formation as defined in the Dashtijum section may include part or all of the Turkestan, Alay, and 

Suzak Formations (Bosboom et al., 2017). Limestone in the lower part of the unit is fossiliferous 

and contains layers of glauconitic and oolitic limestone.  These lower limestone beds are 

interbedded with laminated, yellow-green siltstone to mudstone that contain thin (up to a few 

cm) lenses of coal (Fig. 9M).  Some siltstone layers are fossiliferous and include rare shell hash 

beds.  Limestone in the upper part of the unit is less fossiliferous and generally intraclastic (Fig. 

9N).  Thin conglomerate beds composed of limestone clasts with a carbonate mud matrix are 

locally present.  At the very top of the unit is a clay-rich marlstone.  Interbedded with the upper 

limestone beds are laminated to massive, dark-gray to green siltstone and mudstone.  Carbonate 

concretions and nodules are occasionally present in siltstone layers.  The Bukhara Formation 

contains a prominent 10-15 m thick layer of gypsum interbedded with thin layers of red siltstone 

(Fig. 9O).  A similar succession of interbedded limestone, siltstone, and gypsum in a nearby 

sedimentary section was interpreted by Davidzon (1982) as Late Paleocene in age.  The top of 

the Bukhara Formation in the Dashtijum section is covered.  

 

Interpretation 

 We interpret the Bukhara Formation to have been deposited in a carbonate lagoon/bay to 

sabkha environment, equivalent to coastal areas surrounding the modern Persian Gulf (Evans, 

1969; Purser and Seibold, 1973).  The association of carbonate, evaporite, and siltstone is 

common to sabkha-type environments (Handford, 1981; Alsharhan and Kendall; 2003).  The 

assemblage of glauconitic limestone and oolitic limestone interbedded with calcareous laminated 

siltstone containing coal lenses in the lower part of the Bukhara Formation is interpreted as 

lagoonal deposits.  Although glauconite is most commonly associated with mid-shelf to upper 
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slope water depths (Odin and Matter, 1981) it also forms in shallow-water marginal marine 

environments, including lagoons (Chafetz and Reid, 2000; Banerjee et al., 2012).  Pelleted lime 

mud accumulating today in lagoons around Abu Dhabi (Alsharhan and Kendall, 2003) may be a 

modern analog for the glauconitic limestone in the lower part of the Bukhara Formation.  Oolitic 

limestone has also been documented in lagoon settings (Bathurst, 1967) and modern ooids in the 

Persian Gulf sabkha system are common on high-energy shoals, beach barriers, tidal channels, 

and landward lagoon shorefaces (Kendall and Skipwith, 1969).  The laminated siltstone beds 

with coal lenses in the Dashtijum section are consistent with deposition in a tidal flat setting, 

similar to the mangrove swamps in protected areas of the Persian Gulf today (Kendall, 1968).  

Interclastic limestone and limestone breccia layers in the Bukhara Formation are interpreted as 

carbonate tempestites (Aigner, 1982).  Tempestites and intraclastic carbonates can form in a 

variety of settings, but the interbedded, dark gray laminated mudstone suggests an organic-rich, 

low-energy, restricted environment, which is consistent with deposition in lagoon or bay (Kenig 

et al., 1990).  Ostracod assemblages in samples DSH-16-26 and DSH-16-28 from the Bukhara 

Formation are typical of very proximal marine to transitional conditions with high-salinity 

fluctuations, which also supports a lagoon to peritidal depositional environment (see 

Micropaleontology section below).  Calcareous nannofossils (including benthic to planktonic 

foraminifera) are notably scarce or absent in samples DSH-16-26 and DSH-16-28 and rare rudist 

fragments could have been transported landward during storm events (see Micropaleontology 

section below).  Evaporite interbedded with red siltstone is characteristic of coastal sabkhas and 

reflects deposition in a wadi plain to saline mud flat or salt pan environment (Kinsman, 1969; 

Handford, 1981; Alsharhan and Kendall; 2003).   
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Baldshuan Fm. 

Description 

 Abrupt changes in color and lithology mark the basal contact of Shurysay Member of the 

Baldshuan Formation.  In the Dashtijum section, the contact and much of the Shurysay Member 

are obscured by landslides on both sides of the valley.  From a distance, the Shurysay Member 

was observed on a ridgeline to consist principally of recessive orange-red siltstone with minor 

interbedded sandstone and conglomerate.  Vlasov et al. (1991) mapped the contact between the 

Bukhara Formation and the Shurysay Member in the Dashtijum region as a bedding-parallel 

reverse fault that extends along strike for at least 50 km.  However, we did not observe any 

significant discordance in the orientation of bedding across the contact, or any evidence for 

faulting, and we interpret the contact as an unconformity.  This interpretation is consistent with 

several previous sedimentological studies in the Tajik Basin that document a regional 

unconformity that removes a significant part of the Eocene section (Bratash, 1970; Varentsov et 

al., 1977; Davidzon et al., 1982; Burtman, 2000; Nikolaev, 2002).  The estimated thickness of 

the Shurysay member is ~210 m in the Dashtijum section.  

 The base of the Kamolin Member of the Baldshuan Formation is locally defined (~2385 

m level, Fig. 4) as the bottom of a thick (~5 m) coarse-grained sandstone to pebble conglomerate 

bed with trough cross-stratification (Fig. 10A).  The Kamolin Member is distinguished from the 

Shurysay Member by a greater proportion and thickness of sandstone and conglomerate beds 

compared to siltstone layers.  Fine-grained rocks in the Kamolin Member are chiefly laminated, 

orange-red siltstone and mudstone.  Siltstone layers are generally tabular, but include lenticular 

bodies that fill scours cut into the underlying strata. Locally, multi-colored laminated siltstone 

(Fig. 10B), thin (≤ 10 cm) marlstone beds, and carbonate nodules are present.  Two sandstone 

lithofacies are common: 1) medium- to fine-grained, horizontally laminated, lenticular sandstone 
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bodies that interfinger with, or occur as lenses within, thicker conglomerate beds (Fig. 10C); 2) 

very coarse- to medium-grained, upward fining, trough cross-stratified sandstone bodies with 

gravel to pebble conglomerate lenses.  Thick (up to ~15 m), clast-supported, pebble-cobble 

conglomerate layers are the most characteristic feature of the Kamolin Member (Fig. 10D).  

Conglomerate beds are generally well-organized, horizontally stratified, imbricated, and tend to 

be amalgamated into 20-50 m thick, laterally persistent, cliff-forming units.  Granitic clasts are 

common and metamorphic clasts and recycled conglomerate clasts appear for the first time at 

this level in the Dashtijum section.   

 The Childara Member of the Baldshuan Formation is generally finer-grained than the 

Kamolin member and is composed primarily of stacked, fine- to medium-grained sandstone beds 

that fine upward to siltstone (Fig. 4).  The sandstone beds are up to several meters thick and 

interbedded with red-brown massive siltstone.  Carbonate nodules (Fig. 10F) and evidence for 

bioturbation, including root traces (Fig. 10G), in sandstone and siltstone beds are pervasive 

throughout the Childara Member.  Occasional conglomeratic lenses within upward fining 

sandstone beds suggest that the sandstone was originally stratified before bioturbation.  Where 

sandstone bodies have not been disrupted by bioturbation or growth of carbonate nodules, they 

tend to be horizontally stratified.  In several locations, thin (< 15 cm), yellow-white marlstone 

beds (Fig. 10E) extend laterally for up to a few tens of meters.  Conglomerate beds in the 

Childara Member are generally thin (≤ 2 m), lenticular (with steep margins and sharp, erosive 

bases), well-organized, clast-supported, massive, and rarely have clasts larger than pebble-size.  

Conglomerate layers locally display trough cross-stratification, imbrication, and contain lenses of 

sandstone. 

 



301 
 

Interpretation 

 Our limited observations of the Shurysay Member of the Baldshaun Formation support 

the previous interpretation of Klocke et al. (2017) who suggested that deposition occurred in 

shallow fluvial channels and on floodplains dominated by sheet floods.  The Kamolin Member is 

interpreted to have been deposited in a gravelly braided fluvial system (Miall, 1996).  Multi-story 

conglomerate deposits composed of horizontally laminated, clast-supported conglomerate beds 

with numerous internal erosional surfaces are typical of gravel sheets and longitudinal bars in a 

braided river system (Boothroyd and Ashley, 1975; Hein and Walker, 1977).  Horizontally 

laminated sandstone lenses within conglomerate layers indicate deposition in temporarily 

abandoned channels (Miall, 1977).  Individual conglomerate beds up to a few meters thick 

suggest that deposition occurred in a moderately large river system (Leopold and Maddock, 

1953).  Laminated siltstone and mudstone are interpreted to be overbank deposits. 

 In the Childara Member of the Baldshuan Formation, the thick zone (> 300 m) of 

carbonate nodules, bioturbation, and variegated colors associated with the redistribution of iron 

and magnesium compounds is indicative of numerous superimposed paleosols (Bown and Kraus, 

1987).  The carbonate nodules represent of calcic paleosols (Mack et al., 1993) and some of the 

thin, uneven carbonate beds associated with the nodules are interpreted as calcrete (Wright et al., 

1988).  Paleosol development occurs in both sandstone and siltstone bodies, but was not found in 

conglomerate layers.  The Childara Member is interpreted to have been deposited in a shallow, 

braided to anastomosing, mixed sandy-gravelly fluvial environment (Rust, 1972; Miall, 1996).  

The relatively smaller overall grain size (compared to the underlying Kamolin Member and 

overlying Chingou Formation) in the Childara Member may indicate deposition in a more distal 

basin position, reduction in accommodation space, or a less vigorous hydro-climatic regime 

(Heller and Paola, 1992; Wright and Marriott, 1993).  Periodic channel abandonment or 
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ephemeral deposition may have been common because paleosols commonly occur directly on the 

top of channel deposits, which is common in anastomosing fluvial systems (Smith, 1983; 1986).  

Siltstone and horizontally laminated fine-grained sandstone bodies are interpreted to have been 

deposited in a floodplain setting.  The thin marlstone layers are interpreted as small ephemeral 

lacustrine systems that formed within an alluvial plain (Nichols and Hirst, 1998), also common 

in anastomosing fluvial environments (Smith, 1983; 1986).   

 

Chingou Fm. 

Description 

 The base of the Chingou Formation (~3338 m level, Fig. 4) is defined by the appearance 

of large pebble to cobble conglomerates that form prominent topographic ridges and cliffs.  The 

Chingou Formation is mainly composed of gray, clast-supported, well-rounded conglomerate 

and interbedded orange-pink massive siltstone to very fine-grained sandstone.  The alternating 

lithologies result in a corrugated relief pattern in outcrop (Fig. 10J).  Sandstone layers are 

generally thin (< 2 m) and trough cross-bedded; however, sandstone is almost completely absent 

from the middle-upper part of the unit, except for small coarse-grained lenses enclosed by 

conglomerate.  Individual conglomerate bodies are well-organized, laterally extensive (at least 

several 10’s of meters), have sharp, erosive bases (Fig. 10I), and amalgamate into thick (≤ 40 m) 

tabular packages.  Up to cobble-size granitic clasts are conspicuous.  Some conglomerate layers 

show crude horizontal stratification, normal grading, and clast imbrication.  Siltstone layers 

extend laterally for up to a few hundred meters.  The total thickness of the Chingou Formation is 

~980 m in the Dashtijum section.   
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Interpretation 

 The Chingou Formation is interpreted as the deposits of a gravel-bed braided river system 

(Miall, 1977).  Thick, clast-supported conglomerate packages are consistent with stacked and 

laterally amalgamated channels (Smith, 1990).  Horizontal stratification with normal grading is 

interpreted to be related to migrating longitudinal gravel bars and gravel sheets in a bedload 

dominated, shallow channel network (Rust, 1972; 1978).  Sandstone lenses enclosed by 

conglomerate are interpreted as bar-top deposits (Bristow, 1993).  Massive siltstone layers are 

interpreted as floodplain deposits and sharp, erosive contacts between siltstone layers and 

overlying conglomerate suggests rapid migration or avulsion of channels (Bristow and Best, 

1993).   

 

Tavildara Fm. 

Description 

 The Tavildara Formation is transitional with the clonglomeratic upper Chingou 

Formation, but can be distinguished by the disappearance of interbedded siltstone layers, an 

increase in maximum clast size (up to small boulder), and by less well-organized conglomerate 

lithofacies.  Amalgamated conglomerate units in the Tavildara Formation can be over 100 m 

thick with limited internal erosional surfaces.  On the outcrop scale (a few square meters) 

conglomerate beds are poorly-sorted and crudely horizontally stratified to massive (Fig. 10K).  

However, organization and normal grading in individual beds (up to >10 m thick) is often 

apparent from a distance (e.g., face of a cliff; Fig. 10L).  Conglomerate bodies have sharp, 

erosive bases, commonly with furrows.  Clasts are generally sub-rounded and occasionally 

imbricated.  The matrix is composed of medium- to very coarse-grained sandstone.  Matrix-

supported conglomerate is rare.  The dip of bedding decreases from sub-vertical near the base of 
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the unit to ~50°W near the top of the Dashtijum measured section.  The measured thickness is 

~1600 m; however, the total thickness of the Tavildara Formation in the Dashtijum region is 

estimated at > 3000 m based on satellite imagery (e.g., Fig. 7).   

 

Interpretation 

 The sedimentology of the Tavildara Formation is consistent with deposition in a proximal 

braided river system associated with stream-dominated alluvial fans (Rust, 1972; 1978).  The 

depositional setting is interpreted to be similar to the underlying Chingou Formation with 

laterally and vertically amalgamated gravel-bed channel complexes consisting mainly of gravel-

bar deposits.  The rarity of internal erosional surfaces within amalgamated conglomerate units 

suggests high sediment supply (Goff and Ashmore, 1994) and shallow, migrating channels (Hein 

and Walker, 1977).  The large clast size and general absence of floodplain deposits also indicates 

a high sediment supply and a relatively more proximal setting compared to the underlying 

Chingou Formation.  The Tavildara Formation generally lacks features indicative of deposition 

in debris-flow dominated alluvial fans, such as matrix-rich and matrix-supported conglomerate 

(Blair, 1999).  Instead, the poorly sorted, clast-supported pebble-boulder conglomerates are 

consistent with hyperconcentrated flows or clast-rich debris flows (DeCelles et al., 1991).  

Upward-fining clast size, crude horizontal stratification, and erosive bases to conglomerate 

bodies are consistent with deposition in channels and longitudinal gravel bars.  Average clast 

size, poor sorting, the absence of fine-grained matrix, and framework support indicates 

deposition may have been dominated by high-concentration floods or high-energy streamflow on 

the surface of an alluvial fan complex (Todd, 1989; Ridgway and DeCelles, 1993).   
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Sediment Composition 

Methods 

 Nineteen samples of medium- to fine-grained sandstone were collected from the 

Dashtijum measured section for petrographic analysis (Fig. 11).  Each thin section was stained 

for potassium feldspar and calcium plagioclase.  450 framework grains were counted on each 

thin-section following the Gazzi-Dickinson method (Ingersoll et al., 1984).  Recalculated modal 

sandstone petrographic data are plotted on standard ternary diagrams in Figure 11.  Petrographic 

parameters, raw count data, and recalculated modal data are presented in Supplementary Table 1.  

Principal grain types identified are monocrystalline quartz (Qm), polycrystalline quartz (Qp), 

foliated polycrystalline quartz (Qpt), recycled quartzose sedimentary lithic grains (quartzite, 

sandstone, and siltstone), plagioclase feldspar (P), potassium feldspar (K), and metamorphic 

(Lm), sedimentary (Ls), and volcanic (Lv) lithic grains.  Volcanic lithic grains include microlitic, 

trachytic, vitric, mafic and felsic varieties.  Sedimentary lithic grains include dolostone, 

limestone, quartzite/sandstone, mudstone, siltstone, and chert.  Metamorphic lithic grains include 

phyllite, schist, and marble.  Trace minerals counted (but not included in modeal calculations) 

consists of muscovite, biotite, chlorite, tourmaline, zircon, and Fe/Mg/Ti oxides.  Sandstone 

classification is based on the compositional fields of McBride (1963) and tectonic interpretations 

are based on Dickinson’s (1985) provenance scheme.   

 

Sandstone Petrography Results 

 Sandstone from the Schuchi-poyon Formation has sublitharenite, feldspathic litharenite, 

and litharenite compositions, with average Qm/F/Lt = 45/10/45 and Qt/F/L = 70/10/20.  The 

feldspar fraction is roughly evenly divided between K-feldspar and plagioclase.  Large 
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percentages of lithic grains are present, including polycrystalline quartz, quartz tectonite, 

quartzose sandstone/quartzite fragments, volcanic fragments (mainly felsic and vitric grains), 

chert, shale, and minor phyllite, muscovite, and limestone.   

 Sandstone from the Hasarak-bolo Formation has feldspathic litharenite to lithic arkose 

compositions, with average Qm/F/Lt = 44/21/35 and Qt/F/L = 62/20/18.  Plagioclase is 

approximately twice as abundant as K-feldspar in the feldspar fraction.  Lithic grains are 

abundant and include polycrystalline quartz, volcanic fragments (mainly felsic and vitric grains), 

quartzose sandstone/quartzite fragments, quartz tectonite, chert, and minor shale, limestone, 

phyllite, and muscovite. 

 Sandstones from the Sangoba Formation have litharenite compositions, with average 

Qm/F/Lt = 26/8/66 and Qt/F/L = 54/8/38.  Sangoba Formation sandstones contain little to no K-

feldspar.  Sandstone is rich in lithic grain types, including volcanic fragments (with large 

percentages of vitric, mafic, felsic, and lathwork varieties), quartzose sandstone/quartzite 

fragments, polycrystalline quartz, quartz tectonite, limestone, chert, shale, and minor dolostone 

and phyllite.  The fraction of mafic volcanic fragments in sandstones from the Sangoba 

Formation is notably greater than it is in other sandstones in the Dashtijum measured section. 

 Sandstones from the Baldshuan Formation has sublitharenite, feldspathic litharenite, and 

litharenite compositions, with average Qm/F/Lt = 44/8/48 and Qt/F/L = 65/8/27.  Plagioclase is 

3-5 times more common than K-feldspar.  Abundant lithic grains include polycrystalline quartz, 

volcanic fragments (with large percentages of vitric, mafic, felsic varieties and lesser percentages 

of lathwork and microlitic varieties), limestone, quartzose sandstone/quartzite fragments, quartz 

tectonite, schist, phyllite, chert, and minor shale, dolostone, muscovite, and biotite.  The 



307 
 

appearance of significant fractions of limestone and schistose lithic grains in the Baldshuan 

Formation (and higher up-section) is conspicuous.   

 Sandstones from the Chingou and Tavildara Formations have litharenite compositions.  

Chingou Formation sandstone has average Qm/F/Lt = 52/5/43 and Qt/F/L = 72/4/24.  Tavildara 

Formation sandstone has average Qm/F/Lt = 31/9/60 and Qt/F/L = 53/9/38.  Plagioclase is two to 

three times more abundant than K-feldspar.  Lithic grains include polycrystalline quartz, 

limestone, quartz tectonite, volcanic fragments (with large percentages of vitric, felsic, and 

microlitic varieties and lesser percentages of mafic and lathwork varieties), quartzose 

sandstone/quartzite fragments, schist, and minor phyllite, dolostone, chert, and shale.  

 Average sandstone framework compositions for all the formations examined in the 

Dashtijum section plot within about 20% of the quartz-lithic binary, within the recycled orogen 

field on Qm/F/Lt and Qt/F/L ternary diagrams (Dickinson, et al., 1983; Dickinson, 1985).  The 

percentage of lithic grains in all of the sandstones examined is high; most sandstones are a 

variety of litharenite and contain abundant sedimentary, volcanic, and metasedimentary 

fragments.  Up-section changes in sandstone composition are subtle. Sedimentary lithic grains 

are dominated by quartzose (+chert) compositions in the lower part of the measured section 

(Schuchi-poyon and Hasarak-bolo Formations) whereas limestone grains dominate the upper part 

of the section (Sangoba Formation and higher).  Schist fragments are restricted to the Baldshuan 

Formation and higher in the section.  Volcanic fragments and other metamorphic lithic grains 

(including phyllite and foliated quartzite/quartz tectonite) are common throughout the measured 

section. 

 

Conglomerate Clast Composition Results 
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 Conglomerate clast composition was determined at nine stratigraphic levels throughout 

the Dashtijumb measured section (Fig. 4).  In the lower part of the section (Schuchi-poyon,and 

Hasarak-bolo Formations, and lower member of the Sangoba Formation), conglomerate clasts 

are predominantly composed of fine-grained red sandstone, red-brown siltstone, vein quartz, and 

dark-gray to red chert.  Limestone clasts are rare and may be re-worked carbonate nodules.  

Many of the siltstone clasts appear to be intraclasts that were reworked fine-grained deposits that 

calved into active channels.  The fine-grained red sandstone clasts were likely derived from 

Jurassic to Lower Cretaceous sedimentary rocks.  Rare igneous clasts (mainly alkali granitoids) 

and relatively abundant gray marine limestone clasts first appear in the middle member of the 

Sangoba Formation.  Possible sources of the marine limestone clasts are regionally extensive 

Permian and Lower Jurassic carbonate units.   

 Conglomerate clast compositions in the Baldshuan Formation and younger units are 

significantly more polymictic than lower in the section.  Metamorphic clasts (mainly phyllite) 

and recycled conglomerate clasts first appear in the Kamolin Member and continue in small 

percentages (< 10 %) up-section (Fig. 4).  Clasts of schist and gneiss first appear in the Chingou 

Formation.  Granitic/gneissic and carbonate clasts become more abundant up-section.  Most 

conglomerate in the Chingou and Tavildara Formations is composed of > 50 % granitic and 

carbonate clasts.  The largest clast-size populations (large cobble to boulder) in the Chingou and 

Tavildara Formations almost invariably consist of felsic to intermediate granitoids.   

 

Geochronology and Thermochronology 

Methods 
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 Zircon was extracted from sandstone samples by standard separation methods for detrital 

zircon U-Pb geochronology.  U-Th-Pb isotope ratios in zircon were measured at the University 

of Arizona LaserChron Center (laserchon.org) by LA-ICP-MS with a Teledyne Photon Machines 

G2™ solid state NeF excimer laser ablation system coupled to a Thermo Fisher Scientific 

ELEMENT 2™ single collector inductively coupled plasma mass spectrometer.  Details of the 

data collection and reduction procedures are described in Gehrels et al. (2008).  Each zircon 

separate was characterized by 75-400 single-grain analyses.  Normalized age probability plots 

are shown in Figure 12A.  Reported peak ages in Figure 12A are weighted mean ages for age 

populations composed of three or more single grain analyses.  Complete zircon U-Pb data are 

presented in Supplementary Material Table 2. 

 A subset of the sandstone samples analyzed for zircon U-Pb geochronology was also 

analyzed for detrital zircon fission track (ZFT) thermochronology at the University of Arizona.  

A “double-dating” technique was employed in which U-Pb crystallization ages and ZFT cooling 

ages were obtained from the same grain using a LA-ICP-MS fission track method and a modified 

zeta calibration (cf., Hasebe et al., 2004).  Zircon fission tracks/etch pits were counted using 

backscatter electron images from a scanning electron microscope and U concentrations were 

determined along with U-Th-Pb isotope ratios.  Details of the ZFT—U-Pb double dating process, 

standardization, and data reduction are reported in Chapman et al. (2018a).  Fifty to 100 detrital 

zircon grains were analyzed for ZFT from each sandstone sample.  The ZFT thermochronologic 

system has a closure temperature of 240 ± 30 °C (Bernet and Garver, 2005), which corresponds 

to an exhumation depth of ca. 7-10 km for 25-30 °C/km geothermal gradients.  The average 

uncertainty (1σ) for single-grain ZFT analyses is ~25%.  Single-grains with ZFT cooling ages 

significantly older than corresponding zircon U-Pb crystallization age (ZFT age - σ) > (U-Pb age 
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+ 2σ) were removed from the dataset.  Histograms of single-grain ZFT ages along with 

probability density plots and kernel density estimates for the ZFT data are shown in Figure 12B.  

Constituent ZFT age population peaks in Figure 12B were deconvolved using DensityPlotter 

(Vermeesch, 2012) and uncertainties are reported at 2σ. Complete ZFT data are presented in 

Supplementary Material Table 3. 

 

Detrital zircon U-Pb geochronology results 

 Seven sandstone samples from the Dashtijum section were analyzed for detrital zircon U-

Pb geochronology (Fig. 12A).  Sample DSH-470 was collected from the Schuchi-poyon 

Formation and has a minimum detrital age population of 221 ± 5 Ma, defined by three zircon 

grains.  Sample DSH-1430 was collected from the lower member of the Sangoba Formation and 

has a minimum age population of 76 ± 3 Ma, defined by three zircon grains.  Samples DSH-2225 

and DSH-2566 (Kamolin Member of the Baldshuan Formation), DSH-3164 (Chingou 

Formation), and DSH-3469 (Tavildara Formation) all have minimum detrital zircon U-Pb age 

populations of 44-43 Ma, defined by 4 to 52 grains.  Sample DSH-5090 was collected from the 

Tavildara Formation and has a minimum age population of 35 ± 2 Ma, defined by 30 zircon 

grains.  Sample DSH-5090 is the only sample from the Dashtijum section with a well-defined (8 

grains) mid-Cretaceous zircon U-Pb age population (101 ± 4 Ma).  All Dashtijum samples except 

DSH-2225 and DSH-2566 have prominent 200-300 Ma age populations.   

 Two samples from the Lattaband section were analyzed for detrital zircon U-Pb 

geochronology (Fig. 12A).  The minimum age population for sample LAT-01 is 242 ± 4 Ma, 

defined by 11 grains, and the minimum age population for sample LAT-1022 is 213 ± 5 Ma, 

defined by 3 grains.  Both samples also have prominent age populations of ca. 300 Ma and ca. 
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400 Ma.  Based on previous geologic mapping (Vlasov et al., 1991), the depositional age for 

sample LAT-01 is estimated to be Upper Cretaceous and the depositional age of sample LAT-

1022 is estimated to be Paleocene.   

 

Detrital ZFT thermochronology results 

 Six sandstone samples from the Dashtijum section were analyzed for detrital ZFT 

thermochronology (Fig. 12B).  Sample DSH-470 from the Schuchi-poyon Formation has a single 

large detrital ZFT age population of 99 ± 6 Ma.  Sample DSH-2225 from the Kamolin Member 

of the Baldshuan Formation has a young age population of 27 ± 2 Ma and an older age 

population of 93 ± 8 Ma.  Sample DSH-2566, also from the Kamolin Member of the Baldshuan 

Formation, has a young age population of 29 ± 4 Ma and an older age population of 106 ± 8 Ma.  

Sample DSH-3164 from the Chingou Formation has a young detrital ZFT age population of 23 ± 

2 Ma and older age population of 98 ± 6 Ma.  Sample DSH-3469 from the Tavildara Formation 

has a young age population of 18 ± 2 Ma and older age population of 92 ± 6 Ma.  Sample DSH-

5090 from the Tavildara Formation has a young age population of 15 ± 2 Ma and an older age 

population of 88 ± 8 Ma.  Double dating shows that the middle to Late Cretaceous ZFT ages 

from sample DSH-5090 were obtained from two zircon U-Pb age populations.  The first 

population has mid-Cretaceous (110-100 Ma) zircon U-Pb ages and the second population has 

Early Mesozoic to Paleozoic zircon U-Pb ages. 

 

Micropaleontology 

Methods and Samples 
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 Seven samples were collected from the Dashtijum section for micropaleontological 

analysis.  Samples were prepared as smear slides, washed and sieved residues, and thin-sections 

following standard procedures for the analysis of calcareous nannofossil, benthic foraminifera, 

and ostracod content.  For calcareous nannofossils, five samples of mudstone were collected: 

DSH 16-18 (1340 m level; Fig. 4) from the lower member of the Sangoba Formation, DSH 16-

22 (1640 m level; Fig. 4) and DSH 16-24 (1750 m level; Fig. 4) from the upper member of the 

Sangoba Formation, and DSH 16-26 (1875 m; Fig. 4) and DSH 16-28 (2110 m level Fig. 4) from 

the Bukhara Formation.   

 Calcareous nannofossils were analyzed using simple smear slide preparation in order to 

retain original composition of nannofossil assemblages and standard light-microscope techniques 

(Bown and Young, 1998). Assemblages are qualitatively estimated, observing two random 

traverses of the slide at 1250X magnification. Ages are assigned with reference to the 

biozonation of Burnett (1998).  For analyses of foraminifera and ostracods, washed residues 

were prepared using 100-150 g of dry rock. Each sample was disaggregated, treated with H2O2 

for at least 12 hours, washed and sieved through meshes of 425, 180 and 63 μm, dried in an oven 

at 40°C, and finally analyzed under a stereomicroscope. The samples were also prepared as thin 

sections (30 μm thick) and analyzed under a polarized-light microscope. The ostracod 

biostratigraphy follows the zonation of Keen (1978) whereas larger benthic foraminiferal 

biostratigraphy follows BouDagher–Fadel (2008).  Photomicrographs and descriptions of key 

micropaleontological specimens are included in Supplementary File 1.  

 

Calcareous Nannofossil Results 
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 Among the five samples analyzed, only three (DSH 16-18, DSH 16-22 and DSH 16-24) 

contain calcareous nannofossil assemblages, which have been heavily altered during diagenesis. 

Nannofossils are rare and only dissolution-resistant species are preserved; therefore samples are 

not assigned a specific biozone.  Sample DSH 16-18 contains Watznaueria barnesiae, Micula 

staurophora, Lucianorhabdus cayeuxii, Eiffellithus turriseiffellii, and Prediscosphaera cretacica. 

The occurrence of L. cayeuxii suggests that sample DSH 16-18 is not older than Santonian. 

Sample DSH 16-22 is almost barren and only taxa most resistant to diagenesis are present, 

Watznaueria barnesiae and Micula staurophora.   

 A moderately well-preserved nannofossil assemblage occurs in sample DSH 16-24, 

which is characterized by abundant Watznaueria barnesae and rare Arkalgelskiella cymbiformis, 

Micula staurophora, Broinsonia sp., Eiffelliths eximius, Eiffellithus turriseiffellii, 

Prediscosphaera cretacica, Zeughrabdothus sp., Staurolites ellipticus, Cretarhabdus surirellus, 

and Cretarhabdus angustiforatus. The occurrence of both A. cymbiformis and some specimens of 

Broisonia sp. indicate a Campanian age for DSH 16-24.  The nannofossil assemblage in DSH 

16-24 suggests deposition in an outer carbonate ramp environment above storm-wave base 

(Burnet, 1998).  

 

Foraminifera and Ostracod Results 

 

 Of the seven samples analyzed, only two (DSH 16-26 and DSH 16-28) contain 

identifiable ostracod assemblages.  In all samples, planktonic foraminifera were not present.  

Sample DSH 16-26 is characterized by abundant rudist remains (Radiolitidae family), echinoids, 

corals, bivalves, some ostracods, and large benthic foraminifera, tentatively assigned to the 
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genera Omphalocyclus and Lafitteina. The occurrences of these two foraminiferal genera 

indicate a Maastrichtian age for sample DSH 16-26.   

 Sample DSH 16-28 contains rudist fragments (Hippurtidae family) together with 

echinoid fragments and abundant ostracods.  Rare benthic foraminifera (rotalids) are present, but 

taxonomically indeterminate.  Ostracods in sample DSH 16-28 are recrystallized and poorly 

preserved, with carapaces filled with secondary calcite that make it difficult to observe internal 

characteristics of shells.  The ostracod assemblage indicates shallow marine conditions with 

fluctuating salinity. The most common identified taxa are Echinocythereis isabenana Oertli, 

Paracypris trosliensis Apostolescu, Paracyprideis similis Triebel, Krithe sp. aff  K. rutoti Keij, 

Cytherella compressa (von Münster), Eocytheropteron sherborni Bowen, with rare, poorly 

preserved specimens of Xestoleberis subglobosa (Bosquet), Loxoconcha sp., and Paracytheretta 

sp.. This ostracod assemblage is assigned to the 6c (Echinocythereis reticulatissima) and 7 

(Novocypris whitecliffensis) Paleogene ostracod zones (Keen, 1978), indicative of the Lower 

Eocene (Ypresian), equivalent to the NP 11-13 calcareous nannofossil zones and P6- P9 

planktonic foraminiferal zones (ca. 54-47 Ma).   

 

Subsidence Analysis 

 A subsidence analysis (Van Hinte, 1978) was performed on the Dastijum measured 

section based on the sedimentological, geochronological, and paleontological results presented 

above (Fig. 13).  Input data and calculation results are reported in Supplementary Table 4.  The 

total thickness of the Lower Cretaceous section was adopted from Vlasov et al. (1964).  Eustatic 

changes in sea level were not included.  Original porosity and compaction coefficients for 

different rock types were adopted from Sclater and Christie (1980) for sediment decompaction.  
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Tectonic subsidence was calculated by local isostatic backstripping (Steckler and Watts, 1978).  

For comparison, tectonic subsidence from this study is plotted with Leith’s (1985) mean tectonic 

subsidence curve for the Tajik Basin (Fig. 13). 

 Tectonic subsidence was slow (~0.01 mm/yr) during the Early Cretaceous.  Accelerated 

subsidence (up to ~0.04 mm/yr) during the mid-Cretaceous coincided with deposition of the 

Schuchi-poyon Formation.  From mid-Cretaceous to Eocene, tectonic subsidence declined 

exponentially, resulting in a concave-up subsidence curve (Fig. 13).  Subsidence rates were very 

slow (< 0.01 mm/yr) during the middle-to-late Eocene, although the slow rates may be 

exaggerated if there is significant missing section above the Bukhara Formation.  Starting with 

deposition of the Baldshuan Formation, tectonic subsidence abruptly increased (> 0.1 mm/yr).  

Tectonic subsidence continued to accelerate during the Oligocene and Miocene (> 0.3 mm/yr), 

resulting in a concave-down subsidence curve.   

 To further explore regional subsidence patterns, measured sections from this study and 

from previous studies were correlated for Cretaceous (Fig. 14) and Cenozoic (Fig. 15) strata and 

then projected onto a cross-section oriented ~E-W across the Tajik Basin.  From west to east 

(toward the Pamir Mountains) the Cretaceous section thickens from ~ 1 km in the southwestern 

Tian Shan to almost 3 km in the Dastijum region.  The spacing of the measured sections in 

Figure 14 has been restored to account for shortening in the Tajik thrust belt using the structural 

reconstruction in Chapman et al. (2017).   

 

Interpretations and Discussion 

Geochronology 
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 Strata equivalent with the Schuchi-poyon Formation in the Dashtijum region were 

mapped as Early Cretaceous by Vlasov (1964).  This age assignment agrees well with detrital 

ZFT data from the Schuchi-poyon Formation, which are characterized by a single mid-

Cretaceous age population (99 ± 6 Ma; Fig. 12B) that is interpreted as the maximum depositional 

age of the unit.  The youngest detrital zircon U-Pb age population from the Schuchi-poyon 

Formation (ca. 220 Ma) is significantly older and is not interpreted to reflect depositional age 

(Fig. 12A).  Strata equivalent with the Hasarak-bolo Formation were mapped as Late Cretaceous 

by Vlasov (1964).  Fine-grained samples collected from the Hasarak-bolo Formation for 

micropaleontological analysis were barren. 

 Micropaleontological data indicate that the lower member of the Sangoba Formation is 

not older than Santonian (< ca. 86 Ma) and that the upper member of the Sangoba Formation is 

Campanian (> ca. 70 Ma).  These age assignments are consistent with the youngest detrital 

zircon U-Pb age population (76 ± 3 Ma) collected from the lower member of the Sangoba 

Formation, which is interpreted as the maximum depositional age (Fig. 12A).  

Micropaleontological data from the lower Bukhara Formation suggest a Maastrichtian to early 

Paleocene age and data from the upper Bukhara Formation indicate an Ypresian age (ca. 54-47 

Ma).  These age estimates are consistent with regional age assignments of the Bukhara 

Formation throughout the Tajik Basin (Davidzon, 1982).   

 Detrital zircon U-Pb age data from the Baldshuan, Chingou, and Tavildara Formations all 

display prominent Eocene age populations, which are the youngest populations in each sample 

and young up-section (Fig. 12A).  However, these ages are not interpreted to reflect depositional 

age.  The Eocene detrital zircon U-Pb age populations are consistent with the age of the Vanj 

magmatic complex in the Central Pamir terrane (45-35 Ma; Fig. 1; Chapman et al., 2018b), 
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which is a major magmatic event in the Pamir and dominates zircon U-Pb age populations of 

modern river sand samples (Lukens et al., 2012; Carrapa et al., 2014).  Younger potential sources 

of zircon are present in the Pamir, chiefly 20-10 Ma leucogranite bodies associated with the 

Pamir gneiss domes and the ca. 11 Ma potassic Taxkorgan complex (Jiang et al. 2012; Stearns et 

al., 2015; Chapman et al., 2018b), but zircon with U-Pb ages younger than ~35 Ma was not 

encountered in the Tajik Basin sandstone samples.   

 The youngest detrital ZFT age populations from samples of the Baldshuan (29 ± 4 Ma 

and 27 ± 2 Ma), Chingou (23 ± 2 Ma and 18 ± 2 Ma), and Tavildara (15 ± 2 Ma) Formations are 

interpreted to be the maximum depositional ages for each unit.  The youngest age populations in 

each sample generally become younger up-section (Fig. 12B) and double-dating (U-Pb + ZFT) 

shows that grains with young ZFT ages have a wide range of zircon U-Pb ages (Paleozoic to 

Eocene; Supp. Table 3), which suggests that the detrital ZFT cooling ages are related to 

exhumation, rather than due to magmatic cooling.  The proposed ages for the Baldshuan 

Formation and younger units are consistent with previous age estimates (Nikolaev, 2002; Klocke 

et al., 2017), although these coarse-grained units remain relatively poorly dated.  The sample 

from the Tavildara Formation was collected near the base of the unit and there is no age 

constraint for the remainder of the unit. 

 Geochronologic data from the Dashtijum section suggests that the disconformity between 

the Bukhara Formation and the Baldshuan Formation is middle Eocene to lower Oligocene (ca. 

30-50 Ma; Fig. 3).  Accounting for age ranges and data uncertainty, the disconformity could be 

as old as 54 Ma and as young as 25 Ma, with the caveat that the minimum age is constrained by 

maximum depositional ages, not an absolute age.   
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Sediment Provenance 

 Traditionally, the Tajik Basin has been divided into a lower Oligocene and older pre-

tectonic succession and an upper Oligocene to Pliocene synorogenic succession related to the 

uplift of the Pamir Mountains and, to a lesser extent, the Tian Shan (Varentsov et al., 1977; 

Leith, 1982; 1985; Burtman and Molnar, 1993; Nikolaev, 2002; Klocke et al., 2017).  Recently, 

Carrapa et al. (2014) proposed extending the initiation of synorogenic sedimentation back in 

time, to at least the Eocene.  Results of this study suggest that the Pamir has been the primary 

source of sediment to the Tajik Basin since the Cretaceous.   

 

Cretaceous Strata 

 The youngest detrital zircon U-Pb age populations (~ 220 Ma) in the lower to middle 

Cretaceous Schuchi-poyon Formation and Upper Cretaceous Sangoba Formation in the 

Dashtijum section (Fig. 12A) are consistent with the age of intrusive and meta-volcaniclastic 

rocks in the Karakul-Mazar subduction-accretion complex in the north Pamir (Schwab et al., 

2004; Robinson et al., 2012).  No significant exposures of magmatic rocks younger than ca. 250 

Ma exist in the southern Tian Shan (Käßner et al., 2016a; Worthington et al., 2017).  Older, 

Paleozoic zircon U-Pb age populations could have been derived from either the Tian Shan or the 

Pamir Mountains.  Paleogeographic reconstructions suggest that the Tian Shan was completely 

covered by sedimentary rocks from the Cretaceous to Miocene (Burtman, 2000; Carrapa et al., 

2014), which suggests that the Pamir was the primary sedimentary source during the Cretaceous.  

Although sediment previously eroded from the Tian Shan could have been recycled into the 

Tajik Basin during the Cretaceous, sandstones from the Cretaceous Schuchi-poyon, Hasarak-

bolo, and Sangoba Formations in the Dashtijum section are compositionally immature 
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(litharenite) and have mineral assemblages (e.g., mica) suggesting limited sediment transport and 

recycling, also favoring the Pamir as a primary sediment source. 

 All of the samples analyzed from the Tajik Basin display a prominent mid-Cretaceous 

detrital ZFT age population.  These ages generally fall between 106 Ma and 90 Ma (Fig. 12B). A 

few analyses from sample DSH-5090 could be related to magmatic cooling, however double-

dating indicates that the majority of mid-Cretaceous ZFT ages in sample DSH-5090 and all of 

the mid-Cretaceous ZFT ages in the other samples are exhumation ages.  We interpret the mid-

Cretaceous detrital ZFT age populations in the Tajik Basin samples to be derived from the 

Karakul-Mazar complex.  Amidon and Hynek (2010) reported Cretaceous bedrock ZFT ages 

(122-108 Ma) from the Karakul-Mazar complex and there is a regionally extensive mid-

Cretaceous (~ 100 Ma) exhumation event associated with crustal shortening in the Karakul-

Mazar complex (Robinson et al., 2004; 2007; 2012).  Because the Pamir is the predominant 

source of sediment for upper Oligocene to Pliocene units (Klocke et al., 2017), we deduce that 

the mid-Cretaceous ZFT age population was also derived from the Pamir prior to the Oligocene 

and during the Cretaceous.  The relatively large fraction (10-15% of total grains) of volcanic 

lithic fragments in sandstone from Cretaceous strata in the Dashtijum section is consistent with 

derivation from a magmatic arc.  

 Cretaceous detrital zircon U-Pb age populations first appear in the Upper Cretaceous 

Sangoba Formation.  The zircon U-Pb age population (76 ± 3 Ma) in the Sangoba Formation is 

consistent with the age (80-70 Ma) of relatively mafic igneous rocks exposed in the Central 

Pamir terrane that have been associated with regional extension related to Neotethyan slab roll-

back (Schwab et al., 2004; Chapman et al., 2018b).  Sandstone from the Sangoba Formation has 

the highest percentage of mafic volcanic lithic fragments (~20% of volcanic lithic grains) 
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compared to all other units studied in the basin.  Granitic clasts (chiefly potassium feldspar-rich 

alkali granitoids) and marine limestone clasts first appear in Sangoba Formation conglomerate in 

the Dashtijum section.  These clasts are interpreted to have originated in the Kunlun arc and 

Permian section in the north Pamir Mountains.   

 In summary, sandstone composition, zircon U-Pb crystallization ages, and ZFT 

exhumation ages all suggest that the Cretaceous units in the Tajik Basin (Schuchi-poyon, 

Hasarak-bolo, and Sangoba Formations) were primarily derived from the northern Pamir, 

including the Karakul-Mazar complex.  Compositional changes in the Sangoba Formation 

suggest that the Central Pamir terrane started supplying sediment to the Tajik Basin during the 

Late Cretaceous. 

 

Cenozoic Strata 

 The prominent Eocene zircon U-Pb age population in the Baldshuan, Chingou, and 

Tavildara Formations (Fig. 12A) in the Dashtijum section is consistent with the age of the Vanj 

magmatic complex (45-35 Ma) in the Central Pamir terrane (Chapman et al., 2018b).  

Regionally, no other Eocene igneous rocks are exposed that could have supplied zircon to the 

Tajik Basin.  These results suggest that the Central Pamir was a significant sediment source by 

the Oligocene.  Prominent Triassic zircon U-Pb age populations in Cretaceous units in the 

Dashtijum section are minor or absent in the Cenozoic formations.   

 The marked up-section increase in metamorphic lithic fragments in sandstones from the 

Baldshuan Formation (Oligocene-lower Miocene) and appearance of metamorphic conglomerate 

clasts in the Chingou Formation (mid-Miocene) and younger deposits in the Dashtijum section is 

consistent with an unroofing sequence that exhumed the Pamir gneiss domes.  The up-section 

increases in carbonate sedimentary lithic grains in sandstone and carbonate clasts in 
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conglomerate in the Oligocene and younger section are interpreted to indicate increasing supply 

of detritus from the Permian carbonate succession exposed in the northern Pamir (Burtman and 

Molnar, 1993).  Carbonate rocks are also common in the South Pamir terrane, but widespread 

cobble-sized carbonate clasts in Miocene conglomerate from the Dashtijum section suggest 

limited transport distances. 

 The Tavildara Formation in the Dashtijum section contains a prominent ca. 101 Ma 

zircon U-Pb age population, which is not present in older strata (Fig. 12A).  This age population 

is similar to the age of the South Pamir batholith in the South Pamir terrane (Chapman et al., 

2018b).  This batholith is volumetrically the most significant igneous rock in the Pamir (Schwab 

et al., 2004) and detrital zircons from modern rivers draining the South Pamir terrane have large 

mid-Cretaceous U-Pb age populations (Lukens et al., 2012; Carrapa et al., 2014).  The data 

suggest that Late Miocene drainage networks extended into the South Pamir terrane.   

 In summary, the Pamir Mountains have been a primary source of sediment to the Tajik 

Basin since at least the Cretaceous.  An up-section trend toward increasing Pamir hinterland 

sediment supply is evident.  During the Lower to mid-Cretaceous (Schuchi-poyon and Hasarak-

bolo Formations), sediments were derived from the Triassic Karakul-Mazar complex in the 

northern Pamir.  Earliest evidence for sediment derivation from the Central Pamir terrane 

appears in the Upper Cretaceous Sangoba Formation.  However, the Central Pamir did not 

become a major sediment source until the Oligocene.  The most significant change in provenance 

occurs at the base of the Baldshuan Formation (across the middle Eocene to lower Oligocene 

disconformity) with large shifts in detrital zircon U-Pb and ZFT age populations.  Sediments 

derived from the South Pamir terrane first appear in the upper Miocene Tavildara Formation. 
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Basin Forming Mechanisms 

The Cenozoic Tajik Basin 

 Above the middle Eocene to lower Oligocene disconformity in the Dashtijum section, 

subsidence and sediment accumulation rates increase exponentially (Fig. 13), grain size increases 

up-section, sandstone compositions indicate a recycled orogenic provenance, and conglomerate 

compositions indicate an overall unroofing sequence; all of these are characteristic of deposition 

in the foredeep depozone of foreland basin system (e.g., DeCelles and Giles, 1996), which 

supports previous interpretations of the Cenozoic Tajik Basin as a foreland basin (Burtman and 

Molnar, 1993; Burtman, 2000; Nikolaev, 2002; Carrapa et al., 2015; Klocke et al., 2017).  The 

disconformity in the Dashtijum section is not a local feature; similar disconformities and weak 

angular unconformities cut out upper Eocene rocks throughout the Tajik Basin (Bratash et al., 

1970; Djalilov, 1971; Davidzon et al., 1982; Burtman, 2000; Nikolaev, 2002).  A prolonged (> 

10 Myr) period of low sediment accumulation or erosion that precedes rapid foredeep sediment 

accumulation commonly marks the passage of a flexural forebulge (e.g., Sinclair et al., 1991; 

Crampton and Allen, 1995; DeCelles et al., 2014).  The presence of a forebulge in the middle 

Eocene supports the hypothesis that the Tajik Basin was part of a foreland basin since at last ca. 

45 Ma (Carrapa et al., 2015).  Assuming a flexural rigidity of 5 × 1022 Nm for the Cenozoic Tajik 

Basin lithosphere (Chapman et al., 2017) and a 20 Myr depositional hiatus, the forebulge was ca. 

220 km wide and migrated at a rate of ca. 11 mm/yr, which is the sum of the shortening rate and 

thrust belt propagation rate (DeCelles and DeCelles, 2001).   

 The age of the Dashtijum disconformity is slightly younger than estimates for the onset of 

India-Asia collision in the western Himalaya (ca. 55 Ma; Ding et al., 2016; Najman et al., 2017) 

and overlaps with the onset of prograde metamorphism in the Pamir (45-30 Ma; Smit et al., 

2014; Stearns et al., 2015; Hacker et al., 2017).  The Cenozoic Tajik Basin is interpreted as a 



323 
 

retro-foreland basin system that formed in response to India-Asia collision.  Although 

exhumation of the Pamir gneiss domes during the Miocene has been linked to a regional 

extensional event (Hacker et al., 2017), subsidence in the Tajik Basin continued to accelerate 

during this time. 

 

The Upper Cretaceous Tajik Basin 

 The Upper Cretaceous to early Paleogene Tajik Basin (Hasarak-bolo Formation to 

Bukhara Formation) is interpreted as an extensional basin associated with lithospheric stretching.  

The Hasarak-bolo and Bukhara Formations define a multi-kilometer-thick, upward-fining 

succession characterized by rising relative sea-level and an exponential decrease tectonic 

subsidence rate (Fig. 13).  Concave up subsidence patterns are a standard indicator of 

extensional/rift basins and can be modeled with a simple uniform stretching model (McKenzie, 

1978).  Water-loaded (backstripped) subsidence is compared to the Dashtijum tectonic 

subsidence curve in the inset in Figure 13 for a range of stretch factors (β), a crustal 

thickness/lithospheric thickness ratio (γc/γL) of 0.3.  The upper Bukhara Formation also contains 

a regionally extensive carbonate sequence that extends across the entire Tajik Basin (Burtman, 

2000; Bosboom et al., 2017), which we interpret as a classic “steer’s head” sequence, consistent 

with thermal decay and relative sea-level rise following lithospheric extension (Dewey, 1982; 

White and McKenzie, 1988).  Regional thickness patterns indicate that Upper Cretaceous to 

early Paleogene subsidence was symmetrical and the section thickens slightly toward the middle 

of the Tajik Basin (Fig. 14; Burtman, 2000), which is also consistent with an extensional basin. 

 Sandstone petrographic data from Upper Cretaceous to lower Paleogene rocks in the 

Dashtijum section are more difficult to interpret.  Sandstone compositions from all Cretaceous 

units plot in recycled orogenic fields on both Qt/F/L and Qm/F/Lt ternary diagrams (Fig. 11), 
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normally characteristic of foreland basin deposits (Dickinson, et al., 1985; Garzanti et al., 2007).  

However, continental rifts are not explicitly included on tectonic-provenance discrimination 

plots because of the great diversity of potential source rocks (Ingersoll, 1990).  Cretaceous 

sandstones from the Tajik Basin are immature and contain high percentages of sedimentary and 

volcanic lithic fragments, typical of sand derived by shallow exhumation and erosion of upper 

crustal volcanic and sedimentary cover sequences (Garzanti et al., 2007).  These sandstone 

compositions could be produced by erosion of a thrust belt or by erosion of uplifted rift flanks.   

 During the Late Cretaceous, roll-back of the Tethyan slab and foundering of previously 

subducted oceanic lithosphere caused localized hinterland extension and extension-related 

magmatism in the Central Pamir terrane, Karakoram terrane, and within the Kohistan arc (Debon 

and Ali-Khan, 1996; Burg, 2011; Chapman et al., 2018b).  Late Cretaceous mafic igneous rocks 

in the southern Tian Shan have also been tentatively associated with an extensional event 

(Simonov et al., 2008; Käßner et al., 2016a).  The relative abundance of mafic volcanic lithic 

fragments in the Sangoba Formation and provenance data linking the Sangoba Formation to 

mafic, extension-related, igneous rocks in the Central Pamir terrane supports the interpretation 

that the Upper Cretaceous to early Paleogene Tajik Basin is extension-related. 

 

The Lower to Mid-Cretaceous Tajik Basin 

 Similar to the Upper Cretaceous rocks in the Dashtijum section, sandstone compositions 

from the lower to mid-Cretaceous Schuchi-poyon Formation indicate a recycled orogen 

provenance (Fig. 11).  Compositional, geochronologic, and thermochronologic data all connect 

the Schuchi-poyon Formation sediments to the Karakul-Mazar complex in the northern Pamir, 

but cannot distinguish between erosion and exhumation of an incipient thrust belt or uplifted rift 

margins.  The latter interpretation would suggest that Lower Cretaceous rocks in the Tajik Basin 
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are part of the Upper Cretaceous extensional basin discussed above.  Although we cannot rule 

out this possibility, we favor an alternative interpretation that the Lower to mid-Cretaceous Tajik 

Basin was part of a foreland basin associated with orogenic growth in the Pamir.  

 During the Early to mid-Cretaceous, low-angle subduction of oceanic lithosphere resulted 

in the northward migration of continental arc magmatism into the South Pamir terrane (Chapman 

et al., 2018b) and caused widespread shortening and crustal thickening within the Pamir 

(Robinson, 2015; Chapman et al., 2018a).  In particular, mid-Cretaceous shortening and 

exhumation is documented in the Karakul-Mazar complex (Robinson et al., 2004; 2007), which 

may explain the mid-Cretaceous exhumation and cooling event recorded by detrital ZFT data 

(Fig. 12B).  The subsidence pattern for Lower to mid-Cretaceous strata in the Dashtijum section 

is concave-up, consistent with foreland basin subsidence, although the concavity inflection 

between the Lower and Upper Cretaceous section is not well-defined (Fig. 13).   

 Unlike Upper Cretaceous to early Paleogene rocks, Lower to mid-Cretaceous rocks in the 

Tajik Basin thicken asymmetrically toward the Pamir (Fig. 14), characteristic of foreland basin 

sedimentation (Beaumont, 1981).  The wavelength and geometry of the Lower to mid-

Cretaceous Tajik Basin is typical for a foredeep generated by elastic flexure (DeCelles, 2012).  A 

flexural profile for bending of a continuous (unbroken) plate (Turcotte and Schubert, 2014) was 

modeled to approximate the shape of the Cretaceous basin (red dashed line, Fig. 14).  The 

parameters used were 2500 kg/m3 basin fill density, 2.3 × 1012 kg/s2 line load, and 25 km 

effective elastic thickness (~1 × 1023 Nm flexural rigidity), which is comparable to the upper-end 

of modern estimates for effective elastic thickness (15-25 km) based on gravity data (McNutt et 

al., 1988; Wang et al. 1997) and flexure of the modern Tajik Basin (Chapman et al., 2017).  By 

the Late Cretaceous (e.g., during deposition of the Sangoba Formation; Fig. 14), the Tajik Basin 
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was no longer asymmetric.  We interpret the Lower to mid-Cretaceous Tajik Basin as a retroarc 

foreland basin associated with growth of the Pamir and northward subduction of Tethyan oceanic 

lithosphere. 

 

Summary and Conclusions 

 The Tajik Basin is a long-lived depocenter closely linked to tectonic events in the Pamir 

orogenic system.  Detrital zircon U-Pb, detrital ZFT, sandstone petrography, and conglomerate 

composition suggest that the Pamir Mountains were the primary source of sediment to the Tajik 

Basin from Cretaceous time onward.  The Tajik Basin received sediment from terranes located 

progressively father into the Pamir hinterland through time.  Terranes in the north Pamir, like the 

Karakul-Mazar subduction-accretion complex, were dominant sources of sediment during the 

Early to mid-Cretaceous.  Sediment from the Central Pamir terrane was added to the basin during 

the Late Cretaceous to early Paleogene, and sediment from the South Pamir terrane was added 

during the Miocene.   

 The Tajik Basin is a composite basin system that was constructed by three main basin 

forming episodes.  Lower to mid-Cretaceous rocks were deposited in a retroarc foreland basin, 

contemporaneous with low-angle subduction of Tethyan oceanic lithosphere, the northward 

migration of continental arc magmatism, and crustal shortening within the Pamir.  Upper 

Cretaceous to lower Eocene rocks were deposited in an extensional basin during oceanic slab 

roll-back or foundering beneath the Pamir.  The modern foreland basin system initiated during 

the mid-Eocene and is a retro-foreland basin system associated with India-Asia collision.  An 

upper Eocene to lower Oligocene disconformity in the Tajik Basin may record the passage of a 

flexural forebulge. 
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Figures and Tables 
 

 
 
Figure 1: 
A) Overview map of the Pamir Mountains and Tajik Basin.  B) Geologic map of the Tajik Basin 
modified from Vlaslov et al. (1991).  
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Figure 2: 
Models previously proposed for the origin of the Cretaceous to early Paleogene Tajik Basin.  
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Figure 3: 
Stratigraphic column showing local (within Tajikistan) and regional (correlated across Central 
Asia) stratigraphic nomenclature (Burtman, 2000; Klocke et al., 2015; Bosboom et al., 2017), 
and stratigraphic nomenclature employed in this study, which is based on the Dashtijum 
measured section.  
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Figure4: 
Measured stratigraphic section at the Dashtijum locality.    
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Figure 5: 
Measured stratigraphic section at the Lattaband locality. Symbols and abbreviations are the same 
as in Fig. 4. 
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Figure 6: 
Measured stratigraphic sections for the Khlitoy and Shar Shar Pass localities.  Symbols and 
abbreviations are the same as in Fig. 4. 
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Figure 7: 
Satellite photo showing an overview of the Dashtijum measured section and locations of samples 
used for geochronology. 
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Figure 8: 
Photographs of the Schuchi-poyon Formation (A-G) and the Hasarak-bolo Formation (H-O) 
from the Dashtijum measured section (Fig. 4).  A) Coarsening upward, trough cross-stratified 
fluvial sandstone intervals with mud rip-up clasts at the base.  Hammer is 30 cm long. B) 
Vertical burrows on the base of a sandstone bed, stratigraphically up is down in photograph.  C) 
Inverse graded grain flows consisting of frosted quartz grains. Pen cap is 4.5 cm long.  D) Large-
scale trough cross-stratified fluvial sandstone E) Vertically stacked, 1-3 m thick packages of 
amalgamated sandstone beds.  Bedding is overturned.  F) Convoluted bedding and soft sediment 
deformation structures in sandstone.  G) Coarsely bedded carbonate nodules in massive 
sandstone interpreted as a calcic paleosol. H) Characteristic outcrop of the Hasarak-bolo 
Formation that consists primarily of fine-grained siltstone interbedded with thin, tabular, fine-
grained sandstone bodies. I) Root traces in a medium-grained sandstone.  J) Transverse view of 
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Ophiomorpha burrows. K) Asymmetric, straight-crested ripples in a fine-grained sandstone 
interpreted as a tidal bar. L) Flaser bedding in fine-grained sandstone suggesting a tidally 
influenced depositional system.  M) Dewatering structures, including flame structures.  N) Axial 
view (cross-section view) of the trace fossil Teichichnus.  O) Large, sand-filled mud cracks at the 
base of a sandstone bed. 
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Figure 9: 
Photographs of the Sangoba Formation (A-L) and the Bukhara Formation (M-O) from the 
Dashtijum measured section (Fig. 4).  A) The contact between the Hasarak-bolo and Sangoba 
Formations, stratigraphically up is down in photograph.  B) A matrix-supported conglomerate 
bed interpreted as subaqueous debris flows. Hammer is 30 cm long.  C) A gastropod and bivalve 
shell hash in marine sandstone.  Pen cap is 4.5 cm long. D) Characteristic outcrop of the middle 
member of the Sangoba Formation that consists of interbedded red-brown siltstone and pink 
sandstone. E) Axial (cross-section) view of Skolithos trace fossils, burrow width is < 1 cm.  F) 
Flute casts (ca. 10 cm long) at the base of a sandstone bed (bedding is overturned). G) Fining 
upward trough cross-stratified sandstone with erosional bases. H) Laminated carbonate-rich 
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mudstone with a vertical burrow (outlined in black).  I) Convoluted bedding in limestone 
showing deformed laminae and nodular texture.  J) Fine-grained marine sandstone with 
calcareous concretions and nodules. K) Trace fossils in fine-grained sandstone with micritic 
cement.  L) Fossiliferous (including large gastropods and bivalves) fine-grained marine 
sandstone. M) Thin lenses of coal in calcareous siltstone to mudstone.  Widest part of hammer 
pick shown is 3 cm.  N) An intraclastic limestone breccia interpreted as a tempestite, the largest 
clast is 50 cm in diameter. O) Interbedded evaporite and red siltstone in the upper part of the 
Bukhara Formation.   
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Figure 10: 
Photographs of the Baldshuan (A-H), Chingou (I-J), and Tavildara Formations (K-L) in the 
Dashtijum measured section (Fig. 4).  A) Coarse-grained, trough cross-stratified fluvial 
sandstone, hammer is 30 cm long.  B) Multi-colored siltstone beds interpreted as paleosols with 
colors representing different soil horizons.  C) Planar beds of conglomerate and coarse sandstone 
interpreted as gravel sheets or longitudinal bars in a braided fluvial network.  Large white cobble 
is 25 cm in diameter.  D) Characteristic outcrop of the Kamolin Member with thick, 
amalgamated clast-supported conglomerate layers, bedding is overturned. E) Fining upward 
(sandstone to siltstone) bed capped by interbedded marlstone interpreted to have been deposited 
in ephemeral lakes on an alluvial plain. F) Carbonate nodules in siltstone and sandstone are 
interpreted to be part of a calcic paleosol G) Root traces is bioturbated coarse sandstone. H) 
View down (to the East) the Sangoba valley showing the contact between the Bukhara Formation 
and the Baldshuan Formation. I) Sharp, erosive base of pebble conglomerate with furrows that 
cuts into underlying siltstone. J) Corrugated relief outcrop pattern characteristic of the Chingou 
Formation. K) Massive, clast-supported cobble conglomerate in the Tavildara Formation 
interpreted as a hyperconcentrated or clast-rich debris flow. L) View of cliff showing moderate 
clast-size organization observable on scales of several meters.  
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Figure 11: 
Ternary diagrams showing the composition of sandstone from the Dashtijum measured section 
(Fig. 4).  Qt = total quartzose grains including monocrystalline quartz (Qm) + polycrystalline 
quartz (Qp) + quartz tectonite (Qpt) + quartzite/sandstone (Qss) + chert +siltstone), F = feldspar 
including plagioclase (P) + orthoclase (K), L = non-quartzose lithic grains including volcanic 
lithic (Lv), sedimentary lithic (Ls), and metamorphic lithic (Lm) grains.  Lt = total lithic grains 
(Ls + Lv + Lm + Qp).  Provenance fields are from Dickinson (1985).  CI = craton interior, DA = 
dissected arc, UDA = undissected arc, RO = recycled orogen.  
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Figure 12: 
Detrital zircon U-Pb data from sandstone in the Dashtijum measured section shown as 
normalized probability density diagrams.  Numbers in parentheses are the number of 
grains/analyses used to calculated weighted mean age for an age population/peak.  B) detrital 
zircon fission track (ZFT) data for select samples presented in A.  Gray vertical bars are 
histograms for individual ZFT ages.  Solid curves are kernel density estimates (KDE) of ages, 
dashed curves are probability density plots (PDP) of ages.  Labeled age populations are based on 
KDE curves. 
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Figure 13: 
Subsidence analysis of the Dashtijum measured section including total subsidence (black curve) 
and tectonic subsidence (blue curve), which is compared to the tectonics subsidence of Leith 
(1985; red curve).  The inset plot shows a portion of the tectonic subsidence curve with 
subsidence (red lines) predicted by a uniform stretching model for different stretch factors (β).  
Regional tectonic events are shown in gray bars. 
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Figure 14: 
Diagram of Cretaceous and lower Paleogene stratigraphic columns from measured sections 
projected on a cross-section (inset map, thick blue line) and flattened on the Cretaceous-
Paleogene boundary.  Stratigraphic columns labeled with letters (A-H) are previously published 
(1 = Djalilov, 1971; 2 = Simakov, 1952; 3 = Filonov and Koroly, 1966; 4 = Muftiev and 
Shachnev, 1967; 5 = Vlasov et al., 1964).  The red dashed line is based on flexural modeling of 
an unbroken plate with a flexural rigidity of 1 × 1023 Nm.  
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Figure 15: 
Diagram of Cenozoic stratigraphic columns from measured sections projected on a cross-section 
(inset map, thick blue line) and flattened on the Eocene-Oligocene boundary.  Previously 
published stratigraphic columns are; A (Davidzon et al., 1982), Kuhdara and Childara (Bosboom 
et al., 2017), Tavildara (TV) (Klocke et al., 2015), and Peshtova and WA (Carrapa et al., 2015).   

  



367 
 

Supplementary Material 
 
Supplementary File 1: Micropaleontology photographs and descriptions 
 
Plate 1-Nannos 
 

 
 
Figs. a, b. Watznaueria barnesiae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968, 
sample DH 16-18, crossed nicols. 
Figs. c, d, f. Arkhangelskiella cymbiformis Vekshina, 1959, sample DH 16-24, crossed nicols. 
Figs. e, h. Micula staurophora (Gardet, 1955) Stradner, 1963, sample DH 16-24, crossed nicols. 
Fig. g. Microrhabdulus decoratus Deflandre, 1959, sample DH 16-24, crossed nicols. 
Fig. i, j. Retecapsa angustiforata Black, 1971, sample DH 16-24, crossed nicols. 
Fig. k. Eiffellithus turriseiffelii (Deflandre in Deflandre and Fert, 1954) Reinhardt, 1965, sample 
DH 16-24, crossed nicols. 
Fig. l. Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner, 1968, sample DH 16-24, 
crossed nicols. 
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Plate 2-Microfacies 
 

 
 
Figs a-c: rudist remains (Radiolitidae) characterized by the typical reticulate shell microstructure 
(sample DSH 16-26). 
Fig. d: isolated coral in equatorial section (sample DSH 16-26) 
Fig. e: oolith grain with a typical radiate structure (sample DSH 16-26) 
Figs. f-h Omphalocyclus Bronn, 1853 . Details of two longitudinal (f-g) and one trasversal (h) 
sections of the test (sample DSH 16-26) 
Fig. i: Lafitteina…Detail of a test fragment (sample DSH 16-26) 
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Supplementary Table 1: Sandstone petrographic data 
 

 
 

 
  

SAMPLE Formation Qm Qp Qpt Qss silt Q K Kperth Kmicro Kmym\rm P F
TOTAL TOTAL

DSH_16-1 Schuchi 199 25 12 0 0 236 6 0 0 0 74 80
DSH_16-3 Schuchi 190 46 22 30 36 324 2 0 0 0 14 16
DSH_16-5 Schuchi 120 70 27 111 19 347 4 0 0 0 13 17
DSH_16-7 Schuchi 189 66 18 49 16 338 22 0 0 0 3 25
DSH_16-8 Schuchi 240 16 5 0 3 264 39 0 0 0 42 81
DSH-470 Schuchi 243 58 9 1 17 328 2 40 42
DSH_16-13 Hasarak 185 51 13 22 0 271 10 74 84
DSH_16-14 Hasarak 163 30 6 23 1 223 43 83 126
DSH_16-17 Hasarak 231 36 25 14 15 321 25 38 63
DSH_16-20 Sangoba 108 34 14 46 202 3 61 64
DSH_16-21 Sangoba 71 57 52 79 259 0 20 20
DSH-1430 Sangoba 168 52 22 26 268 0 23 23
DSH_16-30 Baldshuan 224 84 32 52 392 0 6 6
DSH_16-31 Baldshuan 213 32 7 22 274 9 32 41
DSH_16-33 Baldshuan 132 54 11 12 209 16 28 44
DSH_16-33b Baldshuan 136 42 15 17 210 8 27 35
DSH-2225 Baldshuan 203 58 23 1 31 316 9 41 50
DSH-2566 Baldshuan 215 36 10 35 296 5 31 36
DSH-3174 Chingou 229 51 23 25 328 2 18 20
DSH_16-38 Tavildara 141 59 30 3 17 250 11 29 40

SAMPLE Formation Phyl Schist Serpschist Marble Lmet Lv.lath Lv.microliti Lv.felsic Lv.vitric Lv.mafic Lv
TOTAL TOTAL

DSH_16-1 Schuchi 12 0 0 0 24 13 1 6 33 0 53
DSH_16-3 Schuchi 2 0 0 0 24 4 1 17 41 0 63
DSH_16-5 Schuchi 1 0 0 0 28 2 2 13 31 0 48
DSH_16-7 Schuchi 2 0 0 0 20 6 0 22 35 2 65
DSH_16-8 Schuchi 0 0 0 0 5 10 0 49 14 1 74
DSH-470 Schuchi 1 4 14 1 3 38 18 1 61
DSH_16-13Hasarak 13 17 28 25 1 71
DSH_16-14Hasarak 2 8 7 39 23 69
DSH_16-17Hasarak 1 26 15 16 5 36
DSH_16-20Sangoba 14 28 5 32 51 31 147
DSH_16-21Sangoba 1 53 21 3 17 40 13 94
DSH-1430 Sangoba 0 7 29 15 14 27 20 26 102
DSH_16-30Baldshuan 8 16 56 3 4 4 4 15
DSH_16-31Baldshuan 1 3 11 16 1 12 17 7 53
DSH_16-33Baldshuan 7 18 17 6 20 48 10 101
DSH_16-33Baldshuan 11 2 28 13 12 32 20 15 92
DSH-2225 Baldshuan 3 7 33 7 4 26 13 5 55
DSH-2566 Baldshuan 3 15 28 3 9 22 17 12 63
DSH-3174 Chingou 3 12 38 3 8 4 11 6 32
DSH_16-38Tavildara 1 6 37 3 5 14 18 8 48
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SAMPLE Formation Dolostone LS Shale/mudsChert Blackchert Lsed Ep/Zo Chlorite Serpentine Garnet Amph Musc Biot
TOTAL

DSH_16-1 Schuchi 1 0 22 22 0 45 6 2 0 0 1 12 0
DSH_16-3 Schuchi 0 4 19 15 0 104 0 0 0 0 0 1 0
DSH_16-5 Schuchi 0 1 7 11 0 149 1
DSH_16-7 Schuchi 0 0 4 9 0 78 3
DSH_16-8 Schuchi 0 5 4 15 0 27 2
DSH-470 Schuchi 3 1 8 30 1
DSH_16-13Hasarak 3 8 33
DSH_16-14Hasarak 2 7 5 38 1 6 8
DSH_16-17Hasarak 7 4 8 48 1 1
DSH_16-20Sangoba 19 17 82
DSH_16-21Sangoba 1 29 18 21 148 1
DSH-1430 Sangoba 2 39 4 5 76
DSH_16-30Baldshuan 1 6 1 2 62
DSH_16-31Baldshuan 5 69 1 3 100
DSH_16-33Baldshuan 2 75 6 95 1 3
DSH_16-33Baldshuan 2 71 10 5 105 3 3
DSH-2225 Baldshuan 0 4 1 4 41 6 3
DSH-2566 Baldshuan 15 10 3 63 1 5 3
DSH-3174 Chingou 4 37 1 4 71 2 3
DSH_16-38Tavildara 7 89 2 5 123

SAMPLE Formation Tourm Other PYX KYA CORD SIL STAUR MAG ZIRC MON SPHE SPINEL ACC
TOTAL

DSH_16-1 Schuchi 3 0 0 0 0 0 0 0 1 0 0 0 25
DSH_16-3 Schuchi 1 0 0 0 0 0 0 0 0 0 0 0 2
DSH_16-5 Schuchi 1
DSH_16-7 Schuchi 1 4
DSH_16-8 Schuchi 2
DSH-470 Schuchi 1 2
DSH_16-13Hasarak 0
DSH_16-14Hasarak 15
DSH_16-17Hasarak 3 5
DSH_16-20Sangoba 0
DSH_16-21Sangoba 1
DSH-1430 Sangoba 0
DSH_16-30Baldshuan 0
DSH_16-31Baldshuan 0
DSH_16-33Baldshuan 1 5
DSH_16-33Baldshuan 2 2 10
DSH-2225 Baldshuan 1 10
DSH-2566 Baldshuan 9
DSH-3174 Chingou 2 2 9
DSH_16-38Tavildara 1 1 2
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Supplementary Table 2: Zircon U-Pb data 
 

 
  

Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

Chapman 470B-Spot 71 91 5020 0.9 20.4849 2.2 0.2297 2.8 0.0341 1.6 0.60 216.4 3.5 209.9 5.2 139.0 52.1 216.4 3.5 NA
Chapman 470B-Spot 80 146 442362 1.9 18.6116 1.3 0.2570 1.8 0.0347 1.3 0.68 219.9 2.7 232.2 3.8 359.7 30.4 219.9 2.7 NA
Chapman 470B-Spot 67 93 20443 2.9 19.9684 2.2 0.2447 2.4 0.0354 1.0 0.43 224.6 2.3 222.2 4.8 198.7 50.0 224.6 2.3 NA
Chapman 470B-Spot 24 152 11443 2.1 20.2921 1.2 0.2477 1.5 0.0365 1.0 0.64 230.9 2.2 224.7 3.1 161.2 27.3 230.9 2.2 NA
Chapman 470B-Spot 28 23 2698 0.8 19.3114 3.4 0.3267 3.7 0.0458 1.3 0.37 288.5 3.8 287.0 9.1 275.8 77.8 288.5 3.8 NA
Chapman 470B-Spot 18 89 10907 2.0 19.0097 1.3 0.4051 1.6 0.0559 1.0 0.59 350.5 3.3 345.3 4.8 311.8 30.1 350.5 3.3 NA
Chapman 470B-Spot 44 11 786 2.4 24.2910 3.7 0.3438 3.8 0.0606 1.1 0.28 379.3 3.9 300.1 10.0 NA NA 379.3 3.9 NA
Chapman 470B-Spot 41 95 16215 1.3 18.2286 1.1 0.4669 1.4 0.0618 0.9 0.63 386.3 3.3 389.0 4.5 406.4 24.5 386.3 3.3 NA
Chapman 470B-Spot 43 121 52249 3.1 17.7756 0.9 0.5192 1.2 0.0670 0.7 0.62 417.8 2.9 424.6 4.0 462.5 20.3 417.8 2.9 90.3
Chapman 470B-Spot 06 140 266167 1.6 17.7780 0.9 0.5274 1.3 0.0680 0.9 0.72 424.3 3.7 430.1 4.4 462.2 19.4 424.3 3.7 91.8
Chapman 470B-Spot 52 104 17436 1.3 17.8098 1.0 0.5480 1.6 0.0708 1.3 0.77 441.1 5.4 443.7 5.9 458.2 23.2 441.1 5.4 96.3
Chapman 470B-Spot 83 134 159749 0.5 18.0218 1.0 0.5488 1.7 0.0718 1.3 0.79 446.8 5.8 444.2 6.1 431.9 22.9 446.8 5.8 103.4
Chapman 470B-Spot 26 263 22562 2.2 17.2728 1.5 0.6194 4.8 0.0776 4.5 0.95 481.9 21.0 489.4 18.6 525.7 33.6 481.9 21.0 91.7
Chapman 470B-Spot 10 148 45348 1.7 17.0460 1.2 0.6440 1.6 0.0796 1.1 0.66 494.0 5.1 504.7 6.4 554.7 26.4 494.0 5.1 89.1
Chapman 470B-Spot 91 157 41942 4.0 17.0998 0.9 0.6556 3.8 0.0813 3.7 0.97 504.2 17.7 511.9 15.1 547.8 20.0 504.2 17.7 92.0
Chapman 470B-Spot 01 151 139413 2.6 16.5248 0.9 0.7777 1.4 0.0932 1.1 0.77 574.7 6.0 584.2 6.2 622.0 19.1 574.7 6.0 92.4
Chapman 470B-Spot 81 175 60652 0.8 16.8262 0.9 0.7839 1.3 0.0957 1.0 0.73 589.2 5.4 587.7 5.9 582.9 19.6 589.2 5.4 101.1
Chapman 470B-Spot 34 71 18344 2.6 16.6840 1.0 0.8054 1.5 0.0975 1.1 0.72 599.7 6.0 599.9 6.6 601.3 22.1 599.7 6.0 99.7
Chapman 470B-Spot 09 175 36596 2.9 16.4526 0.9 0.8229 1.4 0.0982 1.0 0.74 604.0 5.9 609.7 6.4 631.5 20.1 604.0 5.9 95.7
Chapman 470B-Spot 36 167 54136 1.7 16.2159 0.9 0.8534 1.8 0.1004 1.5 0.86 616.8 9.1 626.5 8.4 662.6 19.4 616.8 9.1 93.1
Chapman 470B-Spot 40 52 24052 1.0 15.7277 2.3 0.8818 2.5 0.1006 0.9 0.37 618.1 5.4 641.9 11.8 727.7 48.7 618.1 5.4 84.9
Chapman 470B-Spot 54 215 73886 0.5 16.4098 1.0 0.8481 1.5 0.1010 1.1 0.75 620.1 6.5 623.6 6.8 637.1 21.0 620.1 6.5 97.3
Chapman 470B-Spot 72 119 172972 1.3 16.7161 0.9 0.8393 1.2 0.1018 0.8 0.68 624.9 4.7 618.7 5.4 597.2 18.6 624.9 4.7 104.6
Chapman 470B-Spot 89 52 6967 0.9 16.4553 1.2 0.8588 1.7 0.1025 1.1 0.67 629.2 6.7 629.5 7.8 631.1 26.5 629.2 6.7 99.7
Chapman 470B-Spot 16 101 61009 2.2 16.2502 0.9 0.8795 1.3 0.1037 0.9 0.71 636.1 5.5 640.7 6.0 658.1 19.1 636.1 5.5 96.7
Chapman 470B-Spot 63 63 32599 1.8 16.5795 0.9 0.8741 1.4 0.1051 1.1 0.76 644.5 6.7 637.8 6.8 614.9 19.9 644.5 6.7 104.8
Chapman 470B-Spot 17 110 49991 3.1 16.4088 0.9 0.8879 1.3 0.1057 1.0 0.74 647.8 5.9 645.2 6.2 637.2 18.7 647.8 5.9 101.7
Chapman 470B-Spot 15 112 41161 1.5 16.5072 1.0 0.8869 1.6 0.1062 1.3 0.78 650.8 8.0 644.7 7.8 624.3 22.0 650.8 8.0 104.2
Chapman 470B-Spot 53 69 36611 1.4 16.1612 1.2 0.9190 1.5 0.1078 0.9 0.61 659.8 5.9 661.9 7.5 669.8 26.2 659.8 5.9 98.5
Chapman 470B-Spot 30 213 27083 1.0 15.4428 0.8 1.0333 1.1 0.1158 0.9 0.75 706.2 5.7 720.6 5.9 766.4 15.9 706.2 5.7 92.2
Chapman 470B-Spot 79 83 21557 3.7 15.7050 1.1 1.0322 1.5 0.1176 1.0 0.70 716.9 6.9 720.0 7.6 730.8 22.3 716.9 6.9 98.1
Chapman 470B-Spot 42 54 7030 0.7 15.8105 1.0 1.0608 1.4 0.1217 0.9 0.65 740.3 6.2 734.2 7.1 716.6 22.0 740.3 6.2 103.3
Chapman 470B-Spot 07 175 45723 1.6 15.3653 0.8 1.0975 1.6 0.1224 1.4 0.85 744.1 9.6 752.1 8.5 777.0 17.7 744.1 9.6 95.8
Chapman 470B-Spot 02 107 70882 1.4 15.3745 1.1 1.1238 1.8 0.1254 1.4 0.78 761.4 10.0 764.8 9.6 775.7 23.3 761.4 10.0 98.2
Chapman 470B-Spot 08 122 342895 1.5 15.1172 0.9 1.1477 1.5 0.1259 1.2 0.82 764.4 8.8 776.2 8.1 811.1 18.0 764.4 8.8 94.2
Chapman 470B-Spot 05 95 116326 1.2 15.3530 0.8 1.1330 1.2 0.1262 0.9 0.74 766.2 6.4 769.2 6.5 778.6 17.1 766.2 6.4 98.4
Chapman 470B-Spot 50 53 14782 0.6 15.0773 1.1 1.1934 1.5 0.1306 1.0 0.68 791.1 7.5 797.6 8.1 816.7 22.5 791.1 7.5 96.9
Chapman 470B-Spot 85 80 43328 1.5 15.3903 0.9 1.1887 1.3 0.1327 0.9 0.72 803.5 7.0 795.4 7.1 773.5 18.7 803.5 7.0 103.9
Chapman 470B-Spot 60 33 23580 1.5 15.1597 1.3 1.2155 1.9 0.1337 1.4 0.75 808.9 10.9 807.7 10.6 805.2 26.2 808.9 10.9 100.5
Chapman 470B-Spot 21 106 144494 0.9 15.1200 1.0 1.2272 1.5 0.1346 1.1 0.73 814.2 8.2 813.0 8.2 810.7 21.0 814.2 8.2 100.4
Chapman 470B-Spot 38 27 56342 0.7 15.1071 1.1 1.2392 1.3 0.1358 0.7 0.53 821.1 5.5 818.5 7.6 812.5 23.8 821.1 5.5 101.0
Chapman 470B-Spot 35 236 138904 2.9 14.3758 1.7 1.3207 3.0 0.1378 2.4 0.82 832.0 19.1 854.8 17.2 915.4 35.1 832.0 19.1 90.9
Chapman 470B-Spot 39 173 61873 2.3 14.9569 0.7 1.2745 1.3 0.1383 1.0 0.81 835.1 8.1 834.4 7.3 833.4 15.6 835.1 8.1 100.2
Chapman 470B-Spot 82 81 51511 1.3 14.7032 1.0 1.3214 1.8 0.1410 1.5 0.84 850.2 12.0 855.1 10.4 868.9 20.5 850.2 12.0 97.8
Chapman 470B-Spot 31 34 42445 1.4 14.7207 0.9 1.3400 1.5 0.1431 1.2 0.79 862.3 9.4 863.2 8.6 866.5 19.0 862.3 9.4 99.5
Chapman 470B-Spot 32 57 29012 0.8 14.5658 1.3 1.4082 1.8 0.1488 1.3 0.70 894.4 10.6 892.4 10.9 888.4 27.1 894.4 10.6 100.7
Chapman 470B-Spot 86 67 21576 1.1 14.4915 0.9 1.4946 1.2 0.1572 0.8 0.64 940.9 6.8 928.2 7.3 898.9 19.0 898.9 19.0 104.7
Chapman 470B-Spot 75 17 6544 3.4 14.3452 2.2 1.5124 2.4 0.1574 1.0 0.43 942.4 9.0 935.4 14.8 919.8 45.0 919.8 45.0 102.5
Chapman 470B-Spot 64 100 70755 2.4 14.1011 0.9 1.5243 1.5 0.1560 1.2 0.82 934.3 10.7 940.2 9.2 955.0 17.7 955.0 17.7 97.8
Chapman 470B-Spot 22 71 31421 2.1 14.0859 1.0 1.5966 1.5 0.1632 1.1 0.74 974.4 9.7 968.9 9.1 957.2 20.3 957.2 20.3 101.8
Chapman 470B-Spot 33 69 57536 1.9 13.9589 0.7 1.6793 1.0 0.1701 0.8 0.74 1012.6 7.1 1000.7 6.5 975.7 14.0 975.7 14.0 103.8
Chapman 470B-Spot 69 102 16317 1.0 13.8435 1.6 1.5720 1.9 0.1579 1.0 0.54 945.1 9.1 959.2 11.8 992.6 32.4 992.6 32.4 95.2
Chapman 470B-Spot 92 36 17592 0.5 13.8183 1.2 1.6280 1.5 0.1632 1.0 0.63 974.7 8.7 981.1 9.6 996.3 24.0 996.3 24.0 97.8
Chapman 470B-Spot 78 79 36258 1.8 13.7379 0.8 1.6380 1.2 0.1633 0.9 0.76 974.9 8.4 984.9 7.7 1008.1 16.1 1008.1 16.1 96.7
Chapman 470B-Spot 03 199 62190 3.0 13.6731 0.9 1.6502 1.3 0.1637 1.0 0.75 977.4 8.9 989.6 8.2 1017.7 17.3 1017.7 17.3 96.0
Chapman 470B-Spot 27 91 72925 1.5 13.5529 0.7 1.7109 1.1 0.1682 0.8 0.78 1002.4 7.8 1012.6 6.9 1035.6 13.4 1035.6 13.4 96.8
Chapman 470B-Spot 58 169 45288 1.7 13.3059 1.0 1.8081 1.5 0.1746 1.1 0.76 1037.2 10.8 1048.4 9.7 1072.7 19.3 1072.7 19.3 96.7
Chapman 470B-Spot 04 57 12739 1.2 12.7682 1.0 2.1460 1.4 0.1988 1.1 0.75 1168.9 11.6 1163.8 10.0 1155.0 18.9 1155.0 18.9 101.2
Chapman 470B-Spot 20 76 136606 1.3 12.5770 1.3 2.0778 1.8 0.1896 1.3 0.72 1119.3 13.6 1141.5 12.6 1184.9 25.1 1184.9 25.1 94.5
Chapman 470B-Spot 90 64 39126 0.7 10.7520 0.6 3.2609 1.0 0.2544 0.9 0.82 1461.1 11.2 1471.8 8.1 1488.0 11.4 1488.0 11.4 98.2
Chapman 470B-Spot 70 53 54269 0.8 10.2968 0.7 3.8410 1.2 0.2870 1.0 0.82 1626.3 14.6 1601.4 10.0 1569.5 13.3 1569.5 13.3 103.6
Chapman 470B-Spot 68 85 135715 1.3 10.1689 0.8 3.8996 1.2 0.2877 0.9 0.74 1630.2 13.2 1613.6 10.0 1592.8 15.4 1592.8 15.4 102.3
Chapman 470B-Spot 66 48 75694 1.2 9.5652 1.0 4.1358 3.0 0.2870 2.8 0.94 1626.7 40.5 1661.4 24.5 1706.3 19.0 1706.3 19.0 95.3
Chapman 470B-Spot 84 134 68388 2.0 8.8310 0.8 4.7192 1.1 0.3024 0.8 0.73 1703.1 12.2 1770.7 9.3 1852.0 13.8 1852.0 13.8 92.0
Chapman 470B-Spot 61 106 69750 3.3 8.7209 0.9 5.2442 1.3 0.3318 1.0 0.74 1847.3 15.4 1859.8 11.0 1874.6 15.6 1874.6 15.6 98.5
Chapman 470B-Spot 19 182 2732147 0.8 8.6651 0.8 5.2527 1.8 0.3302 1.6 0.89 1839.6 25.4 1861.2 15.2 1886.2 14.5 1886.2 14.5 97.5
Chapman 470B-Spot 56 73 41356 1.5 8.4359 0.9 5.7152 1.3 0.3498 0.9 0.71 1933.8 15.4 1933.7 11.2 1934.3 16.2 1934.3 16.2 100.0
Chapman 470B-Spot 59 194 1219369 1.4 8.1615 0.7 5.7100 1.6 0.3381 1.4 0.90 1877.7 23.0 1932.9 13.6 1993.3 12.4 1993.3 12.4 94.2
Chapman 470B-Spot 74 40 18731 1.6 8.1446 0.8 5.8887 1.4 0.3480 1.2 0.82 1925.0 19.6 1959.6 12.5 1997.0 14.6 1997.0 14.6 96.4
Chapman 470B-Spot 13 56 86004 0.8 6.5348 0.8 9.5582 1.3 0.4532 1.0 0.79 2409.5 20.4 2393.2 11.8 2380.0 13.6 2380.0 13.6 101.2
Chapman 470B-Spot 12 132 136919 1.4 6.1544 0.7 10.2029 1.2 0.4556 1.0 0.80 2420.1 19.2 2453.3 10.9 2481.7 11.8 2481.7 11.8 97.5
Chapman 470B-Spot 11 15 31127 0.3 6.1256 1.0 11.2293 1.5 0.4991 1.1 0.75 2609.9 23.5 2542.4 13.7 2489.6 16.4 2489.6 16.4 104.8
Chapman 470B-Spot 14 106 5838571 1.0 6.0717 0.8 10.7924 1.1 0.4755 0.8 0.70 2507.5 15.7 2505.4 10.1 2504.5 13.0 2504.5 13.0 100.1
Chapman 470B-Spot 93 78 773350 1.2 5.9637 0.8 11.4501 1.3 0.4955 1.0 0.76 2594.3 20.8 2560.5 12.0 2534.6 14.1 2534.6 14.1 102.4
Chapman 470B-Spot 55 58 153246 2.1 5.7902 0.8 11.1140 1.4 0.4669 1.1 0.81 2470.1 22.6 2532.7 12.6 2584.0 13.1 2584.0 13.1 95.6
Chapman 470B-Spot 73 88 2834155 2.1 5.5731 0.7 11.6784 1.3 0.4722 1.0 0.81 2493.4 21.0 2579.0 11.8 2647.6 12.4 2647.6 12.4 94.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

Chapman 470B-91500 67 18621 2.6 13.5369 0.8 1.8439 1.3 0.1811 1.0 0.76 1073.0 9.5 1061.3 8.4 1038.0 16.8 1038.0 16.8 103.4
Chapman 470B-91500 68 32144 2.5 13.5175 0.9 1.8536 1.7 0.1818 1.5 0.86 1076.8 14.7 1064.7 11.3 1040.9 17.4 1040.9 17.4 103.5
Chapman 470B-91500 61 42950 2.7 13.5104 0.9 1.8758 1.4 0.1839 1.1 0.77 1088.1 10.8 1072.6 9.3 1041.9 18.3 1041.9 18.3 104.4
Chapman 470B-91500 71 18236 2.5 13.4942 0.9 1.8524 1.3 0.1814 0.9 0.69 1074.4 8.7 1064.3 8.4 1044.3 18.7 1044.3 18.7 102.9
Chapman 470B-91500 58 22542 2.7 13.4434 0.9 1.8584 1.3 0.1813 0.9 0.71 1073.9 9.2 1066.4 8.6 1052.0 18.5 1052.0 18.5 102.1
Chapman 470B-91500 58 19408 2.7 13.4399 1.0 1.8874 1.4 0.1841 0.9 0.69 1089.1 9.3 1076.7 9.0 1052.5 19.8 1052.5 19.8 103.5
Chapman 470B-91500 55 105593 2.7 13.4328 1.0 1.8474 1.6 0.1801 1.2 0.77 1067.3 12.1 1062.5 10.6 1053.6 20.8 1053.6 20.8 101.3
Chapman 470B-91500 56 22359 2.8 13.4311 1.0 1.9147 1.4 0.1866 1.0 0.71 1102.9 10.3 1086.2 9.5 1053.8 20.3 1053.8 20.3 104.7
Chapman 470B-91500 59 26959 2.7 13.4218 0.9 1.8626 1.5 0.1814 1.2 0.80 1074.6 12.1 1067.9 10.2 1055.2 18.9 1055.2 18.9 101.8
Chapman 470B-91500 53 26172 2.9 13.4174 0.9 1.8804 1.3 0.1831 1.0 0.76 1083.7 10.0 1074.2 8.8 1055.9 17.4 1055.9 17.4 102.6
Chapman 470B-91500 59 36107 2.7 13.3982 0.9 1.9072 1.2 0.1854 0.8 0.66 1096.5 8.3 1083.6 8.3 1058.8 18.8 1058.8 18.8 103.6
Chapman 470B-91500 68 104416 2.6 13.3661 0.8 1.8614 1.1 0.1805 0.8 0.70 1069.8 7.8 1067.5 7.5 1063.6 16.2 1063.6 16.2 100.6
Chapman 470B-91500 56 43544 2.8 13.2832 1.5 1.8628 1.7 0.1795 0.8 0.46 1064.5 7.7 1068.0 11.3 1076.1 30.3 1076.1 30.3 98.9
Chapman 470B-91500 48 11042 2.9 13.2494 1.0 1.8500 1.5 0.1778 1.1 0.72 1055.2 10.4 1063.4 9.8 1081.2 20.9 1081.2 20.9 97.6

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_1430-72 340 26728 2.5 20.9759 4.5 0.0769 4.7 0.0117 1.3 0.27 75.0 0.9 75.2 3.4 83.1 108.0 75.0 0.9
DSHJB_1430-64 456 166423 2.0 20.5910 2.6 0.0790 2.8 0.0118 1.0 0.37 75.6 0.8 77.2 2.1 126.9 62.1 75.6 0.8

DSHJB_1430-Spot 134 228 2220 1.2 17.6823 4.8 0.0978 5.4 0.0125 2.6 0.47 80.3 2.0 94.7 4.9 474.2 106.0 80.3 2.0
DSHJB_1430-Spot 229 809 8029 3.7 13.9663 4.2 0.1439 36.5 0.0146 36.3 0.99 93.3 33.6 136.5 46.7 974.6 85.5 93.3 33.6
DSHJB_1430-Spot 189 588 8729 3.3 19.9007 1.8 0.2298 2.3 0.0332 1.5 0.65 210.3 3.1 210.0 4.4 206.6 41.2 210.3 3.1
DSHJB_1430-Spot 241 158 4218 2.0 19.9443 3.5 0.2301 4.1 0.0333 2.2 0.53 211.1 4.5 210.3 7.8 201.5 80.6 211.1 4.5
DSHJB_1430-Spot 247 480 5924 2.5 20.0398 1.8 0.2322 2.6 0.0338 1.9 0.72 214.0 4.0 212.1 5.0 190.4 42.3 214.0 4.0

DSHJB_1430-119 362 14086 1.7 20.0400 2.3 0.2324 4.4 0.0338 3.7 0.85 214.1 7.9 212.1 8.4 190.4 53.1 214.1 7.9
DSHJB_1430-Spot 173 663 5289 2.0 20.3592 3.0 0.2302 3.7 0.0340 2.1 0.57 215.5 4.5 210.4 7.0 153.5 70.7 215.5 4.5
DSHJB_1430-Spot 136 184 2695 1.4 21.0527 3.2 0.2245 4.1 0.0343 2.5 0.61 217.3 5.3 205.7 7.6 74.5 76.8 217.3 5.3
DSHJB_1430-Spot 208 130 1399 0.7 22.9067 2.9 0.2065 3.8 0.0343 2.3 0.62 217.4 5.0 190.6 6.5 130.1 72.6 217.4 5.0
DSHJB_1430-Spot 131 44 1523 1.7 19.6883 10.6 0.2404 11.0 0.0343 2.8 0.26 217.6 6.1 218.7 21.6 231.4 245.8 217.6 6.1
DSHJB_1430-Spot 257 302 6622 2.2 19.4384 2.1 0.2445 3.0 0.0345 2.1 0.71 218.4 4.6 222.1 5.9 260.8 48.1 218.4 4.6
DSHJB_1430-Spot 293 119 3565 2.9 20.6343 7.6 0.2332 8.0 0.0349 2.5 0.31 221.1 5.5 212.8 15.3 121.9 178.7 221.1 5.5
DSHJB_1430-Spot 139 522 5728 1.1 19.9774 1.8 0.2424 2.5 0.0351 1.7 0.69 222.5 3.8 220.4 5.0 197.6 42.4 222.5 3.8
DSHJB_1430-Spot 203 1116 6004 1.6 20.0389 1.7 0.2427 2.4 0.0353 1.7 0.70 223.5 3.6 220.6 4.7 190.5 39.4 223.5 3.6
DSHJB_1430-Spot 276 215 2729 0.7 18.1369 3.9 0.2690 4.2 0.0354 1.6 0.38 224.1 3.5 241.9 9.1 417.7 86.9 224.1 3.5

DSHJB_1430-127 359 29758 2.2 20.0242 1.9 0.2450 2.4 0.0356 1.4 0.60 225.4 3.1 222.5 4.8 192.2 44.5 225.4 3.1
DSHJB_1430-41 576 35008 1.5 19.1941 1.9 0.2557 4.1 0.0356 3.6 0.88 225.5 8.0 231.2 8.5 289.8 44.1 225.5 8.0

DSHJB_1430-Spot 238 464 7315 2.1 19.4865 1.7 0.2542 2.5 0.0359 1.9 0.74 227.5 4.2 230.0 5.2 255.1 39.0 227.5 4.2
DSHJB_1430-Spot 214 210 2358 2.1 21.0573 2.3 0.2353 3.2 0.0359 2.3 0.71 227.6 5.1 214.6 6.2 73.9 53.8 227.6 5.1
DSHJB_1430-Spot 142 126 1667 2.4 21.1488 2.6 0.2376 3.6 0.0364 2.5 0.70 230.8 5.7 216.5 7.0 63.6 61.7 230.8 5.7

DSHJB_1430-142 246 65112 1.3 19.5287 2.7 0.2627 2.9 0.0372 1.1 0.37 235.5 2.5 236.8 6.1 250.1 61.4 235.5 2.5
DSHJB_1430-Spot 232 932 11681 1.7 19.6382 1.4 0.2668 2.3 0.0380 1.8 0.79 240.4 4.3 240.1 4.9 237.3 32.4 240.4 4.3
DSHJB_1430-Spot 167 640 5375 2.2 19.6653 4.3 0.2732 4.6 0.0390 1.6 0.36 246.4 4.0 245.2 10.0 234.1 98.8 246.4 4.0

DSHJB_1430-107 388 19450 1.3 19.2791 1.9 0.2813 2.4 0.0393 1.4 0.57 248.7 3.3 251.6 5.3 279.7 44.4 248.7 3.3
DSHJB_1430-Spot 183 673 6470 2.2 19.7570 2.6 0.2761 3.2 0.0396 1.9 0.59 250.1 4.7 247.5 7.1 223.3 60.4 250.1 4.7
DSHJB_1430-Spot 237 865 5342 0.9 20.1158 1.2 0.2724 2.4 0.0397 2.1 0.87 251.2 5.1 244.6 5.2 181.5 27.2 251.2 5.1

DSHJB_1430-124 395 41929 1.3 19.3694 1.8 0.2854 3.9 0.0401 3.5 0.89 253.5 8.7 255.0 8.8 268.9 40.3 253.5 8.7
DSHJB_1430-39 345 43344 1.1 20.9080 1.9 0.2659 2.7 0.0403 1.9 0.71 254.8 4.7 239.4 5.7 90.8 45.0 254.8 4.7
DSHJB_1430-75 359 29561 2.3 18.7789 2.0 0.2964 2.9 0.0404 2.2 0.74 255.1 5.4 263.6 6.8 339.5 44.3 255.1 5.4

DSHJB_1430-Spot 255 174 2423 1.4 20.0508 2.4 0.2837 3.3 0.0413 2.2 0.68 260.6 5.7 253.6 7.3 189.1 55.4 260.6 5.7
DSHJB_1430-Spot 222 66 895 1.2 24.1726 4.7 0.2377 5.5 0.0417 2.9 0.53 263.2 7.6 216.5 10.8 264.8 118.7 263.2 7.6
DSHJB_1430-Spot 223 382 6371 2.4 19.1477 3.7 0.3013 4.2 0.0418 2.0 0.48 264.2 5.2 267.4 9.9 295.3 84.4 264.2 5.2
DSHJB_1430-Spot 226 1153 10039 1.1 19.4512 1.0 0.2984 2.1 0.0421 1.8 0.86 265.8 4.6 265.2 4.8 259.3 24.0 265.8 4.6
DSHJB_1430-Spot 220 339 6130 1.8 19.1462 1.7 0.3116 2.8 0.0433 2.2 0.79 273.0 5.8 275.4 6.6 295.5 38.8 273.0 5.8
DSHJB_1430-Spot 165 224 5070 1.2 19.3543 2.3 0.3092 3.0 0.0434 1.9 0.64 273.9 5.1 273.6 7.2 270.7 52.9 273.9 5.1
DSHJB_1430-Spot 292 408 8654 2.2 19.2953 1.7 0.3104 2.5 0.0434 1.9 0.75 274.1 5.0 274.5 6.0 277.8 38.3 274.1 5.0
DSHJB_1430-Spot 212 150 4067 1.7 17.8274 2.7 0.3392 8.4 0.0439 8.0 0.95 276.7 21.6 296.6 21.6 456.1 60.5 276.7 21.6

DSHJB_1430-58 206 48928 0.8 18.4158 2.7 0.3284 3.0 0.0439 1.2 0.39 276.7 3.2 288.3 7.5 383.5 61.6 276.7 3.2
DSHJB_1430-125 290 12884 1.8 19.3780 1.9 0.3140 2.8 0.0441 2.0 0.72 278.4 5.4 277.3 6.7 267.9 44.2 278.4 5.4

DSHJB_1430-Spot 252 322 6108 1.7 19.1773 2.2 0.3183 2.8 0.0443 1.8 0.62 279.2 4.8 280.6 7.0 291.8 50.9 279.2 4.8
DSHJB_1430-Spot 172 762 24998 2.0 18.7693 1.3 0.3258 2.0 0.0444 1.5 0.77 279.8 4.2 286.4 5.0 340.7 29.2 279.8 4.2
DSHJB_1430-Spot 258 769 32517 1.4 18.8151 1.3 0.3251 2.2 0.0444 1.8 0.80 279.8 4.8 285.8 5.5 335.2 30.5 279.8 4.8
DSHJB_1430-Spot 143 224 5347 2.6 18.4479 2.0 0.3333 2.9 0.0446 2.1 0.72 281.3 5.7 292.1 7.3 379.6 45.2 281.3 5.7
DSHJB_1430-Spot 236 374 6895 0.7 19.1070 1.5 0.3220 2.4 0.0446 1.8 0.76 281.4 5.0 283.4 5.9 300.2 34.8 281.4 5.0

DSHJB_1430-113 286 19510 1.0 19.7140 2.1 0.3133 3.5 0.0448 2.8 0.79 282.5 7.7 276.7 8.5 228.4 49.3 282.5 7.7
DSHJB_1430-Spot 286 341 6021 1.7 19.3184 1.6 0.3208 2.9 0.0449 2.4 0.83 283.4 6.5 282.5 7.0 275.0 36.9 283.4 6.5
DSHJB_1430-Spot 290 297 4999 2.0 19.8467 1.8 0.3128 2.7 0.0450 2.0 0.74 283.9 5.6 276.4 6.6 212.8 42.7 283.9 5.6

DSHJB_1430-57 1642 213625 3.6 19.1379 1.0 0.3279 3.9 0.0455 3.8 0.97 287.0 10.7 288.0 9.9 296.5 22.1 287.0 10.7
DSHJB_1430-Spot 149 702 9736 2.3 19.1025 2.0 0.3300 2.6 0.0457 1.7 0.66 288.2 4.9 289.6 6.6 300.7 45.3 288.2 4.9
DSHJB_1430-Spot 200 200 35203 3.3 18.4320 1.8 0.3440 2.7 0.0460 2.0 0.74 289.8 5.7 300.2 7.1 381.6 41.1 289.8 5.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_1430-Spot 188 254 6806 1.7 19.1527 2.4 0.3347 3.3 0.0465 2.2 0.67 292.9 6.3 293.1 8.4 294.7 55.5 292.9 6.3
DSHJB_1430-Spot 268 274 6382 1.6 19.0023 3.8 0.3374 4.2 0.0465 1.8 0.44 293.0 5.3 295.2 10.8 312.6 86.0 293.0 5.3

DSHJB_1430-37 589 41611 0.9 19.1120 0.9 0.3367 2.5 0.0467 2.4 0.94 294.1 6.8 294.7 6.4 299.5 20.4 294.1 6.8
DSHJB_1430-Spot 228 149 4475 3.0 19.2426 2.5 0.3349 3.5 0.0467 2.5 0.70 294.5 7.1 293.3 9.0 284.0 57.8 294.5 7.1
DSHJB_1430-Spot 168 531 16015 1.7 19.0363 1.4 0.3412 2.2 0.0471 1.7 0.78 296.7 4.9 298.1 5.6 308.6 31.0 296.7 4.9
DSHJB_1430-Spot 129 265 9441 1.3 18.4160 2.2 0.3533 2.8 0.0472 1.7 0.62 297.3 5.1 307.2 7.5 383.5 50.1 297.3 5.1

DSHJB_1430-92 177 8099 1.9 19.8077 1.8 0.3297 3.6 0.0474 3.1 0.86 298.3 9.1 289.3 9.1 217.4 42.4 298.3 9.1
DSHJB_1430-51 251 36967 2.6 6.5792 17.7 0.9933 17.8 0.0474 1.2 0.07 298.5 3.6 700.4 90.2 2368.5 305.2 298.5 3.6

DSHJB_1430-Spot 221 324 5148 3.8 19.3679 3.0 0.3413 3.4 0.0479 1.6 0.46 301.8 4.6 298.1 8.8 269.1 69.6 301.8 4.6
DSHJB_1430-Spot 176 190 10335 3.5 18.4709 2.1 0.3599 3.3 0.0482 2.5 0.77 303.6 7.5 312.2 8.8 376.8 46.9 303.6 7.5

DSHJB_1430-128 265 10010 1.5 19.7736 2.0 0.3371 2.6 0.0483 1.6 0.63 304.3 4.9 295.0 6.7 221.4 47.1 304.3 4.9
DSHJB_1430-Spot 181 390 8351 2.0 18.7958 1.5 0.3558 2.4 0.0485 1.9 0.78 305.3 5.5 309.1 6.3 337.5 33.4 305.3 5.5

DSHJB_1430-133 251 19878 1.6 19.2794 1.7 0.3493 2.2 0.0488 1.3 0.61 307.4 4.0 304.2 5.7 279.7 39.0 307.4 4.0
DSHJB_1430-Spot 138 216 5969 1.5 18.8916 2.2 0.3568 2.9 0.0489 1.9 0.66 307.6 5.8 309.8 7.8 325.9 50.0 307.6 5.8

DSHJB_1430-108 383 182580 1.8 18.8065 1.5 0.3604 2.4 0.0492 1.9 0.78 309.4 5.6 312.5 6.4 336.2 33.8 309.4 5.6
DSHJB_1430-Spot 246 804 57769 1.9 18.6090 1.1 0.3647 2.1 0.0492 1.8 0.86 309.7 5.4 315.7 5.7 360.0 24.6 309.7 5.4
DSHJB_1430-Spot 194 251 9118 2.4 18.6988 1.9 0.3645 2.5 0.0494 1.6 0.65 311.0 4.9 315.6 6.8 349.2 43.2 311.0 4.9
DSHJB_1430-Spot 287 406 6806 2.7 19.7502 1.8 0.3460 2.6 0.0496 1.8 0.70 311.8 5.6 301.7 6.8 224.1 42.7 311.8 5.6

DSHJB_1430-71 207 27189 2.1 18.9566 2.5 0.3610 2.7 0.0496 1.0 0.38 312.2 3.2 312.9 7.3 318.1 57.3 312.2 3.2
DSHJB_1430-Spot 216 285 8408 1.2 18.5417 1.6 0.3708 2.5 0.0499 1.9 0.76 313.7 5.8 320.2 6.9 368.2 36.4 313.7 5.8

DSHJB_1430-135 609 57730 2.9 19.2113 1.5 0.3583 1.7 0.0499 0.9 0.53 314.1 2.8 311.0 4.6 287.7 33.6 314.1 2.8
DSHJB_1430-134 676 48131 1.9 18.8921 1.6 0.3727 3.8 0.0511 3.4 0.91 321.1 10.7 321.7 10.4 325.9 35.6 321.1 10.7

DSHJB_1430-Spot 160 133 5049 2.5 18.7984 5.0 0.3794 5.5 0.0517 2.3 0.43 325.1 7.4 326.6 15.4 337.2 112.8 325.1 7.4
DSHJB_1430-Spot 182 364 8342 4.2 18.6470 1.5 0.3876 2.4 0.0524 1.9 0.78 329.3 6.0 332.6 6.8 355.5 33.6 329.3 6.0

DSHJB_1430-46 135 7774 222.5 19.1093 2.8 0.3810 3.2 0.0528 1.6 0.50 331.7 5.2 327.8 8.9 299.9 63.0 331.7 5.2
DSHJB_1430-Spot 185 165 5142 4.6 18.4236 2.6 0.3962 3.4 0.0529 2.2 0.64 332.5 7.1 338.9 9.9 382.6 59.3 332.5 7.1
DSHJB_1430-Spot 135 733 27827 2.1 18.5948 0.9 0.3936 1.7 0.0531 1.5 0.87 333.4 4.9 337.0 5.0 361.8 19.5 333.4 4.9
DSHJB_1430-Spot 254 301 8723 1.1 17.9278 2.3 0.4106 3.5 0.0534 2.7 0.77 335.3 8.9 349.3 10.4 443.6 50.4 335.3 8.9

DSHJB_1430-70 750 36589 4.8 18.8323 1.2 0.3941 1.5 0.0538 0.9 0.63 338.0 3.1 337.4 4.3 333.1 26.2 338.0 3.1
DSHJB_1430-Spot 133 520 7742 4.1 18.8816 1.4 0.3940 2.5 0.0540 2.1 0.84 338.8 6.8 337.3 7.1 327.1 30.7 338.8 6.8

DSHJB_1430-47 611 33921 1.4 18.6132 1.1 0.4007 1.5 0.0541 1.0 0.69 339.6 3.4 342.1 4.4 359.5 24.5 339.6 3.4
DSHJB_1430-Spot 249 656 6100 2.4 19.4501 2.3 0.3885 2.9 0.0548 1.8 0.61 343.9 5.9 333.3 8.1 259.4 52.0 343.9 5.9
DSHJB_1430-Spot 146 15 2443 3.2 15.4586 7.8 0.5406 8.8 0.0606 4.2 0.48 379.3 15.5 438.8 31.5 764.2 164.0 379.3 15.5
DSHJB_1430-Spot 174 1458 8396 1.1 17.6077 0.9 0.4870 2.3 0.0622 2.1 0.92 388.9 7.9 402.9 7.6 483.5 19.9 388.9 7.9
DSHJB_1430-Spot 148 368 6256 1.9 18.6933 2.1 0.4600 2.9 0.0624 2.0 0.68 390.0 7.4 384.3 9.2 349.9 47.6 390.0 7.4
DSHJB_1430-Spot 224 366 21942 1.4 17.5203 1.7 0.4952 2.5 0.0629 1.8 0.72 393.4 6.8 408.4 8.4 494.5 38.2 393.4 6.8

DSHJB_1430-139 18 5716 1.6 18.5194 7.1 0.4759 7.4 0.0639 2.0 0.27 399.4 7.9 395.2 24.3 370.9 160.8 399.4 7.9
DSHJB_1430-Spot 289 160 19987 2.3 17.2189 2.0 0.5272 2.9 0.0658 2.1 0.73 411.1 8.5 430.0 10.3 532.6 44.2 411.1 8.5

DSHJB_1430-15 86 10864 0.4 18.1581 3.8 0.5005 7.6 0.0659 6.5 0.86 411.5 26.1 412.0 25.7 415.1 85.2 411.5 26.1
DSHJB_1430-93 217 14825 1.5 18.3325 1.6 0.4977 3.2 0.0662 2.8 0.87 413.1 11.3 410.1 11.0 393.7 35.5 413.1 11.3

DSHJB_1430-Spot 197 47 1542 1.2 19.7464 6.5 0.4648 7.0 0.0666 2.4 0.35 415.5 9.8 387.6 22.5 224.6 151.3 415.5 9.8
DSHJB_1430-Spot 259 182 6937 3.3 17.7527 2.3 0.5178 2.8 0.0667 1.6 0.58 416.1 6.6 423.7 9.8 465.4 50.9 416.1 6.6

DSHJB_1430-103 90 11911 11.6 17.7445 3.1 0.5202 3.9 0.0669 2.3 0.60 417.7 9.5 425.3 13.6 466.4 69.5 417.7 9.5
DSHJB_1430-Spot 210 233 5490 1.5 18.0112 1.6 0.5239 2.5 0.0684 2.0 0.79 426.8 8.2 427.8 8.8 433.2 35.0 426.8 8.2
DSHJB_1430-Spot 199 782 12286 2.1 17.8255 1.6 0.5296 2.2 0.0685 1.4 0.65 426.9 5.8 431.5 7.6 456.3 36.3 426.9 5.8
DSHJB_1430-Spot 217 427 9364 0.7 17.8726 1.9 0.5307 2.6 0.0688 1.7 0.67 428.8 7.1 432.3 9.0 450.4 41.9 428.8 7.1
DSHJB_1430-Spot 130 1509 17183 2.7 17.8391 0.7 0.5337 1.6 0.0690 1.5 0.91 430.4 6.1 434.2 5.6 454.6 14.5 430.4 6.1
DSHJB_1430-Spot 262 183 3467 1.1 18.3334 1.9 0.5211 2.5 0.0693 1.7 0.67 431.9 7.0 425.9 8.7 393.6 41.9 431.9 7.0
DSHJB_1430-Spot 206 309 5594 1.8 18.6555 1.4 0.5122 2.1 0.0693 1.6 0.74 431.9 6.6 419.9 7.3 354.4 32.3 431.9 6.6
DSHJB_1430-Spot 251 214 6814 1.7 18.1614 3.5 0.5308 3.9 0.0699 1.8 0.46 435.7 7.7 432.4 13.8 414.7 77.7 435.7 7.7
DSHJB_1430-Spot 192 405 20329 2.5 18.1883 1.3 0.5302 2.4 0.0699 2.0 0.85 435.8 8.6 431.9 8.4 411.4 28.1 435.8 8.6
DSHJB_1430-Spot 170 178 6778 2.1 17.8038 1.8 0.5428 2.7 0.0701 2.0 0.74 436.7 8.3 440.2 9.5 459.0 39.8 436.7 8.3

DSHJB_1430-69 80 139876 2.1 17.6620 2.2 0.5529 2.7 0.0708 1.6 0.60 441.1 6.9 446.9 9.9 476.7 48.5 441.1 6.9
DSHJB_1430-80 67 5308 2.7 12.4889 5.4 0.7833 5.9 0.0710 2.3 0.39 441.9 9.7 587.4 26.2 1198.7 106.8 441.9 9.7

DSHJB_1430-Spot 178 282 6813 1.3 18.0718 1.3 0.5448 2.1 0.0714 1.7 0.78 444.6 7.2 441.6 7.6 425.8 29.7 444.6 7.2
DSHJB_1430-53 256 38601 2.9 17.5847 2.1 0.5602 2.3 0.0714 1.1 0.47 444.9 4.7 451.7 8.5 486.4 45.3 444.9 4.7
DSHJB_1430-91 1360 33808 1.8 17.7330 0.7 0.5556 2.9 0.0715 2.8 0.97 444.9 12.0 448.7 10.5 467.8 16.1 444.9 12.0
DSHJB_1430-60 62 4652 5.7 19.1147 5.3 0.5162 7.1 0.0716 4.7 0.67 445.6 20.4 422.6 24.6 299.2 120.9 445.6 20.4

DSHJB_1430-Spot 231 630 18633 1.4 17.6637 1.1 0.5613 2.1 0.0719 1.8 0.84 447.7 7.6 452.4 7.6 476.5 24.7 447.7 7.6
DSHJB_1430-Spot 294 254 31838 2.6 17.1990 1.9 0.5780 2.5 0.0721 1.6 0.65 448.8 7.1 463.2 9.3 535.2 41.5 448.8 7.1
DSHJB_1430-Spot 154 203 3335 2.2 18.7094 1.8 0.5331 2.6 0.0723 1.9 0.74 450.3 8.4 433.9 9.2 347.9 39.6 450.3 8.4

DSHJB_1430-59 36 2306 4.8 21.6073 3.9 0.4687 4.2 0.0735 1.6 0.37 457.0 7.0 390.3 13.8 12.3 94.8 457.0 7.0
DSHJB_1430-49 280 47783 2.5 18.3524 1.0 0.5546 1.4 0.0738 1.0 0.70 459.1 4.4 448.0 5.1 391.3 22.7 459.1 4.4

DSHJB_1430-Spot 263 99 7387 3.6 17.2287 2.1 0.6111 3.0 0.0764 2.1 0.71 474.3 9.8 484.2 11.6 531.4 46.0 474.3 9.8
DSHJB_1430-65 844 178035 1.5 17.6928 1.5 0.5977 1.9 0.0767 1.1 0.58 476.4 5.0 475.8 7.1 472.9 33.6 476.4 5.0

DSHJB_1430-Spot 218 172 13371 2.4 17.1224 1.6 0.6237 2.6 0.0775 2.1 0.79 480.9 9.7 492.2 10.3 544.9 35.3 480.9 9.7
DSHJB_1430-Spot 227 265 49867 2.6 17.1970 1.4 0.6266 2.2 0.0781 1.7 0.77 485.1 7.9 493.9 8.6 535.4 31.0 485.1 7.9
DSHJB_1430-Spot 141 304 121462 2.4 17.4104 1.3 0.6210 2.4 0.0784 2.0 0.85 486.6 9.4 490.5 9.3 508.4 27.9 486.6 9.4
DSHJB_1430-Spot 153 159 6913 3.3 17.3348 1.7 0.6252 2.8 0.0786 2.2 0.79 487.8 10.3 493.1 10.9 517.9 37.7 487.8 10.3
DSHJB_1430-Spot 284 312 9161 2.6 17.5579 1.1 0.6214 2.1 0.0791 1.8 0.86 491.0 8.6 490.8 8.2 489.7 23.7 491.0 8.6
DSHJB_1430-Spot 244 91 2276 2.0 17.9705 3.5 0.6167 4.3 0.0804 2.4 0.56 498.4 11.6 487.8 16.6 438.3 78.7 498.4 11.6

DSHJB_1430-100 139 37394 1.7 14.1762 2.1 0.7994 3.2 0.0822 2.4 0.76 509.2 11.8 596.5 14.3 944.1 42.4 509.2 11.8
DSHJB_1430-Spot 233 298 6823 2.5 17.0863 1.3 0.6686 2.2 0.0828 1.8 0.82 513.1 9.0 519.8 9.1 549.5 27.9 513.1 9.0
DSHJB_1430-Spot 272 156 7757 1.2 17.2985 2.4 0.6605 3.1 0.0829 1.9 0.61 513.2 9.2 514.9 12.3 522.5 53.0 513.2 9.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_1430-138 484 346054 1.9 17.1175 1.5 0.6761 2.6 0.0839 2.1 0.81 519.6 10.4 524.4 10.5 545.5 32.5 519.6 10.4
DSHJB_1430-Spot 282 252 8933 1.9 17.2959 2.3 0.6884 3.1 0.0864 2.0 0.65 533.9 10.1 531.8 12.6 522.8 51.1 533.9 10.1
DSHJB_1430-Spot 277 577 6181 1.8 14.4151 2.2 0.8551 6.3 0.0894 5.9 0.94 552.0 31.1 627.5 29.3 909.8 44.4 552.0 31.1

DSHJB_1430-141 766 372458 2.2 16.0583 1.0 0.7771 1.6 0.0905 1.3 0.79 558.5 6.8 583.8 7.2 683.5 21.3 558.5 6.8
DSHJB_1430-Spot 248 423 9137 8.3 16.9602 0.9 0.7492 2.0 0.0922 1.7 0.88 568.3 9.4 567.8 8.6 565.7 20.3 568.3 9.4

DSHJB_1430-123 38 3513 1.0 14.1480 3.8 0.8986 5.9 0.0922 4.5 0.76 568.6 24.4 651.0 28.3 948.2 78.1 568.6 24.4
DSHJB_1430-Spot 156 72 3562 125.7 16.7468 2.8 0.7595 3.7 0.0922 2.3 0.63 568.8 12.6 573.7 16.0 593.2 61.4 568.8 12.6

DSHJB_1430-43 1088 268828 1.1 16.7787 0.8 0.7643 2.3 0.0930 2.1 0.93 573.3 11.7 576.5 10.1 589.1 18.1 573.3 11.7
DSHJB_1430-Spot 211 372 6373 1.6 17.0044 1.2 0.7586 2.1 0.0936 1.7 0.83 576.6 9.4 573.2 9.0 560.0 25.3 576.6 9.4

DSHJB_1430-12 162 37225 1.8 14.6767 8.0 0.8857 9.3 0.0943 4.7 0.51 580.8 26.2 644.0 44.2 872.7 165.2 580.8 26.2
DSHJB_1430-Spot 166 232 7333 1.3 16.9102 2.5 0.7819 3.3 0.0959 2.2 0.67 590.3 12.4 586.6 14.7 572.1 53.4 590.3 12.4

DSHJB_1430-104 215 41930 0.5 16.5591 1.3 0.8002 1.8 0.0961 1.2 0.70 591.5 7.0 596.9 8.0 617.5 27.0 591.5 7.0
DSHJB_1430-Spot 264 624 23350 0.5 16.4759 1.1 0.8117 2.0 0.0970 1.7 0.83 596.8 9.5 603.4 9.1 628.4 24.1 596.8 9.5

DSHJB_1430-38 617 150851 1.6 16.7456 1.3 0.7989 2.4 0.0970 2.1 0.86 596.9 11.9 596.2 11.0 593.4 27.1 596.9 11.9
DSHJB_1430-Spot 190 160 7445 0.7 16.7782 1.3 0.8087 2.4 0.0984 2.1 0.85 605.1 12.0 601.7 11.1 589.1 27.7 605.1 12.0
DSHJB_1430-Spot 201 567 20199 2.5 16.1878 1.1 0.8449 2.1 0.0992 1.8 0.84 609.7 10.3 621.8 9.7 666.3 24.0 609.7 10.3

DSHJB_1430-88 400 113094 2.2 16.3358 1.1 0.8396 1.7 0.0995 1.3 0.76 611.3 7.7 618.9 8.0 646.8 24.2 611.3 7.7
DSHJB_1430-Spot 204 213 9338 1.8 16.5584 1.4 0.8294 2.4 0.0996 2.0 0.82 612.1 11.6 613.3 11.1 617.6 29.6 612.1 11.6
DSHJB_1430-Spot 265 302 8774 1.2 16.3798 1.3 0.8393 2.4 0.0997 2.1 0.85 612.7 12.1 618.7 11.3 641.0 27.2 612.7 12.1
DSHJB_1430-Spot 155 388 8116 0.9 16.2702 1.1 0.8451 2.0 0.0997 1.6 0.83 612.8 9.6 621.9 9.2 655.5 23.6 612.8 9.6
DSHJB_1430-Spot 177 223 8649 0.8 16.4632 1.2 0.8361 2.0 0.0998 1.6 0.82 613.4 9.6 617.0 9.3 630.1 24.9 613.4 9.6

DSHJB_1430-140 483 156324 2.4 16.6557 1.0 0.8302 3.4 0.1003 3.2 0.96 616.1 19.0 613.7 15.5 605.0 21.2 616.1 19.0
DSHJB_1430-Spot 147 172 44380 0.9 15.9500 1.4 0.8795 2.5 0.1017 2.0 0.82 624.6 12.0 640.7 11.7 697.9 30.4 624.6 12.0
DSHJB_1430-Spot 215 163 7859 1.6 16.2249 1.8 0.8713 2.8 0.1025 2.2 0.77 629.2 13.1 636.3 13.4 661.4 38.9 629.2 13.1
DSHJB_1430-Spot 158 408 40977 1.1 16.2315 1.0 0.8789 2.1 0.1035 1.8 0.89 634.7 11.0 640.4 9.7 660.5 20.5 634.7 11.0

DSHJB_1430-121 294 35396 1.2 16.5954 1.6 0.8613 1.9 0.1037 1.1 0.58 635.8 6.8 630.8 9.1 612.8 34.0 635.8 6.8
DSHJB_1430-Spot 225 249 7575 1.1 16.4283 1.5 0.8712 2.1 0.1038 1.5 0.72 636.6 9.1 636.2 9.9 634.7 31.5 636.6 9.1
DSHJB_1430-Spot 230 94 4710 2.1 16.4324 1.9 0.8713 2.9 0.1038 2.1 0.75 636.9 13.0 636.3 13.5 634.1 40.6 636.9 13.0
DSHJB_1430-Spot 157 109 7024 2.6 16.2995 1.9 0.8818 2.7 0.1042 2.0 0.73 639.2 12.1 641.9 13.0 651.6 39.9 639.2 12.1

DSHJB_1430-52 263 21175 3.9 16.1240 1.2 0.8927 1.8 0.1044 1.3 0.72 640.1 8.0 647.8 8.6 674.8 26.6 640.1 8.0
DSHJB_1430-79 524 30314 1.2 16.1751 0.9 0.8902 1.7 0.1044 1.4 0.84 640.3 8.5 646.5 8.0 668.0 19.5 640.3 8.5

DSHJB_1430-Spot 253 86 4846 1.5 15.9009 1.8 0.9086 2.7 0.1048 2.0 0.74 642.4 12.1 656.3 12.9 704.5 38.1 642.4 12.1
DSHJB_1430-Spot 250 277 29325 2.5 16.1485 1.0 0.8977 1.6 0.1051 1.3 0.81 644.4 8.2 650.5 7.9 671.5 20.5 644.4 8.2

DSHJB_1430-44 147 153786 1.2 16.1673 1.2 0.8983 4.2 0.1053 4.0 0.96 645.6 24.4 650.8 20.0 669.0 26.4 645.6 24.4
DSHJB_1430-86 715 49342 1.9 16.3572 1.0 0.8888 1.7 0.1054 1.4 0.81 646.2 8.6 645.7 8.3 644.0 21.9 646.2 8.6
DSHJB_1430-16 177 19210 1.2 16.1067 2.7 0.9030 7.0 0.1055 6.5 0.93 646.5 40.1 653.3 33.9 677.1 56.7 646.5 40.1

DSHJB_1430-Spot 280 241 25309 1.0 16.3940 1.2 0.9029 2.2 0.1074 1.9 0.85 657.4 11.9 653.3 10.8 639.2 25.7 657.4 11.9
DSHJB_1430-Spot 152 184 7663 1.2 16.3850 2.7 0.9095 3.4 0.1081 2.1 0.62 661.6 13.1 656.8 16.3 640.4 57.2 661.6 13.1

DSHJB_1430-99 352 45711 1.3 16.3035 1.1 0.9145 1.7 0.1081 1.4 0.78 661.9 8.6 659.5 8.5 651.1 23.5 661.9 8.6
DSHJB_1430-Spot 291 639 22171 1.3 16.1111 0.8 0.9304 2.2 0.1087 2.0 0.93 665.3 12.8 667.9 10.7 676.5 17.5 665.3 12.8

DSHJB_1430-66 1213 188559 15.1 15.9410 0.8 0.9513 2.8 0.1100 2.7 0.96 672.7 17.0 678.8 13.7 699.1 16.6 672.7 17.0
DSHJB_1430-48 574 44945 2.4 15.9984 0.7 0.9623 1.6 0.1117 1.4 0.88 682.4 9.1 684.5 7.9 691.5 15.9 682.4 9.1
DSHJB_1430-74 76 26690 1.7 16.2648 2.0 0.9511 2.4 0.1122 1.3 0.56 685.5 8.6 678.7 11.8 656.1 42.5 685.5 8.6
DSHJB_1430-98 214 35971 2.5 15.8715 1.7 1.0072 2.1 0.1159 1.2 0.58 707.1 8.2 707.4 10.7 708.4 36.1 707.1 8.2

DSHJB_1430-Spot 267 670 10516 3.0 15.7287 0.8 1.0337 2.3 0.1179 2.1 0.93 718.6 14.5 720.8 11.8 727.6 17.8 718.6 14.5
DSHJB_1430-54 78 41946 2.7 15.5864 2.6 1.0522 4.8 0.1189 4.1 0.84 724.5 27.8 730.0 25.0 746.8 54.4 724.5 27.8

DSHJB_1430-Spot 260 241 8530 1.8 15.7187 1.2 1.0797 2.1 0.1231 1.7 0.82 748.3 12.1 743.5 11.0 729.0 25.4 748.3 12.1
DSHJB_1430-Spot 270 646 11166 0.6 15.5210 0.8 1.1289 2.2 0.1271 2.0 0.93 771.2 14.6 767.2 11.6 755.7 16.2 771.2 14.6

DSHJB_1430-85 444 33849 2.5 15.1547 0.6 1.1738 1.7 0.1290 1.6 0.93 782.2 11.7 788.4 9.4 805.9 13.6 782.2 11.7
DSHJB_1430-Spot 242 148 6556 4.9 15.0947 1.3 1.2157 2.2 0.1331 1.8 0.80 805.5 13.5 807.8 12.4 814.3 27.9 805.5 13.5
DSHJB_1430-Spot 235 73 10243 0.6 15.3166 1.9 1.2058 2.8 0.1339 2.0 0.71 810.3 14.9 803.3 15.3 783.6 40.8 810.3 14.9

DSHJB_1430-110 101 75919 0.8 15.2889 1.9 1.2098 2.3 0.1341 1.3 0.56 811.5 9.8 805.1 12.8 787.4 40.2 811.5 9.8
DSHJB_1430-Spot 209 143 6295 2.1 14.9583 2.8 1.2378 3.1 0.1343 1.4 0.44 812.3 10.6 817.9 17.5 833.2 58.3 812.3 10.6
DSHJB_1430-Spot 132 35 4305 1.7 14.6437 2.4 1.2740 3.5 0.1353 2.5 0.71 818.0 18.9 834.2 19.6 877.4 50.2 818.0 18.9
DSHJB_1430-Spot 184 417 198466 1.0 14.9803 0.8 1.2501 1.9 0.1358 1.7 0.90 821.0 12.8 823.4 10.4 830.1 17.1 821.0 12.8

DSHJB_1430-32 100 23491 1.8 14.8497 1.7 1.2803 2.2 0.1379 1.3 0.61 832.7 10.5 837.0 12.6 848.3 36.3 832.7 10.5
DSHJB_1430-36 578 48951 1.2 14.7359 0.7 1.3166 1.4 0.1407 1.2 0.87 848.7 9.8 853.0 8.2 864.4 14.7 848.7 9.8

DSHJB_1430-102 393 107887 1.4 14.2703 0.7 1.4094 2.7 0.1459 2.6 0.97 877.8 21.3 892.9 16.0 930.5 14.3 930.5 14.3
DSHJB_1430-Spot 193 324 11137 0.5 14.0513 1.1 1.4372 2.4 0.1465 2.2 0.89 881.1 17.8 904.5 14.4 962.3 22.0 962.3 22.0

DSHJB_1430-82 746 83162 1.6 14.0268 0.7 1.6265 1.5 0.1655 1.3 0.89 987.1 12.1 980.5 9.3 965.8 13.6 965.8 13.6
DSHJB_1430-94 319 120201 1.7 14.0023 0.8 1.6402 1.3 0.1666 1.0 0.75 993.2 8.9 985.8 8.1 969.4 17.3 969.4 17.3

DSHJB_1430-Spot 239 407 35067 1.4 13.9483 0.8 1.5861 1.7 0.1605 1.5 0.87 959.3 13.2 964.8 10.6 977.3 17.2 977.3 17.2
DSHJB_1430-29 127 39066 1.2 13.9013 1.2 1.5580 1.4 0.1571 0.8 0.55 940.5 6.7 953.7 8.6 984.1 23.5 984.1 23.5

DSHJB_1430-Spot 283 281 19886 1.4 13.8871 1.1 1.6614 2.2 0.1673 1.9 0.86 997.4 17.9 993.9 14.2 986.2 23.0 986.2 23.0
DSHJB_1430-Spot 271 217 8318 0.9 13.8663 1.2 1.6323 2.9 0.1642 2.7 0.91 979.8 24.4 982.7 18.5 989.2 24.6 989.2 24.6
DSHJB_1430-Spot 234 176 6390 2.5 13.8158 1.5 1.6375 2.7 0.1641 2.2 0.83 979.4 20.1 984.7 16.8 996.7 30.4 996.7 30.4
DSHJB_1430-Spot 274 198 5139 1.2 13.7604 1.1 1.6368 3.2 0.1634 3.0 0.94 975.4 27.1 984.5 20.1 1004.8 22.4 1004.8 22.4

DSHJB_1430-77 164 28473 0.9 13.6882 1.7 1.6645 2.0 0.1652 1.0 0.50 985.9 9.2 995.1 12.7 1015.5 35.1 1015.5 35.1
DSHJB_1430-Spot 186 33 2630 1.0 13.6810 1.9 1.7799 3.0 0.1766 2.3 0.77 1048.4 22.2 1038.1 19.5 1016.5 39.0 1016.5 39.0
DSHJB_1430-Spot 175 374 7386 1.0 13.6652 1.1 1.6286 2.3 0.1614 2.0 0.88 964.6 18.3 981.3 14.6 1018.9 22.2 1018.9 22.2
DSHJB_1430-Spot 278 459 20279 0.6 13.6352 0.8 1.7486 1.9 0.1729 1.7 0.90 1028.2 16.2 1026.7 12.3 1023.3 17.1 1023.3 17.1
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_1430-Spot 269 469 32845 1.5 13.6128 0.8 1.7792 1.9 0.1757 1.7 0.90 1043.2 16.8 1037.9 12.5 1026.7 16.7 1026.7 16.7
DSHJB_1430-Spot 180 319 12597 0.8 13.6121 1.3 1.7292 2.1 0.1707 1.7 0.79 1016.0 15.7 1019.5 13.7 1026.8 26.5 1026.8 26.5
DSHJB_1430-Spot 275 254 16563 1.2 13.5376 1.1 1.7432 2.0 0.1712 1.7 0.85 1018.5 16.3 1024.7 13.2 1037.9 22.0 1037.9 22.0
DSHJB_1430-Spot 144 738 41775 8.3 13.5276 0.8 1.6574 1.7 0.1626 1.5 0.88 971.3 13.7 992.4 11.0 1039.3 16.6 1039.3 16.6
DSHJB_1430-Spot 191 349 44058 1.4 13.4633 1.0 1.7954 2.1 0.1753 1.9 0.89 1041.3 18.0 1043.8 13.7 1049.0 19.3 1049.0 19.3
DSHJB_1430-Spot 195 452 19975 3.2 13.4208 0.9 1.7291 2.1 0.1683 1.9 0.90 1002.8 17.3 1019.4 13.3 1055.4 17.7 1055.4 17.7
DSHJB_1430-Spot 245 177 12918 0.9 13.3584 1.1 1.7616 2.2 0.1707 1.9 0.86 1015.8 17.4 1031.4 14.1 1064.7 22.6 1064.7 22.6
DSHJB_1430-Spot 205 120 7034 0.9 12.8992 1.2 2.0560 2.3 0.1924 1.9 0.84 1134.1 19.7 1134.3 15.4 1134.7 24.6 1134.7 24.6
DSHJB_1430-Spot 161 494 27744 1.1 11.9259 0.8 2.4597 2.1 0.2128 2.0 0.92 1243.5 22.1 1260.3 15.3 1289.1 15.8 1289.1 15.8
DSHJB_1430-Spot 164 170 5378 1.4 10.8805 2.8 1.9733 3.5 0.1557 2.1 0.60 932.9 18.5 1106.4 23.8 1465.5 53.5 1465.5 53.5
DSHJB_1430-Spot 198 876 36626 2.4 10.5325 0.7 2.9461 2.5 0.2250 2.4 0.96 1308.5 28.2 1393.8 18.8 1526.9 12.9 1526.9 12.9
DSHJB_1430-Spot 240 184 14390 4.5 10.5171 1.2 2.4701 2.5 0.1884 2.2 0.87 1112.8 22.0 1263.3 17.8 1529.7 22.8 1529.7 22.8

DSHJB_1430-105 233 143463 1.4 9.2119 0.8 4.6506 1.1 0.3107 0.8 0.72 1744.2 11.7 1758.4 9.0 1775.3 13.7 1775.3 13.7
DSHJB_1430-42 724 231631 2.7 9.0798 1.4 3.8715 2.3 0.2550 1.8 0.80 1464.0 23.8 1607.8 18.4 1801.6 25.0 1801.6 25.0

DSHJB_1430-115 868 104728 3.0 8.8568 0.5 5.2556 3.0 0.3376 3.0 0.99 1875.1 48.1 1861.7 25.6 1846.7 8.3 1846.7 8.3
DSHJB_1430-Spot 196 206 6691 2.7 8.8562 0.7 5.0225 2.0 0.3226 1.8 0.93 1802.4 28.7 1823.1 16.6 1846.8 13.0 1846.8 13.0
DSHJB_1430-Spot 169 149 12906 1.3 8.7173 0.7 5.1679 2.5 0.3267 2.4 0.96 1822.5 37.5 1847.3 21.0 1875.4 12.8 1875.4 12.8

DSHJB_1430-97 215 74258 2.2 8.5997 1.1 5.2304 2.3 0.3262 2.0 0.88 1820.1 32.2 1857.6 19.7 1899.8 19.8 1899.8 19.8
DSHJB_1430-87 568 150828 3.1 8.5817 0.9 5.3371 1.5 0.3322 1.2 0.81 1849.0 19.9 1874.8 13.0 1903.6 15.9 1903.6 15.9

DSHJB_1430-Spot 213 483 70225 0.9 8.5746 0.6 5.2999 1.5 0.3296 1.4 0.93 1836.4 22.5 1868.8 12.9 1905.1 10.1 1905.1 10.1
DSHJB_1430-76 549 241543 2.3 8.4762 0.7 5.2889 3.1 0.3251 3.0 0.97 1814.8 48.1 1867.1 26.6 1925.8 12.4 1925.8 12.4

DSHJB_1430-Spot 256 134 21798 1.1 8.4553 0.9 5.5344 1.8 0.3394 1.6 0.87 1883.7 25.5 1906.0 15.4 1930.2 15.6 1930.2 15.6
DSHJB_1430-136 208 57512 2.6 8.3905 1.0 5.4594 1.7 0.3322 1.4 0.81 1849.1 22.1 1894.2 14.6 1944.0 18.1 1944.0 18.1

DSHJB_1430-Spot 202 25 2935 4.9 8.2682 1.5 6.0204 2.9 0.3610 2.5 0.86 1987.0 42.3 1978.8 25.1 1970.2 26.4 1970.2 26.4
DSHJB_1430-Spot 273 565 25072 2.9 8.2523 0.6 5.5744 1.8 0.3336 1.7 0.94 1856.0 27.1 1912.2 15.4 1973.6 10.9 1973.6 10.9

DSHJB_1430-109 404 76846 0.6 8.2422 0.7 5.7262 1.8 0.3423 1.7 0.92 1897.7 27.3 1935.3 15.6 1975.8 12.2 1975.8 12.2
DSHJB_1430-Spot 207 182 8787 0.9 8.2270 0.7 5.9055 1.8 0.3524 1.6 0.92 1945.9 27.6 1962.0 15.5 1979.1 12.7 1979.1 12.7
DSHJB_1430-Spot 243 298 33138 4.7 8.1993 0.8 5.4579 2.0 0.3246 1.8 0.90 1812.0 28.2 1894.0 17.0 1985.1 15.0 1985.1 15.0

DSHJB_1430-130 132 47075 1.2 7.8172 1.5 6.5002 2.0 0.3685 1.3 0.64 2022.5 21.7 2045.9 17.2 2069.6 26.4 2069.6 26.4
DSHJB_1430-Spot 281 259 14503 1.3 7.7602 0.9 5.8927 2.5 0.3317 2.3 0.94 1846.4 37.1 1960.2 21.5 2082.5 15.4 2082.5 15.4
DSHJB_1430-Spot 150 445 14604 3.6 6.6099 1.1 4.1124 3.0 0.1971 2.8 0.93 1160.0 29.9 1656.8 24.7 2360.5 18.9 2360.5 18.9

DSHJB_1430-129 74 48062 5.5 6.2964 1.3 10.1643 3.5 0.4642 3.2 0.93 2457.9 66.1 2449.8 32.1 2443.1 21.4 2443.1 21.4
DSHJB_1430-Spot 140 187 194203 1.7 6.0806 0.9 10.3892 2.3 0.4582 2.1 0.92 2431.5 43.2 2470.1 21.4 2502.0 14.8 2502.0 14.8

DSHJB_1430-114 293 103310 1.2 6.0289 0.8 10.6889 1.6 0.4674 1.4 0.88 2472.1 29.3 2496.5 15.0 2516.4 12.7 2516.4 12.7
DSHJB_1430-34 120 370640 1.9 6.0234 0.8 10.7380 1.7 0.4691 1.5 0.87 2479.6 31.0 2500.7 16.0 2517.9 14.1 2517.9 14.1

DSHJB_1430-Spot 187 168 17184 1.1 6.0228 0.7 10.4916 2.1 0.4583 2.0 0.94 2432.0 39.6 2479.2 19.2 2518.0 11.5 2518.0 11.5
DSHJB_1430-Spot 171 186 15223 0.9 5.8694 0.7 8.7935 2.3 0.3743 2.1 0.95 2049.7 37.7 2316.8 20.7 2561.3 12.2 2561.3 12.2
DSHJB_1430-Spot 179 313 29366 1.0 5.8395 0.9 11.2463 1.7 0.4763 1.5 0.86 2511.2 30.6 2543.8 15.9 2569.9 14.5 2569.9 14.5

DSHJB_1430-63 718 181128 9.0 5.4975 1.0 11.5441 4.6 0.4603 4.5 0.98 2440.8 90.6 2568.2 42.7 2670.3 16.5 2670.3 16.5
DSHJB_1430-Spot 163 297 31066 1.6 5.0678 0.7 14.1880 1.9 0.5215 1.8 0.94 2705.5 40.5 2762.4 18.5 2804.2 10.8 2804.2 10.8

DSHJB_1430-116 391 79885 3.6 4.5262 1.1 15.2843 2.3 0.5017 2.0 0.87 2621.3 43.0 2833.1 21.8 2987.5 18.0 2987.5 18.0
DSHJB_1430-Spot 261 129 42088 1.1 4.1131 0.7 21.7550 1.7 0.6490 1.6 0.92 3224.2 40.4 3172.9 16.7 3140.5 10.6 3140.5 10.6
DSHJB_1430-Spot 145 118 8314 1.0 4.0452 0.7 21.5030 1.8 0.6309 1.6 0.92 3153.0 40.0 3161.5 17.0 3166.9 11.1 3166.9 11.1
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

CHAPMAN 2225A-Spot 16 338 28702 0.9 19.7248 1.8 0.0414 2.0 0.0059 1.0 0.50 38.1 0.4 41.2 0.8 227.1 40.5 38.1 0.4
CHAPMAN 2225A-Spot 84 398 13033 0.6 20.4229 1.9 0.0430 2.0 0.0064 0.7 0.34 41.0 0.3 42.8 0.8 146.2 44.2 41.0 0.3
CHAPMAN 2225A-Spot 29 162 4843 0.8 16.9024 3.9 0.0531 4.2 0.0065 1.5 0.35 41.8 0.6 52.5 2.1 573.1 85.0 41.8 0.6
CHAPMAN 2225A-Spot 25 306 5844 0.8 16.0600 3.1 0.0560 3.3 0.0065 1.0 0.31 42.0 0.4 55.4 1.8 683.3 67.0 42.0 0.4
CHAPMAN 2225A-Spot 78 310 6508 1.3 21.0646 3.0 0.0435 3.3 0.0066 1.3 0.40 42.7 0.6 43.2 1.4 73.1 72.2 42.7 0.6
CHAPMAN 2225A-Spot 34 129 1994 1.7 23.2040 2.7 0.0397 3.0 0.0067 1.3 0.44 43.0 0.6 39.6 1.2 NA NA 43.0 0.6
CHAPMAN 2225A-Spot 32 252 5912 1.2 20.2650 2.4 0.0455 2.9 0.0067 1.6 0.54 43.0 0.7 45.2 1.3 164.3 56.5 43.0 0.7
CHAPMAN 2225A-Spot 52 205 10106 1.1 19.3916 2.8 0.0479 3.3 0.0067 1.8 0.53 43.3 0.8 47.5 1.5 266.3 64.7 43.3 0.8
CHAPMAN 2225A-Spot 61 176 5453 1.0 21.2624 3.2 0.0439 3.4 0.0068 1.1 0.33 43.5 0.5 43.6 1.4 50.8 76.4 43.5 0.5
CHAPMAN 2225A-Spot 51 203 6765 1.2 21.2270 2.3 0.0445 2.5 0.0069 0.9 0.36 44.0 0.4 44.2 1.1 54.8 54.9 44.0 0.4
CHAPMAN 2225A-Spot 12 84 2041 1.8 22.9902 4.2 0.0413 4.4 0.0069 1.5 0.34 44.3 0.7 41.1 1.8 NA NA 44.3 0.7
CHAPMAN 2225A-Spot 50 231 9828 1.2 21.6851 2.7 0.0439 2.9 0.0069 0.9 0.31 44.4 0.4 43.6 1.2 3.6 66.2 44.4 0.4
CHAPMAN 2225A-Spot 39 122 8275 1.8 21.3126 3.3 0.0449 3.6 0.0069 1.3 0.37 44.6 0.6 44.6 1.6 45.2 79.7 44.6 0.6
CHAPMAN 2225A-Spot 63 197 8661 0.9 21.9490 1.8 0.0439 2.1 0.0070 1.0 0.49 44.9 0.5 43.6 0.9 NA NA 44.9 0.5
CHAPMAN 2225A-Spot 60 118 1770 0.9 23.5006 3.3 0.0411 4.4 0.0070 3.0 0.68 45.0 1.4 40.9 1.8 NA NA 45.0 1.4
CHAPMAN 2225A-Spot 06 341 6100 2.0 21.5865 1.5 0.0448 1.9 0.0070 1.1 0.60 45.1 0.5 44.5 0.8 14.6 36.6 45.1 0.5
CHAPMAN 2225A-Spot 24 561 17568 1.1 20.0300 1.6 0.0487 1.9 0.0071 1.0 0.54 45.4 0.5 48.2 0.9 191.5 37.5 45.4 0.5
CHAPMAN 2225A-Spot 38 90 22218 1.3 17.6290 4.6 0.0557 4.9 0.0071 1.5 0.31 45.7 0.7 55.0 2.6 480.8 102.7 45.7 0.7
CHAPMAN 2225A-Spot 71 67 3998 1.6 17.4017 4.3 0.0565 4.6 0.0071 1.5 0.33 45.9 0.7 55.9 2.5 509.4 94.5 45.9 0.7
CHAPMAN 2225A-Spot 26 161 10925 1.9 17.6725 3.2 0.0558 3.4 0.0072 1.2 0.36 45.9 0.5 55.1 1.8 475.4 69.9 45.9 0.5
CHAPMAN 2225A-Spot 81 252 4669 2.8 21.7978 4.2 0.0455 4.3 0.0072 1.0 0.24 46.3 0.5 45.2 1.9 NA NA 46.3 0.5
CHAPMAN 2225A-Spot 41 414 19135 3.5 17.2844 2.8 0.0582 3.1 0.0073 1.3 0.42 46.9 0.6 57.5 1.7 524.3 62.0 46.9 0.6
CHAPMAN 2225A-Spot 07 141 2476 1.0 11.4245 10.3 0.0900 10.6 0.0075 2.4 0.23 47.9 1.2 87.5 8.9 1372.2 199.0 47.9 1.2
CHAPMAN 2225A-Spot 57 498 8121 1.9 21.0960 1.5 0.0490 1.7 0.0075 0.9 0.51 48.2 0.4 48.6 0.8 69.5 35.8 48.2 0.4
CHAPMAN 2225A-Spot 35 240 8455 1.4 21.1286 2.7 0.0492 2.9 0.0075 1.0 0.36 48.4 0.5 48.8 1.4 65.8 63.9 48.4 0.5
CHAPMAN 2225A-Spot 33 344 7944 1.1 19.6867 2.8 0.0530 3.2 0.0076 1.6 0.49 48.6 0.8 52.5 1.6 231.5 64.3 48.6 0.8
CHAPMAN 2225A-Spot 82 190 1988 1.9 23.4218 2.7 0.0454 2.9 0.0077 1.0 0.34 49.6 0.5 45.1 1.3 NA NA 49.6 0.5
CHAPMAN 2225A-Spot 02 129 39284 1.9 20.7840 2.8 0.0513 3.0 0.0077 1.1 0.36 49.6 0.5 50.8 1.5 104.9 66.3 49.6 0.5
CHAPMAN 2225A-Spot 58 124 9262 1.5 19.7153 3.0 0.0555 3.3 0.0079 1.4 0.42 51.0 0.7 54.9 1.8 228.2 69.1 51.0 0.7
CHAPMAN 2225A-Spot 40 185 55799 1.7 21.0489 1.9 0.0615 2.4 0.0094 1.4 0.61 60.2 0.9 60.6 1.4 74.9 44.5 60.2 0.9
CHAPMAN 2225A-Spot 03 135 13304 1.4 20.3694 2.0 0.0638 2.4 0.0094 1.3 0.54 60.5 0.8 62.8 1.5 152.3 48.0 60.5 0.8
CHAPMAN 2225A-Spot 72 139 5907 2.6 21.5535 3.0 0.0661 3.2 0.0103 1.2 0.38 66.3 0.8 65.0 2.0 18.3 72.0 66.3 0.8
CHAPMAN 2225A-Spot 70 159 43763 1.4 19.4015 1.6 0.2729 1.7 0.0384 0.8 0.44 243.0 1.8 245.0 3.8 265.2 35.6 243.0 1.8
CHAPMAN 2225A-Spot 55 101 20533 2.6 18.6600 1.6 0.3158 2.0 0.0428 1.2 0.58 269.9 3.1 278.7 4.9 353.9 37.2 269.9 3.1
CHAPMAN 2225A-Spot 22 177 65065 2.3 18.7694 1.2 0.3172 1.5 0.0432 1.0 0.64 272.7 2.6 279.8 3.7 340.7 26.5 272.7 2.6
CHAPMAN 2225A-Spot 83 131 152054 0.9 17.2989 1.1 0.5508 1.7 0.0691 1.3 0.77 430.9 5.4 445.5 6.1 522.4 23.4 430.9 5.4
CHAPMAN 2225A-Spot 68 87 12344 1.7 17.8467 0.9 0.5452 1.5 0.0706 1.2 0.79 439.8 5.2 441.9 5.5 453.6 21.1 439.8 5.2
CHAPMAN 2225A-Spot 20 58 31896 2.0 17.3042 1.7 0.5625 1.8 0.0706 0.7 0.40 439.9 3.1 453.1 6.6 521.8 36.4 439.9 3.1
CHAPMAN 2225A-Spot 15 154 83792 1.6 17.7368 0.8 0.5519 1.1 0.0710 0.8 0.69 442.3 3.3 446.2 4.0 467.4 17.8 442.3 3.3
CHAPMAN 2225A-Spot 09 166 77726 1.9 17.8837 1.2 0.5532 2.0 0.0718 1.6 0.78 446.9 6.7 447.1 7.2 449.0 27.5 446.9 6.7
CHAPMAN 2225A-Spot 37 92 38673 2.6 16.8451 1.7 0.6140 1.9 0.0750 1.0 0.52 466.5 4.6 486.1 7.5 580.5 35.9 466.5 4.6
CHAPMAN 2225A-Spot 45 91 22989 2.3 16.7590 1.5 0.6355 1.9 0.0773 1.1 0.57 479.8 4.9 499.5 7.3 591.6 33.2 479.8 4.9
CHAPMAN 2225A-Spot 19 76 27210 1.7 17.6147 1.3 0.6227 1.6 0.0796 0.9 0.59 493.7 4.4 491.6 6.0 482.7 27.6 493.7 4.4
CHAPMAN 2225A-Spot 11 192 288413 135.7 16.5252 1.1 0.7215 1.4 0.0865 0.9 0.64 534.8 4.7 551.5 6.0 622.0 23.5 534.8 4.7
CHAPMAN 2225A-Spot 14 205 52939 1.8 17.0742 1.0 0.7049 1.3 0.0873 0.9 0.68 539.7 4.6 541.7 5.5 551.1 21.1 539.7 4.6
CHAPMAN 2225A-Spot 28 58 35428 1.0 17.1247 1.2 0.7227 1.5 0.0898 0.9 0.58 554.3 4.6 552.2 6.5 544.6 27.1 554.3 4.6
CHAPMAN 2225A-Spot 65 135 254657 0.6 16.6525 0.9 0.7632 1.1 0.0922 0.6 0.57 568.6 3.5 575.8 4.9 605.4 19.9 568.6 3.5
CHAPMAN 2225A-Spot 43 125 366525 1.2 17.0288 1.0 0.7478 1.4 0.0924 1.1 0.74 569.7 5.9 566.9 6.3 556.9 21.2 569.7 5.9
CHAPMAN 2225A-Spot 48 64 48708 1.1 16.2662 1.3 0.8246 1.8 0.0973 1.2 0.65 598.7 6.6 610.6 8.1 656.0 28.8 598.7 6.6
CHAPMAN 2225A-Spot 53 108 29453 1.9 16.7232 1.0 0.8159 2.0 0.0990 1.7 0.87 608.6 10.0 605.8 9.0 596.2 20.6 608.6 10.0
CHAPMAN 2225A-Spot 27 25 16393 1.4 16.4338 1.9 0.8362 2.3 0.0997 1.2 0.54 612.7 7.3 617.1 10.6 634.0 41.5 612.7 7.3
CHAPMAN 2225A-Spot 73 97 22650 0.8 16.1276 1.1 0.8956 2.0 0.1048 1.6 0.81 642.5 9.8 649.4 9.4 674.3 24.6 642.5 9.8
CHAPMAN 2225A-Spot 56 33 22727 1.1 15.9802 1.2 0.9107 1.8 0.1056 1.3 0.75 647.1 8.2 657.4 8.7 693.9 25.3 647.1 8.2
CHAPMAN 2225A-Spot 62 16 24500 4.1 15.7501 2.0 0.9297 2.2 0.1063 1.0 0.43 650.9 6.0 667.5 10.9 724.7 42.7 650.9 6.0
CHAPMAN 2225A-Spot 47 69 217348 1.6 15.9283 1.1 0.9434 1.6 0.1090 1.1 0.69 667.1 6.9 674.6 7.7 700.8 24.0 667.1 6.9
CHAPMAN 2225A-Spot 80 106 94945 3.2 16.2100 0.8 0.9353 1.1 0.1100 0.8 0.73 672.8 5.2 670.4 5.5 663.4 16.5 672.8 5.2
CHAPMAN 2225A-Spot 85 49 831666 6.3 15.9842 1.1 0.9756 1.3 0.1131 0.7 0.56 691.0 4.9 691.3 6.7 693.3 23.6 691.0 4.9
CHAPMAN 2225A-Spot 69 103 222281 1.2 15.6107 1.0 1.0445 1.5 0.1183 1.1 0.73 720.8 7.4 726.1 7.6 743.5 21.2 720.8 7.4
CHAPMAN 2225A-Spot 59 54 63594 3.1 15.3074 0.9 1.1459 1.1 0.1273 0.6 0.56 772.3 4.6 775.3 6.1 784.9 19.6 772.3 4.6
CHAPMAN 2225A-Spot 66 93 181119 1.0 14.8175 0.9 1.2569 1.2 0.1351 0.8 0.66 817.1 6.2 826.5 6.9 852.8 19.1 817.1 6.2
CHAPMAN 2225A-Spot 70 106 67289 1.4 14.6647 0.8 1.3736 3.0 0.1462 2.9 0.96 879.4 23.5 877.7 17.5 874.4 16.5 879.4 23.5
CHAPMAN 2225A-Spot 76 125 94501 1.8 14.1355 1.0 1.4481 1.4 0.1485 1.0 0.74 892.7 8.6 909.1 8.5 950.0 19.6 950.0 19.6
CHAPMAN 2225A-Spot 86 53 16299 2.3 13.9928 1.3 1.4379 1.7 0.1460 1.1 0.65 878.5 8.9 904.9 10.1 970.8 26.2 970.8 26.2
CHAPMAN 2225A-Spot 10 96 44724 2.2 13.9018 0.7 1.6708 1.1 0.1685 0.8 0.75 1004.0 7.4 997.5 6.8 984.0 14.6 984.0 14.6

CHAPMAN 2225A-91500 60 62471 2.8 13.4925 0.9 1.8396 1.9 0.1801 1.7 0.87 1067.5 16.8 1059.7 12.8 1044.6 19.1 1044.6 19.1
CHAPMAN 2225A-91500 72 99986 2.8 13.4634 0.8 1.9054 1.2 0.1861 0.9 0.74 1100.4 9.1 1083.0 8.1 1049.0 16.6 1049.0 16.6
CHAPMAN 2225A-91500 67 33094 2.8 13.4385 0.7 1.8593 1.2 0.1813 0.9 0.80 1074.1 9.3 1066.7 7.7 1052.7 14.0 1052.7 14.0
CHAPMAN 2225A-91500 71 49366 2.8 13.4246 0.8 1.8578 1.2 0.1810 0.9 0.75 1072.2 9.2 1066.2 8.2 1054.8 16.4 1054.8 16.4
CHAPMAN 2225A-91500 57 119455 2.7 13.4231 0.8 1.9152 1.1 0.1865 0.7 0.63 1102.6 6.8 1086.4 7.0 1055.0 16.5 1055.0 16.5
CHAPMAN 2225A-91500 66 39006 2.8 13.3778 0.8 1.9027 1.1 0.1847 0.8 0.72 1092.5 7.9 1082.0 7.2 1061.8 15.2 1061.8 15.2
CHAPMAN 2225A-91500 65 21381 2.8 13.3755 0.8 1.9173 1.1 0.1861 0.8 0.70 1100.1 7.7 1087.1 7.3 1062.2 15.7 1062.2 15.7
CHAPMAN 2225A-91500 72 25338 2.8 13.3530 0.8 1.9094 2.2 0.1850 2.1 0.93 1094.2 20.8 1084.4 14.9 1065.6 16.8 1065.6 16.8

CHAPMAN 2225A-Spot 13 209 410154 1.4 13.3288 0.6 1.9458 1.2 0.1882 1.1 0.86 1111.5 10.8 1097.0 8.3 1069.2 12.7 1069.2 12.7
CHAPMAN 2225A-91500 73 19171 2.7 13.3166 0.8 1.9214 1.1 0.1857 0.8 0.71 1097.8 7.9 1088.5 7.4 1071.0 15.8 1071.0 15.8
CHAPMAN 2225A-91500 71 32390 2.7 13.3160 0.7 1.9278 1.1 0.1863 0.8 0.77 1101.1 8.3 1090.8 7.1 1071.1 13.8 1071.1 13.8
CHAPMAN 2225A-91500 55 81088 3.0 13.3123 0.8 1.8655 1.2 0.1802 0.8 0.68 1068.0 7.8 1068.9 7.6 1071.7 17.0 1071.7 17.0
CHAPMAN 2225A-91500 65 115645 2.8 13.2978 0.8 1.8371 3.3 0.1773 3.2 0.97 1052.0 30.8 1058.8 21.5 1073.9 15.7 1073.9 15.7
CHAPMAN 2225A-91500 56 31287 3.0 13.2965 1.0 1.8674 1.3 0.1802 0.9 0.66 1067.8 8.5 1069.6 8.6 1074.1 19.6 1074.1 19.6
CHAPMAN 2225A-91500 54 45037 3.0 13.2827 0.9 1.8850 1.4 0.1817 1.1 0.76 1076.1 10.6 1075.8 9.4 1076.2 18.6 1076.2 18.6
CHAPMAN 2225A-91500 70 29417 2.8 13.2494 0.8 1.8599 1.1 0.1788 0.7 0.66 1060.4 6.9 1067.0 7.1 1081.2 16.2 1081.2 16.2
CHAPMAN 2225A-91500 65 32136 2.8 13.2469 0.8 1.9019 1.1 0.1828 0.8 0.73 1082.3 8.0 1081.8 7.4 1081.6 15.2 1081.6 15.2
CHAPMAN 2225A-91500 66 24168 2.8 13.2441 0.8 1.9094 1.0 0.1835 0.6 0.63 1086.0 6.3 1084.4 6.6 1082.0 15.3 1082.0 15.3
CHAPMAN 2225A-91500 68 19120 2.7 13.2402 0.8 1.8895 1.1 0.1815 0.8 0.70 1075.3 7.7 1077.4 7.4 1082.6 16.1 1082.6 16.1

CHAPMAN 2225A-Spot 36 47 37459 1.9 13.1769 1.0 1.6053 1.5 0.1535 1.1 0.77 920.4 9.8 972.3 9.4 1092.2 19.2 1092.2 19.2
CHAPMAN 2225A-91500 70 98452 2.8 13.0350 0.7 1.9007 1.0 0.1798 0.7 0.75 1065.7 7.3 1081.3 6.6 1113.8 13.1 1113.8 13.1

CHAPMAN 2225A-Spot 05 112 154696 2.2 13.0122 0.7 1.9712 1.2 0.1861 1.0 0.82 1100.3 9.6 1105.7 7.8 1117.3 13.0 1117.3 13.0
CHAPMAN 2225A-91500 57 11468 3.2 12.4589 2.0 1.9835 2.2 0.1793 0.9 0.41 1063.2 8.8 1109.9 14.8 1203.5 39.4 1203.5 39.4

CHAPMAN 2225A-Spot 54 18 21091 2.0 10.1415 1.0 3.7894 1.4 0.2788 1.0 0.71 1585.5 13.6 1590.5 10.9 1597.9 17.9 1597.9 17.9
CHAPMAN 2225A-Spot 31 13 36995 1.2 8.9781 1.1 5.0404 1.7 0.3284 1.3 0.76 1830.4 20.1 1826.1 14.0 1822.1 19.3 1822.1 19.3
CHAPMAN 2225A-Spot 01 62 67313 4.0 8.4090 0.8 6.0382 1.2 0.3684 0.9 0.75 2021.9 15.1 1981.4 10.1 1940.1 13.7 1940.1 13.7
CHAPMAN 2225A-Spot 08 117 1272064 2.1 7.4944 1.5 6.7871 1.8 0.3691 1.1 0.61 2025.0 19.2 2084.0 16.1 2143.6 25.4 2143.6 25.4
CHAPMAN 2225A-Spot 04 137 114830 0.8 6.1527 0.7 10.8491 1.0 0.4843 0.8 0.75 2546.1 16.0 2510.3 9.5 2482.1 11.4 2482.1 11.4
CHAPMAN 2225A-Spot 30 91 110426 1.3 5.9715 0.5 10.7318 1.0 0.4650 0.8 0.84 2461.5 17.2 2500.2 9.3 2532.4 9.0 2532.4 9.0
CHAPMAN 2225A-Spot 49 37 517397 2.1 5.4928 0.8 13.1723 1.2 0.5250 0.9 0.73 2720.3 19.7 2692.1 11.5 2671.7 13.7 2671.7 13.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_2225-Spot 197 428 2888 1.2 18.2362 8.1 0.0464 8.3 0.0061 1.9 0.23 39.4 0.7 46.0 3.7 405.5 181.6 39.4 0.7
DSHJB_2225-Spot 107 186 2101 1.1 23.8161 6.8 0.0356 7.2 0.0062 2.4 0.33 39.6 0.9 35.6 2.5 227.2 172.3 39.6 0.9

DSHJB_2225 set1-Spot 58 587 7692 1.2 21.1866 4.9 0.0410 6.3 0.0063 3.8 0.61 40.5 1.6 40.8 2.5 59.4 117.8 40.5 1.6
DSHJB_2225-Spot 124 98 1729 1.0 27.0617 7.6 0.0325 7.9 0.0064 2.3 0.29 40.9 0.9 32.4 2.5 560.0 204.4 40.9 0.9

DSHJB_2225 set1-Spot 2 783 37283 1.6 21.0922 3.3 0.0423 4.0 0.0065 2.3 0.58 41.6 1.0 42.1 1.6 70.0 77.5 41.6 1.0
DSHJB_2225-Spot 165 728 3343 3.5 23.2313 3.6 0.0386 3.9 0.0065 1.5 0.39 41.7 0.6 38.4 1.5 165.0 89.1 41.7 0.6
DSHJB_2225-Spot 141 499 10922 1.7 21.1213 4.3 0.0425 4.5 0.0065 1.2 0.27 41.8 0.5 42.3 1.9 66.7 103.1 41.8 0.5
DSHJB_2225-Spot 233 101 912 1.2 25.1472 6.6 0.0358 6.9 0.0065 1.9 0.28 41.9 0.8 35.7 2.4 366.1 171.4 41.9 0.8
DSHJB_2225-Spot 145 225 1457 1.0 26.2439 5.9 0.0344 6.2 0.0066 1.9 0.31 42.1 0.8 34.4 2.1 478.0 156.1 42.1 0.8

DSHJB_2225 set1-Spot 21 317 5553 2.0 22.3855 6.0 0.0405 6.6 0.0066 2.8 0.43 42.3 1.2 40.3 2.6 73.5 146.5 42.3 1.2
DSHJB_2225-Spot 259 1596 16574 0.8 21.0313 2.8 0.0432 3.8 0.0066 2.5 0.67 42.3 1.1 42.9 1.6 76.8 66.3 42.3 1.1
DSHJB_2225-Spot 115 738 8542 2.4 22.1381 3.8 0.0411 4.4 0.0066 2.2 0.49 42.4 0.9 40.9 1.8 46.4 93.2 42.4 0.9
DSHJB_2225-Spot 216 309 5326 2.6 22.2568 4.0 0.0408 4.9 0.0066 2.8 0.57 42.4 1.2 40.7 1.9 59.4 97.1 42.4 1.2
DSHJB_2225-Spot 158 155 10427 1.2 22.0558 6.3 0.0416 6.7 0.0066 2.2 0.33 42.7 0.9 41.3 2.7 37.3 153.8 42.7 0.9
DSHJB_2225-Spot 162 390 3415 0.9 23.6918 3.8 0.0391 4.1 0.0067 1.6 0.40 43.2 0.7 38.9 1.6 214.0 95.0 43.2 0.7
DSHJB_2225-Spot 268 328 4596 1.4 23.8452 4.8 0.0388 5.1 0.0067 1.6 0.31 43.2 0.7 38.7 1.9 230.3 121.2 43.2 0.7
DSHJB_2225-Spot 203 57 1520 1.5 23.1204 11.8 0.0403 12.4 0.0068 3.7 0.30 43.4 1.6 40.1 4.9 153.1 294.6 43.4 1.6

DSHJB_2225 set1-Spot 17 966 66758 2.8 21.2443 2.9 0.0440 3.4 0.0068 1.8 0.53 43.5 0.8 43.7 1.4 52.8 68.2 43.5 0.8
DSHJB_2225-Spot 177 176 3061 1.3 21.6355 5.9 0.0458 6.0 0.0072 1.5 0.25 46.1 0.7 45.5 2.7 9.1 140.9 46.1 0.7
DSHJB_2225-Spot 172 166 3423 1.1 23.3619 5.0 0.0426 5.6 0.0072 2.5 0.45 46.4 1.2 42.4 2.3 178.9 124.6 46.4 1.2
DSHJB_2225-Spot 228 617 15355 1.9 21.2298 2.4 0.0476 3.3 0.0073 2.2 0.68 47.1 1.0 47.2 1.5 54.5 57.6 47.1 1.0
DSHJB_2225-Spot 111 484 15899 1.7 5.5727 11.3 0.1817 11.5 0.0073 2.0 0.17 47.2 0.9 169.5 18.0 2647.7 189.0 47.2 0.9
DSHJB_2225-Spot 174 201 3964 1.2 21.8450 4.8 0.0490 6.7 0.0078 4.7 0.70 49.8 2.3 48.5 3.2 14.1 115.3 49.8 2.3

DSHJB_2225 set1-Spot 6 30 5368 1.4 10.3360 35.5 -0.3283 192.1 -0.0246 188.8 0.98 160.7 307.4 404.1 1757.9 1562.3 688.5 160.7 307.4
DSHJB_2225-Spot 225 525 31322 1.9 19.6580 1.5 0.2302 1.9 0.0328 1.3 0.65 208.2 2.6 210.4 3.7 235.0 34.1 208.2 2.6

DSHJB_2225 set1-Spot 42 327 16589 1.9 20.1506 2.5 0.2696 3.0 0.0394 1.6 0.53 249.1 3.8 242.4 6.4 177.5 58.8 249.1 3.8
DSHJB_2225-Spot 266 151 13099 1.3 17.8005 3.5 0.3611 3.9 0.0466 1.7 0.43 293.8 4.8 313.1 10.4 459.4 77.1 293.8 4.8
DSHJB_2225-Spot 182 441 35763 4.7 18.8016 2.0 0.3669 4.6 0.0500 4.1 0.89 314.7 12.5 317.4 12.4 336.8 46.2 314.7 12.5

DSHJB_2225 set1-Spot 5 1021 28818 57.1 10.1172 19.7 0.6901 25.8 0.0506 16.6 0.64 318.5 51.5 532.9 107.2 1602.4 371.7 318.5 51.5
DSHJB_2225-Spot 117 146 58784 2.0 18.6883 2.0 0.3820 2.3 0.0518 1.3 0.55 325.4 4.0 328.5 6.5 350.5 44.1 325.4 4.0

DSHJB_2225 set1-Spot 40 1389 123491 1.8 18.8690 0.9 0.3894 1.5 0.0533 1.2 0.79 334.7 3.9 334.0 4.3 328.7 21.1 334.7 3.9
DSHJB_2225-Spot 280 2 345 0.4 6.5594 17.3 1.3267 19.1 0.0631 8.3 0.43 394.6 31.7 857.5 111.3 2373.6 296.7 394.6 31.7

DSHJB_2225 set1-Spot 1 690 125697 1.8 18.1295 1.3 0.5053 2.2 0.0664 1.8 0.81 414.7 7.0 415.3 7.4 418.6 28.9 414.7 7.0
DSHJB_2225-Spot 240 156 14199 1.9 18.0804 1.5 0.5154 1.8 0.0676 1.1 0.60 421.6 4.5 422.1 6.4 424.7 32.8 421.6 4.5
DSHJB_2225-Spot 270 265 53534 1.9 17.7610 1.6 0.5300 1.9 0.0683 1.1 0.56 425.7 4.5 431.8 6.9 464.3 35.9 425.7 4.5
DSHJB_2225-Spot 217 198 12618 2.4 17.9914 1.3 0.5257 1.8 0.0686 1.1 0.64 427.7 4.7 429.0 6.1 435.7 30.1 427.7 4.7

DSHJB_2225 set1-Spot 80 258 19869 2.0 17.8060 1.9 0.5312 2.2 0.0686 1.0 0.47 427.7 4.2 432.6 7.6 458.7 42.4 427.7 4.2
DSHJB_2225 set1-Spot 27 1017 121815 2.1 18.1344 1.1 0.5236 1.5 0.0689 1.0 0.68 429.3 4.1 427.5 5.1 418.0 23.9 429.3 4.1

DSHJB_2225-Spot 221 294 29090 1.3 17.4512 1.4 0.5454 2.3 0.0690 1.8 0.79 430.3 7.4 442.0 8.1 503.2 30.4 430.3 7.4
DSHJB_2225 set1-Spot 57 645 184658 1.9 17.7049 1.0 0.5394 1.5 0.0693 1.2 0.77 431.7 4.8 438.0 5.4 471.3 21.5 431.7 4.8

DSHJB_2225-Spot 105 232 34017 2.6 17.6068 1.8 0.5434 2.5 0.0694 1.7 0.69 432.5 7.2 440.6 8.9 483.7 39.7 432.5 7.2
DSHJB_2225-Spot 236 354 40898 1.6 18.0981 1.9 0.5291 2.3 0.0695 1.3 0.58 432.8 5.7 431.2 8.1 422.5 41.9 432.8 5.7
DSHJB_2225-Spot 258 343 34453 2.4 17.8149 1.0 0.5379 1.6 0.0695 1.3 0.81 433.2 5.6 437.1 5.8 457.6 21.3 433.2 5.6

DSHJB_2225 set1-Spot 91 332 22591 2.5 17.9359 1.8 0.5359 2.1 0.0697 1.2 0.56 434.4 5.1 435.7 7.6 442.6 39.6 434.4 5.1
DSHJB_2225-Spot 196 348 30046 2.6 18.2966 1.4 0.5260 1.8 0.0698 1.1 0.61 434.9 4.7 429.1 6.4 398.1 32.3 434.9 4.7

DSHJB_2225 set1-Spot 15 289 28276 1.8 17.6105 1.6 0.5479 2.1 0.0700 1.3 0.65 436.0 5.7 443.6 7.4 483.2 34.6 436.0 5.7
DSHJB_2225-Spot 242 218 42683 2.9 18.1676 2.2 0.5324 3.5 0.0702 2.7 0.77 437.1 11.4 433.4 12.3 414.0 49.3 437.1 11.4
DSHJB_2225-Spot 152 368 22330 1.8 18.0330 1.2 0.5365 2.0 0.0702 1.6 0.80 437.1 6.7 436.1 7.1 430.6 26.9 437.1 6.7
DSHJB_2225-Spot 110 284 97704 1.5 17.5105 0.9 0.5526 1.7 0.0702 1.4 0.82 437.3 5.7 446.7 6.0 495.7 20.9 437.3 5.7
DSHJB_2225-Spot 120 422 66719 5.3 18.0283 0.9 0.5378 1.6 0.0703 1.3 0.81 438.1 5.4 437.0 5.6 431.1 20.7 438.1 5.4

DSHJB_2225 set1-Spot 16 306 18157 1.8 17.5321 1.6 0.5542 2.8 0.0705 2.3 0.82 439.0 9.8 447.8 10.2 493.0 35.8 439.0 9.8
DSHJB_2225 set1-Spot 84 488 26794 1.8 17.8698 1.4 0.5438 1.7 0.0705 1.0 0.60 439.1 4.4 441.0 6.2 450.8 31.2 439.1 4.4

DSHJB_2225-Spot 123 297 175364 1.8 17.4793 1.4 0.5561 1.8 0.0705 1.0 0.58 439.1 4.3 449.0 6.4 499.7 31.8 439.1 4.3
DSHJB_2225-Spot 215 266 32106 2.0 17.9504 1.6 0.5415 2.0 0.0705 1.2 0.59 439.1 5.1 439.4 7.2 440.8 36.2 439.1 5.1
DSHJB_2225-Spot 190 246 28686 1.9 18.1797 1.1 0.5349 2.0 0.0705 1.6 0.82 439.4 6.8 435.1 6.9 412.5 25.1 439.4 6.8
DSHJB_2225-Spot 102 228 77095 1.0 17.7442 1.5 0.5482 2.1 0.0705 1.5 0.71 439.4 6.2 443.8 7.5 466.5 32.6 439.4 6.2
DSHJB_2225-Spot 170 493 155601 2.2 17.8444 1.4 0.5461 4.8 0.0707 4.6 0.96 440.3 19.4 442.5 17.1 454.0 30.8 440.3 19.4

DSHJB_2225 set1-Spot 85 202 36876 1.0 17.8447 2.6 0.5465 2.8 0.0707 1.1 0.38 440.5 4.5 442.7 10.0 453.9 56.9 440.5 4.5
DSHJB_2225-Spot 249 334 130181 3.1 17.7628 1.4 0.5504 2.0 0.0709 1.5 0.74 441.6 6.5 445.2 7.4 464.1 30.4 441.6 6.5
DSHJB_2225-Spot 140 305 126291 2.2 17.6371 1.4 0.5546 1.7 0.0709 1.0 0.59 441.8 4.3 448.0 6.2 479.8 30.4 441.8 4.3
DSHJB_2225-Spot 262 312 41006 1.9 17.9471 1.5 0.5454 2.1 0.0710 1.5 0.70 442.1 6.4 442.0 7.7 441.2 33.9 442.1 6.4
DSHJB_2225-Spot 238 173 16040 2.3 17.9427 1.5 0.5457 1.9 0.0710 1.2 0.63 442.3 5.2 442.2 7.0 441.7 33.6 442.3 5.2
DSHJB_2225-Spot 255 458 40258 2.5 17.6671 1.2 0.5547 3.2 0.0711 2.9 0.92 442.6 12.5 448.1 11.5 476.1 27.6 442.6 12.5

DSHJB_2225 set1-Spot 60 383 82044 2.4 17.7051 1.4 0.5538 2.2 0.0711 1.7 0.78 442.8 7.4 447.5 8.0 471.3 30.8 442.8 7.4
DSHJB_2225 set1-Spot 87 1268 60269 1.1 17.8922 0.8 0.5491 1.1 0.0713 0.8 0.69 443.7 3.3 444.4 4.0 448.0 18.0 443.7 3.3

DSHJB_2225-Spot 127 183 22453 2.4 17.7953 1.4 0.5521 1.9 0.0713 1.3 0.67 443.7 5.4 446.4 6.8 460.1 30.7 443.7 5.4
DSHJB_2225-Spot 146 243 35266 1.8 16.7891 3.5 0.5858 4.4 0.0713 2.6 0.60 444.2 11.2 468.2 16.3 587.7 75.6 444.2 11.2
DSHJB_2225-Spot 156 275 39719 1.9 18.0219 1.4 0.5458 1.9 0.0713 1.4 0.71 444.2 5.9 442.2 6.9 431.9 30.1 444.2 5.9
DSHJB_2225-Spot 205 146 6892 2.3 18.3837 2.9 0.5353 3.2 0.0714 1.5 0.45 444.4 6.3 435.3 11.4 387.5 64.8 444.4 6.3
DSHJB_2225-Spot 188 389 108638 1.5 18.0191 1.4 0.5462 2.3 0.0714 1.8 0.79 444.5 7.7 442.5 8.1 432.3 30.9 444.5 7.7
DSHJB_2225-Spot 149 356 224198 3.1 18.0223 1.8 0.5461 3.4 0.0714 2.8 0.85 444.5 12.2 442.4 12.0 431.9 39.6 444.5 12.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_2225-Spot 142 184 11483 2.2 18.0182 1.5 0.5462 2.4 0.0714 1.9 0.79 444.5 8.1 442.5 8.6 432.4 32.8 444.5 8.1
DSHJB_2225-Spot 154 365 69208 1.8 18.0202 1.1 0.5462 1.6 0.0714 1.1 0.71 444.5 4.8 442.5 5.7 432.1 24.7 444.5 4.8
DSHJB_2225-Spot 210 466 46097 2.0 17.9159 1.4 0.5496 1.9 0.0714 1.4 0.71 444.7 5.9 444.7 7.0 445.0 30.4 444.7 5.9

DSHJB_2225 set1-Spot 12 534 29990 2.0 18.0565 1.4 0.5455 2.2 0.0714 1.7 0.75 444.8 7.1 442.0 7.9 427.6 32.1 444.8 7.1
DSHJB_2225-Spot 132 166 15498 2.2 17.9941 1.8 0.5477 2.2 0.0715 1.4 0.60 445.1 5.8 443.5 8.1 435.4 39.9 445.1 5.8
DSHJB_2225-Spot 288 307 33154 2.9 17.8952 1.6 0.5521 2.5 0.0717 1.9 0.77 446.1 8.4 446.4 9.1 447.6 35.5 446.1 8.4

DSHJB_2225 set1-Spot 33 255 45284 3.5 17.8377 2.1 0.5541 2.6 0.0717 1.5 0.59 446.3 6.6 447.6 9.5 454.8 47.0 446.3 6.6
DSHJB_2225-Spot 227 238 66455 2.2 18.0803 1.5 0.5469 2.2 0.0717 1.6 0.73 446.5 6.9 443.0 7.9 424.7 33.4 446.5 6.9

DSHJB_2225 set1-Spot 50 559 36748 2.0 18.1259 1.0 0.5457 1.9 0.0717 1.6 0.85 446.6 7.0 442.2 6.9 419.1 22.8 446.6 7.0
DSHJB_2225-Spot 269 268 20324 1.9 18.0990 1.6 0.5465 2.1 0.0717 1.4 0.64 446.6 5.9 442.7 7.7 422.4 36.8 446.6 5.9

DSHJB_2225 set1-Spot 86 239 80774 2.8 17.4200 1.6 0.5679 1.9 0.0718 1.0 0.54 446.7 4.4 456.7 7.0 507.1 35.3 446.7 4.4
DSHJB_2225-Spot 121 276 40702 2.5 17.8238 1.2 0.5565 1.8 0.0719 1.2 0.71 447.9 5.4 449.3 6.4 456.5 27.5 447.9 5.4

DSHJB_2225 set1-Spot 61 186 17872 3.2 18.1902 1.4 0.5454 1.9 0.0719 1.3 0.68 447.9 5.7 442.0 6.9 411.2 31.4 447.9 5.7
DSHJB_2225-Spot 126 224 300841 2.9 17.8449 1.9 0.5573 2.2 0.0721 1.1 0.52 449.0 5.0 449.8 8.0 453.9 42.0 449.0 5.0
DSHJB_2225-Spot 273 404 30684 2.8 17.9439 1.4 0.5546 2.0 0.0722 1.4 0.71 449.3 6.2 448.0 7.3 441.6 31.4 449.3 6.2
DSHJB_2225-Spot 235 240 84861 2.7 14.3386 5.6 0.6953 5.7 0.0723 1.3 0.22 450.1 5.5 536.0 23.8 920.8 114.8 450.1 5.5

DSHJB_2225 set1-Spot 74 109 17048 4.1 17.8940 2.7 0.5606 2.9 0.0728 1.2 0.41 452.7 5.2 451.9 10.7 447.8 59.5 452.7 5.2
DSHJB_2225 set1-Spot 47 326 28747 3.8 17.9734 1.4 0.5582 1.9 0.0728 1.3 0.69 452.8 5.8 450.3 7.0 437.9 31.1 452.8 5.8
DSHJB_2225 set1-Spot 31 358 43158 3.5 17.8696 1.2 0.5614 1.8 0.0728 1.3 0.75 452.8 5.9 452.4 6.5 450.8 26.1 452.8 5.9

DSHJB_2225-Spot 119 497 180420 3.3 18.0153 1.2 0.5572 1.7 0.0728 1.2 0.70 453.0 5.2 449.7 6.1 432.7 26.8 453.0 5.2
DSHJB_2225 set1-Spot 77 378 42588 3.2 17.7616 1.6 0.5671 1.8 0.0730 0.8 0.45 454.5 3.6 456.1 6.6 464.3 35.7 454.5 3.6

DSHJB_2225-Spot 275 332 32668 2.0 18.0794 1.2 0.5598 1.9 0.0734 1.4 0.76 456.6 6.3 451.4 6.8 424.8 27.1 456.6 6.3
DSHJB_2225-Spot 199 290 202736 2.7 17.9726 1.9 0.5683 3.7 0.0741 3.2 0.85 460.7 14.0 456.9 13.6 438.0 42.8 460.7 14.0
DSHJB_2225-Spot 276 409 157363 2.4 17.5891 1.0 0.5843 2.2 0.0745 1.9 0.88 463.4 8.6 467.2 8.2 485.8 23.1 463.4 8.6
DSHJB_2225-Spot 284 286 40013 2.0 17.9388 1.3 0.5730 2.0 0.0746 1.5 0.76 463.5 6.7 460.0 7.3 442.2 28.6 463.5 6.7
DSHJB_2225-Spot 264 262 42653 3.1 17.5624 1.7 0.5906 3.3 0.0752 2.8 0.86 467.6 12.9 471.3 12.5 489.2 37.2 467.6 12.9

DSHJB_2225 set1-Spot 29 677 53161 0.9 16.9953 1.3 0.6269 4.7 0.0773 4.5 0.96 479.8 20.8 494.2 18.3 561.2 28.6 479.8 20.8
DSHJB_2225-Spot 243 586 65082 2.4 17.6093 1.2 0.6090 1.9 0.0778 1.5 0.79 482.9 7.2 482.9 7.5 483.3 26.0 482.9 7.2

DSHJB_2225 set1-Spot 83 286 28319 1.3 17.2356 1.5 0.6494 2.6 0.0812 2.1 0.81 503.1 10.2 508.1 10.4 530.5 33.8 503.1 10.2
DSHJB_2225 set1-Spot 24 259 31173 0.6 15.3909 5.6 0.7554 6.0 0.0843 2.0 0.34 521.9 10.2 571.4 26.2 773.5 118.8 521.9 10.2

DSHJB_2225-Spot 257 510 130150 3.6 17.2065 1.2 0.6848 1.9 0.0855 1.4 0.75 528.6 7.2 529.6 7.8 534.2 27.3 528.6 7.2
DSHJB_2225-Spot 211 267 97923 0.6 16.9313 1.3 0.6978 2.0 0.0857 1.5 0.76 530.0 7.8 537.5 8.4 569.4 28.3 530.0 7.8

DSHJB_2225 set1-Spot 53 1032 142782 1.7 17.2590 0.9 0.6857 2.6 0.0858 2.4 0.94 530.8 12.4 530.2 10.8 527.5 20.2 530.8 12.4
DSHJB_2225-Spot 202 490 33625 5.0 17.0213 0.9 0.7004 3.4 0.0865 3.3 0.96 534.6 16.7 539.0 14.2 557.8 19.8 534.6 16.7

DSHJB_2225 set1-Spot 66 418 130836 1.4 17.0646 1.4 0.7028 2.0 0.0870 1.5 0.72 537.7 7.5 540.5 8.6 552.3 31.2 537.7 7.5
DSHJB_2225-Spot 201 63 7506 0.9 16.9718 2.4 0.7073 2.9 0.0871 1.6 0.56 538.1 8.5 543.1 12.3 564.2 52.9 538.1 8.5
DSHJB_2225-Spot 231 298 31444 0.5 16.9032 1.6 0.7138 3.6 0.0875 3.2 0.89 540.8 16.5 547.0 15.0 573.0 35.0 540.8 16.5

DSHJB_2225 set1-Spot 13 390 155035 2.1 17.2371 1.3 0.7005 1.7 0.0876 1.0 0.62 541.2 5.4 539.1 7.0 530.3 28.9 541.2 5.4
DSHJB_2225-Spot 138 396 27774 4.6 17.0585 1.3 0.7122 2.6 0.0881 2.2 0.86 544.3 11.5 546.0 10.9 553.1 28.9 544.3 11.5
DSHJB_2225-Spot 213 850 62388 13.3 17.0141 1.1 0.7176 1.6 0.0885 1.1 0.71 546.9 6.0 549.2 6.8 558.7 24.4 546.9 6.0
DSHJB_2225-Spot 116 44 4522 65.6 17.8404 3.1 0.6868 3.6 0.0889 1.9 0.51 548.8 9.8 530.9 15.1 454.4 69.5 548.8 9.8

DSHJB_2225 set1-Spot 51 392 29952 0.9 16.9526 1.4 0.7248 2.2 0.0891 1.8 0.79 550.3 9.3 553.5 9.6 566.7 30.2 550.3 9.3
DSHJB_2225-Spot 108 353 33650 1.3 16.8853 1.4 0.7327 2.0 0.0897 1.5 0.72 553.9 7.7 558.1 8.7 575.3 30.3 553.9 7.7
DSHJB_2225-Spot 130 302 30325 1.8 16.6221 1.8 0.7445 2.3 0.0898 1.5 0.64 554.1 7.9 565.0 10.0 609.3 38.3 554.1 7.9

DSHJB_2225 set1-Spot 25 479 68046 0.5 17.1106 1.3 0.7248 1.7 0.0899 1.1 0.63 555.2 5.6 553.5 7.2 546.4 28.3 555.2 5.6
DSHJB_2225-Spot 195 853 71964 7.9 16.8608 0.8 0.7446 1.3 0.0910 0.9 0.74 561.7 5.0 565.1 5.5 578.5 18.3 561.7 5.0

DSHJB_2225 set1-Spot 56 1114 76537 2.7 16.9977 1.5 0.7479 2.4 0.0922 1.9 0.79 568.5 10.5 567.0 10.6 560.9 32.7 568.5 10.5
DSHJB_2225-Spot 155 290 42261 1.1 17.0682 1.0 0.7489 1.7 0.0927 1.4 0.82 571.5 7.8 567.6 7.5 551.8 21.3 571.5 7.8

DSHJB_2225 set1-Spot 45 929 27263 0.9 16.6906 1.1 0.7706 1.7 0.0933 1.4 0.79 575.0 7.6 580.1 7.7 600.4 23.0 575.0 7.6
DSHJB_2225-Spot 282 2344 197233 10.6 17.1949 0.8 0.7496 1.3 0.0935 1.0 0.80 576.1 5.7 568.0 5.7 535.7 17.1 576.1 5.7
DSHJB_2225-Spot 189 225 377831 0.8 16.6007 1.2 0.7773 1.9 0.0936 1.5 0.80 576.7 8.5 583.9 8.5 612.1 25.1 576.7 8.5
DSHJB_2225-Spot 281 80 14383 1.4 16.7814 3.5 0.7750 3.8 0.0943 1.6 0.42 581.1 8.8 582.7 16.9 588.7 75.2 581.1 8.8
DSHJB_2225-Spot 207 25 3413 1.3 18.4400 3.7 0.7067 4.1 0.0945 1.9 0.46 582.2 10.5 542.8 17.3 380.6 82.5 582.2 10.5

DSHJB_2225 set1-Spot 4 286 31302 1.0 16.9830 1.0 0.7764 1.6 0.0956 1.3 0.78 588.7 7.2 583.4 7.3 562.7 22.1 588.7 7.2
DSHJB_2225-Spot 143 25 2537 0.5 18.9572 3.3 0.6956 3.7 0.0956 1.8 0.49 588.8 10.2 536.2 15.6 318.0 74.3 588.8 10.2

DSHJB_2225 set1-Spot 76 610 54173 2.1 16.9632 1.3 0.7776 1.7 0.0957 1.2 0.67 589.0 6.6 584.1 7.7 565.3 27.9 589.0 6.6
DSHJB_2225-Spot 101 120 12250 3.2 16.5388 2.0 0.8004 2.7 0.0960 1.9 0.69 591.0 10.7 597.1 12.3 620.2 42.5 591.0 10.7

DSHJB_2225 set1-Spot 10 357 36695 2.8 15.8498 1.0 0.8392 3.0 0.0965 2.8 0.94 593.7 15.8 618.7 13.8 711.3 21.9 593.7 15.8
DSHJB_2225-Spot 232 297 50521 0.8 16.3794 1.0 0.8126 1.8 0.0965 1.5 0.83 594.1 8.5 603.9 8.2 641.1 21.3 594.1 8.5
DSHJB_2225-Spot 184 2185 187273 4.8 16.9645 0.6 0.7877 1.1 0.0969 1.0 0.85 596.3 5.4 589.9 5.0 565.1 12.7 596.3 5.4

DSHJB_2225 set1-Spot 63 1068 46931 6.3 16.8596 0.8 0.7960 1.3 0.0973 1.1 0.80 598.7 6.0 594.6 5.9 578.6 17.2 598.7 6.0
DSHJB_2225-Spot 161 152 55227 0.8 16.5787 1.3 0.8138 1.6 0.0979 0.9 0.58 601.8 5.4 604.6 7.3 615.0 28.1 601.8 5.4

DSHJB_2225 set1-Spot 48 348 37288 2.0 16.5602 1.0 0.8167 1.8 0.0981 1.5 0.82 603.2 8.5 606.2 8.2 617.4 21.9 603.2 8.5
DSHJB_2225-Spot 229 296 119716 3.7 15.7466 1.4 0.8597 4.0 0.0982 3.7 0.94 603.7 21.6 630.0 18.7 725.2 29.2 603.7 21.6

DSHJB_2225 set1-Spot 62 175 43371 3.5 16.4512 1.8 0.8233 3.0 0.0982 2.4 0.80 604.0 13.8 609.9 13.6 631.7 38.1 604.0 13.8
DSHJB_2225-Spot 198 153 43648 2.1 16.2711 1.4 0.8342 2.1 0.0984 1.6 0.76 605.3 9.4 615.9 9.9 655.4 30.0 605.3 9.4
DSHJB_2225-Spot 250 144 26162 2.8 16.5917 1.5 0.8187 4.6 0.0985 4.3 0.94 605.7 24.8 607.3 20.8 613.3 33.3 605.7 24.8
DSHJB_2225-Spot 254 543 80975 4.0 16.5054 1.0 0.8230 1.6 0.0985 1.2 0.78 605.7 7.2 609.7 7.3 624.6 21.7 605.7 7.2
DSHJB_2225-Spot 206 256 249911 4.1 16.4065 1.3 0.8280 2.7 0.0985 2.4 0.88 605.8 13.7 612.5 12.4 637.5 27.7 605.8 13.7
DSHJB_2225-Spot 137 115 20608 0.8 16.5321 1.6 0.8255 2.2 0.0990 1.5 0.68 608.4 8.7 611.1 10.1 621.1 34.8 608.4 8.7
DSHJB_2225-Spot 271 549 32819 0.8 16.5263 1.0 0.8264 3.1 0.0991 2.9 0.94 608.9 16.7 611.6 14.0 621.8 22.5 608.9 16.7
DSHJB_2225-Spot 191 60 13115 1.5 15.9660 2.4 0.8585 2.8 0.0994 1.5 0.52 610.9 8.5 629.3 13.2 695.8 51.5 610.9 8.5
DSHJB_2225-Spot 278 353 51145 2.4 16.3029 1.5 0.8473 2.8 0.1002 2.4 0.86 615.5 14.3 623.2 13.2 651.1 31.3 615.5 14.3

DSHJB_2225 set1-Spot 3 725 78982 1.0 16.3112 1.2 0.8511 3.2 0.1007 3.0 0.93 618.4 17.7 625.3 15.1 650.0 25.5 618.4 17.7
DSHJB_2225-Spot 192 312 39733 1.3 16.4374 1.1 0.8475 1.7 0.1010 1.4 0.78 620.5 8.0 623.3 8.1 633.5 23.6 620.5 8.0
DSHJB_2225-Spot 113 194 46582 1.1 16.1159 1.2 0.8703 1.7 0.1017 1.1 0.70 624.5 6.8 635.8 7.8 675.9 25.4 624.5 6.8

DSHJB_2225 set1-Spot 14 83 8620 1.0 14.8626 4.6 0.9438 6.9 0.1017 5.2 0.75 624.6 31.1 674.9 34.2 846.5 94.9 624.6 31.1
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_2225 set1-Spot 20 128 29251 1.1 16.5777 1.9 0.8478 2.5 0.1019 1.6 0.64 625.7 9.4 623.4 11.5 615.1 41.1 625.7 9.4
DSHJB_2225-Spot 164 301 52468 2.5 16.6866 1.0 0.8431 1.6 0.1020 1.3 0.81 626.3 7.9 620.9 7.6 601.0 20.8 626.3 7.9

DSHJB_2225 set1-Spot 69 353 31971 4.0 16.4256 1.7 0.8594 2.1 0.1024 1.3 0.61 628.4 7.7 629.8 9.9 635.0 36.1 628.4 7.7
DSHJB_2225-Spot 106 306 47260 0.9 16.3788 1.3 0.8626 2.0 0.1025 1.4 0.73 628.8 8.5 631.5 9.2 641.2 28.7 628.8 8.5
DSHJB_2225-Spot 129 34 5104 1.6 16.5558 3.1 0.8535 3.7 0.1025 2.1 0.55 628.9 12.4 626.6 17.5 618.0 67.2 628.9 12.4
DSHJB_2225-Spot 122 134 28377 4.1 16.1295 1.7 0.8795 3.1 0.1029 2.6 0.83 631.3 15.5 640.7 14.8 674.0 37.4 631.3 15.5
DSHJB_2225-Spot 185 742 62112 1.7 16.2477 1.8 0.8775 2.7 0.1034 2.0 0.75 634.3 12.4 639.6 13.0 658.4 39.1 634.3 12.4
DSHJB_2225-Spot 241 83 38689 2.0 15.7825 1.9 0.9081 4.9 0.1039 4.5 0.92 637.5 27.4 656.0 23.7 720.4 40.7 637.5 27.4
DSHJB_2225-Spot 160 197 43375 1.5 16.5551 1.8 0.8662 2.2 0.1040 1.3 0.60 637.8 8.1 633.5 10.5 618.1 38.6 637.8 8.1
DSHJB_2225-Spot 256 441 105090 1.3 16.0425 1.1 0.8993 2.7 0.1046 2.5 0.91 641.5 15.3 651.4 13.2 685.6 23.7 641.5 15.3

DSHJB_2225 set1-Spot 38 378 30494 1.6 16.0678 1.1 0.9079 1.5 0.1058 1.0 0.68 648.3 6.4 655.9 7.4 682.2 24.0 648.3 6.4
DSHJB_2225-Spot 204 428 61712 2.1 16.4640 1.3 0.8885 1.7 0.1061 1.2 0.69 650.0 7.3 645.5 8.2 630.0 27.0 650.0 7.3
DSHJB_2225-Spot 100 275 78823 2.0 16.1607 0.9 0.9057 1.6 0.1062 1.3 0.82 650.4 7.8 654.8 7.5 669.9 19.1 650.4 7.8
DSHJB_2225-Spot 252 1344 89244 5.6 16.1953 1.0 0.9092 3.1 0.1068 2.9 0.95 654.1 18.1 656.6 14.8 665.4 20.6 654.1 18.1
DSHJB_2225-Spot 103 469 79679 0.9 16.1693 1.1 0.9289 2.4 0.1089 2.1 0.89 666.6 13.6 667.1 11.8 668.8 23.4 666.6 13.6
DSHJB_2225-Spot 99 224 32462 2.8 15.8950 1.2 0.9551 3.8 0.1101 3.6 0.95 673.4 22.9 680.8 18.7 705.3 24.6 673.4 22.9

DSHJB_2225 set1-Spot 32 145 27113 2.1 15.7870 2.1 0.9678 2.8 0.1108 1.9 0.67 677.5 12.2 687.3 14.2 719.8 44.7 677.5 12.2
DSHJB_2225-Spot 169 766 83451 8.3 16.1809 1.2 0.9499 1.9 0.1115 1.5 0.80 681.3 9.9 678.0 9.5 667.3 24.7 681.3 9.9
DSHJB_2225-Spot 135 266 55662 1.3 15.5673 1.3 0.9878 4.0 0.1115 3.8 0.95 681.6 24.8 697.6 20.4 749.4 27.0 681.6 24.8
DSHJB_2225-Spot 98 261 92371 2.9 15.7490 1.2 0.9772 1.5 0.1116 0.9 0.61 682.2 6.0 692.2 7.6 724.9 25.3 682.2 6.0

DSHJB_2225 set1-Spot 9 455 96099 5.2 15.7507 1.3 0.9788 1.9 0.1118 1.4 0.74 683.3 9.0 693.0 9.4 724.6 26.8 683.3 9.0
DSHJB_2225 set1-Spot 88 780 79769 4.6 15.9044 0.9 0.9847 1.4 0.1136 1.2 0.80 693.5 7.6 696.0 7.3 704.0 18.6 693.5 7.6
DSHJB_2225 set1-Spot 23 788 41498 2.5 16.1943 0.9 0.9705 1.5 0.1140 1.2 0.81 695.9 8.1 688.7 7.5 665.5 18.8 695.9 8.1
DSHJB_2225 set1-Spot 68 503 172774 2.2 15.9163 1.1 1.0052 1.9 0.1160 1.5 0.83 707.7 10.3 706.4 9.5 702.5 22.4 707.7 10.3

DSHJB_2225-Spot 136 249 38351 3.2 14.2196 1.2 1.1382 2.7 0.1174 2.4 0.90 715.5 16.2 771.6 14.4 937.8 23.6 715.5 16.2
DSHJB_2225 set1-Spot 89 65 7675 2.1 15.8416 2.3 1.0376 3.5 0.1192 2.6 0.75 726.0 17.8 722.7 18.0 712.5 49.3 726.0 17.8

DSHJB_2225-Spot 104 483 77480 8.4 15.8116 0.9 1.0406 1.7 0.1193 1.4 0.84 726.7 9.9 724.2 8.9 716.5 20.0 726.7 9.9
DSHJB_2225-Spot 167 386 39828 2.0 13.8471 6.0 1.1917 6.2 0.1197 1.3 0.21 728.7 8.7 796.7 34.0 992.1 122.6 728.7 8.7

DSHJB_2225 set1-Spot 19 217 26765 1.0 15.6081 1.4 1.0620 2.9 0.1202 2.5 0.88 731.8 17.5 734.8 15.0 743.9 29.2 731.8 17.5
DSHJB_2225 set1-Spot 95 250 27969 1.9 15.3249 1.3 1.0974 2.1 0.1220 1.6 0.79 741.9 11.5 752.1 11.1 782.5 27.1 741.9 11.5

DSHJB_2225-Spot 253 293 39930 2.8 15.3065 1.3 1.1007 3.2 0.1222 3.0 0.92 743.2 21.0 753.7 17.2 785.0 26.5 743.2 21.0
DSHJB_2225-Spot 183 159 49890 2.6 14.5440 1.8 1.1667 3.5 0.1231 3.0 0.86 748.2 21.3 785.1 19.3 891.5 37.7 748.2 21.3

DSHJB_2225 set1-Spot 59 119 19680 2.5 15.4107 1.5 1.1139 2.5 0.1245 2.0 0.80 756.4 14.2 760.0 13.3 770.8 31.4 756.4 14.2
DSHJB_2225 set1-Spot 7 56 23366 1.5 29.3041 4.8 -0.5230 24.4 -0.1111 23.9 0.98 759.6 192.6 751.6 277.9 779.6 134.4 759.6 192.6

DSHJB_2225-Spot 283 370 128262 1.8 15.2869 1.0 1.1283 1.3 0.1251 0.8 0.61 759.8 5.6 766.9 6.9 787.7 21.2 759.8 5.6
DSHJB_2225-Spot 263 424 28113 1.4 15.5036 0.7 1.1349 1.4 0.1276 1.2 0.87 774.3 8.7 770.1 7.4 758.1 14.4 774.3 8.7

DSHJB_2225 set1-Spot 34 504 32025 1.5 15.2581 1.0 1.1556 1.4 0.1279 0.9 0.68 775.8 6.9 779.9 7.6 791.7 21.6 775.8 6.9
DSHJB_2225-Spot 286 132 39691 1.2 15.4878 1.6 1.1514 2.1 0.1293 1.3 0.62 784.1 9.6 777.9 11.3 760.2 34.4 784.1 9.6
DSHJB_2225-Spot 176 204 27906 1.6 15.1088 1.2 1.1811 2.7 0.1294 2.4 0.89 784.6 17.5 791.8 14.6 812.3 25.3 784.6 17.5
DSHJB_2225-Spot 247 312 27325 1.9 15.1556 1.5 1.1813 1.8 0.1298 1.1 0.59 787.0 7.9 791.9 10.0 805.8 30.7 787.0 7.9

DSHJB_2225 set1-Spot 37 57 44011 1.8 15.4849 2.0 1.1568 2.4 0.1299 1.3 0.53 787.4 9.3 780.5 12.9 760.6 42.6 787.4 9.3
DSHJB_2225-Spot 219 273 41869 3.3 14.9737 1.4 1.2057 2.3 0.1309 1.8 0.80 793.2 13.5 803.2 12.5 831.0 28.2 793.2 13.5
DSHJB_2225-Spot 223 102 12835 3.4 15.0405 1.6 1.2004 2.6 0.1309 2.0 0.77 793.3 14.7 800.8 14.2 821.8 34.0 793.3 14.7

DSHJB_2225 set1-Spot 18 280 150179 1.2 14.6869 1.6 1.2395 2.7 0.1320 2.2 0.80 799.4 16.3 818.6 15.3 871.2 34.2 799.4 16.3
DSHJB_2225 set1-Spot 79 388 51468 1.7 15.3169 1.4 1.1989 1.7 0.1332 1.0 0.59 806.0 7.7 800.1 9.5 783.6 29.0 806.0 7.7
DSHJB_2225 set1-Spot 35 211 53731 2.1 14.9264 1.2 1.2425 3.1 0.1345 2.9 0.93 813.5 21.9 820.0 17.3 837.6 24.0 813.5 21.9
DSHJB_2225 set1-Spot 90 228 46349 8.6 15.0029 1.1 1.2374 1.7 0.1346 1.4 0.79 814.3 10.4 817.7 9.7 827.0 22.0 814.3 10.4

DSHJB_2225-Spot 97 69 18061 1.5 14.8119 1.5 1.2627 4.2 0.1356 3.9 0.93 820.0 29.8 829.1 23.6 853.6 31.8 820.0 29.8
DSHJB_2225-Spot 260 218 19679 2.0 14.3040 1.5 1.3109 5.9 0.1360 5.7 0.97 822.0 44.1 850.5 34.0 925.7 30.1 822.0 44.1
DSHJB_2225-Spot 244 161 39453 0.7 14.8907 1.3 1.2625 1.8 0.1363 1.2 0.65 824.0 8.9 829.0 10.0 842.6 27.7 824.0 8.9
DSHJB_2225-Spot 267 362 37271 1.7 15.0248 1.0 1.2572 1.7 0.1370 1.4 0.81 827.7 10.7 826.7 9.7 823.9 21.0 827.7 10.7

DSHJB_2225 set1-Spot 8 274 63767 2.7 14.8956 8.1 2.0579 126.5 0.2223 126.2 1.00 1294.1 1507.0 1134.9 1280.2 842.0 167.9 842.0 167.9
DSHJB_2225-Spot 168 459 70846 1.3 14.7861 0.7 1.3110 1.3 0.1406 1.0 0.81 848.0 8.1 850.5 7.3 857.2 15.4 848.0 8.1

DSHJB_2225 set1-Spot 82 155 44675 1.3 14.9401 1.4 1.2987 1.8 0.1407 1.2 0.63 848.7 9.2 845.1 10.6 835.7 29.8 848.7 9.2
DSHJB_2225-Spot 234 266 347787 1.5 14.7004 1.1 1.3458 1.7 0.1435 1.4 0.78 864.3 11.0 865.7 10.2 869.3 22.4 864.3 11.0
DSHJB_2225-Spot 147 164 37058 1.4 14.6113 1.0 1.3621 1.6 0.1443 1.3 0.79 869.2 10.5 872.8 9.6 881.9 20.6 869.2 10.5
DSHJB_2225-Spot 265 290 74014 205.4 14.4621 1.2 1.4068 1.8 0.1476 1.3 0.72 887.2 10.8 891.8 10.7 903.1 25.5 887.2 10.8
DSHJB_2225-Spot 148 294 65275 2.9 14.2718 1.1 1.5447 1.7 0.1599 1.3 0.75 956.2 11.3 948.4 10.4 930.4 22.8 930.4 22.8
DSHJB_2225-Spot 285 229 48691 2.6 14.2271 1.2 1.4536 2.0 0.1500 1.6 0.80 900.9 13.5 911.4 12.1 936.8 24.9 936.8 24.9

DSHJB_2225 set1-Spot 28 249 48513 6.5 14.2067 1.0 1.4684 1.5 0.1513 1.1 0.73 908.2 9.2 917.5 8.9 939.7 20.7 939.7 20.7
DSHJB_2225-Spot 179 346 96626 1.7 14.1540 0.9 1.6011 2.9 0.1644 2.7 0.95 980.9 25.0 970.6 18.1 947.3 18.8 947.3 18.8

DSHJB_2225 set1-Spot 65 216 35767 6.8 14.1262 1.0 1.5524 4.5 0.1591 4.4 0.98 951.5 38.9 951.5 27.9 951.3 20.3 951.3 20.3
DSHJB_2225 set1-Spot 43 2349 139160 17.2 14.1120 0.8 1.4375 1.5 0.1471 1.3 0.84 884.8 10.4 904.7 8.9 953.4 16.5 953.4 16.5

DSHJB_2225-Spot 181 297 98941 1.8 14.1058 1.4 1.6278 2.7 0.1665 2.3 0.86 993.0 21.4 981.0 17.1 954.3 28.6 954.3 28.6
DSHJB_2225-Spot 193 346 79535 0.6 14.0921 1.0 1.4947 1.6 0.1528 1.3 0.79 916.5 11.0 928.2 9.9 956.3 20.7 956.3 20.7
DSHJB_2225-Spot 144 158 117603 2.1 14.0867 1.4 1.5048 2.1 0.1537 1.5 0.74 921.9 13.2 932.3 12.6 957.1 28.3 957.1 28.3
DSHJB_2225-Spot 239 727 97418 5.2 14.0406 0.9 1.4311 1.9 0.1457 1.7 0.87 877.0 13.6 902.0 11.4 963.8 18.8 963.8 18.8

DSHJB_2225 set1-Spot 72 190 151857 1.5 14.0268 1.1 1.5347 1.3 0.1561 0.8 0.61 935.2 7.2 944.4 8.3 965.8 21.7 965.8 21.7
DSHJB_2225-Spot 187 171 123889 1.2 14.0267 1.1 1.5541 1.9 0.1581 1.6 0.81 946.2 13.9 952.1 12.0 965.8 23.0 965.8 23.0
DSHJB_2225-Spot 272 446 34032 0.5 13.9990 0.8 1.5845 1.5 0.1609 1.3 0.86 961.6 11.7 964.1 9.5 969.9 15.8 969.9 15.8
DSHJB_2225-Spot 248 46 44662 2.5 13.9923 2.9 1.5739 3.2 0.1597 1.4 0.45 955.2 12.7 960.0 19.9 970.8 58.5 970.8 58.5

DSHJB_2225 set1-Spot 64 770 122021 2.6 13.8661 1.1 1.5626 1.8 0.1571 1.5 0.80 940.9 12.8 955.5 11.3 989.3 22.3 989.3 22.3
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSHJB_2225-Spot 131 138 27079 0.8 13.8601 1.4 1.6216 4.0 0.1630 3.8 0.94 973.5 34.2 978.6 25.3 990.2 28.2 990.2 28.2
DSHJB_2225 set1-Spot 71 114 134123 1.0 13.8071 1.5 1.6214 2.2 0.1624 1.6 0.73 969.9 14.2 978.5 13.5 997.9 29.9 997.9 29.9

DSHJB_2225-Spot 128 237 28111 0.8 13.7413 1.1 1.7028 1.4 0.1697 1.0 0.68 1010.5 9.2 1009.6 9.2 1007.6 21.4 1007.6 21.4
DSHJB_2225-Spot 134 197 120718 3.1 13.7131 1.0 1.6159 2.9 0.1607 2.8 0.94 960.7 24.7 976.4 18.4 1011.8 19.8 1011.8 19.8
DSHJB_2225-Spot 153 351 91771 2.2 13.6346 1.1 1.7465 1.6 0.1727 1.2 0.72 1027.0 11.2 1025.9 10.6 1023.4 23.1 1023.4 23.1
DSHJB_2225-Spot 224 130 81641 3.5 13.6056 1.3 1.6842 1.6 0.1662 1.0 0.60 991.1 9.1 1002.6 10.5 1027.7 26.6 1027.7 26.6
DSHJB_2225-Spot 186 138 43481 1.1 13.5767 1.0 1.7321 1.4 0.1706 0.9 0.66 1015.2 8.5 1020.5 8.9 1032.0 21.0 1032.0 21.0
DSHJB_2225-Spot 171 304 35677 1.8 13.5740 1.4 1.7222 4.0 0.1695 3.8 0.94 1009.6 35.3 1016.9 25.9 1032.4 28.0 1032.4 28.0
DSHJB_2225-Spot 214 155 25219 2.5 13.4349 1.3 1.7752 1.8 0.1730 1.3 0.70 1028.5 12.3 1036.4 11.9 1053.2 26.4 1053.2 26.4
DSHJB_2225-Spot 139 76 16494 1.6 13.4289 2.0 1.6492 2.4 0.1606 1.3 0.54 960.2 11.4 989.2 14.9 1054.1 40.0 1054.1 40.0
DSHJB_2225-Spot 114 1007 152429 2.9 13.4260 0.9 1.6986 1.7 0.1654 1.4 0.85 986.7 13.2 1008.0 10.9 1054.6 18.2 1054.6 18.2
DSHJB_2225-Spot 277 581 401306 1.8 13.3584 0.6 1.7788 1.5 0.1723 1.4 0.92 1025.0 12.9 1037.7 9.6 1064.7 11.5 1064.7 11.5
DSHJB_2225-Spot 230 197 58320 2.2 13.2705 1.3 1.8097 1.9 0.1742 1.4 0.73 1035.1 13.4 1049.0 12.6 1078.0 26.4 1078.0 26.4
DSHJB_2225-Spot 246 193 49730 0.8 12.6286 1.2 2.1293 1.6 0.1950 1.0 0.62 1148.6 10.3 1158.4 11.0 1176.8 24.7 1176.8 24.7
DSHJB_2225-Spot157 374 73348 1.3 11.2204 5.1 1.9577 5.4 0.1593 1.9 0.35 952.9 16.8 1101.1 36.6 1406.8 97.8 1406.8 97.8

DSHJB_2225 set1-Spot 44 437 66278 1.9 11.1332 0.9 3.1374 1.5 0.2533 1.2 0.81 1455.6 15.8 1441.9 11.5 1421.7 16.5 1421.7 16.5
DSHJB_2225-Spot 109 512 117665 3.9 10.4714 1.8 1.3324 2.2 0.1012 1.3 0.58 621.4 7.7 859.9 12.9 1537.9 34.2 1537.9 34.2

DSHJB_2225 set1-Spot 49 693 113917 2.3 9.2917 1.1 3.8320 2.1 0.2582 1.8 0.85 1480.8 23.6 1599.5 16.9 1759.5 20.3 1759.5 20.3
DSHJB_2225 set1-Spot 26 204 516989 0.6 9.2426 0.8 4.6002 1.4 0.3084 1.1 0.80 1732.7 16.6 1749.3 11.4 1769.2 14.9 1769.2 14.9
DSHJB_2225 set1-Spot 75 635 203892 2.6 9.2063 1.3 4.2206 2.3 0.2818 1.9 0.83 1600.5 26.9 1678.0 18.7 1776.4 23.1 1776.4 23.1

DSHJB_2225-Spot 175 361 106183 3.3 9.1267 0.9 4.0841 1.7 0.2703 1.5 0.85 1542.5 20.1 1651.1 14.0 1792.2 16.5 1792.2 16.5
DSHJB_2225-Spot 133 1278 189538 5.2 8.9844 1.2 3.4383 2.0 0.2240 1.6 0.80 1303.2 19.3 1513.2 16.0 1820.8 22.2 1820.8 22.2
DSHJB_2225-Spot 112 638 146203 4.8 8.8852 0.8 5.0547 1.3 0.3257 1.0 0.75 1817.7 15.2 1828.5 10.8 1840.9 15.1 1840.9 15.1

DSHJB_2225 set1-Spot 52 199 141166 1.5 8.8235 0.9 5.0351 1.5 0.3222 1.2 0.80 1800.5 18.8 1825.2 12.6 1853.5 16.1 1853.5 16.1
DSHJB_2225 set1-Spot 67 971 102553 3.9 8.7586 0.7 5.2904 4.2 0.3361 4.2 0.99 1867.7 67.7 1867.3 36.2 1866.9 12.9 1866.9 12.9
DSHJB_2225 set1-Spot 81 324 73501 1.8 8.7573 0.9 5.1456 2.3 0.3268 2.1 0.91 1822.9 32.6 1843.7 19.1 1867.1 16.7 1867.1 16.7
DSHJB_2225 set1-Spot 41 370 96054 4.9 8.7440 0.7 5.2968 2.9 0.3359 2.8 0.97 1867.0 45.7 1868.3 24.9 1869.9 13.0 1869.9 13.0

DSHJB_2225-Spot 150 315 219507 1.2 8.7359 0.8 5.1472 1.4 0.3261 1.2 0.83 1819.5 19.0 1843.9 12.3 1871.5 14.5 1871.5 14.5
DSHJB_2225 set1-Spot 55 224 45703 1.0 8.6919 1.2 4.9548 1.6 0.3123 1.1 0.68 1752.2 16.8 1811.6 13.6 1880.7 21.4 1880.7 21.4

DSHJB_2225-Spot 194 440 100579 3.3 8.5462 0.9 5.4045 1.7 0.3350 1.4 0.84 1862.5 23.1 1885.6 14.6 1911.0 16.5 1911.0 16.5
DSHJB_2225-Spot 222 220 100365 0.7 8.4731 0.8 5.6009 1.5 0.3442 1.2 0.84 1906.8 20.2 1916.2 12.6 1926.5 14.3 1926.5 14.3

DSHJB_2225 set1-Spot 39 169 126778 0.5 8.4376 0.7 5.6794 1.2 0.3476 1.0 0.82 1922.9 16.2 1928.2 10.3 1934.0 12.3 1934.0 12.3
DSHJB_2225-Spot 212 350 352711 1.3 8.4232 0.7 5.6890 1.2 0.3475 1.0 0.82 1922.9 16.6 1929.7 10.5 1937.0 12.5 1937.0 12.5

DSHJB_2225 set1-Spot 96 662 78861 5.4 7.8422 0.8 6.6568 1.8 0.3786 1.6 0.89 2069.8 28.7 2066.9 16.1 2064.0 14.8 2064.0 14.8
DSHJB_2225 set1-Spot 46 2472 5411561 1.5 7.8170 0.6 4.6404 1.2 0.2631 1.1 0.88 1505.6 14.4 1756.6 10.2 2069.7 10.3 2069.7 10.3

DSHJB_2225-Spot 279 324 153079 1.5 7.7301 0.8 6.4163 1.3 0.3597 1.1 0.79 1980.9 17.9 2034.5 11.7 2089.3 14.5 2089.3 14.5
DSHJB_2225-Spot 226 1410 51180 2.9 7.0341 0.9 7.6192 1.9 0.3887 1.6 0.87 2116.8 29.5 2187.1 16.8 2253.7 15.7 2253.7 15.7
DSHJB_2225-Spot 220 1148 61840 1.9 6.9310 0.8 7.2285 2.0 0.3634 1.9 0.92 1998.1 32.1 2140.0 18.1 2279.2 13.5 2279.2 13.5
DSHJB_2225-Spot 208 136 186899 0.8 6.5416 0.9 8.0738 1.4 0.3831 1.0 0.73 2090.5 18.0 2239.3 12.4 2378.2 15.9 2378.2 15.9

DSHJB_2225 set1-Spot 54 302 202437 1.4 6.2840 1.0 9.7963 1.7 0.4465 1.3 0.79 2379.6 25.9 2415.8 15.2 2446.5 17.3 2446.5 17.3
DSHJB_2225 set1-Spot 22 975 114016 1.1 6.2757 1.1 9.2688 3.0 0.4219 2.8 0.94 2269.0 53.6 2364.9 27.5 2448.7 17.8 2448.7 17.8

DSHJB_2225-Spot 209 319 572914 1.4 6.2432 0.8 9.8480 1.5 0.4459 1.2 0.84 2377.1 24.5 2420.7 13.5 2457.5 13.3 2457.5 13.3
DSHJB_2225-Spot 173 66 27588 1.7 6.2383 0.8 9.9851 1.5 0.4518 1.2 0.82 2403.1 24.6 2433.4 13.7 2458.8 14.3 2458.8 14.3
DSHJB_2225-Spot 163 752 215515 2.7 6.1948 0.7 10.3218 1.1 0.4637 0.9 0.80 2456.1 18.7 2464.1 10.6 2470.6 11.5 2470.6 11.5
DSHJB_2225-Spot 218 267 51582 1.5 6.1946 0.8 9.4218 1.4 0.4233 1.1 0.81 2275.4 21.2 2380.0 12.5 2470.7 13.4 2470.7 13.4
DSHJB_2225-Spot 245 1623 117487 15.4 6.1344 0.8 9.7007 1.5 0.4316 1.2 0.85 2312.9 23.9 2406.8 13.4 2487.2 13.1 2487.2 13.1
DSHJB_2225-Spot 237 293 157725 0.9 6.1336 0.6 10.7241 1.4 0.4771 1.2 0.89 2514.5 25.6 2499.5 12.8 2487.4 10.5 2487.4 10.5
DSHJB_2225-Spot 118 239 66032 0.9 6.1311 0.7 10.5068 1.5 0.4672 1.4 0.89 2471.3 27.7 2480.5 14.1 2488.1 11.8 2488.1 11.8
DSHJB_2225-Spot 159 67 55022 1.0 6.1282 0.9 10.3289 1.5 0.4591 1.1 0.77 2435.5 23.3 2464.7 13.7 2488.9 15.8 2488.9 15.8

DSHJB_2225 set1-Spot 92 485 151735 1.4 6.1186 0.9 10.5512 3.0 0.4682 2.9 0.95 2475.7 58.7 2484.4 27.8 2491.5 15.3 2491.5 15.3
DSHJB_2225-Spot 180 23 89434 2.4 6.1137 1.5 10.3319 2.1 0.4581 1.4 0.68 2431.3 28.4 2465.0 19.2 2492.9 25.7 2492.9 25.7

DSHJB_2225 set1-Spot 70 609 238432 1.2 6.1127 0.9 10.6809 1.3 0.4735 1.0 0.74 2499.0 20.5 2495.8 12.3 2493.1 15.0 2493.1 15.0
DSHJB_2225-Spot 125 727 55885 3.0 6.0440 0.6 10.5470 0.9 0.4623 0.7 0.80 2449.8 15.1 2484.1 8.6 2512.1 9.4 2512.1 9.4

DSHJB_2225 set1-Spot 30 249 54227 1.1 5.9840 0.6 11.0693 3.0 0.4804 3.0 0.98 2529.0 61.9 2529.0 28.2 2528.9 10.7 2528.9 10.7
DSHJB_2225 set1-Spot 93 518 50685 1.3 5.9661 0.7 11.1679 4.0 0.4832 4.0 0.99 2541.3 83.3 2537.2 37.5 2534.0 11.3 2534.0 11.3
DSHJB_2225 set1-Spot 94 196 29494 0.5 5.9652 0.9 10.9465 3.6 0.4736 3.4 0.96 2499.3 71.2 2518.6 33.2 2534.2 15.9 2534.2 15.9

DSHJB_2225-Spot 261 111 34587 1.5 5.9422 1.1 10.0783 5.4 0.4343 5.3 0.98 2325.3 103.1 2442.0 49.9 2540.7 18.7 2540.7 18.7
DSHJB_2225-Spot 151 238 66192 1.8 5.7094 0.7 11.7675 1.3 0.4873 1.1 0.86 2558.9 23.4 2586.1 12.1 2607.5 11.0 2607.5 11.0

DSHJB_2225 set1-Spot 36 624 396880 4.3 5.1811 0.7 13.4938 1.8 0.5071 1.6 0.92 2644.0 34.9 2714.9 16.6 2768.0 11.7 2768.0 11.7
DSHJB_2225-Spot 200 276 165268 1.6 5.1065 0.6 14.6730 2.6 0.5434 2.6 0.97 2797.8 57.9 2794.3 25.0 2791.7 10.0 2791.7 10.0
DSHJB_2225-Spot 166 152 92945 2.0 4.9978 0.8 14.3516 1.7 0.5202 1.5 0.88 2700.0 33.8 2773.2 16.5 2826.9 13.5 2826.9 13.5
DSHJB_2225-Spot 178 800 153711 2.3 4.6255 1.4 10.3782 1.9 0.3482 1.3 0.68 1925.8 21.4 2469.1 17.6 2952.5 22.5 2952.5 22.5

DSHJB_2225 set1-Spot 11 2088 109278 2.6 4.1063 0.8 20.4922 1.6 0.6103 1.4 0.85 3071.2 33.4 3114.9 15.5 3143.1 13.3 3143.1 13.3
DSHJB_2225 set1-Spot 73 49 35239 2.3 3.5826 1.0 25.6867 1.7 0.6674 1.3 0.80 3295.9 34.3 3334.7 16.2 3358.1 15.4 3358.1 15.4
DSHJB_2225 set1-Spot 78 443 51781 2.7 2.6916 0.0 39.0065 1.6 0.7615 1.6 1.00 3649.6 45.3 3745.8 16.1 3797.7 0.3 3797.7 0.3
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Chapman dsh2566a-Spot 82 275 1199 1.0 27.2449 15.3 0.0325 15.3 0.0064 0.9 0.06 41.3 0.4 32.5 4.9 NA NA 41.3 0.4
Chapman dsh2566a-Spot 52 430 15832 0.7 20.8059 2.0 0.0449 2.4 0.0068 1.3 0.54 43.5 0.6 44.6 1.1 102.4 48.4 43.5 0.6
Chapman dsh2566a-Spot 30 149 2337 1.1 22.1737 3.6 0.0423 3.9 0.0068 1.5 0.37 43.7 0.6 42.1 1.6 NA NA 43.7 0.6
Chapman dsh2566a-Spot 67 460 3174 0.7 19.3237 3.5 0.0489 3.7 0.0069 1.4 0.37 44.1 0.6 48.5 1.8 274.4 79.8 44.1 0.6
Chapman dsh2566a-Spot 80 642 6640 2.6 21.7126 1.9 0.0437 2.3 0.0069 1.3 0.56 44.2 0.6 43.4 1.0 NA NA 44.2 0.6
Chapman dsh2566a-Spot 02 209 537 1.7 14.8783 10.0 0.0646 10.3 0.0070 2.5 0.24 44.8 1.1 63.6 6.3 844.4 207.6 44.8 1.1
Chapman dsh2566a-Spot 66 140 33811 1.2 19.5716 3.3 0.0496 3.6 0.0070 1.5 0.41 45.3 0.7 49.2 1.7 245.1 76.2 45.3 0.7
Chapman dsh2566a-Spot 50 301 6594 1.1 22.6205 2.7 0.0434 3.3 0.0071 2.0 0.59 45.7 0.9 43.1 1.4 NA NA 45.7 0.9
Chapman dsh2566a-Spot 34 261 8221 1.9 21.0772 2.7 0.0478 3.1 0.0073 1.4 0.45 46.9 0.6 47.4 1.4 71.7 65.0 46.9 0.6
Chapman dsh2566a-Spot 12 129 384 1.0 53.5809 30.0 0.0189 30.2 0.0074 3.6 0.12 47.3 1.7 19.1 5.7 NA NA 47.3 1.7
Chapman dsh2566a-Spot 64 355 14825 2.0 19.5514 3.0 0.0555 3.4 0.0079 1.6 0.46 50.6 0.8 54.9 1.8 247.5 69.2 50.6 0.8
Chapman dsh2566a-Spot 20 109 13841 1.9 9.6128 13.5 0.1216 13.7 0.0085 2.4 0.18 54.4 1.3 116.5 15.1 1697.2 249.7 54.4 1.3
Chapman dsh2566a-Spot 96 598 34621 1.4 20.9612 1.4 0.0561 1.7 0.0085 1.0 0.56 54.8 0.5 55.4 0.9 84.7 33.5 54.8 0.5
Chapman dsh2566a-Spot 89 409 113409 0.8 20.6866 1.7 0.0664 2.4 0.0100 1.7 0.71 63.9 1.1 65.3 1.5 116.0 39.6 63.9 1.1
Chapman dsh2566a-Spot 37 114 1500 1.8 15.9256 7.2 0.3430 7.4 0.0396 1.8 0.24 250.6 4.3 299.5 19.2 701.2 153.2 250.6 4.3
Chapman dsh2566a-Spot 63 67 8199 0.6 17.0500 1.4 0.7206 1.6 0.0891 0.9 0.53 550.5 4.6 551.0 6.9 554.2 29.8 550.5 4.6
Chapman dsh2566a-Spot 32 202 17427 1.3 16.0172 1.6 0.7762 2.1 0.0902 1.4 0.67 556.8 7.5 583.3 9.4 689.0 33.8 556.8 7.5
Chapman dsh2566a-Spot 86 139 13244 0.7 16.6226 1.1 0.8174 1.4 0.0986 0.8 0.62 606.1 4.9 606.6 6.2 609.3 22.9 606.1 4.9
Chapman dsh2566a-Spot 55 102 29072 1.4 16.5040 1.6 0.8296 1.8 0.0993 1.0 0.52 610.5 5.6 613.4 8.5 624.7 33.9 610.5 5.6
Chapman dsh2566a-Spot 61 124 32303 1.2 16.3286 1.1 0.8660 1.9 0.1026 1.5 0.81 629.6 9.2 633.4 9.0 647.8 24.2 629.6 9.2
Chapman dsh2566a-Spot 87 153 12983 1.5 16.5764 1.0 0.8531 1.3 0.1026 0.8 0.60 629.7 4.8 626.4 6.1 615.3 22.6 629.7 4.8
Chapman dsh2566a-Spot 99 91 5493 2.0 16.4420 2.6 0.8664 2.7 0.1034 0.8 0.30 634.1 4.9 633.6 12.6 632.9 55.1 634.1 4.9
Chapman dsh2566a-Spot 25 136 12854 2.1 16.0109 1.5 0.9052 2.3 0.1052 1.8 0.75 644.6 10.7 654.5 11.2 689.8 32.5 644.6 10.7
Chapman dsh2566a-Spot 77 92 20763 0.7 16.0932 1.5 0.9025 2.1 0.1054 1.4 0.67 645.9 8.5 653.1 10.0 678.8 32.9 645.9 8.5
Chapman dsh2566a-Spot 53 78 8536 0.9 16.4279 1.9 0.8869 2.3 0.1057 1.2 0.54 647.8 7.5 644.7 10.9 634.7 41.5 647.8 7.5
Chapman dsh2566a-Spot 85 94 35469 1.3 16.0722 1.0 0.9086 1.4 0.1060 1.1 0.74 649.3 6.5 656.3 6.9 681.6 20.8 649.3 6.5
Chapman dsh2566a-Spot 15 160 9634 1.1 16.4059 1.2 0.8927 1.8 0.1063 1.4 0.73 651.0 8.4 647.8 8.8 637.6 26.9 651.0 8.4
Chapman dsh2566a-Spot 73 55 147590 1.6 16.4219 1.6 0.8994 1.9 0.1072 1.1 0.57 656.2 6.7 651.4 9.1 635.5 33.6 656.2 6.7
Chapman dsh2566a-Spot 24 168 154399 4.9 16.4324 1.3 0.9079 1.7 0.1083 1.1 0.63 662.6 6.6 656.0 8.1 634.1 28.1 662.6 6.6
Chapman dsh2566a-Spot 01 193 104593 1.8 15.7209 1.6 0.9975 2.2 0.1138 1.5 0.68 694.7 10.1 702.5 11.4 728.7 34.7 694.7 10.1
Chapman dsh2566a-Spot 79 127 28348 1.5 15.9574 1.0 0.9848 1.4 0.1140 0.9 0.64 696.1 5.8 696.1 6.9 697.0 22.3 696.1 5.8
Chapman dsh2566a-Spot 91 63 21217 1.3 15.9807 1.3 1.0253 1.5 0.1189 0.8 0.52 724.1 5.5 716.6 7.9 693.9 27.8 724.1 5.5
Chapman dsh2566a-Spot 83 217 14492 2.4 15.8894 1.2 1.0452 1.5 0.1205 0.9 0.61 733.4 6.3 726.5 7.6 706.0 24.7 733.4 6.3
Chapman dsh2566a-Spot 47 219 39114 1.6 15.8300 0.9 1.0491 1.4 0.1205 1.1 0.78 733.5 7.6 728.5 7.3 714.0 18.6 733.5 7.6
Chapman dsh2566a-Spot 81 89 237397 0.8 15.1540 1.4 1.1073 1.9 0.1218 1.3 0.67 740.6 8.9 756.9 10.0 806.0 29.1 740.6 8.9
Chapman dsh2566a-Spot 42 89 7781 2.7 15.4097 1.9 1.1400 2.2 0.1275 1.2 0.54 773.4 8.6 772.5 12.0 770.9 39.3 773.4 8.6
Chapman dsh2566a-Spot 88 145 15103 1.5 15.4008 0.9 1.1594 1.3 0.1296 0.9 0.70 785.3 6.6 781.7 6.9 772.1 19.0 785.3 6.6
Chapman dsh2566a-Spot 43 106 62202 2.2 15.3238 1.2 1.2206 1.8 0.1357 1.4 0.76 820.4 10.8 810.0 10.3 782.6 25.0 820.4 10.8
Chapman dsh2566a-Spot 90 131 6693 0.6 15.2264 0.9 1.2428 1.3 0.1373 0.9 0.73 829.4 7.1 820.2 7.0 796.0 18.1 829.4 7.1
Chapman dsh2566a-Spot 23 72 38341 1.0 14.8539 1.8 1.2886 2.3 0.1389 1.4 0.63 838.3 11.4 840.7 13.1 847.8 36.7 838.3 11.4
Chapman dsh2566a-Spot 45 26 4374 1.3 15.1252 1.8 1.2788 2.4 0.1403 1.5 0.63 846.6 11.8 836.3 13.4 810.0 38.1 846.6 11.8
Chapman dsh2566a-Spot 93 62 10179 1.5 15.0761 1.3 1.2886 1.6 0.1410 1.0 0.59 850.1 7.7 840.7 9.3 816.8 27.4 850.1 7.7
Chapman dsh2566a-Spot 95 131 11623 2.1 14.7289 0.6 1.3288 1.0 0.1420 0.8 0.79 856.0 6.4 858.4 5.9 865.3 12.7 856.0 6.4
Chapman dsh2566a-Spot 48 114 35639 1.8 14.6342 0.9 1.3479 1.5 0.1431 1.2 0.78 862.3 9.5 866.6 8.8 878.7 19.6 862.3 9.5
Chapman dsh2566a-Spot 60 144 17959 0.9 14.8230 1.1 1.3656 1.6 0.1469 1.1 0.73 883.4 9.5 874.3 9.2 852.1 22.2 883.4 9.5
Chapman dsh2566a-Spot 19 143 23972 5.4 14.5429 1.3 1.3924 2.0 0.1469 1.5 0.77 883.7 12.6 885.7 11.7 891.6 26.1 883.7 12.6
Chapman dsh2566a-Spot 08 40 4821 1.2 14.7224 2.8 1.3803 3.2 0.1474 1.6 0.51 886.6 13.4 880.6 18.9 866.3 57.4 886.6 13.4

Chapman dsh2566a-Spot 100 92 55189 1.2 14.5656 1.0 1.4568 1.4 0.1540 1.0 0.73 923.1 8.7 912.7 8.4 888.4 19.9 888.4 19.9
Chapman dsh2566a-Spot 56 132 25651 1.5 14.6604 1.0 1.3928 1.7 0.1482 1.4 0.81 890.6 11.5 885.9 10.0 875.0 20.5 890.6 11.5
Chapman dsh2566a-Spot 62 54 21529 1.2 14.2184 1.8 1.4084 2.1 0.1453 1.0 0.50 874.5 8.4 892.5 12.3 938.0 37.0 938.0 37.0
Chapman dsh2566a-Spot 05 142 23555 2.3 14.2155 1.4 1.5476 2.2 0.1596 1.6 0.76 954.7 14.6 949.6 13.3 938.4 28.8 938.4 28.8
Chapman dsh2566a-Spot 97 167 71345 1.2 13.9615 0.7 1.6285 0.9 0.1650 0.5 0.61 984.3 4.9 981.3 5.5 975.3 14.0 975.3 14.0
Chapman dsh2566a-Spot 74 182 14560 0.6 13.9407 0.9 1.7054 1.3 0.1725 0.9 0.71 1025.9 8.7 1010.6 8.3 978.3 18.6 978.3 18.6
Chapman dsh2566a-Spot 36 69 37720 4.7 13.9364 1.3 1.6276 2.1 0.1646 1.6 0.76 982.2 14.2 980.9 12.9 979.0 27.3 979.0 27.3
Chapman dsh2566a-Spot 51 89 167097 1.4 13.9321 1.3 1.6005 1.8 0.1618 1.3 0.71 966.8 11.3 970.4 11.1 979.6 25.7 979.6 25.7
Chapman dsh2566a-Spot 10 240 53772 0.8 13.9157 0.8 1.6799 1.2 0.1696 0.8 0.72 1010.0 7.9 1000.9 7.5 982.0 16.7 982.0 16.7
Chapman dsh2566a-Spot 39 117 15966 1.6 13.8318 1.2 1.7223 1.7 0.1729 1.3 0.73 1027.8 12.1 1016.9 11.2 994.3 24.2 994.3 24.2
Chapman dsh2566a-Spot 44 27 288701 1.5 13.7925 1.7 1.6505 2.1 0.1652 1.3 0.59 985.5 11.6 989.8 13.5 1000.1 35.0 1000.1 35.0
Chapman dsh2566a-Spot 11 41 11830 0.9 11.7193 1.9 2.4861 3.0 0.2114 2.4 0.78 1236.3 26.5 1268.0 21.8 1323.0 36.5 1323.0 36.5
Chapman dsh2566a-Spot 72 83 16047 1.3 9.1147 0.9 4.6530 1.2 0.3077 0.7 0.62 1729.5 11.3 1758.8 10.1 1794.6 17.3 1794.6 17.3
Chapman dsh2566a-Spot 71 121 33283 0.4 7.0375 0.7 8.0756 1.1 0.4124 0.9 0.79 2225.7 16.1 2239.5 9.8 2252.9 11.6 2252.9 11.6
Chapman dsh2566a-Spot 07 99 23896 0.5 6.2104 1.2 10.1143 1.8 0.4558 1.3 0.74 2420.8 26.9 2445.3 16.7 2466.4 20.6 2466.4 20.6
Chapman dsh2566a-Spot 35 83 36561 0.6 6.2064 1.0 10.6937 1.6 0.4816 1.2 0.76 2534.1 25.0 2496.9 14.5 2467.5 17.2 2467.5 17.2
Chapman dsh2566a-Spot 03 225 172467 1.7 5.9885 1.4 10.4235 2.1 0.4529 1.6 0.74 2408.2 31.2 2473.1 19.5 2527.6 23.9 2527.6 23.9
Chapman dsh2566a-Spot 75 76 102169 0.9 5.9119 0.9 11.1144 2.5 0.4768 2.4 0.93 2513.2 49.0 2532.8 23.5 2549.2 15.1 2549.2 15.1
Chapman dsh2566a-Spot 28 47 63944 2.4 3.6992 1.4 25.1065 2.1 0.6739 1.6 0.74 3320.8 40.9 3312.4 20.8 3307.9 22.4 3307.9 22.4
Chapman dsh2566a-Spot 26 46 35744 2.4 2.9864 2.0 33.9357 2.4 0.7353 1.5 0.60 3553.3 40.1 3608.2 24.1 3639.4 29.9 3639.4 29.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

DSH-2566
-Spot 262 639 38912 4.0 19.9151 8.5 0.0443 9.2 0.0064 3.4 0.37 41.1 1.4 44.0 4.0 204.9 198.3 41.1 1.4
-Spot 171 153 4419 1.4 23.3217 5.1 0.0389 5.4 0.0066 1.8 0.34 42.3 0.8 38.8 2.0 174.6 126.0 42.3 0.8
-Spot 148 327 9790 4.3 23.1915 4.5 0.0393 5.7 0.0066 3.5 0.61 42.5 1.5 39.2 2.2 160.7 113.1 42.5 1.5
-Spot 275 721 5371 1.5 22.9774 3.2 0.0399 4.3 0.0066 2.8 0.67 42.7 1.2 39.7 1.7 137.7 78.6 42.7 1.2
-Spot 213 750 8266 3.2 22.6059 3.9 0.0408 4.7 0.0067 2.7 0.56 43.0 1.1 40.6 1.9 97.5 95.8 43.0 1.1
-Spot 87 874 7217 3.7 22.2119 3.3 0.0420 3.5 0.0068 1.2 0.34 43.5 0.5 41.8 1.4 54.5 79.5 43.5 0.5

-Spot 165 1845 25071 6.1 21.2246 1.8 0.0472 3.5 0.0073 3.0 0.86 46.7 1.4 46.8 1.6 55.1 42.9 46.7 1.4
-Spot 23 2440 33688 3.8 20.8896 2.1 0.0523 3.2 0.0079 2.3 0.73 50.9 1.2 51.8 1.6 92.9 50.8 50.9 1.2
-Spot 81 236 6603 2.6 8.9286 31.3 0.1268 31.5 0.0082 2.9 0.09 52.7 1.5 121.2 36.0 1832.1 583.1 52.7 1.5

-Spot 137 244 13256 1.7 22.1550 4.9 0.0545 5.4 0.0088 2.3 0.43 56.2 1.3 53.9 2.8 48.3 118.6 56.2 1.3
-Spot 175 122 6939 2.5 22.8071 5.3 0.0567 5.7 0.0094 2.0 0.35 60.2 1.2 56.0 3.1 119.3 131.9 60.2 1.2
-Spot 114 248 38726 1.6 19.3056 1.3 0.2845 2.0 0.0398 1.5 0.76 251.8 3.7 254.3 4.4 276.5 29.6 251.8 3.7
-Spot 39 551 35912 1.8 19.1294 1.6 0.2879 1.8 0.0399 0.9 0.47 252.5 2.1 256.9 4.1 297.5 36.7 252.5 2.1
-Spot 49 787 68217 3.0 19.2162 1.2 0.3130 2.0 0.0436 1.6 0.79 275.2 4.3 276.5 4.9 287.1 28.4 275.2 4.3

-Spot 181 421 32248 4.3 19.1011 1.2 0.3158 2.0 0.0438 1.6 0.81 276.1 4.4 278.7 4.9 300.9 27.1 276.1 4.4
-Spot 61 672 20203 2.4 19.2210 1.4 0.3174 1.9 0.0442 1.3 0.69 279.1 3.5 279.9 4.6 286.6 31.2 279.1 3.5
-Spot 46 306 14776 2.4 18.9454 1.7 0.3426 2.3 0.0471 1.5 0.65 296.6 4.2 299.2 5.9 319.5 39.2 296.6 4.2

-Spot 286 436 47524 3.2 18.7167 1.0 0.3680 1.7 0.0500 1.4 0.79 314.2 4.1 318.1 4.7 347.0 23.7 314.2 4.1
-Spot 258 230 36211 3.8 16.9136 1.5 0.5567 2.2 0.0683 1.7 0.75 425.8 6.9 449.3 8.1 571.7 32.0 425.8 6.9

-Spot 1 406 14305 3.2 18.0623 1.3 0.5242 1.7 0.0687 1.2 0.68 428.2 4.9 428.0 6.1 426.9 28.2 428.2 4.9
-Spot 54 454 33094 2.4 17.8374 1.2 0.5341 1.7 0.0691 1.2 0.71 430.7 4.9 434.5 5.8 454.8 26.0 430.7 4.9
-Spot 22 595 46244 1.9 17.8944 1.4 0.5343 2.0 0.0693 1.5 0.72 432.2 6.1 434.7 7.1 447.7 30.9 432.2 6.1

-Spot 279 302 28695 6.4 17.9231 1.7 0.5349 2.1 0.0695 1.2 0.55 433.3 4.9 435.1 7.4 444.2 38.9 433.3 4.9
-Spot 3 742 32466 2.0 17.8866 1.1 0.5404 3.8 0.0701 3.7 0.96 436.8 15.5 438.7 13.6 448.7 24.4 436.8 15.5
-Spot 2 409 30477 1.9 17.9585 1.5 0.5388 1.7 0.0702 1.0 0.55 437.2 4.0 437.6 6.2 439.8 32.3 437.2 4.0

-Spot 48 537 30396 2.6 18.1379 1.0 0.5349 1.8 0.0704 1.5 0.83 438.4 6.3 435.1 6.3 417.6 22.0 438.4 6.3
-Spot 268 538 26013 3.7 18.1490 1.3 0.5405 1.8 0.0711 1.2 0.67 443.0 5.0 438.7 6.2 416.2 29.0 443.0 5.0
-Spot 129 442 47129 2.6 16.6794 3.9 0.5891 4.0 0.0713 1.1 0.28 443.7 4.9 470.3 15.2 601.9 83.9 443.7 4.9
-Spot 53 246 27726 3.1 18.0152 1.8 0.5502 2.2 0.0719 1.3 0.58 447.6 5.6 445.2 8.1 432.7 40.8 447.6 5.6

-Spot 124 224 30296 2.9 17.7113 1.6 0.5602 1.8 0.0720 0.8 0.45 448.0 3.4 451.7 6.4 470.6 35.0 448.0 3.4
-Spot 90 596 53600 3.0 17.9911 1.0 0.5537 3.6 0.0722 3.4 0.96 449.7 15.0 447.4 13.0 435.7 21.7 449.7 15.0

-Spot 214 278 39759 3.0 18.0263 1.4 0.5531 2.0 0.0723 1.4 0.71 450.1 6.1 447.0 7.1 431.4 30.8 450.1 6.1
-Spot 77 294 43380 3.8 17.8375 2.2 0.5593 3.6 0.0724 2.9 0.80 450.4 12.7 451.1 13.2 454.8 48.2 450.4 12.7

-Spot 206 180 18316 2.6 18.1717 1.3 0.5492 1.6 0.0724 1.0 0.62 450.4 4.5 444.4 5.9 413.4 28.8 450.4 4.5
-Spot 35 434 55172 2.0 17.6537 1.3 0.5681 3.7 0.0727 3.5 0.94 452.6 15.1 456.8 13.5 477.7 28.0 452.6 15.1

-Spot 179 362 53679 2.7 17.6306 1.2 0.5695 3.6 0.0728 3.4 0.94 453.1 14.7 457.7 13.2 480.6 27.0 453.1 14.7
-Spot 164 381 171849 5.0 18.0162 1.3 0.5601 1.7 0.0732 1.1 0.62 455.3 4.7 451.6 6.2 432.6 29.8 455.3 4.7
-Spot 131 334 28247 3.4 18.1780 1.4 0.5568 3.3 0.0734 3.0 0.91 456.6 13.1 449.4 11.9 412.7 30.7 456.6 13.1
-Spot 201 224 47914 2.3 16.9899 2.3 0.6132 2.6 0.0756 1.3 0.48 469.6 5.7 485.6 10.1 561.8 49.9 469.6 5.7
-Spot 216 301 46103 5.8 17.5605 1.1 0.6263 1.7 0.0798 1.3 0.76 494.7 6.2 493.8 6.8 489.4 24.9 494.7 6.2
-Spot 91 680 29191 7.4 17.4507 0.9 0.6418 1.4 0.0812 1.1 0.77 503.4 5.4 503.4 5.7 503.3 20.3 503.4 5.4

-Spot 134 159 33536 1.7 17.0649 1.2 0.6646 1.9 0.0823 1.5 0.78 509.6 7.1 517.4 7.6 552.3 25.6 509.6 7.1
-Spot 132 104 59049 2.8 15.6192 1.6 0.7389 2.5 0.0837 2.0 0.78 518.2 9.8 561.8 10.9 742.4 33.6 518.2 9.8
-Spot 109 75 98352 40.2 16.7483 2.0 0.7215 2.4 0.0876 1.3 0.56 541.6 6.9 551.5 10.2 593.0 43.1 541.6 6.9
-Spot 113 182 49959 5.9 17.1456 1.4 0.7101 1.9 0.0883 1.2 0.64 545.5 6.3 544.8 7.9 542.0 31.4 545.5 6.3
-Spot 66 78 33357 0.7 16.4314 1.9 0.7615 3.1 0.0907 2.4 0.78 560.0 12.9 574.9 13.5 634.3 41.2 560.0 12.9

-Spot 234 1443 44623 15.6 13.1942 3.2 0.9527 3.7 0.0912 1.9 0.51 562.5 10.1 679.5 18.3 1089.5 63.8 562.5 10.1
-Spot 168 1207 54740 1.4 17.1522 0.7 0.7534 1.3 0.0937 1.1 0.86 577.5 6.2 570.2 5.7 541.1 14.8 577.5 6.2
-Spot 37 299 62212 6.5 16.4609 1.2 0.7896 1.7 0.0943 1.2 0.71 580.7 6.5 590.9 7.4 630.4 25.2 580.7 6.5

-Spot 118 699 107567 0.6 16.3707 0.7 0.7946 1.8 0.0943 1.7 0.91 581.2 9.4 593.8 8.3 642.2 16.1 581.2 9.4
-Spot 64 2616 57544 17.0 16.7501 0.9 0.8029 1.3 0.0975 0.9 0.74 599.9 5.4 598.4 5.8 592.7 18.7 599.9 5.4
-Spot 19 61 9183 0.9 17.0301 3.0 0.7924 3.2 0.0979 1.2 0.37 602.0 6.9 592.6 14.4 556.7 64.9 602.0 6.9
-Spot 43 161 24082 2.1 16.3274 1.1 0.8280 1.5 0.0981 0.9 0.62 603.0 5.3 612.5 6.7 647.9 24.6 603.0 5.3
-Spot 42 250 36856 3.3 16.6074 1.6 0.8160 3.3 0.0983 2.9 0.88 604.4 16.5 605.8 14.9 611.3 34.0 604.4 16.5

-Spot 187 35 12194 2.8 16.4428 3.8 0.8289 4.2 0.0989 1.6 0.39 607.7 9.5 613.0 19.2 632.8 82.7 607.7 9.5
-Spot 172 520 95487 1.4 16.6266 0.9 0.8202 4.3 0.0989 4.2 0.98 608.0 24.2 608.2 19.6 608.8 20.3 608.0 24.2
-Spot 281 90 70504 1.2 16.1981 1.7 0.8423 2.3 0.0990 1.6 0.68 608.3 9.3 620.4 10.9 665.0 36.7 608.3 9.3
-Spot 127 160 76823 1.4 16.3471 1.4 0.8365 3.2 0.0992 2.9 0.91 609.6 16.9 617.2 14.8 645.3 29.2 609.6 16.9
-Spot 217 357 41416 7.0 15.7186 2.5 0.8704 2.9 0.0992 1.3 0.47 609.9 7.8 635.8 13.5 729.0 53.5 609.9 7.8
-Spot 76 211 30551 1.2 16.3888 1.3 0.8382 2.2 0.0996 1.8 0.82 612.2 10.6 618.1 10.2 639.9 27.1 612.2 10.6
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 142 141 46347 1.1 16.5527 1.5 0.8321 2.0 0.0999 1.3 0.65 613.8 7.6 614.8 9.2 618.4 32.6 613.8 7.6
-Spot 253 446 151320 3.0 16.6856 1.0 0.8261 4.3 0.1000 4.2 0.97 614.3 24.3 611.5 19.6 601.1 22.3 614.3 24.3

-Spot 7 998 112559 3.6 16.9447 0.8 0.8175 1.4 0.1005 1.2 0.84 617.2 7.0 606.7 6.5 567.7 16.9 617.2 7.0
-Spot 285 101 14535 1.7 16.1989 1.2 0.8591 5.5 0.1009 5.4 0.97 619.9 31.6 629.6 25.8 664.9 26.6 619.9 31.6
-Spot 288 163 16482 2.3 16.3949 1.5 0.8500 2.4 0.1011 1.9 0.79 620.7 11.3 624.6 11.2 639.1 31.6 620.7 11.3
-Spot 276 977 97835 5.6 16.2954 0.7 0.8674 1.5 0.1025 1.3 0.89 629.2 7.9 634.2 7.0 652.1 14.2 629.2 7.9
-Spot 277 607 56540 4.2 16.5902 0.9 0.8522 1.8 0.1025 1.6 0.87 629.3 9.4 625.8 8.5 613.5 19.4 629.3 9.4
-Spot 156 33 20063 1.6 16.6590 2.2 0.8518 2.9 0.1029 1.8 0.64 631.5 10.9 625.6 13.3 604.6 47.6 631.5 10.9
-Spot 74 421 37525 3.3 16.2333 0.8 0.8747 1.9 0.1030 1.7 0.90 631.8 10.2 638.1 8.9 660.3 17.3 631.8 10.2
-Spot 65 365 88400 1.5 16.2936 1.0 0.8830 1.4 0.1043 0.9 0.66 639.8 5.5 642.6 6.5 652.4 21.9 639.8 5.5
-Spot 30 136 14041 2.2 16.4204 1.4 0.8800 2.0 0.1048 1.4 0.70 642.5 8.3 641.0 9.3 635.7 30.1 642.5 8.3

-Spot 183 349 40195 3.2 16.5042 1.1 0.8765 1.9 0.1049 1.5 0.82 643.2 9.5 639.1 8.9 624.7 23.0 643.2 9.5
-Spot 162 129 40541 1.5 16.2831 1.4 0.8960 1.8 0.1058 1.2 0.65 648.4 7.3 649.6 8.8 653.7 30.0 648.4 7.3
-Spot 92 625 33619 2.2 16.3256 1.2 0.8975 3.0 0.1063 2.7 0.92 651.1 16.9 650.4 14.3 648.2 25.6 651.1 16.9

-Spot 221 89 42463 1.3 16.4456 1.7 0.8941 4.6 0.1066 4.2 0.92 653.2 26.3 648.6 21.9 632.4 37.5 653.2 26.3
-Spot 280 748 48095 2.6 16.1073 1.1 0.9171 1.7 0.1071 1.4 0.78 656.1 8.5 660.8 8.4 677.0 23.0 656.1 8.5
-Spot 101 163 133114 9.6 16.2706 1.1 0.9081 2.9 0.1072 2.6 0.92 656.2 16.5 656.0 13.9 655.4 24.3 656.2 16.5
-Spot 152 275 135337 2.6 16.3856 1.3 0.9020 1.8 0.1072 1.3 0.70 656.4 8.0 652.8 8.8 640.3 28.1 656.4 8.0
-Spot 178 805 70447 2.0 16.2187 1.0 0.9182 2.1 0.1080 1.9 0.89 661.2 12.0 661.4 10.4 662.2 21.1 661.2 12.0
-Spot 95 173 18099 2.8 16.3087 1.3 0.9166 1.6 0.1084 0.9 0.56 663.5 5.7 660.6 7.8 650.4 28.5 663.5 5.7
-Spot 71 1804 149574 2.1 16.4982 1.1 0.9062 3.8 0.1084 3.6 0.96 663.6 22.8 655.0 18.2 625.5 23.3 663.6 22.8

-Spot 154 374 44584 3.3 16.4051 1.5 0.9127 1.9 0.1086 1.2 0.62 664.6 7.5 658.5 9.2 637.7 32.0 664.6 7.5
-Spot 229 149 34308 4.2 16.2539 1.7 0.9234 4.6 0.1089 4.2 0.93 666.1 26.8 664.2 22.2 657.6 36.6 666.1 26.8
-Spot 104 166 26055 4.3 16.2166 1.4 0.9330 2.3 0.1097 1.7 0.77 671.2 11.1 669.2 11.1 662.5 30.7 671.2 11.1
-Spot 184 204 68714 5.2 16.1880 1.4 0.9416 2.2 0.1106 1.7 0.77 676.0 10.7 673.7 10.6 666.3 29.2 676.0 10.7
-Spot 173 353 119003 2.7 16.1025 1.1 0.9468 1.4 0.1106 1.0 0.67 676.1 6.1 676.4 7.1 677.6 22.9 676.1 6.1
-Spot 93 1335 98362 1.3 16.1926 1.1 0.9537 1.5 0.1120 1.1 0.73 684.3 7.3 680.0 7.7 665.7 22.7 684.3 7.3
-Spot 5 428 38655 2.8 16.0692 1.3 0.9614 3.4 0.1121 3.1 0.92 684.7 20.4 684.0 16.9 682.0 27.9 684.7 20.4

-Spot 265 228 47620 10.8 16.2875 1.2 0.9492 2.1 0.1121 1.8 0.84 685.1 11.7 677.7 10.6 653.2 25.3 685.1 11.7
-Spot 215 316 200874 6.0 16.0784 1.1 0.9672 2.1 0.1128 1.8 0.85 688.9 11.9 687.0 10.7 680.8 24.2 688.9 11.9
-Spot 257 478 2022233 2.6 16.0057 1.1 0.9724 2.0 0.1129 1.7 0.84 689.4 11.2 689.7 10.2 690.5 23.7 689.4 11.2
-Spot 151 767 82741 41.7 16.1714 0.7 0.9660 1.5 0.1133 1.3 0.86 691.9 8.3 686.4 7.3 668.5 16.0 691.9 8.3
-Spot 121 363 61562 1.9 15.9291 1.2 0.9900 1.8 0.1144 1.3 0.74 698.1 8.7 698.7 8.9 700.7 25.1 698.1 8.7
-Spot 56 498 37013 1.8 15.7974 1.1 1.0097 2.2 0.1157 1.9 0.87 705.7 12.7 708.7 11.2 718.4 23.2 705.7 12.7
-Spot 12 130 26645 1.5 15.4071 1.6 1.0466 2.3 0.1170 1.6 0.73 713.0 11.0 727.2 11.7 771.2 32.7 713.0 11.0

-Spot 246 67 23850 0.9 15.8728 2.2 1.0309 4.4 0.1187 3.8 0.87 722.9 26.3 719.4 22.8 708.2 46.5 722.9 26.3
-Spot 147 316 197751 11.2 15.8077 1.0 1.0635 1.5 0.1219 1.1 0.73 741.7 7.7 735.6 7.9 717.0 22.0 741.7 7.7

-Spot 6 406 117291 2.0 15.4873 1.4 1.0863 3.4 0.1220 3.1 0.91 742.2 21.6 746.7 17.9 760.3 29.6 742.2 21.6
-Spot 141 121 24507 3.3 15.4290 1.3 1.0954 1.6 0.1226 0.9 0.56 745.4 6.4 751.1 8.5 768.2 27.8 745.4 6.4
-Spot 273 183 173103 0.9 14.3788 3.2 1.1814 3.6 0.1232 1.7 0.47 749.0 12.0 792.0 20.0 915.0 66.2 749.0 12.0
-Spot 125 46 42392 3.2 15.4220 3.0 1.1255 3.5 0.1259 1.8 0.51 764.4 13.0 765.6 18.8 769.2 63.2 764.4 13.0
-Spot 250 274 49512 1.9 15.6265 1.1 1.1222 1.5 0.1272 1.0 0.69 771.8 7.4 764.0 8.0 741.4 22.8 771.8 7.4
-Spot 18 180 28459 2.6 14.7760 1.7 1.1878 2.3 0.1273 1.6 0.69 772.4 11.6 794.9 12.8 858.7 35.1 772.4 11.6
-Spot 24 95 25929 1.1 14.8594 2.3 1.1818 2.4 0.1274 0.8 0.35 772.8 6.1 792.2 13.4 847.0 47.4 772.8 6.1
-Spot 68 120 38571 2.7 15.1059 1.6 1.1628 2.2 0.1274 1.6 0.70 773.0 11.5 783.3 12.3 812.7 33.4 773.0 11.5
-Spot 85 778 45412 1.3 15.4995 0.9 1.1349 1.3 0.1276 1.0 0.73 774.0 7.0 770.1 7.1 758.6 19.1 774.0 7.0

-Spot 245 184 41440 1.3 15.7021 1.0 1.1246 1.5 0.1281 1.1 0.75 776.9 8.3 765.2 8.1 731.2 20.9 776.9 8.3
-Spot 79 883 234872 1.2 15.5170 1.0 1.1462 2.5 0.1290 2.3 0.92 782.1 16.7 775.5 13.4 756.3 20.4 782.1 16.7
-Spot 41 102 17850 0.7 15.1313 1.6 1.1755 3.5 0.1290 3.2 0.89 782.2 23.2 789.2 19.4 809.2 33.7 782.2 23.2

-Spot 274 662 183433 1.5 15.2662 1.0 1.1757 1.5 0.1302 1.1 0.76 788.8 8.5 789.3 8.3 790.6 20.5 788.8 8.5
-Spot 267 246 36276 2.8 15.3025 1.1 1.1736 2.1 0.1303 1.8 0.85 789.3 13.2 788.3 11.5 785.6 23.4 789.3 13.2
-Spot 176 83 40709 2.4 15.4223 1.7 1.1739 2.1 0.1313 1.2 0.58 795.3 9.0 788.5 11.4 769.2 35.6 795.3 9.0
-Spot 264 451 99161 1.0 15.1349 1.1 1.2056 1.6 0.1323 1.2 0.74 801.2 8.8 803.2 8.8 808.7 22.4 801.2 8.8
-Spot 63 282 44208 1.2 15.3036 1.4 1.1949 1.8 0.1326 1.0 0.59 802.8 7.9 798.2 9.8 785.4 30.0 802.8 7.9



384 
 

 
  

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 222 312 94535 1.2 15.2962 1.0 1.2082 1.6 0.1340 1.3 0.81 810.8 10.1 804.4 9.1 786.4 20.3 810.8 10.1
-Spot 106 105 39473 1.5 14.9474 1.1 1.2785 1.7 0.1386 1.3 0.77 836.8 10.6 836.2 9.9 834.7 23.1 836.8 10.6
-Spot 270 127 59933 1.4 14.8629 1.1 1.2887 2.2 0.1389 1.9 0.88 838.5 15.2 840.7 12.6 846.5 21.9 838.5 15.2
-Spot 96 122 110942 1.8 14.9367 1.5 1.2840 2.0 0.1391 1.3 0.67 839.5 10.3 838.6 11.2 836.2 30.3 839.5 10.3

-Spot 100 144 36030 1.6 14.9146 0.8 1.2886 1.2 0.1394 0.9 0.76 841.2 7.2 840.7 6.9 839.3 16.5 841.2 7.2
-Spot 123 83 35022 4.0 15.0498 1.3 1.2818 1.6 0.1399 0.9 0.57 844.1 7.2 837.6 9.2 820.5 27.7 844.1 7.2
-Spot 119 156 51765 1.4 14.7466 1.5 1.3090 2.1 0.1400 1.5 0.71 844.7 11.7 849.7 12.0 862.8 30.5 844.7 11.7
-Spot 36 242 26629 1.4 14.5494 1.3 1.3296 2.0 0.1403 1.5 0.75 846.3 11.9 858.7 11.6 890.7 27.3 846.3 11.9
-Spot 32 298 103439 2.2 14.4490 1.3 1.3582 2.6 0.1423 2.2 0.86 857.8 17.8 871.1 15.1 905.0 27.1 857.8 17.8

-Spot 167 381 129994 1.8 14.5909 1.0 1.3484 2.5 0.1427 2.2 0.92 859.9 18.1 866.9 14.3 884.8 20.3 859.9 18.1
-Spot 128 340 53518 1.9 14.9000 0.9 1.3267 1.9 0.1434 1.6 0.88 863.7 13.2 857.4 10.8 841.3 18.7 863.7 13.2
-Spot 67 117 23417 1.2 14.8022 1.7 1.3382 2.2 0.1437 1.4 0.64 865.3 11.4 862.4 12.7 855.0 34.7 865.3 11.4

-Spot 225 162 49050 1.7 14.1653 1.2 1.5866 1.5 0.1630 1.0 0.65 973.4 9.1 965.0 9.6 945.7 23.8 945.7 23.8
-Spot 238 269 49570 5.9 14.1582 1.1 1.5984 4.4 0.1641 4.3 0.97 979.7 39.0 969.6 27.7 946.8 22.7 946.8 22.7
-Spot 269 204 31942 3.1 14.1336 1.7 1.5157 3.0 0.1554 2.5 0.83 931.0 21.6 936.8 18.3 950.3 34.2 950.3 34.2
-Spot 34 874 150610 12.7 14.1053 0.8 1.6238 1.3 0.1661 1.1 0.78 990.7 9.7 979.5 8.5 954.4 17.3 954.4 17.3

-Spot 239 398 39170 3.0 14.1037 1.0 1.5689 2.4 0.1605 2.2 0.92 959.5 19.7 958.0 14.9 954.6 19.7 954.6 19.7
-Spot 58 428 125899 4.7 14.0954 1.3 1.5879 2.2 0.1623 1.7 0.80 969.7 15.5 965.5 13.4 955.8 26.3 955.8 26.3

-Spot 159 205 47254 2.2 14.0772 1.1 1.5946 1.7 0.1628 1.3 0.76 972.3 11.8 968.1 10.8 958.5 23.1 958.5 23.1
-Spot 226 130 45026 3.5 14.0716 1.4 1.6507 1.7 0.1685 0.9 0.55 1003.7 8.7 989.8 10.7 959.3 28.9 959.3 28.9
-Spot 247 450 171436 1.9 14.0691 1.1 1.6566 1.6 0.1690 1.2 0.75 1006.8 11.5 992.1 10.4 959.6 22.5 959.6 22.5
-Spot 82 1725 51847 4.1 14.0680 0.4 1.6837 1.2 0.1718 1.1 0.93 1021.9 10.7 1002.4 7.7 959.8 9.1 959.8 9.1

-Spot 263 258 92052 4.2 14.0617 1.4 1.6269 2.5 0.1659 2.1 0.84 989.6 19.3 980.7 15.8 960.7 28.2 960.7 28.2
-Spot 17 1313 318084 8.9 14.0554 0.9 1.6233 1.4 0.1655 1.1 0.77 987.2 9.8 979.3 8.8 961.7 18.4 961.7 18.4
-Spot 73 840 82068 3.8 14.0468 0.9 1.6311 1.2 0.1662 0.8 0.69 991.0 7.8 982.3 7.8 962.9 18.4 962.9 18.4

-Spot 202 229 38348 2.8 14.0368 1.1 1.6089 1.9 0.1638 1.6 0.83 977.8 14.7 973.7 12.2 964.4 21.9 964.4 21.9
-Spot 207 127 52261 1.9 14.0358 1.1 1.5826 2.2 0.1611 2.0 0.88 962.9 17.6 963.4 13.9 964.5 21.6 964.5 21.6
-Spot 138 234 57639 5.7 14.0357 1.0 1.6406 3.0 0.1670 2.8 0.95 995.6 26.1 986.0 18.9 964.5 20.0 964.5 20.0
-Spot 210 84 241129 1.3 14.0177 1.0 1.6344 1.5 0.1662 1.1 0.73 990.9 10.4 983.5 9.7 967.1 21.4 967.1 21.4
-Spot 89 376 67904 2.2 13.9974 1.2 1.5772 1.9 0.1601 1.5 0.79 957.4 13.3 961.3 11.8 970.1 23.9 970.1 23.9

-Spot 185 1365 92770 3.8 13.9901 0.9 1.6377 1.6 0.1662 1.3 0.83 991.0 12.0 984.8 9.9 971.1 17.7 971.1 17.7
-Spot 126 204 45216 6.0 13.9876 1.1 1.5181 2.0 0.1540 1.7 0.84 923.4 14.7 937.7 12.5 971.5 22.7 971.5 22.7
-Spot 108 65 26987 3.8 13.9583 1.9 1.6173 3.1 0.1637 2.4 0.80 977.4 22.1 976.9 19.2 975.8 37.8 975.8 37.8
-Spot 233 811 86142 2.5 13.9542 0.8 1.6098 1.5 0.1629 1.2 0.83 973.0 11.2 974.0 9.4 976.4 16.9 976.4 16.9
-Spot 116 296 132481 13.5 13.8963 1.2 1.7134 2.1 0.1727 1.7 0.83 1026.9 16.3 1013.5 13.2 984.8 23.5 984.8 23.5
-Spot 244 124 52977 1.8 13.8763 1.8 1.6432 2.5 0.1654 1.7 0.68 986.6 15.2 987.0 15.5 987.8 36.9 987.8 36.9
-Spot 198 1029 70715 2.5 13.8758 0.7 1.7305 1.7 0.1742 1.6 0.92 1034.9 15.1 1019.9 11.0 987.8 13.2 987.8 13.2
-Spot 158 83 39738 3.8 13.8218 1.4 1.6470 2.1 0.1651 1.6 0.75 985.1 14.3 988.4 13.1 995.8 27.9 995.8 27.9
-Spot 260 356 62421 2.1 13.7887 1.0 1.6676 2.9 0.1668 2.8 0.94 994.3 25.4 996.3 18.7 1000.6 20.9 1000.6 20.9
-Spot 59 480 101354 2.0 13.7851 1.0 1.7087 1.5 0.1708 1.1 0.73 1016.7 10.2 1011.8 9.5 1001.2 20.5 1001.2 20.5

-Spot 163 94 23664 2.2 13.7669 1.4 1.7146 1.9 0.1712 1.3 0.67 1018.7 12.3 1014.0 12.5 1003.9 29.3 1003.9 29.3
-Spot 190 69 241619 15.7 13.7602 1.5 1.5978 2.3 0.1595 1.7 0.75 953.7 15.4 969.3 14.5 1004.8 31.3 1004.8 31.3
-Spot 94 252 226560 1.9 13.7567 1.3 1.6575 2.0 0.1654 1.5 0.76 986.6 14.2 992.4 13.0 1005.3 27.1 1005.3 27.1

-Spot 232 762 272195 3.6 13.6435 0.9 1.7063 1.7 0.1688 1.4 0.82 1005.7 12.7 1010.9 10.6 1022.1 19.1 1022.1 19.1
-Spot 33 109 40550 2.7 13.5560 1.2 1.7272 1.6 0.1698 1.0 0.62 1011.1 9.2 1018.7 10.1 1035.1 24.9 1035.1 24.9

-Spot 103 154 95194 1.5 13.5322 0.8 1.7931 1.4 0.1760 1.2 0.81 1045.0 11.2 1042.9 9.4 1038.7 17.1 1038.7 17.1
-Spot 182 348 54153 1.9 13.4956 0.8 1.8783 3.5 0.1838 3.4 0.97 1087.9 33.7 1073.5 23.0 1044.1 16.8 1044.1 16.8
-Spot 50 339 28748 2.9 13.4793 2.3 1.7236 4.3 0.1685 3.7 0.85 1003.8 33.9 1017.4 27.6 1046.6 45.6 1046.6 45.6

-Spot 243 148 102163 1.5 13.4572 2.4 1.8731 5.2 0.1828 4.7 0.89 1082.3 46.5 1071.6 34.7 1049.9 48.3 1049.9 48.3
-Spot 282 1174 66063 12.9 13.4196 0.7 1.8221 2.2 0.1773 2.1 0.95 1052.4 20.5 1053.4 14.6 1055.5 13.9 1055.5 13.9
-Spot 16 292 35507 1.5 13.4131 0.8 1.7183 1.5 0.1672 1.3 0.84 996.4 11.5 1015.4 9.5 1056.5 16.1 1056.5 16.1

-Spot 188 333 54392 4.1 13.4078 1.1 1.8146 1.6 0.1765 1.2 0.73 1047.6 11.3 1050.7 10.5 1057.3 22.0 1057.3 22.0
-Spot 180 225 79549 1.7 13.4066 1.1 1.8089 2.5 0.1759 2.3 0.91 1044.4 22.2 1048.7 16.6 1057.5 21.3 1057.5 21.3
-Spot 266 212 136496 2.1 13.3980 1.1 1.7418 2.7 0.1693 2.5 0.91 1008.0 23.0 1024.1 17.5 1058.8 22.7 1058.8 22.7
-Spot 146 53 34132 1.6 13.3278 2.1 1.7198 2.4 0.1662 1.2 0.49 991.4 10.8 1016.0 15.4 1069.3 41.9 1069.3 41.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 197 63 14635 3.2 13.2259 1.8 1.9136 2.5 0.1836 1.8 0.70 1086.4 17.5 1085.8 16.6 1084.8 35.7 1084.8 35.7
-Spot 51 446 98147 2.0 13.2170 1.2 1.8120 2.2 0.1737 1.8 0.82 1032.4 16.9 1049.8 14.1 1086.1 24.6 1086.1 24.6
-Spot 14 529 51881 1.8 13.1620 0.9 1.9202 1.4 0.1833 1.1 0.75 1085.0 10.7 1088.1 9.6 1094.5 19.0 1094.5 19.0

-Spot 261 202 58503 2.7 13.1037 1.2 1.9793 1.9 0.1881 1.4 0.75 1111.1 14.4 1108.5 12.7 1103.3 24.8 1103.3 24.8
-Spot 278 556 54326 2.0 13.0970 0.8 1.9452 1.5 0.1848 1.3 0.87 1093.0 13.5 1096.8 10.4 1104.3 15.4 1104.3 15.4
-Spot 115 622 75335 9.6 13.0677 0.8 2.0746 1.6 0.1966 1.4 0.86 1157.1 14.5 1140.4 10.8 1108.8 16.0 1108.8 16.0
-Spot 44 2559 84297 3.2 13.0107 0.7 2.2694 1.3 0.2141 1.1 0.84 1250.9 12.7 1202.8 9.3 1117.6 14.2 1117.6 14.2

-Spot 189 340 144065 9.5 12.8176 1.1 1.9545 1.9 0.1817 1.5 0.80 1076.2 15.1 1100.0 12.8 1147.3 22.6 1147.3 22.6
-Spot 84 377 68788 6.1 12.6892 1.0 1.9531 1.7 0.1797 1.3 0.82 1065.6 13.2 1099.5 11.1 1167.3 18.9 1167.3 18.9

-Spot 191 2987 80430 4.9 12.0274 2.0 1.8447 2.6 0.1609 1.6 0.61 961.9 14.1 1061.5 17.0 1272.6 39.8 1272.6 39.8
-Spot 57 1024 65602 1.6 11.5517 0.8 2.7942 1.5 0.2341 1.3 0.86 1356.0 16.1 1354.0 11.4 1350.9 14.8 1350.9 14.8
-Spot 40 1608 130276 8.1 10.5330 2.5 2.2334 4.7 0.1706 4.0 0.85 1015.5 37.9 1191.6 33.3 1526.9 47.0 1526.9 47.0
-Spot 72 1135 74389 2.2 10.5214 3.6 2.3323 3.9 0.1780 1.6 0.41 1055.9 15.6 1222.2 28.0 1528.9 67.9 1528.9 67.9
-Spot 80 318 119381 1.5 10.4486 2.2 3.2668 2.6 0.2476 1.3 0.50 1425.9 16.6 1473.2 20.0 1542.0 41.8 1542.0 41.8

-Spot 256 154 48545 1.7 10.4325 0.9 3.6422 1.4 0.2756 1.2 0.81 1569.1 16.2 1558.8 11.5 1544.9 16.1 1544.9 16.1
-Spot 160 229 784766 2.1 10.1836 0.8 3.7911 1.3 0.2800 1.0 0.78 1591.4 14.7 1590.9 10.8 1590.1 15.8 1590.1 15.8
-Spot 199 120 120725 1.3 10.1810 1.2 3.9341 2.0 0.2905 1.6 0.81 1644.0 23.8 1620.7 16.3 1590.6 21.8 1590.6 21.8
-Spot 205 111 28601 1.2 10.1675 0.9 3.7706 3.2 0.2781 3.0 0.96 1581.5 42.4 1586.5 25.3 1593.1 16.6 1593.1 16.6
-Spot 252 432 62085 4.2 10.1329 3.0 2.1609 3.6 0.1588 2.1 0.57 950.1 18.2 1168.6 25.0 1599.5 55.2 1599.5 55.2
-Spot 25 653 31808 81.0 10.0533 3.2 1.8978 7.7 0.1384 7.0 0.91 835.5 55.2 1080.3 51.4 1614.2 58.7 1614.2 58.7
-Spot 47 429 81937 2.2 9.9878 1.5 2.5647 2.9 0.1858 2.5 0.85 1098.5 24.9 1290.6 21.3 1626.3 28.6 1626.3 28.6

-Spot 241 486 142795 6.3 9.8896 0.9 4.0820 1.7 0.2928 1.5 0.87 1655.4 21.6 1650.7 14.0 1644.7 15.9 1644.7 15.9
-Spot 75 992 72047 4.1 9.6703 0.7 4.2194 3.3 0.2959 3.3 0.98 1671.1 48.0 1677.8 27.4 1686.2 12.6 1686.2 12.6

-Spot 227 460 76028 2.7 9.3576 2.0 4.2776 4.0 0.2903 3.5 0.87 1643.1 51.0 1689.1 33.3 1746.6 36.4 1746.6 36.4
-Spot 70 461 63057 1.9 9.3219 0.6 4.6832 2.9 0.3166 2.8 0.98 1773.2 44.1 1764.2 24.3 1753.6 11.0 1753.6 11.0

-Spot 110 71 38665 2.4 9.3000 1.3 4.8676 1.8 0.3283 1.2 0.70 1830.2 19.7 1796.7 14.8 1757.9 22.9 1757.9 22.9
-Spot 10 654 81826 1.9 9.2420 0.6 4.5626 1.2 0.3058 1.1 0.88 1720.1 16.5 1742.5 10.4 1769.3 11.0 1769.3 11.0
-Spot 45 132 199711 1.0 9.1668 0.9 4.8053 1.5 0.3195 1.2 0.81 1787.2 19.5 1785.8 13.0 1784.3 16.6 1784.3 16.6

-Spot 145 35 27787 1.0 9.1432 0.9 4.8672 1.7 0.3228 1.5 0.87 1803.2 23.8 1796.6 14.7 1788.9 15.7 1788.9 15.7
-Spot 86 222 121473 2.1 9.0215 0.8 4.5192 1.6 0.2957 1.4 0.86 1669.9 20.4 1734.5 13.5 1813.3 15.2 1813.3 15.2
-Spot 29 1140 120383 11.8 8.8800 0.7 5.4493 1.4 0.3510 1.2 0.86 1939.1 20.2 1892.6 12.0 1842.0 12.7 1842.0 12.7

-Spot 193 4612 109583 15.6 8.8750 2.1 3.0160 5.2 0.1941 4.8 0.92 1143.7 50.0 1411.7 39.7 1843.0 37.9 1843.0 37.9
-Spot 224 1504 426970 34.3 8.8186 0.7 5.2694 1.8 0.3370 1.7 0.93 1872.3 27.7 1863.9 15.6 1854.5 11.9 1854.5 11.9
-Spot 78 571 114394 2.4 8.8003 0.8 5.2754 1.7 0.3367 1.6 0.89 1870.8 25.2 1864.9 14.8 1858.3 14.1 1858.3 14.1

-Spot 203 124 153026 2.5 8.7895 0.8 5.2594 3.7 0.3353 3.6 0.98 1863.9 59.0 1862.3 31.8 1860.5 13.6 1860.5 13.6
-Spot 174 425 161013 12.4 8.7806 0.8 5.3199 2.7 0.3388 2.5 0.96 1880.8 41.6 1872.1 22.8 1862.3 14.2 1862.3 14.2
-Spot 60 813 220661 5.0 8.7395 0.9 5.4545 1.1 0.3457 0.6 0.59 1914.2 10.8 1893.5 9.4 1870.8 16.0 1870.8 16.0

-Spot 153 895 218240 11.1 8.7083 0.7 5.3656 2.4 0.3389 2.3 0.95 1881.3 37.0 1879.4 20.4 1877.2 12.9 1877.2 12.9
-Spot 271 899 117994 11.9 8.7057 0.7 5.4063 1.5 0.3414 1.3 0.87 1893.2 21.1 1885.9 12.8 1877.8 13.4 1877.8 13.4
-Spot 259 329 135290 0.8 8.3200 0.8 5.6404 1.3 0.3404 1.0 0.79 1888.4 16.8 1922.3 11.1 1959.1 14.1 1959.1 14.1
-Spot 11 255 80060 1.5 8.2141 0.9 5.7212 1.8 0.3408 1.6 0.86 1890.7 25.8 1934.6 15.8 1981.9 16.6 1981.9 16.6
-Spot 69 124 25531 1.7 8.1937 1.4 5.8433 2.1 0.3472 1.7 0.78 1921.4 27.6 1952.9 18.6 1986.3 24.1 1986.3 24.1
-Spot 52 598 87052 16.9 8.1349 0.8 5.9723 1.4 0.3524 1.1 0.82 1945.9 18.9 1971.8 11.9 1999.1 13.7 1999.1 13.7

-Spot 196 70 67734 0.9 8.1335 0.8 6.2058 1.8 0.3661 1.6 0.89 2010.9 28.0 2005.3 16.0 1999.4 15.0 1999.4 15.0
-Spot 122 318 163678 1.8 8.0526 1.0 6.2080 1.6 0.3626 1.2 0.78 1994.3 20.9 2005.6 13.6 2017.2 17.2 2017.2 17.2
-Spot 140 267 114585 6.8 7.9929 0.5 6.1109 1.0 0.3542 0.8 0.83 1954.9 13.5 1991.8 8.5 2030.3 9.7 2030.3 9.7
-Spot 255 91 53790 1.2 7.9836 0.6 6.6917 1.6 0.3875 1.5 0.93 2111.1 26.5 2071.5 14.1 2032.4 10.7 2032.4 10.7
-Spot 208 709 9622910 5.0 7.9548 1.1 5.8336 2.7 0.3366 2.5 0.91 1870.1 40.7 1951.4 23.8 2038.8 20.0 2038.8 20.0
-Spot 284 137 41344 0.6 7.8171 0.9 6.7524 1.4 0.3828 1.1 0.80 2089.5 20.4 2079.5 12.7 2069.6 15.2 2069.6 15.2
-Spot 230 892 122194 3.0 7.7352 0.6 7.1832 1.1 0.4030 0.9 0.86 2182.8 17.3 2134.4 9.7 2088.2 10.0 2088.2 10.0
-Spot 107 775 91798 18.8 7.7220 0.9 6.9154 3.8 0.3873 3.7 0.97 2110.3 66.9 2100.6 34.0 2091.2 16.5 2091.2 16.5
-Spot 231 377 224308 6.0 7.7170 0.8 7.0400 4.1 0.3940 4.0 0.98 2141.5 73.2 2116.5 36.4 2092.3 13.4 2092.3 13.4
-Spot 219 762 54497 3.8 7.6936 0.8 6.7406 1.9 0.3761 1.7 0.90 2058.1 30.0 2078.0 16.8 2097.7 14.7 2097.7 14.7
-Spot 149 206 76129 3.0 7.6088 0.9 6.9826 1.5 0.3853 1.2 0.79 2101.1 21.0 2109.2 13.2 2117.1 15.9 2117.1 15.9
-Spot 161 230 157428 7.3 7.5601 0.9 7.2675 1.6 0.3985 1.3 0.82 2162.0 23.6 2144.8 13.9 2128.4 15.4 2128.4 15.4
-Spot 228 1930 513070 1.3 7.5030 0.5 7.2449 1.0 0.3942 0.9 0.87 2142.5 16.4 2142.0 9.2 2141.6 8.9 2141.6 8.9
-Spot 200 150 99115 3.2 7.4222 1.0 7.6219 1.7 0.4103 1.3 0.79 2216.3 24.6 2187.4 15.0 2160.5 18.0 2160.5 18.0

-Spot 21 2101 181221 3.9 7.0581 0.7 8.4888 1.2 0.4345 1.0 0.82 2326.2 18.9 2284.7 10.8 2247.8 11.7 2247.8 11.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-Spot 170 781 177393 16.9 6.8999 0.7 8.6542 1.2 0.4331 1.0 0.83 2319.6 19.7 2302.3 11.1 2286.9 11.7 2286.9 11.7
-Spot 220 129 145521 3.7 6.8413 1.2 8.8628 3.1 0.4397 2.9 0.93 2349.5 56.1 2324.0 28.1 2301.6 20.0 2301.6 20.0
-Spot 130 278 177676 2.2 6.8184 0.9 8.6880 1.4 0.4296 1.0 0.77 2304.1 20.2 2305.8 12.3 2307.4 14.7 2307.4 14.7
-Spot 177 779 175298 76.4 6.7418 1.3 7.2620 5.0 0.3551 4.9 0.97 1958.8 82.2 2144.1 45.0 2326.7 22.4 2326.7 22.4

-Spot 9 551 117570 1.0 6.5392 1.3 8.7533 2.6 0.4151 2.2 0.87 2238.4 42.2 2312.6 23.4 2378.9 21.7 2378.9 21.7
-Spot 20 1120 337465 2.9 6.5195 0.7 8.2986 1.1 0.3924 0.9 0.77 2133.9 15.7 2264.2 10.2 2384.0 12.2 2384.0 12.2

-Spot 133 1806 253516 33.9 6.4750 0.8 7.1224 1.6 0.3345 1.4 0.88 1860.1 23.3 2126.9 14.5 2395.7 13.0 2395.7 13.0
-Spot 112 585 132616 2.1 6.3534 0.5 9.8168 2.2 0.4523 2.1 0.97 2405.7 42.8 2417.7 20.2 2427.9 8.5 2427.9 8.5
-Spot 237 231 180723 3.2 6.3230 1.7 10.2043 2.1 0.4680 1.3 0.62 2474.6 27.1 2453.5 19.7 2436.0 28.3 2436.0 28.3
-Spot 26 940 231356 5.0 6.3164 1.9 7.8765 3.3 0.3608 2.8 0.82 1986.1 47.0 2217.0 30.1 2437.8 32.1 2437.8 32.1

-Spot 102 644 56752 5.0 6.3140 1.8 8.4754 3.3 0.3881 2.8 0.85 2114.1 51.3 2283.3 30.4 2438.4 29.7 2438.4 29.7
-Spot 248 1466 244308 14.2 6.3118 0.6 9.1613 1.9 0.4194 1.7 0.94 2257.6 33.2 2354.2 17.0 2439.0 10.8 2439.0 10.8
-Spot 62 802 78757 9.0 6.3111 0.7 9.1112 1.3 0.4170 1.1 0.86 2247.0 21.4 2349.2 12.0 2439.2 11.2 2439.2 11.2

-Spot 144 184 92492 4.2 6.3009 0.7 10.2932 1.3 0.4704 1.1 0.83 2485.2 22.2 2461.5 12.0 2441.9 12.3 2441.9 12.3
-Spot 240 151 129431 1.1 6.2782 0.7 9.7674 1.4 0.4447 1.2 0.86 2371.8 23.6 2413.1 12.8 2448.0 12.0 2448.0 12.0
-Spot 139 81 58835 1.7 6.2725 0.8 9.5312 1.5 0.4336 1.2 0.83 2321.9 24.2 2390.6 13.7 2449.6 13.9 2449.6 13.9
-Spot 287 431 1136918 1.0 6.2475 0.8 10.0472 1.5 0.4552 1.2 0.84 2418.5 25.0 2439.1 13.5 2456.3 13.3 2456.3 13.3

-Spot 8 921 108702 2.2 6.2337 1.0 10.0579 2.3 0.4547 2.0 0.89 2416.2 41.1 2440.1 21.1 2460.1 17.5 2460.1 17.5
-Spot 99 28 37685 1.7 6.2298 1.4 9.4342 2.3 0.4263 1.8 0.78 2288.8 34.3 2381.2 21.1 2461.1 24.5 2461.1 24.5

-Spot 242 1505 95039 9.3 6.1242 0.9 11.1328 1.6 0.4945 1.3 0.84 2590.0 28.5 2534.3 14.9 2490.0 14.7 2490.0 14.7
-Spot 155 243 132571 1.1 6.1156 0.6 10.5976 1.2 0.4700 1.1 0.87 2483.8 22.1 2488.5 11.4 2492.3 10.2 2492.3 10.2
-Spot 83 368 65975 1.5 6.1071 0.8 10.8184 3.8 0.4792 3.7 0.98 2523.7 76.9 2507.6 35.0 2494.7 13.2 2494.7 13.2

-Spot 251 139 32244 6.4 6.1051 0.7 10.8911 1.6 0.4822 1.4 0.89 2537.0 30.2 2513.9 15.0 2495.2 12.3 2495.2 12.3
-Spot 169 580 901521 6.5 6.0795 0.7 10.6995 3.8 0.4718 3.8 0.98 2491.3 77.6 2497.4 35.4 2502.3 11.2 2502.3 11.2
-Spot 105 47 46015 1.6 6.0725 1.0 10.7574 1.7 0.4738 1.3 0.80 2500.1 27.8 2502.4 15.6 2504.3 16.9 2504.3 16.9
-Spot 283 62 106525 1.2 6.0714 1.0 10.7226 4.3 0.4722 4.2 0.97 2493.0 86.9 2499.4 40.1 2504.6 16.7 2504.6 16.7

-Spot 4 1098 56602 6.2 6.0348 0.9 9.8316 2.7 0.4303 2.5 0.94 2307.1 49.0 2419.1 24.8 2514.7 15.4 2514.7 15.4
-Spot 27 99 95033 1.5 6.0052 1.0 10.6402 2.4 0.4634 2.2 0.91 2454.6 44.8 2492.2 22.5 2523.0 17.3 2523.0 17.3

-Spot 195 185 135421 1.6 5.9323 0.9 11.6557 3.1 0.5015 3.0 0.96 2620.2 64.7 2577.2 29.2 2543.5 14.3 2543.5 14.3
-Spot 13 752 60047 1.4 5.9060 0.9 11.6286 3.3 0.4981 3.2 0.96 2605.6 68.5 2575.0 31.2 2550.9 15.7 2550.9 15.7
-Spot 15 1805 135929 13.2 5.9046 2.0 11.2864 2.2 0.4833 1.1 0.49 2541.8 22.9 2547.1 20.9 2551.3 32.7 2551.3 32.7
-Spot 98 360 137513 2.4 5.9009 0.8 11.1916 1.4 0.4790 1.1 0.80 2522.8 23.1 2539.2 12.9 2552.4 14.1 2552.4 14.1

-Spot 218 189 753994 2.4 5.8560 0.7 11.4625 1.2 0.4868 1.0 0.83 2557.0 21.2 2561.5 11.3 2565.1 11.3 2565.1 11.3
-Spot 111 278 88665 1.6 5.7970 0.7 11.6270 1.2 0.4888 1.0 0.82 2565.7 20.6 2574.8 11.1 2582.1 11.5 2582.1 11.5
-Spot 211 913 6971 0.6 5.7537 20.9 3.9442 23.3 0.1646 10.3 0.44 982.2 94.0 1622.8 190.8 2594.6 352.4 2594.6 352.4
-Spot 186 238 68269 1.4 5.7220 0.8 11.5582 1.3 0.4797 1.0 0.78 2525.8 20.7 2569.3 11.9 2603.8 13.2 2603.8 13.2
-Spot 194 815 69138 3.7 5.7051 0.6 11.6417 1.5 0.4817 1.4 0.92 2534.7 29.5 2576.0 14.3 2608.7 10.1 2608.7 10.1
-Spot 272 323 401490 1.6 5.6516 0.7 12.2356 1.3 0.5015 1.1 0.84 2620.4 23.0 2622.6 11.9 2624.4 11.5 2624.4 11.5
-Spot 223 351 102851 1.7 5.5184 0.7 10.7741 3.3 0.4312 3.2 0.98 2311.2 62.3 2503.8 30.5 2664.0 11.4 2664.0 11.4
-Spot 97 477 99983 2.1 5.5130 0.6 12.8233 1.8 0.5127 1.6 0.93 2668.3 35.9 2666.8 16.6 2665.6 10.6 2665.6 10.6
-Spot 31 1814 119982 1.4 5.4734 0.7 11.4185 2.5 0.4533 2.4 0.96 2409.8 48.9 2557.9 23.7 2677.5 11.8 2677.5 11.8
-Spot 88 500 154388 2.4 5.3810 0.8 13.4553 1.3 0.5251 1.0 0.79 2720.8 21.9 2712.2 11.9 2705.7 12.8 2705.7 12.8

-Spot 135 309 191334 2.6 5.3609 0.8 13.3715 2.5 0.5199 2.4 0.95 2698.7 52.0 2706.2 23.4 2711.8 12.7 2711.8 12.7
-Spot 166 124 157314 3.0 5.3354 0.9 13.8787 1.4 0.5370 1.1 0.80 2771.1 25.6 2741.5 13.4 2719.7 14.1 2719.7 14.1
-Spot 192 373 127361 4.1 5.3272 0.7 13.6542 1.4 0.5276 1.2 0.87 2731.1 27.7 2726.0 13.5 2722.2 11.6 2722.2 11.6
-Spot 236 352 296581 2.9 5.2106 0.9 14.3363 1.5 0.5418 1.2 0.81 2790.9 26.7 2772.2 13.8 2758.6 14.0 2758.6 14.0
-Spot 235 61 55215 2.4 4.8013 0.8 16.6206 3.7 0.5788 3.6 0.97 2943.7 85.3 2913.2 35.5 2892.2 13.5 2892.2 13.5
-Spot 28 176 68496 1.7 4.6907 1.0 16.6421 2.9 0.5662 2.7 0.94 2892.1 62.6 2914.4 27.4 2929.9 15.7 2929.9 15.7

-Spot 150 135 209431 4.5 4.5145 0.7 18.1050 1.9 0.5928 1.7 0.92 3000.7 41.8 2995.3 18.3 2991.7 12.0 2991.7 12.0
-Spot 55 322 63228 3.0 4.3328 0.9 19.2443 1.6 0.6047 1.3 0.83 3048.9 31.9 3054.1 15.3 3057.6 14.1 3057.6 14.1
-Spot 38 46 30970 3.7 4.1203 1.4 19.7162 2.2 0.5892 1.6 0.76 2986.1 39.4 3077.5 20.9 3137.8 22.2 3137.8 22.2

-Spot 143 360 179151 2.3 3.9861 1.0 21.3602 1.6 0.6175 1.2 0.77 3100.1 30.1 3155.1 15.4 3190.3 15.9 3190.3 15.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

DSH-3164
-Spot 27 516 10416 1.2 19.5541 2.8 0.0435 3.2 0.0062 1.6 0.50 39.7 0.6 43.3 1.4 247.2 63.7 39.7 0.6 NA
-Spot 67 567 7958 1.2 20.9868 1.8 0.0428 2.3 0.0065 1.4 0.61 41.9 0.6 42.5 1.0 81.9 43.8 41.9 0.6 NA
-Spot 02 450 18576 1.3 21.2670 1.7 0.0442 2.2 0.0068 1.4 0.62 43.8 0.6 43.9 1.0 50.3 41.6 43.8 0.6 NA
-Spot 62 523 18449 1.4 20.9493 2.6 0.0452 2.9 0.0069 1.3 0.46 44.2 0.6 44.9 1.3 86.1 61.8 44.2 0.6 NA
-Spot 17 636 39780 1.4 20.8130 1.4 0.0458 2.3 0.0069 1.8 0.78 44.5 0.8 45.5 1.0 101.6 34.2 44.5 0.8 NA
-Spot 89 556 5041 0.5 19.1946 1.9 0.0498 2.2 0.0069 1.2 0.54 44.5 0.5 49.3 1.1 289.7 42.9 44.5 0.5 NA
-Spot 97 698 7400 1.1 21.3770 1.4 0.0452 1.9 0.0070 1.2 0.66 45.0 0.6 44.9 0.8 37.9 33.5 45.0 0.6 NA
-Spot 12 186 16994 1.1 19.7524 1.4 0.2681 1.9 0.0384 1.3 0.68 243.1 3.0 241.2 4.0 223.8 31.3 243.1 3.0 NA
-Spot 13 139 6404 1.5 19.4033 1.5 0.2747 1.8 0.0387 1.0 0.54 244.6 2.3 246.4 3.8 264.9 33.8 244.6 2.3 NA
-Spot 95 192 53305 1.7 18.8016 1.6 0.2884 2.1 0.0393 1.3 0.62 248.8 3.1 257.3 4.7 336.8 36.6 248.8 3.1 NA
-Spot 96 68 41616 1.0 19.3711 2.2 0.2800 2.5 0.0393 1.1 0.45 248.8 2.7 250.6 5.6 268.7 51.3 248.8 2.7 NA
-Spot 85 112 5204 1.2 19.6727 1.6 0.2881 2.0 0.0411 1.1 0.57 259.8 2.8 257.0 4.5 233.2 37.3 259.8 2.8 NA
-Spot 41 67 6247 1.3 16.8688 2.1 0.3600 2.5 0.0441 1.3 0.52 278.0 3.6 312.2 6.7 577.4 46.4 278.0 3.6 NA
-Spot 14 148 21954 1.8 19.3743 1.2 0.3216 1.6 0.0452 1.1 0.68 285.0 3.1 283.1 4.0 268.4 27.4 285.0 3.1 NA
-Spot 74 107 16522 1.2 19.2497 1.8 0.3249 2.0 0.0454 1.0 0.47 286.1 2.7 285.6 5.1 283.2 41.3 286.1 2.7 NA
-Spot 57 121 18958 1.7 19.2352 1.8 0.3278 2.5 0.0457 1.8 0.72 288.4 5.1 287.9 6.3 284.9 40.2 288.4 5.1 NA
-Spot 56 100 9555 1.9 18.3531 2.5 0.3718 2.8 0.0495 1.3 0.47 311.5 4.0 321.0 7.8 391.2 56.3 311.5 4.0 NA
-Spot 09 155 9629 2.6 17.6733 2.0 0.4047 2.6 0.0519 1.6 0.63 326.2 5.2 345.1 7.7 475.3 45.2 326.2 5.2 NA
-Spot 94 109 34316 1.3 15.3945 3.3 0.5133 3.6 0.0573 1.3 0.36 359.4 4.6 420.7 12.3 773.0 70.3 359.4 4.6 NA
-Spot 51 208 29710 1.9 18.0698 1.1 0.5351 1.6 0.0702 1.1 0.73 437.1 4.8 435.2 5.5 426.0 23.6 437.1 4.8 102.6
-Spot 88 216 18418 1.8 17.7712 1.1 0.5718 1.5 0.0737 1.0 0.66 458.6 4.4 459.2 5.5 463.1 25.0 458.6 4.4 99.0
-Spot 87 102 27630 27.1 16.9469 1.2 0.6508 1.5 0.0800 0.9 0.63 496.3 4.5 509.0 6.0 567.4 25.2 496.3 4.5 87.5
-Spot 43 282 72917 1.4 16.7379 0.9 0.7633 1.4 0.0927 1.0 0.76 571.5 5.7 575.9 6.0 594.3 19.5 571.5 5.7 96.2

-Spot 110 59 33832 0.8 16.3866 1.2 0.7818 1.7 0.0929 1.2 0.69 573.0 6.5 586.5 7.6 640.2 26.6 573.0 6.5 89.5
-Spot 24 421 214006 1.1 16.3699 0.9 0.8350 1.6 0.0992 1.3 0.83 609.6 7.6 616.4 7.4 642.3 19.3 609.6 7.6 94.9
-Spot 92 127 79855 1.4 16.2436 1.0 0.8476 1.5 0.0999 1.1 0.73 613.8 6.2 623.3 6.8 659.0 21.2 613.8 6.2 93.2
-Spot 28 124 328662 0.7 16.4437 1.0 0.8438 1.2 0.1007 0.8 0.61 618.4 4.5 621.2 5.8 632.7 21.3 618.4 4.5 97.7

-Spot 103 61 28262 2.4 16.0088 1.2 0.8712 1.5 0.1012 0.9 0.62 621.4 5.5 636.2 7.0 690.1 24.7 621.4 5.5 90.0
-Spot 32 51 7311 1.2 16.6891 1.1 0.8372 1.6 0.1014 1.1 0.72 622.5 6.7 617.6 7.3 600.6 23.8 622.5 6.7 103.6
-Spot 15 169 41042 2.1 16.4686 0.9 0.8525 1.3 0.1019 0.9 0.70 625.3 5.4 626.0 6.0 629.4 19.8 625.3 5.4 99.4

-Spot 104 50 24683 1.1 16.5963 1.4 0.8538 1.6 0.1028 0.8 0.49 630.9 4.7 626.7 7.5 612.7 30.4 630.9 4.7 103.0
-Spot 22 55 12527 1.0 16.2052 1.6 0.8904 2.0 0.1047 1.2 0.59 641.9 7.2 646.6 9.6 664.0 34.9 641.9 7.2 96.7
-Spot 26 187 101972 2.4 16.4292 0.6 0.8837 1.1 0.1053 0.9 0.83 645.7 5.7 643.0 5.4 634.6 13.7 645.7 5.7 101.8

-Spot 105 125 56328 0.9 15.8772 0.9 0.9220 1.3 0.1062 0.9 0.68 650.7 5.4 663.4 6.2 707.7 19.9 650.7 5.4 92.0
-Spot 48 201 61010 2.8 15.5613 1.2 0.9745 1.9 0.1100 1.5 0.77 672.9 9.4 690.8 9.6 750.3 25.9 672.9 9.4 89.7
-Spot 82 115 19953 2.4 15.9019 1.3 0.9886 1.6 0.1141 1.1 0.64 696.3 7.0 698.0 8.3 704.4 26.9 696.3 7.0 98.9
-Spot 83 191 43203 1.1 15.2516 0.9 1.1023 1.3 0.1220 0.9 0.69 742.0 6.3 754.5 6.9 792.6 19.7 742.0 6.3 93.6
-Spot 50 240 242886 3.5 15.7295 0.9 1.0711 1.6 0.1222 1.3 0.83 743.5 9.3 739.3 8.4 727.5 18.9 743.5 9.3 102.2
-Spot 49 48 8124 0.5 15.5183 2.0 1.1039 2.9 0.1243 2.1 0.71 755.2 14.6 755.2 15.4 756.1 42.9 755.2 14.6 99.9
-Spot 37 65 18174 1.3 15.0916 1.3 1.1511 1.7 0.1260 1.1 0.65 765.3 8.1 777.8 9.5 814.7 27.8 765.3 8.1 93.9
-Spot 59 65 64149 3.6 15.2953 1.0 1.1397 1.4 0.1265 0.9 0.68 767.8 6.8 772.4 7.5 786.5 21.3 767.8 6.8 97.6
-Spot 01 77 50291 1.5 14.8473 1.5 1.1745 2.0 0.1265 1.3 0.67 768.1 9.5 788.8 10.8 848.7 30.5 768.1 9.5 90.5
-Spot 71 35 9373 1.4 15.4604 1.8 1.1453 2.1 0.1285 1.2 0.55 779.1 8.6 775.0 11.4 764.0 37.0 779.1 8.6 102.0
-Spot 52 152 24169 0.6 14.0128 1.2 1.3308 2.4 0.1353 2.1 0.86 818.1 15.8 859.2 13.9 967.8 25.0 818.1 15.8 84.5
-Spot 06 132 27376 1.6 15.2630 1.2 1.2336 2.3 0.1366 2.0 0.86 825.5 15.4 816.0 13.0 791.0 24.5 825.5 15.4 104.4
-Spot 81 192 109107 1.1 14.3913 1.0 1.3334 1.4 0.1392 0.9 0.67 840.3 7.2 860.3 7.9 913.2 20.8 840.3 7.2 92.0
-Spot 63 140 72656 1.5 14.7063 0.9 1.3391 1.4 0.1429 1.1 0.78 861.0 9.0 862.8 8.3 868.5 18.5 861.0 9.0 99.1

-Spot 108 41 14645 1.9 14.5146 1.3 1.3641 1.5 0.1437 0.7 0.47 865.3 5.7 873.6 8.7 895.6 27.1 865.3 5.7 96.6
-Spot 10 275 130237 1.1 14.8165 1.0 1.3428 1.5 0.1444 1.2 0.77 869.3 9.7 864.4 9.0 853.0 20.5 869.3 9.7 101.9
-Spot 55 218 65169 1.2 14.6806 1.0 1.3599 1.7 0.1449 1.4 0.83 872.0 11.7 871.8 10.1 872.1 19.8 872.0 11.7 100.0
-Spot 65 264 86275 3.1 14.3278 1.2 1.4215 2.3 0.1478 2.0 0.86 888.5 16.4 898.0 13.7 922.3 24.0 922.3 24.0 96.3

-Spot 107 214 239596 1.7 14.1927 0.7 1.5431 1.1 0.1589 0.9 0.78 950.7 7.6 947.8 6.8 941.8 14.2 941.8 14.2 101.0
-Spot 44 110 32697 1.4 13.9584 0.9 1.5753 1.5 0.1595 1.1 0.78 954.2 10.1 960.5 9.1 975.8 18.9 975.8 18.9 97.8
-Spot 60 44 27429 2.2 13.8977 1.1 1.6105 1.6 0.1624 1.1 0.71 970.1 10.0 974.3 9.8 984.7 22.5 984.7 22.5 98.5
-Spot 78 101 111500 1.7 13.8756 0.8 1.6373 1.4 0.1648 1.1 0.80 983.6 10.0 984.7 8.7 987.9 16.9 987.9 16.9 99.6
-Spot 77 31 176250 2.3 13.8242 1.3 1.5848 1.8 0.1590 1.3 0.69 951.0 11.1 964.2 11.4 995.5 27.0 995.5 27.0 95.5
-Spot 84 165 121108 0.8 13.8159 1.0 1.6808 1.9 0.1685 1.7 0.86 1003.8 15.4 1001.3 12.2 996.7 19.5 996.7 19.5 100.7
-Spot 68 57 60120 1.7 13.8033 1.3 1.5538 1.7 0.1556 1.0 0.63 932.4 9.1 952.0 10.3 998.5 26.4 998.5 26.4 93.4
-Spot 99 52 25665 1.3 13.7342 1.1 1.5265 1.4 0.1521 0.9 0.61 912.8 7.5 941.1 8.9 1008.7 23.2 1008.7 23.2 90.5
-Spot 72 38 52432 0.7 13.6016 1.3 1.7671 1.7 0.1744 1.1 0.67 1036.3 10.9 1033.5 11.1 1028.3 25.8 1028.3 25.8 100.8
-Spot 91 46 11254 2.4 13.5011 1.2 1.8487 1.4 0.1811 0.9 0.60 1073.0 8.6 1062.9 9.5 1043.3 23.3 1043.3 23.3 102.8
-Spot 47 77 36189 2.2 10.4558 0.9 3.4124 1.4 0.2589 1.0 0.74 1484.1 13.3 1507.2 10.6 1540.7 17.0 1540.7 17.0 96.3
-Spot 76 111 41096 0.9 9.5098 1.7 4.1440 3.4 0.2859 2.9 0.87 1621.2 42.0 1663.0 27.7 1717.0 31.1 1717.0 31.1 94.4
-Spot 21 52 94115 1.0 9.4885 0.9 4.1068 1.5 0.2827 1.2 0.81 1605.2 17.6 1655.7 12.5 1721.1 16.7 1721.1 16.7 93.3
-Spot 05 66 89455 1.3 9.2248 0.9 4.5238 1.4 0.3028 1.0 0.77 1705.2 15.7 1735.4 11.3 1772.7 15.7 1772.7 15.7 96.2
-Spot 38 59 41931 0.6 9.1368 0.7 4.8290 1.3 0.3201 1.0 0.81 1790.4 15.8 1790.0 10.6 1790.2 13.6 1790.2 13.6 100.0
-Spot 25 102 1484194 0.9 9.0495 0.6 4.8344 1.2 0.3174 1.1 0.89 1777.2 16.4 1790.9 10.0 1807.7 10.1 1807.7 10.1 98.3

-Spot 101 106 144362 0.9 9.0031 0.7 4.8819 1.1 0.3189 0.8 0.76 1784.4 12.6 1799.1 9.0 1817.0 12.7 1817.0 12.7 98.2
-Spot 16 60 101412 1.2 8.9727 0.8 5.0202 1.1 0.3268 0.8 0.72 1823.0 12.5 1822.7 9.2 1823.2 13.7 1823.2 13.7 100.0
-Spot 08 244 1325079 2.2 8.9655 1.0 4.7090 1.5 0.3063 1.2 0.77 1722.6 17.9 1768.8 12.8 1824.6 17.6 1824.6 17.6 94.4
-Spot 66 91 57272 1.1 8.9625 0.6 4.8290 1.2 0.3140 1.1 0.86 1760.5 16.5 1790.0 10.5 1825.2 11.4 1825.2 11.4 96.5
-Spot 36 143 264711 1.0 8.9427 0.6 5.1237 1.1 0.3325 0.9 0.83 1850.3 14.7 1840.0 9.3 1829.2 11.0 1829.2 11.0 101.2
-Spot 46 129 170144 1.1 8.9361 1.1 5.0374 1.6 0.3266 1.2 0.75 1822.0 19.1 1825.6 13.6 1830.6 19.4 1830.6 19.4 99.5
-Spot 18 197 1478022 1.5 8.8723 0.6 5.2828 1.0 0.3401 0.8 0.79 1887.1 13.1 1866.1 8.7 1843.6 11.4 1843.6 11.4 102.4
-Spot 40 53 73468 1.3 8.8584 1.1 5.3460 1.6 0.3436 1.2 0.73 1904.0 19.5 1876.2 13.8 1846.4 19.8 1846.4 19.8 103.1
-Spot 30 229 665662 2.0 8.8143 0.7 4.9059 1.1 0.3138 0.9 0.81 1759.2 13.9 1803.3 9.4 1855.4 11.8 1855.4 11.8 94.8

-Spot 100 39 11072 0.6 8.8035 2.0 5.0754 2.4 0.3242 1.2 0.53 1810.2 19.5 1832.0 20.0 1857.6 36.2 1857.6 36.2 97.4
-Spot 79 255 399241 2.7 8.7376 0.6 5.3423 1.1 0.3387 0.9 0.85 1880.4 15.3 1875.7 9.5 1871.2 10.6 1871.2 10.6 100.5
-Spot 03 159 65011 1.0 8.5928 1.1 4.7643 1.7 0.2970 1.3 0.76 1676.6 19.4 1778.6 14.6 1901.3 20.4 1901.3 20.4 88.2
-Spot 04 69 59180 1.3 8.4764 1.0 5.7922 1.5 0.3562 1.1 0.76 1964.3 19.2 1945.2 13.0 1925.8 17.5 1925.8 17.5 102.0
-Spot 42 100 97860 0.8 7.8271 1.0 6.5415 1.6 0.3715 1.2 0.79 2036.5 21.8 2051.5 13.9 2067.4 17.2 2067.4 17.2 98.5
-Spot 90 98 359186 2.0 6.6186 0.8 9.3234 1.2 0.4477 0.9 0.75 2385.2 17.5 2370.3 10.7 2358.3 13.3 2358.3 13.3 101.1
-Spot 07 145 127478 1.0 6.5487 0.9 8.3389 1.5 0.3962 1.2 0.79 2151.7 22.4 2268.6 14.0 2376.4 16.0 2376.4 16.0 90.5

-Spot 106 76 105227 0.9 6.4487 0.5 9.7835 1.0 0.4578 0.8 0.86 2429.7 16.6 2414.6 8.8 2402.6 8.3 2402.6 8.3 101.1
-Spot 20 166 97206 3.6 6.2391 0.6 10.1518 1.3 0.4596 1.1 0.89 2437.7 23.3 2448.7 11.9 2458.6 9.8 2458.6 9.8 99.1
-Spot 61 150 1753345 0.5 6.2322 0.7 9.8256 1.3 0.4443 1.1 0.85 2369.9 21.8 2418.6 11.8 2460.5 11.3 2460.5 11.3 96.3
-Spot 19 111 136888 1.4 6.2228 0.7 10.1049 1.4 0.4562 1.2 0.87 2423.0 24.1 2444.4 12.7 2463.0 11.3 2463.0 11.3 98.4
-Spot 93 50 91239 0.8 6.1904 0.8 10.8014 1.5 0.4852 1.3 0.83 2549.7 26.3 2506.2 14.0 2471.8 14.1 2471.8 14.1 103.1
-Spot 45 149 174327 1.0 6.1867 0.8 10.4025 1.3 0.4670 1.0 0.78 2470.2 20.9 2471.3 12.1 2472.8 13.7 2472.8 13.7 99.9
-Spot 73 33 75423 0.9 6.0928 0.9 11.0251 1.4 0.4874 1.1 0.77 2559.4 23.1 2525.3 13.2 2498.6 15.1 2498.6 15.1 102.4
-Spot 53 124 55879 1.9 6.0319 1.0 9.9934 2.1 0.4374 1.9 0.88 2338.9 37.1 2434.2 19.7 2515.5 16.8 2515.5 16.8 93.0
-Spot 70 46 1789364 200.3 5.9709 0.8 11.2657 1.3 0.4881 1.1 0.81 2562.4 22.7 2545.4 12.4 2532.6 13.3 2532.6 13.3 101.2
-Spot 75 78 61597 0.7 5.9659 0.6 11.2565 1.2 0.4873 1.0 0.85 2558.8 20.8 2544.6 10.8 2534.0 10.2 2534.0 10.2 101.0
-Spot 34 124 903899 0.8 4.3737 0.7 19.0007 1.3 0.6030 1.1 0.84 3041.8 25.7 3041.8 12.2 3042.5 11.0 3042.5 11.0 100.0
-Spot 31 88 258778 1.1 4.1313 0.4 19.0672 1.0 0.5716 0.9 0.90 2914.2 21.5 3045.2 9.8 3133.5 7.0 3133.5 7.0 93.0

-Spot 102 90 126241 0.8 4.0941 0.8 20.0548 1.1 0.5958 0.8 0.69 3012.7 18.2 3094.0 10.6 3147.9 12.5 3147.9 12.5 95.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Chapman 3469-Spot 37 865 23048 2.5 19.6397 1.2 0.0446 2.9 0.0064 2.6 0.91 40.9 1.1 44.4 1.3 237.1 28.2 40.9 1.1
Chapman 3469-Spot 21 246 9620 1.1 20.9155 1.8 0.0428 2.2 0.0065 1.2 0.54 41.7 0.5 42.5 0.9 89.9 43.4 41.7 0.5
Chapman 3469-Spot 15 108 5994 1.4 21.2363 3.4 0.0432 3.8 0.0067 1.6 0.42 42.8 0.7 43.0 1.6 53.7 82.2 42.8 0.7
Chapman 3469-Spot 53 457 5279 3.8 20.1901 1.9 0.0482 2.4 0.0071 1.5 0.62 45.4 0.7 47.8 1.1 172.9 44.2 45.4 0.7
Chapman 3469-Spot 24 394 830 1.7 4.6318 37.1 0.2496 37.6 0.0084 5.7 0.15 53.8 3.0 226.2 76.3 2950.3 624.7 53.8 3.0
Chapman 3469-Spot 36 286 20934 2.0 18.1960 3.4 0.0712 4.2 0.0094 2.4 0.57 60.3 1.4 69.8 2.8 410.5 76.7 60.3 1.4
Chapman 3469-Spot 11 199 14750 1.4 19.7445 1.1 0.2384 1.7 0.0342 1.3 0.77 216.5 2.8 217.1 3.3 224.8 24.8 216.5 2.8
Chapman 3469-Spot 28 202 433583 2.4 19.3806 1.5 0.2461 2.2 0.0346 1.6 0.74 219.3 3.5 223.4 4.4 267.6 33.6 219.3 3.5
Chapman 3469-Spot 22 173 20185 2.3 19.0210 1.2 0.2571 1.5 0.0355 0.9 0.61 224.8 2.0 232.3 3.2 310.4 27.4 224.8 2.0
Chapman 3469-Spot 54 193 107579 2.4 17.6245 2.5 0.2837 2.8 0.0363 1.3 0.47 229.7 2.9 253.6 6.3 481.4 54.6 229.7 2.9
Chapman 3469-Spot 12 82 5805 1.4 19.5782 1.3 0.2842 1.7 0.0404 1.0 0.58 255.2 2.4 254.0 3.7 244.3 31.0 255.2 2.4
Chapman 3469-Spot 14 51 3943 1.4 20.1380 1.9 0.2790 2.3 0.0408 1.2 0.54 257.5 3.1 249.8 5.0 179.0 44.5 257.5 3.1
Chapman 3469-Spot 39 167 19674 2.3 19.3724 1.0 0.2956 1.4 0.0416 1.0 0.71 262.4 2.5 263.0 3.1 268.6 21.9 262.4 2.5
Chapman 3469-Spot 17 142 16113 2.5 19.4046 1.6 0.3075 2.2 0.0433 1.5 0.69 273.2 4.0 272.2 5.2 264.8 36.4 273.2 4.0
Chapman 3469-Spot 13 81 14166 1.6 19.4415 1.7 0.3090 2.1 0.0436 1.3 0.59 275.1 3.4 273.4 5.1 260.5 39.7 275.1 3.4
Chapman 3469-Spot 34 164 46600 1.5 19.4269 1.0 0.3175 1.5 0.0448 1.1 0.73 282.3 3.0 280.0 3.7 262.1 23.7 282.3 3.0
Chapman 3469-Spot 52 55 9629 2.7 19.3004 2.4 0.3206 2.7 0.0449 1.2 0.46 283.1 3.4 282.3 6.6 277.2 54.5 283.1 3.4
Chapman 3469-Spot 41 106 38085 2.3 18.0385 1.6 0.3468 1.9 0.0454 1.1 0.55 286.1 3.0 302.3 5.1 429.9 36.0 286.1 3.0
Chapman 3469-Spot 56 126 54775 2.9 19.1244 1.3 0.3271 1.8 0.0454 1.3 0.71 286.2 3.6 287.4 4.6 298.1 29.1 286.2 3.6
Chapman 3469-Spot 31 537 113292 1.8 19.2922 1.0 0.3245 1.6 0.0454 1.3 0.79 286.4 3.6 285.4 4.1 278.1 22.7 286.4 3.6
Chapman 3469-Spot 26 56 5157 1.7 20.0981 2.3 0.3148 2.6 0.0459 1.2 0.45 289.4 3.3 277.9 6.3 183.6 54.2 289.4 3.3
Chapman 3469-Spot 15 91 8758 1.4 6.3601 8.6 1.0291 8.7 0.0475 1.1 0.13 299.1 3.3 718.5 44.7 2426.1 146.2 299.1 3.3
Chapman 3469-Spot 03 92 42897 2.1 18.4274 1.4 0.3569 1.9 0.0477 1.3 0.68 300.5 3.8 309.9 5.1 382.1 31.4 300.5 3.8
Chapman 3469-Spot 25 99 27081 2.9 16.3252 1.8 0.4041 2.1 0.0479 1.1 0.54 301.4 3.4 344.6 6.1 648.2 37.9 301.4 3.4
Chapman 3469-Spot 23 136 23590 2.3 19.1100 1.3 0.3631 1.8 0.0503 1.3 0.71 316.7 4.1 314.5 5.0 299.8 29.7 316.7 4.1
Chapman 3469-Spot 55 80 95151 1.8 18.3236 1.4 0.3813 1.9 0.0507 1.3 0.70 318.8 4.1 328.0 5.3 394.8 30.6 318.8 4.1
Chapman 3469-Spot 50 97 5989 2.4 10.7794 8.5 0.6607 9.2 0.0517 3.7 0.40 324.8 11.7 515.0 37.3 1483.2 160.8 324.8 11.7
Chapman 3469-Spot 01 80 9520 2.1 13.6985 5.4 0.5206 6.3 0.0517 3.3 0.53 325.2 10.5 425.5 21.9 1014.0 108.7 325.2 10.5
Chapman 3469-Spot 20 114 14434 1.5 17.4627 1.7 0.4976 4.7 0.0631 4.4 0.93 394.2 16.9 410.1 16.0 501.7 37.3 394.2 16.9
Chapman 3469-Spot 30 175 102975 1.8 18.0757 0.8 0.5053 1.7 0.0663 1.4 0.87 413.6 5.8 415.3 5.7 425.3 18.6 413.6 5.8
Chapman 3469-Spot 42 79 10154 1.8 17.9272 1.6 0.5483 1.9 0.0713 1.1 0.58 444.1 4.8 443.9 6.9 443.6 34.8 444.1 4.8
Chapman 3469-Spot 48 133 43807 1.5 17.8788 0.7 0.5687 1.3 0.0738 1.1 0.83 458.8 4.7 457.2 4.7 449.7 16.0 458.8 4.7
Chapman 3469-Spot 49 165 43181 1.4 17.5994 1.3 0.5991 1.9 0.0765 1.4 0.72 475.2 6.3 476.6 7.3 484.6 29.4 475.2 6.3
Chapman 3469-Spot 10 58 15038 4.0 17.0549 1.2 0.7115 1.7 0.0880 1.2 0.72 544.0 6.4 545.6 7.2 553.5 25.8 544.0 6.4
Chapman 3469-Spot 18 165 175634 1.8 16.9593 0.9 0.7307 1.7 0.0899 1.4 0.84 555.1 7.5 557.0 7.2 565.8 19.9 555.1 7.5
Chapman 3469-Spot 06 194 138631 1.7 16.8229 1.1 0.7899 1.7 0.0964 1.2 0.73 593.4 6.9 591.1 7.5 583.3 24.7 593.4 6.9
Chapman 3469-Spot 44 105 33069 1.2 16.7916 1.2 0.8013 1.7 0.0976 1.2 0.72 600.5 6.8 597.6 7.5 587.4 25.0 600.5 6.8
Chapman 3469-Spot 16 116 96540 3.6 16.5209 1.3 0.8164 1.7 0.0979 1.1 0.67 601.9 6.5 606.0 7.8 622.5 27.4 601.9 6.5
Chapman 3469-Spot 32 46 73024 2.3 16.1467 1.3 0.9196 1.7 0.1077 1.0 0.61 659.6 6.4 662.2 8.1 671.8 28.0 659.6 6.4
Chapman 3469-Spot 35 130 98722 2.0 15.1422 1.0 1.1989 1.5 0.1317 1.1 0.75 797.7 8.2 800.1 8.1 807.6 20.4 797.7 8.2
Chapman 3469-Spot 08 73 37381 1.9 14.7029 0.8 1.3778 1.3 0.1470 1.1 0.80 884.1 8.7 879.5 7.8 869.0 16.4 884.1 8.7
Chapman 3469-Spot 33 160 145959 2.4 13.8375 0.8 1.6846 1.7 0.1691 1.5 0.90 1007.4 14.3 1002.7 10.9 993.5 15.5 993.5 15.5
Chapman 3469-Spot 46 22 15300 2.8 13.7970 1.5 1.6704 1.9 0.1672 1.2 0.63 996.8 11.2 997.3 12.2 999.4 30.2 999.4 30.2
Chapman 3469-Spot 47 42 62744 2.2 13.6302 1.2 1.7219 1.5 0.1703 1.0 0.65 1013.7 9.4 1016.7 9.8 1024.1 23.5 1024.1 23.5
Chapman 3469-Spot 27 28 20211 2.8 13.5995 1.1 1.6142 1.6 0.1593 1.3 0.77 952.8 11.2 975.7 10.3 1028.6 21.3 1028.6 21.3

Chapman 3469-91500 54 27285 3.0 13.5238 0.8 1.8348 1.3 0.1800 1.0 0.76 1067.2 9.6 1058.0 8.4 1039.9 16.9 1039.9 16.9
Chapman 3469-Spot 09 65 65664 0.9 13.5148 0.9 1.7773 1.5 0.1743 1.1 0.77 1035.7 10.9 1037.2 9.5 1041.3 18.8 1041.3 18.8
Chapman 3469-Spot 57 127 110398 1.0 13.4949 0.7 1.7940 1.7 0.1757 1.5 0.90 1043.2 14.5 1043.3 10.9 1044.2 14.5 1044.2 14.5

Chapman 3469-91500 68 62403 2.8 13.4555 0.8 1.8671 1.1 0.1823 0.8 0.70 1079.5 7.5 1069.5 7.1 1050.2 15.5 1050.2 15.5
Chapman 3469-91500 68 47396 2.8 13.4308 0.7 1.8544 1.1 0.1807 0.8 0.73 1070.9 7.8 1065.0 7.1 1053.9 15.0 1053.9 15.0
Chapman 3469-91500 75 565096 2.9 13.4094 0.8 1.8346 1.2 0.1785 0.8 0.71 1058.8 8.2 1057.9 7.7 1057.1 16.6 1057.1 16.6
Chapman 3469-91500 50 32204 2.9 13.3915 0.8 1.9061 1.4 0.1852 1.1 0.82 1095.4 11.4 1083.2 9.2 1059.8 16.0 1059.8 16.0
Chapman 3469-91500 53 52874 2.9 13.3741 0.9 1.8634 1.3 0.1808 0.9 0.72 1071.5 9.1 1068.2 8.5 1062.4 18.0 1062.4 18.0
Chapman 3469-91500 56 32529 2.8 13.3521 1.0 1.8928 1.5 0.1834 1.1 0.75 1085.4 11.1 1078.6 9.8 1065.7 19.4 1065.7 19.4
Chapman 3469-91500 71 65886 2.8 13.3255 0.9 1.8645 1.2 0.1803 0.8 0.68 1068.5 8.3 1068.6 8.2 1069.7 18.3 1069.7 18.3
Chapman 3469-91500 56 220139 2.8 13.3151 0.9 1.8827 1.2 0.1819 0.9 0.71 1077.3 8.7 1075.0 8.2 1071.3 17.3 1071.3 17.3
Chapman 3469-91500 71 710411 2.8 13.2912 0.8 1.8685 1.3 0.1802 1.1 0.81 1068.0 10.4 1070.0 8.6 1074.9 15.2 1074.9 15.2
Chapman 3469-91500 55 49985 2.9 13.2866 0.6 1.8979 1.1 0.1830 0.9 0.83 1083.2 9.0 1080.4 7.2 1075.6 12.2 1075.6 12.2
Chapman 3469-91500 71 44133 2.8 13.2842 0.7 1.8485 0.9 0.1782 0.6 0.64 1057.0 5.9 1062.9 6.2 1075.9 14.5 1075.9 14.5
Chapman 3469-91500 69 96190 2.8 13.2834 0.8 1.8866 1.2 0.1818 0.9 0.73 1077.0 8.5 1076.4 7.7 1076.1 15.9 1076.1 15.9
Chapman 3469-91500 55 87290 2.9 13.2822 0.8 1.8983 1.2 0.1829 0.9 0.73 1083.0 8.9 1080.5 8.2 1076.2 16.8 1076.2 16.8
Chapman 3469-91500 56 81505 2.8 13.2525 1.1 1.8998 1.5 0.1827 1.0 0.65 1081.6 9.7 1081.0 10.0 1080.7 22.9 1080.7 22.9

Chapman 3469-Spot 58 58 30295 2.2 13.1363 3.1 1.7042 4.4 0.1624 3.1 0.71 970.3 27.8 1010.1 28.0 1098.4 62.0 1098.4 62.0
Chapman 3469-Spot 43 128 459248 1.7 9.3629 0.9 4.4035 2.1 0.2992 1.9 0.91 1687.1 28.1 1713.0 17.2 1745.6 15.8 1745.6 15.8
Chapman 3469-Spot 29 56 768194 2.0 9.0290 0.8 5.2143 1.5 0.3416 1.2 0.82 1894.4 19.8 1855.0 12.5 1811.8 15.2 1811.8 15.2
Chapman 3469-Spot 02 155 1709143 1.9 9.0127 0.8 4.8846 1.9 0.3194 1.7 0.91 1786.9 27.1 1799.6 16.0 1815.1 14.0 1815.1 14.0
Chapman 3469-Spot 45 83 124580 1.3 8.9631 1.5 4.8969 3.1 0.3185 2.8 0.88 1782.3 43.0 1801.7 26.6 1825.1 27.4 1825.1 27.4
Chapman 3469-Spot 07 108 91683 1.3 8.9345 0.9 4.8174 1.7 0.3123 1.5 0.86 1752.0 22.5 1787.9 14.3 1830.9 15.7 1830.9 15.7
Chapman 3469-Spot 05 97 2019125 1.0 8.9072 0.7 5.1979 1.3 0.3359 1.1 0.83 1867.1 17.5 1852.3 11.1 1836.5 13.2 1836.5 13.2
Chapman 3469-Spot 19 35 111933 1.9 6.2472 0.8 10.5468 1.5 0.4781 1.2 0.82 2518.9 25.3 2484.0 13.7 2456.4 14.2 2456.4 14.2



389 
 

 
  

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

-87 461 6170 1.9 21.5417 3.1 0.0329 3.4 0.0051 1.5 0.43 33.0 0.5 32.8 1.1 19.6 73.3 33.0 0.5
-91 501 6882 2.0 21.5854 2.0 0.0328 2.5 0.0051 1.5 0.61 33.0 0.5 32.8 0.8 14.7 47.4 33.0 0.5
-98 546 14543 1.6 21.2778 2.5 0.0339 3.2 0.0052 2.0 0.63 33.7 0.7 33.9 1.1 49.1 58.8 33.7 0.7
-83 84 9485 1.9 20.2365 2.0 0.2391 2.3 0.0351 1.1 0.46 222.5 2.3 217.7 4.5 167.6 47.5 222.5 2.3
-95 216 37934 1.3 18.5966 1.1 0.2821 1.6 0.0381 1.1 0.71 240.8 2.7 252.3 3.6 361.5 25.5 240.8 2.7
-84 175 22000 2.0 19.0125 1.4 0.2868 1.7 0.0396 1.0 0.57 250.2 2.4 256.1 3.8 311.4 31.4 250.2 2.4
-90 59 2747 2.3 18.8332 3.2 0.2951 3.5 0.0403 1.4 0.41 254.9 3.6 262.6 8.2 333.0 73.0 254.9 3.6
-92 107 76225 0.9 18.7694 1.5 0.3140 1.9 0.0428 1.1 0.59 270.0 2.9 277.3 4.5 340.7 34.1 270.0 2.9
-93 287 117717 2.6 18.2418 1.2 0.3284 1.4 0.0435 0.7 0.49 274.3 1.8 288.3 3.4 404.8 26.5 274.3 1.8
-85 137 9255 2.4 19.7809 1.8 0.3083 2.2 0.0442 1.4 0.61 279.1 3.7 272.8 5.3 220.5 41.0 279.1 3.7
-96 159 19935 4.1 15.7621 2.9 0.3873 3.3 0.0443 1.5 0.47 279.4 4.2 332.4 9.4 723.1 62.1 279.4 4.2
-89 201 9879 2.7 18.8776 1.8 0.3269 2.3 0.0448 1.5 0.62 282.4 4.0 287.2 5.9 327.6 41.6 282.4 4.0
-94 117 2173949 1.3 17.7100 1.6 0.3861 1.9 0.0496 1.1 0.55 312.2 3.2 331.5 5.4 470.7 35.2 312.2 3.2
-86 342 99775 0.9 15.1787 1.1 1.0954 1.8 0.1206 1.4 0.80 734.3 9.7 751.1 9.3 802.6 22.3 734.3 9.7
-88 55 46346 0.9 8.2769 1.0 5.5194 1.4 0.3315 1.1 0.73 1845.5 16.9 1903.6 12.3 1968.3 17.4 1968.3 17.4

Chapman dsh5090b-Spot 55 77 475 1.4 56.3266 16.4 0.0129 16.4 0.0053 1.5 0.09 33.8 0.5 13.0 2.1 NA NA 33.8 0.5
Chapman dsh5090b-Spot 47 352 2397 1.9 21.0487 5.3 0.0345 5.5 0.0053 1.4 0.26 33.9 0.5 34.4 1.9 74.9 126.1 33.9 0.5
Chapman dsh5090b-Spot 42 247 1047 1.6 29.6462 2.3 0.0248 2.5 0.0053 0.9 0.36 34.3 0.3 24.9 0.6 NA NA 34.3 0.3
Chapman dsh5090b-Spot 79 265 18701 1.8 21.2041 2.1 0.0348 3.0 0.0053 2.2 0.72 34.4 0.7 34.7 1.0 57.4 49.3 34.4 0.7
Chapman dsh5090b-Spot 21 138 32783 1.3 20.3877 2.6 0.0363 2.9 0.0054 1.2 0.44 34.5 0.4 36.2 1.0 150.2 60.5 34.5 0.4
Chapman dsh5090b-Spot 10 180 958 2.0 31.0413 4.9 0.0239 5.1 0.0054 1.3 0.26 34.6 0.5 24.0 1.2 NA NA 34.6 0.5
Chapman dsh5090b-Spot 27 304 4278 1.7 22.7932 1.9 0.0327 2.5 0.0054 1.7 0.66 34.8 0.6 32.7 0.8 NA NA 34.8 0.6
Chapman dsh5090b-Spot 11 385 3091 1.5 22.7875 1.9 0.0327 2.2 0.0054 1.2 0.56 34.8 0.4 32.7 0.7 NA NA 34.8 0.4
Chapman dsh5090b-Spot 48 196 3885 1.1 17.7701 5.9 0.0424 6.1 0.0055 1.4 0.23 35.1 0.5 42.1 2.5 463.2 130.6 35.1 0.5
Chapman dsh5090b-Spot 66 135 11784 1.4 19.3491 3.3 0.0390 3.7 0.0055 1.6 0.44 35.2 0.6 38.9 1.4 271.3 75.4 35.2 0.6
Chapman dsh5090b-Spot 72 322 131691 1.6 20.7926 1.5 0.0364 2.0 0.0055 1.3 0.65 35.3 0.5 36.3 0.7 103.9 35.7 35.3 0.5
Chapman dsh5090b-Spot 12 483 3331 1.4 20.9397 2.3 0.0362 2.4 0.0055 0.9 0.39 35.4 0.3 36.1 0.9 87.2 53.5 35.4 0.3
Chapman dsh5090b-Spot 67 215 1605 2.1 25.3716 6.4 0.0300 6.5 0.0055 1.2 0.19 35.5 0.4 30.0 1.9 NA NA 35.5 0.4
Chapman dsh5090b-Spot 32 324 2669 2.0 24.5507 2.8 0.0312 3.2 0.0056 1.6 0.49 35.7 0.6 31.2 1.0 NA NA 35.7 0.6
Chapman dsh5090b-Spot 31 325 11670 1.7 21.3940 1.9 0.0358 2.3 0.0056 1.3 0.56 35.7 0.5 35.7 0.8 36.0 45.1 35.7 0.5
Chapman dsh5090b-Spot 18 179 2270 1.9 23.9493 4.4 0.0320 4.5 0.0056 0.9 0.20 35.7 0.3 32.0 1.4 NA NA 35.7 0.3
Chapman dsh5090b-Spot 40 172 1978 1.5 24.8318 4.1 0.0309 4.3 0.0056 1.2 0.28 35.8 0.4 30.9 1.3 NA NA 35.8 0.4
Chapman dsh5090b-Spot 44 246 2975 1.8 24.6214 3.2 0.0315 3.5 0.0056 1.4 0.41 36.2 0.5 31.5 1.1 NA NA 36.2 0.5
Chapman dsh5090b-Spot 61 127 2621 1.2 19.1134 4.5 0.0408 4.7 0.0057 1.3 0.28 36.4 0.5 40.6 1.9 299.4 103.0 36.4 0.5
Chapman dsh5090b-Spot 36 207 33101 1.1 21.2096 3.5 0.0368 4.2 0.0057 2.2 0.53 36.4 0.8 36.7 1.5 56.7 84.1 36.4 0.8
Chapman dsh5090b-Spot 63 143 2002 0.9 24.9940 4.8 0.0313 5.2 0.0057 2.0 0.38 36.5 0.7 31.3 1.6 NA NA 36.5 0.7
Chapman dsh5090b-Spot 25 305 30715 1.7 21.2621 1.4 0.0370 2.0 0.0057 1.4 0.71 36.7 0.5 36.9 0.7 50.8 33.5 36.7 0.5
Chapman dsh5090b-Spot 19 106 884 1.5 31.0935 9.0 0.0254 9.1 0.0057 1.4 0.15 36.9 0.5 25.5 2.3 NA NA 36.9 0.5
Chapman dsh5090b-Spot 58 155 775 1.4 13.8848 15.3 0.0583 15.3 0.0059 1.2 0.08 37.8 0.4 57.6 8.6 986.6 312.2 37.8 0.4
Chapman dsh5090b-Spot 59 204 18487 2.4 22.3556 2.9 0.0367 3.5 0.0060 2.0 0.55 38.2 0.7 36.6 1.3 NA NA 38.2 0.7
Chapman dsh5090b-Spot 07 350 30454 1.3 21.6165 2.2 0.0384 2.7 0.0060 1.5 0.57 38.8 0.6 38.3 1.0 11.3 52.8 38.8 0.6
Chapman dsh5090b-Spot 82 291 11615 1.4 21.1367 2.3 0.0413 3.0 0.0063 1.9 0.63 40.7 0.8 41.1 1.2 65.0 55.2 40.7 0.8
Chapman dsh5090b-Spot 46 354 9072 1.1 20.2421 1.5 0.0573 1.9 0.0084 1.3 0.65 54.1 0.7 56.6 1.1 166.9 34.1 54.1 0.7
Chapman dsh5090b-Spot 71 84 1095 1.6 27.8318 11.9 0.0554 12.1 0.0112 1.7 0.14 71.7 1.2 54.7 6.4 NA NA 71.7 1.2
Chapman dsh5090b-Spot 20 156 22319 6.7 20.7142 2.0 0.0890 3.2 0.0134 2.5 0.77 85.6 2.1 86.6 2.7 112.8 47.8 85.6 2.1
Chapman dsh5090b-Spot 29 145 2919 2.4 23.2581 2.8 0.0900 3.0 0.0152 1.1 0.37 97.2 1.1 87.5 2.5 NA NA 97.2 1.1
Chapman dsh5090b-Spot 28 148 2176 2.0 24.2472 6.7 0.0872 6.9 0.0153 1.8 0.26 98.1 1.7 84.9 5.7 NA NA 98.1 1.7
Chapman dsh5090b-Spot 39 66 1409 2.5 24.1821 7.3 0.0875 7.4 0.0154 1.1 0.15 98.2 1.1 85.2 6.0 NA NA 98.2 1.1
Chapman dsh5090b-Spot 77 101 1746 2.3 24.6520 2.2 0.0860 2.4 0.0154 0.9 0.37 98.4 0.9 83.8 1.9 NA NA 98.4 0.9
Chapman dsh5090b-Spot 51 139 18898 2.6 20.7357 1.6 0.1033 1.9 0.0155 1.0 0.53 99.4 1.0 99.8 1.8 110.4 37.5 99.4 1.0
Chapman dsh5090b-Spot 76 90 3893 2.2 22.7516 2.1 0.0945 2.2 0.0156 0.7 0.32 99.8 0.7 91.7 2.0 NA NA 99.8 0.7
Chapman dsh5090b-Spot 22 59 771 2.6 34.7547 3.5 0.0642 3.7 0.0162 1.1 0.30 103.5 1.1 63.2 2.3 NA NA 103.5 1.1
Chapman dsh5090b-Spot 60 76 4552 2.5 21.8938 3.3 0.1057 3.4 0.0168 0.8 0.24 107.4 0.9 102.0 3.3 NA NA 107.4 0.9
Chapman dsh5090b-Spot 09 105 6788 1.8 20.7464 1.7 0.1715 2.1 0.0258 1.2 0.58 164.3 2.0 160.7 3.1 109.2 40.3 164.3 2.0
Chapman dsh5090b-Spot 23 136 194213 1.1 19.1311 1.3 0.2416 1.7 0.0335 1.0 0.62 212.7 2.2 219.7 3.3 297.3 29.9 212.7 2.2
Chapman dsh5090b-Spot 38 50 5166 1.9 15.1589 5.6 0.3728 5.8 0.0410 1.5 0.26 259.1 3.8 321.8 16.1 805.3 118.2 259.1 3.8
Chapman dsh5090b-Spot 50 64 4460 2.3 19.9342 1.7 0.3068 2.0 0.0444 1.0 0.52 279.9 2.8 271.7 4.7 202.7 38.9 279.9 2.8
Chapman dsh5090b-Spot 03 83 7789 3.3 19.6724 1.8 0.3117 2.3 0.0445 1.4 0.61 280.6 3.9 275.5 5.6 233.3 42.4 280.6 3.9
Chapman dsh5090b-Spot 24 67 30570 4.0 19.0390 1.6 0.3234 1.9 0.0447 0.9 0.50 281.7 2.6 284.5 4.6 308.3 37.0 281.7 2.6
Chapman dsh5090b-Spot 30 66 50482 2.7 18.7657 1.3 0.3306 1.5 0.0450 0.9 0.58 283.9 2.5 290.0 3.9 341.1 28.5 283.9 2.5
Chapman dsh5090b-Spot 06 104 15327 2.8 19.4204 1.7 0.3293 2.2 0.0464 1.3 0.61 292.4 3.8 289.0 5.5 262.9 39.7 292.4 3.8
Chapman dsh5090b-Spot 41 35 3358 3.4 16.1075 2.9 0.4659 3.1 0.0545 1.1 0.36 341.8 3.7 388.4 10.0 677.0 61.5 341.8 3.7
Chapman dsh5090b-Spot 56 33 3243 4.6 19.5079 2.3 0.4425 2.6 0.0626 1.1 0.43 391.6 4.2 372.0 8.0 252.6 53.4 391.6 4.2
Chapman dsh5090b-Spot 35 37 45752 1.8 16.3712 1.3 0.7734 1.7 0.0919 1.1 0.65 566.6 6.0 581.7 7.5 642.2 27.6 566.6 6.0
Chapman dsh5090b-Spot 05 156 14629595 0.7 16.2599 0.9 0.8234 1.7 0.0971 1.5 0.85 597.6 8.3 609.9 7.9 656.8 19.5 597.6 8.3
Chapman dsh5090b-Spot 69 60 18672 1.9 16.5203 1.3 0.8126 1.9 0.0974 1.4 0.76 599.2 8.3 603.9 8.7 622.6 27.1 599.2 8.3
Chapman dsh5090b-Spot 45 66 5468 2.9 16.2778 1.4 0.8248 1.9 0.0974 1.4 0.71 599.3 7.9 610.7 8.9 654.4 29.5 599.3 7.9
Chapman dsh5090b-Spot 14 55 24985 1.0 16.2847 1.1 0.8280 2.0 0.0978 1.7 0.84 601.7 9.6 612.5 9.2 653.5 23.3 601.7 9.6
Chapman dsh5090b-Spot 43 90 95550 3.1 16.5852 1.2 0.8153 1.7 0.0981 1.1 0.68 603.4 6.5 605.4 7.6 614.1 26.3 603.4 6.5
Chapman dsh5090b-Spot 53 46 5869 0.8 16.2656 1.2 0.8560 1.4 0.1010 0.7 0.50 620.4 4.3 627.9 6.8 656.1 26.8 620.4 4.3
Chapman dsh5090b-Spot 62 35 9598 1.3 15.1324 1.5 1.0690 2.0 0.1174 1.2 0.63 715.5 8.4 738.3 10.3 809.0 32.1 715.5 8.4
Chapman dsh5090b-Spot 49 39 7736 0.6 15.2556 1.6 1.0728 2.2 0.1187 1.5 0.70 723.3 10.3 740.1 11.4 792.0 32.7 723.3 10.3
Chapman dsh5090b-Spot 33 120 30337 0.6 15.2409 1.0 1.1094 1.4 0.1227 1.0 0.71 746.0 7.0 757.9 7.5 794.0 20.8 746.0 7.0
Chapman dsh5090b-Spot 54 138 267453 1.4 15.2726 0.7 1.1098 1.2 0.1230 1.0 0.81 747.7 6.8 758.1 6.4 789.7 14.6 747.7 6.8
Chapman dsh5090b-Spot 70 24 22287 3.1 15.0092 1.8 1.1981 2.3 0.1305 1.4 0.61 790.6 10.4 799.7 12.8 826.1 38.3 790.6 10.4
Chapman dsh5090b-Spot 04 44 8704 1.2 14.1596 1.1 1.5371 1.6 0.1579 1.2 0.72 945.2 10.4 945.3 10.1 946.5 23.4 946.5 23.4
Chapman dsh5090b-Spot 13 79 19590 1.2 13.8823 0.9 1.5650 1.5 0.1576 1.2 0.83 943.7 10.9 956.5 9.3 986.9 17.3 986.9 17.3

Chapman dsh5090b-91500 39 6499 3.6 13.7120 0.8 1.7449 1.1 0.1736 0.8 0.69 1031.9 7.5 1025.3 7.3 1011.9 16.6 1011.9 16.6
Chapman dsh5090b-Spot 16 34 42353 1.0 12.3346 1.8 2.0727 2.2 0.1855 1.3 0.59 1097.0 13.4 1139.8 15.3 1223.2 35.3 1223.2 35.3
Chapman dsh5090b-Spot 80 61 57191 1.8 12.0773 0.9 2.4724 1.2 0.2167 0.8 0.66 1264.2 9.2 1264.0 8.7 1264.5 17.6 1264.5 17.6
Chapman dsh5090b-Spot 17 21 17941 1.3 9.7139 1.1 4.1720 1.6 0.2941 1.1 0.68 1661.8 15.5 1668.5 12.8 1677.9 21.2 1677.9 21.2
Chapman dsh5090b-Spot 26 152 98777 0.9 7.7259 0.7 6.4531 1.1 0.3617 0.8 0.74 1990.4 14.1 2039.5 9.8 2090.3 13.1 2090.3 13.1
Chapman dsh5090b-Spot 74 44 39184 1.8 7.5668 0.9 6.4246 1.6 0.3527 1.2 0.80 1947.6 21.0 2035.6 13.7 2126.8 16.4 2126.8 16.4
Chapman dsh5090b-Spot 02 219 162968 1.7 7.0017 1.1 7.4707 1.5 0.3795 1.0 0.70 2074.1 18.4 2169.5 13.3 2261.7 18.4 2261.7 18.4
Chapman dsh5090b-Spot 73 51 46722 0.3 6.2770 1.1 9.7905 1.4 0.4459 0.9 0.62 2377.0 17.0 2415.3 12.7 2448.4 18.4 2448.4 18.4
Chapman dsh5090b-Spot 01 96 48313 1.9 5.2608 0.8 13.6968 1.6 0.5228 1.4 0.87 2711.1 31.4 2729.0 15.5 2742.9 13.4 2742.9 13.4
Chapman dsh5090b-Spot 75 67 42375 1.3 4.8526 0.8 14.1751 1.1 0.4991 0.8 0.74 2609.9 17.9 2761.5 10.7 2874.9 12.4 2874.9 12.4
Chapman dsh5090b-Spot 81 42 31769 1.9 3.3794 0.9 27.1080 1.3 0.6647 1.0 0.73 3285.3 24.5 3387.4 12.8 3449.0 13.8 3449.0 13.8
Chapman dsh5090b-Spot 64 578 332264 5.3 2.7934 1.0 32.2826 2.5 0.6543 2.4 0.93 3245.1 60.1 3559.0 25.1 3741.3 14.6 3741.3 14.6
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

ChapmanJ LAT01-Spot 36 536 20322 1.0 16.6202 0.7 0.2208 1.5 0.0266 1.3 0.90 169.4 2.2 202.5 2.7 609.6 14.2 169.4 2.2
ChapmanJ LAT01-Spot 103 251 61379 1.9 19.7000 1.0 0.2581 1.9 0.0369 1.5 0.83 233.5 3.5 233.1 3.9 230.0 23.7 233.5 3.5
ChapmanJ LAT01-Spot 54 516 37251 0.6 18.2192 1.0 0.2850 1.3 0.0377 0.9 0.66 238.4 2.1 254.6 3.0 407.6 22.7 238.4 2.1
ChapmanJ LAT01-Spot 49 200 182122 1.2 19.2827 0.9 0.2703 1.4 0.0378 1.0 0.74 239.3 2.4 242.9 3.0 279.3 21.4 239.3 2.4
ChapmanJ LAT01-Spot 79 385 100221 2.2 19.4417 0.8 0.2688 1.3 0.0379 1.0 0.78 239.9 2.3 241.7 2.7 260.4 18.2 239.9 2.3
ChapmanJ LAT01-Spot 29 427 219864 2.5 18.6819 1.0 0.2813 1.4 0.0381 1.1 0.74 241.2 2.5 251.7 3.2 351.2 21.9 241.2 2.5
ChapmanJ LAT01-Spot 52 325 88565 1.9 19.5072 1.0 0.2696 1.4 0.0382 1.1 0.73 241.4 2.5 242.4 3.1 252.7 22.7 241.4 2.5

ChapmanJ LAT01-Spot 107 314 40265 2.9 19.7267 0.7 0.2676 1.3 0.0383 1.1 0.82 242.3 2.5 240.7 2.8 226.9 17.1 242.3 2.5
ChapmanJ LAT01-Spot 17 252 417252 0.9 19.4560 0.9 0.2728 1.6 0.0385 1.3 0.80 243.6 3.0 244.9 3.4 258.7 21.6 243.6 3.0

ChapmanJ LAT01-Spot 101 157 24071 1.0 19.5319 1.0 0.2739 1.7 0.0388 1.3 0.80 245.5 3.2 245.8 3.7 249.8 23.0 245.5 3.2
ChapmanJ LAT01-Spot 78 129 42528 1.6 19.7657 0.9 0.2710 1.5 0.0389 1.2 0.79 245.8 2.8 243.5 3.2 222.3 21.3 245.8 2.8
ChapmanJ LAT01-Spot 71 33 28700 3.2 19.3556 1.1 0.2784 1.5 0.0391 1.1 0.70 247.2 2.5 249.4 3.3 270.6 24.7 247.2 2.5
ChapmanJ LAT01-Spot 34 281 40263 1.8 19.4204 0.8 0.2858 1.8 0.0403 1.5 0.88 254.5 3.8 255.2 4.0 262.9 19.4 254.5 3.8
ChapmanJ LAT01-Spot 2 66 103911 1.6 12.8270 6.5 0.4343 6.7 0.0404 1.6 0.24 255.4 4.0 366.2 20.6 1145.9 129.6 255.4 4.0

ChapmanJ LAT01-Spot 46 907 178463 5.1 19.4468 0.8 0.2870 1.4 0.0405 1.2 0.82 255.9 2.9 256.2 3.2 259.8 18.3 255.9 2.9
ChapmanJ LAT01-Spot 8 63 57985 1.1 19.1269 1.5 0.2926 1.9 0.0406 1.2 0.63 256.6 3.0 260.6 4.4 297.8 34.1 256.6 3.0

ChapmanJ LAT01-Spot 93 57 12433 1.9 17.9723 1.4 0.3204 1.7 0.0418 1.0 0.57 263.9 2.6 282.2 4.3 438.1 31.6 263.9 2.6
ChapmanJ LAT01-Spot 89 95 34617 1.7 19.2859 1.4 0.2998 1.7 0.0419 1.0 0.58 264.9 2.5 266.2 3.9 278.9 31.4 264.9 2.5
ChapmanJ LAT01-Spot 27 287 290535 4.6 19.2397 0.9 0.3063 1.4 0.0428 1.1 0.77 269.9 2.9 271.3 3.4 284.3 20.7 269.9 2.9
ChapmanJ LAT01-Spot 43 146 58674 2.0 19.0916 0.7 0.3094 1.3 0.0429 1.1 0.81 270.5 2.8 273.7 3.1 302.0 17.1 270.5 2.8
ChapmanJ LAT01-Spot 90 80 8802 1.6 19.5148 1.3 0.3126 1.7 0.0443 1.2 0.67 279.2 3.2 276.2 4.2 251.8 29.5 279.2 3.2
ChapmanJ LAT01-Spot 87 497 308630 1.4 19.3031 0.7 0.3261 1.4 0.0457 1.2 0.86 287.9 3.5 286.6 3.6 276.8 16.8 287.9 3.5
ChapmanJ LAT01-Spot 62 160 106343 1.8 18.9687 1.0 0.3339 3.5 0.0460 3.4 0.96 289.6 9.6 292.5 8.9 316.7 21.6 289.6 9.6
ChapmanJ LAT01-Spot 85 185 13668139 0.9 19.1406 1.0 0.3309 1.5 0.0460 1.1 0.75 289.6 3.2 290.3 3.8 296.1 22.8 289.6 3.2

ChapmanJ LAT01-Spot 108 68 7163 1.3 12.7105 4.1 0.5021 4.3 0.0463 1.3 0.29 291.8 3.6 413.2 14.7 1164.0 82.2 291.8 3.6
ChapmanJ LAT01-Spot 88 169 103927 0.9 19.2853 0.9 0.3314 1.3 0.0464 1.0 0.74 292.2 2.8 290.7 3.3 279.0 20.4 292.2 2.8
ChapmanJ LAT01-Spot 86 169 26425 1.7 19.3993 1.1 0.3313 1.9 0.0466 1.5 0.80 293.8 4.3 290.5 4.7 265.4 25.9 293.8 4.3
ChapmanJ LAT01-Spot 11 36 18045 2.3 12.1486 5.4 0.5343 5.5 0.0471 0.9 0.17 296.7 2.7 434.6 19.5 1253.0 106.2 296.7 2.7
ChapmanJ LAT01-Spot 14 196 36734 1.3 19.3291 0.8 0.3429 1.8 0.0481 1.6 0.89 302.8 4.8 299.3 4.8 273.7 19.2 302.8 4.8
ChapmanJ LAT01-Spot 20 326 148125 1.6 18.5774 0.8 0.4176 1.3 0.0563 1.0 0.76 353.1 3.3 354.4 3.8 363.9 18.7 353.1 3.3
ChapmanJ LAT01-Spot 1 164 137871 1.4 17.8622 0.9 0.4545 1.3 0.0589 0.9 0.69 369.0 3.3 380.4 4.2 451.7 20.9 369.0 3.3

ChapmanJ LAT01-Spot 28 215 51673 2.6 16.7390 1.6 0.4938 2.5 0.0600 1.9 0.76 375.5 6.9 407.5 8.4 594.2 35.2 375.5 6.9
ChapmanJ LAT01-Spot 60 63 17725 5.0 18.2107 1.4 0.4740 1.7 0.0626 1.0 0.58 391.6 3.8 393.9 5.7 408.7 31.5 391.6 3.8
ChapmanJ LAT01-Spot 83 189 80249 1.5 18.2931 0.8 0.4737 1.3 0.0629 1.1 0.82 393.1 4.1 393.7 4.3 398.5 16.8 393.1 4.1
ChapmanJ LAT01-Spot 96 58 16734 0.8 18.4376 1.4 0.4720 1.8 0.0631 1.1 0.62 394.8 4.3 392.6 5.9 380.9 32.0 394.8 4.3
ChapmanJ LAT01-Spot 73 248 89564 1.5 18.1959 0.8 0.4957 1.3 0.0654 1.0 0.77 408.6 4.0 408.8 4.4 410.5 18.6 408.6 4.0
ChapmanJ LAT01-Spot 63 446 242094 2.2 18.1735 1.0 0.4966 1.3 0.0655 0.8 0.64 408.9 3.2 409.4 4.3 413.2 21.7 408.9 3.2
ChapmanJ LAT01-Spot 53 122 78538 1.6 18.1175 1.0 0.4999 1.4 0.0657 1.0 0.72 410.3 3.9 411.6 4.7 420.1 21.6 410.3 3.9
ChapmanJ LAT01-Spot 45 1125 213343 2.8 17.9585 0.6 0.5070 1.5 0.0661 1.4 0.90 412.4 5.4 416.4 5.1 439.8 14.4 412.4 5.4
ChapmanJ LAT01-Spot 42 297 50114 2.1 18.1358 0.8 0.5050 1.5 0.0664 1.3 0.85 414.7 5.3 415.0 5.2 417.9 17.8 414.7 5.3
ChapmanJ LAT01-Spot 31 618 59218 1.5 17.3966 0.8 0.5277 1.4 0.0666 1.2 0.84 415.7 4.9 430.3 5.0 510.1 16.9 415.7 4.9
ChapmanJ LAT01-Spot 57 103 56458 0.7 18.0637 1.0 0.5090 1.7 0.0667 1.4 0.82 416.4 5.7 417.8 5.9 426.8 22.0 416.4 5.7
ChapmanJ LAT01-Spot 59 872 351249 3.9 18.0513 0.8 0.5166 1.3 0.0677 1.1 0.82 422.1 4.5 422.9 4.6 428.3 17.0 422.1 4.5
ChapmanJ LAT01-Spot 55 179 60175 2.1 17.9114 1.0 0.5216 1.5 0.0678 1.0 0.72 422.8 4.3 426.2 5.0 445.6 22.3 422.8 4.3
ChapmanJ LAT01-Spot 61 244 100024 1.3 18.2348 0.9 0.5145 1.4 0.0681 1.1 0.76 424.6 4.5 421.5 5.0 405.7 20.8 424.6 4.5
ChapmanJ LAT01-Spot 39 361 104766 1.6 17.7655 1.0 0.5296 1.7 0.0683 1.4 0.82 425.7 5.7 431.5 6.0 463.8 21.8 425.7 5.7
ChapmanJ LAT01-Spot 44 95 84094 1.9 18.0996 1.0 0.5206 1.5 0.0684 1.1 0.73 426.3 4.5 425.5 5.2 422.3 23.0 426.3 4.5
ChapmanJ LAT01-Spot 12 382 115559 1.6 17.9356 0.8 0.5265 1.2 0.0685 0.9 0.75 427.2 3.7 429.5 4.2 442.6 17.5 427.2 3.7
ChapmanJ LAT01-Spot 5 63 15895 0.7 18.0896 1.3 0.5233 1.6 0.0687 1.0 0.58 428.2 4.0 427.3 5.7 423.6 29.8 428.2 4.0

ChapmanJ LAT01-Spot 69 59 31612 31.8 18.0427 1.2 0.5298 1.5 0.0694 0.8 0.55 432.3 3.4 431.7 5.3 429.4 27.9 432.3 3.4
ChapmanJ LAT01-Spot 81 832 464901 3.2 17.5839 0.8 0.5467 1.5 0.0697 1.3 0.85 434.6 5.3 442.8 5.3 486.5 17.3 434.6 5.3

ChapmanJ LAT01-Spot 109 288 497876 1.9 17.8864 0.9 0.5387 1.4 0.0699 1.1 0.79 435.6 4.6 437.6 4.9 448.7 19.0 435.6 4.6
ChapmanJ LAT01-Spot 41 147 31730 1.6 18.1076 1.0 0.5330 1.5 0.0700 1.1 0.75 436.4 4.8 433.8 5.4 421.3 22.3 436.4 4.8
ChapmanJ LAT01-Spot 67 185 86736 1.3 17.6781 1.1 0.5484 1.6 0.0703 1.2 0.73 438.2 5.0 444.0 5.7 474.7 24.0 438.2 5.0

ChapmanJ LAT01-Spot 102 108 21065 1.2 17.7673 1.0 0.5510 1.5 0.0710 1.1 0.75 442.4 4.9 445.6 5.5 463.6 22.2 442.4 4.9
ChapmanJ LAT01-Spot 33 109 19610 1.4 17.7263 1.0 0.5527 1.4 0.0711 1.0 0.70 442.7 4.1 446.8 5.0 468.7 21.6 442.7 4.1
ChapmanJ LAT01-Spot 82 362 249319 1.7 17.7236 0.7 0.5611 1.3 0.0722 1.1 0.83 449.1 4.7 452.2 4.7 469.0 16.1 449.1 4.7
ChapmanJ LAT01-Spot 70 59 1905974 1.4 17.8543 1.0 0.5661 1.5 0.0733 1.1 0.72 456.2 4.6 455.5 5.4 452.7 22.4 456.2 4.6
ChapmanJ LAT01-Spot 16 541 113640 2.5 17.7243 0.9 0.5725 1.5 0.0736 1.2 0.80 458.0 5.2 459.6 5.5 468.9 20.0 458.0 5.2
ChapmanJ LAT01-Spot 40 467 127275 1.3 17.6262 0.8 0.5848 1.5 0.0748 1.3 0.84 464.9 5.6 467.5 5.6 481.2 17.6 464.9 5.6
ChapmanJ LAT01-Spot 21 150 203667 1.4 17.8042 0.8 0.5833 1.4 0.0754 1.2 0.82 468.3 5.2 466.6 5.3 458.9 17.9 468.3 5.2
ChapmanJ LAT01-Spot 76 1036 497258 1.6 17.7067 1.6 0.6005 2.4 0.0772 1.8 0.75 479.1 8.4 477.6 9.2 471.1 35.6 479.1 8.4
ChapmanJ LAT01-Spot 3 708 217792 1.8 17.5798 0.8 0.6066 1.4 0.0774 1.2 0.82 480.4 5.4 481.4 5.4 487.0 18.0 480.4 5.4

ChapmanJ LAT01-Spot 106 87 64771 0.4 16.6738 0.8 0.7937 1.4 0.0960 1.1 0.83 591.1 6.3 593.3 6.1 602.6 16.5 591.1 6.3
ChapmanJ LAT01-Spot 77 75 18685 1.7 15.8532 1.1 0.9788 2.1 0.1126 1.8 0.85 687.8 11.9 693.0 10.8 710.9 24.0 687.8 11.9
ChapmanJ LAT01-Spot 23 27 36664 0.7 15.2729 1.1 1.1414 1.5 0.1265 1.0 0.69 767.8 7.5 773.2 8.1 789.6 22.9 767.8 7.5
ChapmanJ LAT01-Spot 56 38 33858 2.2 15.1996 0.9 1.1945 1.4 0.1317 1.0 0.73 797.8 7.7 798.1 7.7 799.7 19.9 797.8 7.7
ChapmanJ LAT01-Spot 10 218 117319 1.1 14.9967 0.7 1.2127 1.4 0.1320 1.2 0.86 799.1 9.1 806.5 7.8 827.9 15.1 799.1 9.1
ChapmanJ LAT01-Spot 9 817 397052 2.1 14.8078 0.6 1.2842 1.1 0.1380 0.9 0.83 833.2 7.3 838.7 6.4 854.2 12.9 833.2 7.3

ChapmanJ LAT01-Spot 65 60 95201 1.5 14.6117 0.9 1.3648 1.2 0.1447 0.9 0.72 871.2 7.3 873.9 7.3 881.8 17.7 871.2 7.3
ChapmanJ LAT01-Spot 97 116 144446 2.5 14.2994 0.7 1.4658 1.3 0.1521 1.0 0.81 912.6 8.8 916.4 7.7 926.4 15.3 926.4 15.3
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

ChapmanJ LAT01-Spot 25 174 114870 2.6 14.2047 1.0 1.5505 1.7 0.1598 1.3 0.79 955.7 11.9 950.7 10.5 940.0 21.4 940.0 21.4
ChapmanJ LAT01-Spot 105 235 784416 6.8 14.1902 0.7 1.4914 1.2 0.1536 1.0 0.81 920.9 8.2 926.9 7.2 942.1 14.3 942.1 14.3
ChapmanJ LAT01-Spot 100 585 230340 7.4 14.1794 0.6 1.5044 1.1 0.1548 1.0 0.87 927.7 8.6 932.2 7.0 943.7 11.7 943.7 11.7

ChapmanJ LAT01-Spot 4 118 44140 1.6 14.0913 0.7 1.6077 1.4 0.1644 1.2 0.87 981.1 11.3 973.2 9.0 956.4 14.5 956.4 14.5
ChapmanJ LAT01-Spot 84 147 93364 1.9 14.0302 0.7 1.5888 1.1 0.1617 0.8 0.75 966.4 7.5 965.8 6.9 965.3 14.9 965.3 14.9
ChapmanJ LAT01-Spot 64 83 86857 1.9 13.9194 0.8 1.6049 1.3 0.1621 1.0 0.79 968.4 9.1 972.1 8.0 981.5 15.9 981.5 15.9
ChapmanJ LAT01-Spot 80 88 117376 1.6 13.4861 0.7 1.7650 1.3 0.1727 1.2 0.87 1027.1 10.9 1032.7 8.6 1045.6 13.4 1045.6 13.4
ChapmanJ LAT01-Spot 15 353 148105 3.4 11.8967 0.9 2.3498 1.5 0.2028 1.2 0.81 1190.6 13.6 1227.5 11.0 1293.8 17.6 1293.8 17.6
ChapmanJ LAT01-Spot 51 70 67849 2.3 11.7217 0.9 2.6710 1.5 0.2272 1.2 0.80 1319.6 14.6 1320.5 11.3 1322.6 17.7 1322.6 17.7
ChapmanJ LAT01-Spot 99 225 839079 1.9 11.5591 0.7 2.5276 1.3 0.2120 1.1 0.83 1239.4 12.5 1280.0 9.7 1349.6 14.4 1349.6 14.4
ChapmanJ LAT01-Spot 38 590 3341225 2.9 11.4279 1.0 2.7845 1.8 0.2309 1.5 0.85 1339.2 18.7 1351.4 13.7 1371.6 18.8 1371.6 18.8
ChapmanJ LAT01-Spot 6 544 398967 1.4 11.2841 0.8 2.8004 1.3 0.2293 0.9 0.76 1330.7 11.4 1355.6 9.4 1396.0 15.6 1396.0 15.6

ChapmanJ LAT01-Spot 95 195 118889 2.4 11.0236 0.7 2.9324 1.4 0.2346 1.2 0.86 1358.3 14.4 1390.3 10.3 1440.6 13.3 1440.6 13.3
ChapmanJ LAT01-Spot 72 182 1875096 1.4 10.2755 0.7 3.6125 1.2 0.2693 1.0 0.80 1537.4 13.2 1552.3 9.7 1573.3 13.8 1573.3 13.8
ChapmanJ LAT01-Spot 35 28 29187 2.4 9.7410 0.9 3.7842 1.4 0.2675 1.0 0.77 1527.9 14.2 1589.4 10.9 1672.7 16.1 1672.7 16.1
ChapmanJ LAT01-Spot 98 84 1081913 2.1 8.9883 0.9 4.9024 1.6 0.3197 1.2 0.80 1788.4 19.3 1802.7 13.1 1820.0 17.1 1820.0 17.1
ChapmanJ LAT01-Spot 26 84 115321 0.9 8.9536 0.8 4.8778 1.2 0.3169 1.0 0.77 1774.5 14.9 1798.4 10.5 1827.0 14.3 1827.0 14.3
ChapmanJ LAT01-Spot 24 205 653971 4.3 8.9047 0.7 5.1304 1.3 0.3315 1.1 0.82 1845.6 17.2 1841.2 11.0 1837.0 13.4 1837.0 13.4
ChapmanJ LAT01-Spot 66 111 263999 1.5 8.8598 1.0 5.0798 1.3 0.3266 0.8 0.64 1821.7 13.2 1832.7 11.1 1846.1 18.1 1846.1 18.1
ChapmanJ LAT01-Spot 75 95 114462 2.4 8.5945 1.0 5.4778 1.6 0.3416 1.3 0.79 1894.3 21.3 1897.1 14.1 1900.9 18.0 1900.9 18.0
ChapmanJ LAT01-Spot 58 125 28375529 2.4 8.5013 0.9 5.4369 1.9 0.3354 1.6 0.87 1864.4 26.5 1890.7 16.1 1920.5 16.3 1920.5 16.3
ChapmanJ LAT01-Spot 18 76 5296444 1.8 8.1982 0.8 6.2929 1.3 0.3743 1.0 0.80 2049.7 18.0 2017.5 11.3 1985.3 13.9 1985.3 13.9
ChapmanJ LAT01-Spot 91 210 1154566 7.5 8.0413 0.8 5.8166 1.2 0.3394 0.9 0.77 1883.7 15.3 1948.9 10.6 2019.7 13.9 2019.7 13.9
ChapmanJ LAT01-Spot 37 535 46723 2.0 7.9596 0.9 5.1626 1.6 0.2982 1.3 0.83 1682.2 19.5 1846.5 13.4 2037.7 15.5 2037.7 15.5
ChapmanJ LAT01-Spot 47 190 7682964 1.7 7.4654 0.8 7.0496 1.6 0.3819 1.4 0.88 2085.0 24.4 2117.7 13.9 2150.4 13.1 2150.4 13.1
ChapmanJ LAT01-Spot 13 217 1985037 4.7 7.3391 0.7 6.6005 1.2 0.3515 1.0 0.83 1941.7 16.5 2059.4 10.4 2180.1 11.4 2180.1 11.4
ChapmanJ LAT01-Spot 30 82 79422 1.2 6.7444 0.8 8.6788 1.3 0.4247 1.0 0.77 2281.8 19.3 2304.9 11.9 2326.1 14.2 2326.1 14.2
ChapmanJ LAT01-Spot 19 473 6756475 2.0 6.2976 0.7 9.4504 1.3 0.4318 1.2 0.87 2314.0 22.6 2382.7 12.3 2442.8 11.1 2442.8 11.1
ChapmanJ LAT01-Spot 94 319 515812 8.7 6.1825 0.7 10.0919 1.4 0.4527 1.2 0.85 2407.3 23.6 2443.2 12.8 2474.0 12.3 2474.0 12.3
ChapmanJ LAT01-Spot 32 112 142639 1.5 6.0894 0.7 10.8041 1.1 0.4774 0.9 0.76 2515.8 17.9 2506.4 10.5 2499.6 12.3 2499.6 12.3

ChapmanJ LAT01-Spot 110 735 4466552 3.0 6.0262 0.8 10.8149 1.3 0.4729 1.1 0.81 2496.2 22.1 2507.3 12.2 2517.1 12.9 2517.1 12.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

ChapmanJ LAT1022-Spot 24 622 59728 4.6 19.8432 1.0 0.2297 1.5 0.0331 1.1 0.76 209.8 2.3 210.0 2.8 213.2 22.1 209.8 2.3 NA
ChapmanJ LAT1022-Spot 28 301 40214 0.8 19.3642 1.4 0.2412 1.8 0.0339 1.1 0.63 214.9 2.4 219.4 3.6 269.6 32.1 214.9 2.4 NA
ChapmanJ LAT1022-Spot 46 403 29212 1.0 19.8000 1.2 0.2383 1.9 0.0342 1.5 0.78 217.0 3.2 217.1 3.7 218.3 27.8 217.0 3.2 NA
ChapmanJ LAT1022-Spot 45 267 23008 1.1 19.5296 1.3 0.2568 1.7 0.0364 1.0 0.62 230.4 2.3 232.0 3.4 250.0 29.8 230.4 2.3 NA

ChapmanJ LAT1022-Spot 109 117 58045 1.3 16.7229 2.6 0.3137 2.9 0.0381 1.3 0.44 240.8 3.0 277.1 6.9 596.3 55.7 240.8 3.0 NA
ChapmanJ LAT1022-Spot 40 170 27823 0.9 19.5137 1.5 0.2897 2.2 0.0410 1.5 0.71 259.1 3.9 258.3 4.9 251.9 34.8 259.1 3.9 NA
ChapmanJ LAT1022-Spot 38 245 32220 1.3 19.3528 1.2 0.3071 2.1 0.0431 1.7 0.83 272.1 4.6 271.9 5.0 270.9 26.9 272.1 4.6 NA

ChapmanJ LAT1022-Spot 106 148 12746 2.9 19.1422 1.5 0.3192 1.8 0.0443 1.0 0.57 279.6 2.8 281.3 4.5 295.9 34.0 279.6 2.8 NA
ChapmanJ LAT1022-Spot 74 422 68902 1.3 19.0987 0.8 0.3251 1.7 0.0451 1.5 0.88 284.1 4.1 285.8 4.2 301.2 18.0 284.1 4.1 NA
ChapmanJ LAT1022-Spot 1 442 157035 1.2 18.8888 0.9 0.3317 1.5 0.0455 1.2 0.81 286.6 3.3 290.9 3.7 326.3 19.6 286.6 3.3 NA

ChapmanJ LAT1022-Spot 90 329 66656 2.2 19.0400 0.8 0.3364 1.3 0.0465 1.1 0.79 292.8 3.1 294.4 3.4 308.1 18.7 292.8 3.1 NA
ChapmanJ LAT1022-Spot 102 150 5576 2.4 13.5460 6.4 0.4731 6.5 0.0465 1.3 0.20 293.0 3.8 393.4 21.3 1036.6 129.2 293.0 3.8 NA
ChapmanJ LAT1022-Spot 68 183 24352 1.6 19.3090 1.0 0.3365 1.3 0.0471 0.8 0.65 297.0 2.4 294.5 3.3 276.1 22.3 297.0 2.4 NA
ChapmanJ LAT1022-Spot 92 328 21516 2.8 19.1399 1.0 0.3445 1.5 0.0478 1.1 0.75 301.2 3.3 300.5 4.0 296.2 23.1 301.2 3.3 NA
ChapmanJ LAT1022-Spot 64 106 26161 0.9 18.8397 1.5 0.3501 1.8 0.0479 1.0 0.55 301.4 2.9 304.8 4.6 332.2 33.2 301.4 2.9 NA
ChapmanJ LAT1022-Spot 63 153 21627 1.7 19.5405 1.3 0.3377 1.6 0.0479 0.9 0.58 301.5 2.8 295.4 4.1 248.7 30.2 301.5 2.8 NA
ChapmanJ LAT1022-Spot 25 430 51978 2.7 17.9551 1.2 0.3677 1.6 0.0479 1.1 0.68 301.7 3.1 318.0 4.3 440.2 25.7 301.7 3.1 NA
ChapmanJ LAT1022-Spot 7 137 72217 1.6 18.7171 1.1 0.3540 1.6 0.0481 1.3 0.76 302.7 3.7 307.7 4.4 347.0 24.1 302.7 3.7 NA

ChapmanJ LAT1022-Spot 32 1095 37884 1.8 16.8318 1.2 0.3944 2.5 0.0482 2.1 0.87 303.3 6.3 337.6 7.0 582.2 26.2 303.3 6.3 NA
ChapmanJ LAT1022-Spot 62 336 42050 2.4 19.0621 1.1 0.3498 1.6 0.0484 1.2 0.74 304.5 3.5 304.5 4.2 305.5 24.5 304.5 3.5 NA
ChapmanJ LAT1022-Spot 54 180 16756 1.0 19.1164 1.2 0.3518 1.6 0.0488 1.0 0.65 307.1 3.0 306.0 4.1 299.0 27.0 307.1 3.0 NA
ChapmanJ LAT1022-Spot 87 264 251646 1.1 18.7244 1.1 0.3603 1.6 0.0490 1.2 0.73 308.1 3.6 312.4 4.4 346.1 25.0 308.1 3.6 NA
ChapmanJ LAT1022-Spot 8 33 5709 1.6 19.9778 3.2 0.3401 3.4 0.0493 1.3 0.36 310.2 3.8 297.2 8.9 197.6 74.4 310.2 3.8 NA

ChapmanJ LAT1022-Spot 59 96 16560 1.8 19.1578 1.3 0.3550 1.7 0.0493 1.1 0.63 310.5 3.3 308.5 4.6 294.1 30.7 310.5 3.3 NA
ChapmanJ LAT1022-Spot 88 139 70604 1.7 18.8872 1.2 0.3643 1.5 0.0499 0.8 0.58 314.0 2.6 315.4 3.9 326.5 27.0 314.0 2.6 NA
ChapmanJ LAT1022-Spot 4 464 529193 1.0 18.7782 1.0 0.3675 1.4 0.0501 1.0 0.72 315.0 3.2 317.8 3.9 339.6 22.5 315.0 3.2 NA

ChapmanJ LAT1022-Spot 23 183 22884 1.2 17.6542 2.4 0.3919 2.9 0.0502 1.6 0.55 315.7 4.8 335.7 8.2 477.7 53.3 315.7 4.8 NA
ChapmanJ LAT1022-Spot 13 173 8395 1.3 12.0688 7.6 0.5744 7.8 0.0503 2.0 0.26 316.4 6.3 460.9 29.0 1265.9 147.8 316.4 6.3 NA
ChapmanJ LAT1022-Spot 36 257 14012 1.2 19.3264 0.8 0.3623 1.3 0.0508 1.1 0.81 319.5 3.3 313.9 3.5 274.0 17.7 319.5 3.3 NA
ChapmanJ LAT1022-Spot 58 257 94908 1.2 18.7165 1.2 0.3746 1.6 0.0509 1.1 0.69 319.9 3.4 323.0 4.4 347.1 26.2 319.9 3.4 NA
ChapmanJ LAT1022-Spot 56 187 36749 1.4 17.5617 1.7 0.3996 2.1 0.0509 1.2 0.59 320.2 3.9 341.4 6.1 489.3 37.7 320.2 3.9 NA
ChapmanJ LAT1022-Spot 34 167 23738 1.8 18.9627 1.1 0.3716 1.4 0.0511 0.9 0.64 321.5 2.9 320.9 4.0 317.4 25.1 321.5 2.9 NA
ChapmanJ LAT1022-Spot 43 177 20294 1.5 18.9430 1.8 0.3729 2.3 0.0513 1.4 0.61 322.2 4.3 321.8 6.2 319.8 40.8 322.2 4.3 NA
ChapmanJ LAT1022-Spot 96 93 15449 1.4 19.2294 1.0 0.3711 1.5 0.0518 1.1 0.72 325.4 3.4 320.5 4.1 285.6 23.5 325.4 3.4 NA
ChapmanJ LAT1022-Spot 16 263 9844153 1.6 18.4500 1.1 0.3875 1.7 0.0519 1.3 0.77 326.0 4.1 332.5 4.8 379.4 24.1 326.0 4.1 NA
ChapmanJ LAT1022-Spot 22 143 15153 1.7 19.0529 1.3 0.3804 1.7 0.0526 1.2 0.67 330.4 3.7 327.4 4.8 306.6 29.3 330.4 3.7 NA
ChapmanJ LAT1022-Spot 60 260 50793 0.7 18.7125 1.3 0.3876 1.6 0.0526 1.0 0.60 330.7 3.1 332.7 4.6 347.5 29.2 330.7 3.1 NA
ChapmanJ LAT1022-Spot 80 191 21890 1.2 18.8759 0.9 0.3866 1.3 0.0529 0.9 0.72 332.6 3.1 331.9 3.7 327.8 20.8 332.6 3.1 NA
ChapmanJ LAT1022-Spot 53 143 16331 1.1 18.9375 1.1 0.3860 1.4 0.0530 0.9 0.63 333.1 2.9 331.4 4.1 320.5 25.3 333.1 2.9 NA
ChapmanJ LAT1022-Spot 98 162 11712 1.2 19.0927 1.7 0.3851 2.0 0.0533 1.1 0.53 335.0 3.4 330.8 5.6 301.8 38.7 335.0 3.4 NA

ChapmanJ LAT1022-Spot 103 146 21818 1.5 18.7880 1.0 0.4022 1.5 0.0548 1.2 0.76 344.1 3.9 343.2 4.4 338.4 22.1 344.1 3.9 NA
ChapmanJ LAT1022-Spot 35 35 6034 2.4 19.4479 1.7 0.3907 2.0 0.0551 1.0 0.49 345.9 3.2 334.9 5.6 259.7 39.0 345.9 3.2 NA

ChapmanJ LAT1022-Spot 110 265 23617 1.1 19.0698 1.1 0.3987 1.4 0.0552 0.8 0.62 346.1 2.8 340.7 3.9 304.6 24.5 346.1 2.8 NA
ChapmanJ LAT1022-Spot 67 210 3378 2.8 7.6624 11.4 1.0683 11.8 0.0594 3.1 0.26 371.9 11.2 737.9 61.9 2104.8 200.1 371.9 11.2 NA
ChapmanJ LAT1022-Spot 47 487 138946 2.7 18.2939 0.8 0.4522 1.3 0.0600 1.1 0.81 375.7 3.9 378.8 4.2 398.4 17.6 375.7 3.9 NA
ChapmanJ LAT1022-Spot 86 336 21538 1.3 18.5799 0.7 0.4497 1.4 0.0606 1.2 0.88 379.4 4.5 377.1 4.4 363.6 14.8 379.4 4.5 NA
ChapmanJ LAT1022-Spot 55 110 14133 1.2 18.7920 1.2 0.4457 1.7 0.0608 1.1 0.68 380.3 4.2 374.2 5.3 337.9 28.1 380.3 4.2 NA
ChapmanJ LAT1022-Spot 26 156 62888 0.5 18.1783 1.3 0.4609 2.5 0.0608 2.2 0.86 380.4 8.0 384.9 8.0 412.6 28.7 380.4 8.0 NA
ChapmanJ LAT1022-Spot 5 405 33738 2.2 13.3713 3.9 0.6284 4.0 0.0610 1.0 0.26 381.5 3.8 495.1 15.7 1062.8 77.8 381.5 3.8 NA

ChapmanJ LAT1022-Spot 72 64 12725 1.1 18.2357 1.8 0.4660 2.1 0.0617 1.0 0.48 385.7 3.7 388.4 6.7 405.6 41.0 385.7 3.7 NA
ChapmanJ LAT1022-Spot 75 89 25648 1.7 18.3597 1.1 0.4656 1.3 0.0620 0.7 0.51 387.9 2.6 388.1 4.3 390.4 25.7 387.9 2.6 NA
ChapmanJ LAT1022-Spot 78 298 22276 1.8 18.3393 1.1 0.4706 1.5 0.0626 1.0 0.69 391.5 3.9 391.6 4.8 392.9 24.3 391.5 3.9 NA
ChapmanJ LAT1022-Spot 71 171 15210 1.1 18.5927 1.1 0.4642 1.4 0.0626 0.9 0.63 391.6 3.4 387.2 4.6 362.0 24.8 391.6 3.4 NA
ChapmanJ LAT1022-Spot 17 245 51123 1.5 18.3358 1.1 0.4730 1.5 0.0629 1.0 0.66 393.4 3.8 393.2 4.9 393.3 25.3 393.4 3.8 NA
ChapmanJ LAT1022-Spot 30 470 47212 1.7 18.1256 0.9 0.4816 1.4 0.0633 1.0 0.76 395.9 3.9 399.2 4.5 419.1 19.7 395.9 3.9 NA
ChapmanJ LAT1022-Spot 20 151 76566 3.2 18.2636 0.9 0.4791 1.4 0.0635 1.0 0.72 396.8 3.8 397.4 4.5 402.2 21.2 396.8 3.8 NA
ChapmanJ LAT1022-Spot 77 141 27624 2.3 18.4697 1.0 0.4751 1.3 0.0637 0.8 0.61 397.9 3.0 394.7 4.2 377.0 22.6 397.9 3.0 NA
ChapmanJ LAT1022-Spot 49 176 13991 1.5 18.6794 1.3 0.4709 1.9 0.0638 1.3 0.69 398.9 5.0 391.8 6.1 351.5 30.3 398.9 5.0 NA
ChapmanJ LAT1022-Spot 84 224 4252697 1.7 18.2462 0.8 0.4828 1.2 0.0639 1.0 0.78 399.4 3.7 400.0 4.0 404.3 17.0 399.4 3.7 NA
ChapmanJ LAT1022-Spot 89 312 35497 1.7 18.5127 1.4 0.4763 1.8 0.0640 1.2 0.64 399.8 4.5 395.6 5.9 371.7 30.8 399.8 4.5 NA
ChapmanJ LAT1022-Spot 37 443 18896 2.7 16.3980 0.7 0.5380 2.2 0.0640 2.1 0.95 400.0 8.1 437.1 7.8 638.7 14.9 400.0 8.1 NA
ChapmanJ LAT1022-Spot 18 165 61177 2.1 18.2092 1.3 0.4848 1.6 0.0641 1.0 0.60 400.2 3.7 401.4 5.3 408.8 28.8 400.2 3.7 97.9
ChapmanJ LAT1022-Spot 48 171 20077 1.3 18.2872 1.0 0.4892 1.3 0.0649 0.9 0.65 405.4 3.3 404.4 4.4 399.3 22.3 405.4 3.3 101.5

ChapmanJ LAT1022-Spot 100 355 69472 1.1 17.6758 1.3 0.5064 1.6 0.0649 1.0 0.61 405.6 3.8 416.0 5.5 475.0 28.0 405.6 3.8 85.4
ChapmanJ LAT1022-Spot 57 200 2635696 2.3 18.0041 1.1 0.4977 1.5 0.0650 1.0 0.69 406.1 4.0 410.1 5.0 434.1 23.9 406.1 4.0 93.5

ChapmanJ LAT1022-Spot 105 171 54332 2.3 18.0946 1.0 0.4960 1.6 0.0651 1.2 0.77 406.7 4.9 409.0 5.5 422.9 23.4 406.7 4.9 96.2
ChapmanJ LAT1022-Spot 108 175 30329 2.1 17.9518 1.0 0.5010 1.6 0.0653 1.2 0.77 407.6 4.8 412.4 5.3 440.6 22.2 407.6 4.8 92.5
ChapmanJ LAT1022-Spot 83 141 18821 1.6 18.0723 1.1 0.4979 1.4 0.0653 0.8 0.58 407.8 3.2 410.3 4.8 425.7 25.6 407.8 3.2 95.8

ChapmanJ LAT1022-Spot 107 171 105153 1.2 18.1655 1.0 0.4966 1.6 0.0655 1.2 0.78 408.7 4.9 409.4 5.3 414.2 21.8 408.7 4.9 98.7
ChapmanJ LAT1022-Spot 3 382 79837 1.2 18.0634 0.9 0.4999 1.3 0.0655 1.0 0.76 409.1 4.0 411.6 4.5 426.8 19.3 409.1 4.0 95.9

ChapmanJ LAT1022-Spot 69 100 51172 1.6 18.0873 1.3 0.5016 1.8 0.0658 1.2 0.68 411.0 4.8 412.8 6.0 423.8 29.3 411.0 4.8 97.0
ChapmanJ LAT1022-Spot 91 353 135955 3.0 18.1368 1.0 0.5014 1.4 0.0660 1.0 0.74 411.9 4.2 412.6 4.8 417.7 21.4 411.9 4.2 98.6
ChapmanJ LAT1022-Spot 41 526 67207 2.4 18.1853 0.9 0.5002 1.3 0.0660 1.0 0.74 412.0 3.9 411.8 4.4 411.8 19.6 412.0 3.9 100.1

ChapmanJ LAT1022-Spot 101 311 282519 2.2 17.8241 1.4 0.5104 1.8 0.0660 1.1 0.61 412.1 4.3 418.7 6.0 456.5 30.7 412.1 4.3 90.3
ChapmanJ LAT1022-Spot 79 368 140269 1.3 18.0044 1.1 0.5076 1.5 0.0663 1.1 0.70 413.9 4.2 416.8 5.2 434.1 24.1 413.9 4.2 95.3
ChapmanJ LAT1022-Spot 6 230 61035 2.7 18.1653 1.0 0.5040 1.5 0.0664 1.1 0.75 414.6 4.6 414.4 5.2 414.2 22.3 414.6 4.6 100.1

ChapmanJ LAT1022-Spot 51 133 123913 1.3 18.0395 1.3 0.5113 1.7 0.0669 1.0 0.61 417.6 4.1 419.3 5.7 429.7 29.5 417.6 4.1 97.2
ChapmanJ LAT1022-Spot 73 139 78359 2.3 18.1607 0.9 0.5097 1.5 0.0672 1.2 0.80 419.0 4.7 418.2 5.0 414.8 19.6 419.0 4.7 101.0
ChapmanJ LAT1022-Spot 42 124 11822 2.0 18.0132 1.1 0.5229 1.5 0.0683 0.9 0.65 426.1 3.9 427.1 5.1 433.0 24.8 426.1 3.9 98.4
ChapmanJ LAT1022-Spot 21 379 36902 2.1 17.8656 0.9 0.5340 1.7 0.0692 1.4 0.84 431.5 5.9 434.5 6.0 451.3 20.4 431.5 5.9 95.6
ChapmanJ LAT1022-Spot 15 241 89716 2.3 18.0123 1.0 0.5362 1.6 0.0701 1.2 0.77 436.7 5.2 435.9 5.6 433.1 22.4 436.7 5.2 100.8
ChapmanJ LAT1022-Spot 85 139 39483 1.9 17.8032 0.9 0.5654 1.5 0.0730 1.2 0.78 454.5 5.1 455.1 5.5 459.1 20.5 454.5 5.1 99.0
ChapmanJ LAT1022-Spot 27 435 75781 1.9 17.7478 0.7 0.5845 1.2 0.0753 1.0 0.82 467.8 4.4 467.3 4.5 466.0 15.2 467.8 4.4 100.4
ChapmanJ LAT1022-Spot 9 246 113436 2.3 17.2190 0.8 0.6420 1.3 0.0802 1.0 0.78 497.3 5.0 503.5 5.4 532.6 18.6 497.3 5.0 93.4

ChapmanJ LAT1022-Spot 19 179 12494 1.6 17.5458 0.9 0.6364 1.3 0.0810 1.0 0.76 502.2 4.8 500.1 5.2 491.3 19.0 502.2 4.8 102.2
ChapmanJ LAT1022-Spot 81 471 62431 2.0 17.3426 0.8 0.6597 1.4 0.0830 1.2 0.82 514.1 5.7 514.4 5.7 516.9 17.7 514.1 5.7 99.5
ChapmanJ LAT1022-Spot 52 414 81826 1.6 14.9873 1.5 1.1087 1.9 0.1206 1.1 0.61 733.8 7.8 757.6 9.9 829.1 30.8 733.8 7.8 88.5
ChapmanJ LAT1022-Spot 99 308 241968 3.2 15.5048 1.3 1.1382 2.1 0.1281 1.7 0.81 776.7 12.6 771.7 11.5 757.9 26.6 776.7 12.6 102.5
ChapmanJ LAT1022-Spot 50 196 70288 2.0 15.1915 1.0 1.1898 1.4 0.1312 1.0 0.68 794.4 7.2 795.9 7.7 800.8 21.5 794.4 7.2 99.2
ChapmanJ LAT1022-Spot 94 102 19211 1.1 14.9314 0.9 1.2879 1.4 0.1395 1.1 0.79 842.0 9.0 840.4 8.2 836.9 18.2 842.0 9.0 100.6
ChapmanJ LAT1022-Spot 65 747 266287 3.0 14.1074 0.7 1.4981 1.3 0.1533 1.1 0.84 919.7 9.1 929.6 7.7 954.1 14.0 954.1 14.0 96.4
ChapmanJ LAT1022-Spot 97 296 65490 1.7 13.9976 0.7 1.6195 1.2 0.1645 1.0 0.81 981.6 8.9 977.8 7.6 970.1 14.5 970.1 14.5 101.2
ChapmanJ LAT1022-Spot 2 271 38415 1.4 13.3111 1.9 1.7140 2.4 0.1655 1.5 0.61 987.5 13.4 1013.8 15.5 1071.9 38.5 1071.9 38.5 92.1

ChapmanJ LAT1022-Spot 10 68 3766648 0.7 11.6056 1.0 2.7476 1.6 0.2314 1.2 0.75 1341.7 14.2 1341.4 11.6 1341.9 19.8 1341.9 19.8 100.0
ChapmanJ LAT1022-Spot 39 60 60578 2.1 9.9854 0.9 3.8703 1.5 0.2804 1.2 0.78 1593.4 16.5 1607.5 12.1 1626.8 17.6 1626.8 17.6 98.0
ChapmanJ LAT1022-Spot 33 49 68952 0.7 6.1475 0.8 10.6037 1.3 0.4730 1.0 0.79 2496.6 21.7 2489.0 12.2 2483.6 13.5 2483.6 13.5 100.5
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Supplementary Table 3: Zircon fission track data 
 

 
  

ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-5090ab (per yr)

Date 5-Sep-17
Analyst JBC No. of Crystals 96

Degrees of Freedom 95
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 47 324 253 41 1.451E+07 77.77 17.23 2742.9 2053
Spot 03 35 324 172 13 1.080E+07 85.13 16.11 280.6 117
Spot 04 19 400 87 3 4.750E+06 74.16 17.45 946.5 260
Spot 05 16 324 295 17 4.938E+06 22.80 5.92 597.6 439
Spot 06 75 324 186 8 2.315E+07 167.53 21.72 292.4 132
Spot 07 19 324 789 87 5.864E+06 10.13 2.61 38.8 73
Spot 08 9 400 206 31 2.250E+06 14.89 5.48 0
Spot 09 39 324 184 6 1.204E+07 88.56 14.84 164.3 73
Spot 10 17 324 362 28 5.247E+06 19.75 5.09 34.6 30
Spot 11 14 324 667 27 4.321E+06 8.83 2.41 34.8 55
Spot 12 21 324 820 35 6.481E+06 10.78 2.43 35.4 69
Spot 13 48 324 156 14 1.481E+07 128.30 22.38 986.9 395
Spot 14 61 324 123 16 1.883E+07 205.55 38.37 601.7 184
Spot 16 31 324 55 6 9.568E+06 233.11 49.62 1223.2 176
Spot 17 29 324 45 2 8.951E+06 267.60 52.18 1677.9 203
Spot 18 21 400 348 13 5.250E+06 20.55 4.62 35.7 37
Spot 19 21 400 192 9 5.250E+06 37.18 8.44 36.9 21 crystallization age
Spot 20 45 324 239 29 1.389E+07 78.81 15.46 85.6 49 crystallization age
Spot 21 10 400 224 11 2.500E+06 15.21 4.90 34.5 23
Spot 22 34 400 121 5 8.500E+06 94.91 17.08 103.5 37 crystallization age
Spot 24 23 324 127 8 7.099E+06 76.00 16.79 281.7 87
Spot 25 18 324 514 15 5.556E+06 14.73 3.55 36.7 45
Spot 27 23 400 473 37 5.750E+06 16.57 3.75 34.8 48
Spot 28 42 324 218 34 1.296E+07 80.63 17.97 98.1 51
Spot 29 41 324 255 12 1.265E+07 67.36 11.30 97.2 59
Spot 30 30 324 108 4 9.259E+06 116.04 21.99 283.9 74
Spot 31 28 324 538 19 8.642E+06 21.88 4.29 35.7 46
Spot 32 26 324 547 21 8.025E+06 19.99 4.07 35.7 47
Spot 33 32 324 178 15 9.877E+06 75.27 15.03 746.0 334
Spot 35 39 324 71 3 1.204E+07 227.60 38.44 566.6 100
Spot 36 17 324 406 22 5.247E+06 17.61 4.43 36.4 35
Spot 37 41 324 93 4 1.265E+07 182.85 30.42 0
Spot 38 44 324 84 8 1.358E+07 216.40 39.22 259.1 53
Spot 39 22 324 125 4 6.790E+06 73.52 16.13 98.2 29
Spot 40 10 400 309 22 2.500E+06 11.03 3.60 35.8 33
Spot 41 35 324 62 2 1.080E+07 235.33 41.62 341.8 51
Spot 42 15 324 429 14 4.630E+06 14.71 3.87 34.3 35
Spot 43 10 400 141 7 2.500E+06 24.22 7.81 603.4 261
Spot 44 21 324 415 22 6.481E+06 21.28 4.85 36.2 36
Spot 45 28 324 114 6 8.642E+06 102.89 20.52 599.3 170
Spot 46 59 324 553 25 1.821E+07 44.78 6.42 54.1 71
Spot 47 18 324 537 41 5.556E+06 14.10 3.54 33.9 43
Spot 48 16 400 428 11 4.000E+06 12.74 3.24 35.1 44
Spot 49 19 400 69 9 4.750E+06 93.80 25.33 723.3 154
Spot 50 34 324 143 6 1.049E+07 99.71 18.10 279.9 97
Spot 51 31 324 295 10 9.568E+06 44.04 8.23 99.4 70
Spot 52 13 400 67 2 3.250E+06 65.85 18.58 0
Spot 53 35 324 101 3 1.080E+07 144.31 25.34 620.4 156
Spot 55 8 400 154 8 2.000E+06 17.67 6.35 33.8 15
Spot 56 21 400 66 4 5.250E+06 107.48 24.62 391.6 78
Spot 57 30 400 35 2 7.500E+06 286.76 55.34 0
Spot 58 10 400 239 12 2.500E+06 14.26 4.60 37.8 27
Spot 59 25 400 383 22 6.250E+06 22.23 4.71 38.2 43
Spot 60 21 400 127 6 5.250E+06 56.16 12.70 107.4 40
Spot 61 10 400 231 9 2.500E+06 14.76 4.74 36.4 25
Spot 62 36 400 68 3 9.000E+06 177.34 31.35 715.5 151
Spot 63 13 400 241 27 3.250E+06 18.37 5.54 36.5 26
Spot 64 43 400 1090 160 1.075E+07 13.44 2.89 3741.3 16200
Spot 65 37 324 60 2 1.142E+07 255.45 44.18 0
Spot 66 10 400 216 11 2.500E+06 15.77 5.09 35.2 22
Spot 67 23 324 299 18 7.099E+06 32.31 7.13 35.5 25 crystallization age
Spot 68 21 324 37 1 6.481E+06 235.96 52.71 0
Spot 69 30 324 85 3 9.259E+06 146.44 27.77 599.2 127
Spot 70 12 324 41 4 3.704E+06 122.39 37.91 790.6 82
Spot 71 13 400 248 55 3.250E+06 17.86 6.38 71.7 52
Spot 72 24 324 694 24 7.407E+06 14.55 3.07 35.3 58
Spot 73 26 324 106 4 8.025E+06 102.19 20.73 2448.4 752
Spot 74 24 324 77 7 7.407E+06 129.78 29.50 2126.8 461
Spot 75 10 400 138 3 2.500E+06 24.62 7.86 2874.9 1469
Spot 76 23 400 194 7 5.750E+06 40.28 8.66 99.8 57
Spot 77 18 324 215 8 5.556E+06 35.10 8.48 98.4 51
Spot 78 7 324 81 2 2.160E+06 36.43 13.86 0
Spot 79 33 324 427 94 1.019E+07 32.47 9.20 34.4 35 crystallization age
Spot 80 4 324 116 9 1.235E+06 14.47 7.33 1264.5 386
Spot 81 47 324 70 4 1.451E+07 276.36 44.91 3449.0 759
Spot 82 24 400 582 38 6.000E+06 14.05 3.06 40.7 70

83 21 324 84 4 6.481E+06 104.07 23.70 222.5 45
84 41 324 185 6 1.265E+07 92.57 15.16 250.2 112
85 34 324 148 7 1.049E+07 95.97 17.46 279.1 100
86 37 324 328 30 1.142E+07 47.33 9.10 734.3 606
87 13 324 552.0 63.0 4.012E+06 9.91 3.00 33.0 43
88 25 324 51 2 7.716E+06 202.82 41.82 1968.3 279
89 47 324 206 21 1.451E+07 95.38 17.38 282.4 141
90 29 324 123.0 15.0 8.951E+06 98.54 22.23 254.863 76
91 20 324 435.0 16.0 6.173E+06 19.33 4.45 33.045 34
92 26 324 117.0 14.0 8.025E+06 92.91 21.65 269.953 77
94 56 324 103.1 8.1 1.728E+07 224.79 35.94 312.176 78
95 43 324 197.3 8.7 1.327E+07 91.14 14.90 240.813 115
96 59 324 164.4 8.2 1.821E+07 149.40 21.64 279.386 111
98 14 324 443.0 44.0 4.321E+06 13.30 3.83 33.663 36
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-3469 (per yr)

Date 5-Sep-17
Analyst JBC No. of Crystals 58

Degrees of Freedom 57
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 24 324 102 4 7.407E+06 98.82 20.94 325.2 80
Spot 02 40 324 192 16 1.235E+07 87.15 15.95 1815.1 956
Spot 03 33 324 135 9 1.019E+07 102.13 19.54 300.5 99
Spot 04 6 400 20 1 1.500E+06 103.07 42.73 0
Spot 05 37 324 121 10 1.142E+07 127.20 23.74 1836.5 612
Spot 06 38 324 242 13 1.173E+07 65.79 11.54 593.4 357
Spot 07 12 324 138 8 3.704E+06 36.52 10.86 1830.9 694
Spot 08 23 324 105 2 7.099E+06 91.77 19.57 884.1 236
Spot 09 41 324 102 5 1.265E+07 167.42 27.96 1041.3 273
Spot 10 8 324 98 6 2.469E+06 34.39 12.42 544.0 132
Spot 11 77 324 288 20 2.377E+07 111.63 15.53 216.5 151
Spot 12 35 441 110 7 7.937E+06 98.15 18.21 255.2 92
Spot 13 9 324 140 21 2.778E+06 27.02 9.93 275.1 93
Spot 14 20 324 78 2 6.173E+06 107.64 24.61 257.5 48
Spot 15 55 324 147 9 1.698E+07 155.78 23.78 299.1 107
Spot 16 53 324 189 10 1.636E+07 117.21 17.79 601.9 283
Spot 17 48 324 210 14 1.481E+07 95.55 15.65 273.2 139
Spot 18 41 324 215 10 1.265E+07 79.82 13.38 555.1 296
Spot 19 14 441 43 2 3.175E+06 99.27 27.10 2456.4 418
Spot 20 46 441 69 16 1.043E+07 203.04 56.36 394.2 91
Spot 21 16 441 286 14 3.628E+06 17.29 4.46 41.7 39
Spot 22 52 324 250 10 1.605E+07 87.15 13.01 224.8 136
Spot 23 37 324 229 22 1.142E+07 67.69 13.16 316.7 176
Spot 24 23 400 515 30 5.750E+06 15.22 3.35 53.8 82
Spot 25 36 324 134 7 1.111E+07 112.00 20.02 301.4 98
Spot 27 13 441 39 2 2.948E+06 103.11 29.47 1028.6 139
Spot 28 44 324 242 27 1.358E+07 76.12 14.59 219.3 128
Spot 29 43 400 81 4 1.075E+07 179.69 29.95 1811.8 494
Spot 30 45 324 218 11 1.389E+07 86.35 14.01 413.6 221
Spot 31 36 324 721 48 1.111E+07 20.99 3.86 286.4 501
Spot 32 4 324 74 6 1.235E+06 22.69 11.51 659.6 122
Spot 33 97 324 210 15 2.994E+07 191.65 24.95 993.5 536
Spot 34 42 324 233 9 1.296E+07 75.54 12.38 282.3 159
Spot 35 47 324 166 6 1.451E+07 118.15 18.32 797.7 335
Spot 36 23 324 401 25 7.099E+06 24.11 5.33 60.3 58
Spot 37 43 324 1062 44 1.327E+07 17.03 2.77 40.9 103 very high U conc.
Spot 38 19 441 62 2 4.308E+06 93.68 22.01 0
Spot 39 55 324 243 6 1.698E+07 94.82 13.49 262.4 154
Spot 40 51 324 126 7 1.574E+07 168.38 26.36 0
Spot 41 56 324 156 7 1.728E+07 149.91 21.83 286.1 108
Spot 42 33 324 121 5 1.019E+07 114.03 20.83 444.1 132
Spot 43 63 441 177 6 1.429E+07 109.45 14.84 1745.6 1144
Spot 44 79 324 136 4 2.438E+07 240.81 29.39 600.5 203
Spot 45 39 324 141 24 1.204E+07 115.45 27.36 1825.1 706
Spot 46 9 441 29 2 2.041E+06 96.64 32.88 999.4 100
Spot 47 4 441 56 5 9.070E+05 22.02 11.20 1024.1 201
Spot 48 44 324 161 6 1.358E+07 113.94 18.30 458.8 182
Spot 49 14 324 233 8 4.321E+06 25.23 6.87 475.2 273
Spot 50 54 324 117 13 1.667E+07 191.50 34.47 324.8 93
Spot 52 24 441 78 7 5.442E+06 94.27 21.24 283.1 73
Spot 53 18 324 627 54 5.556E+06 12.08 3.07 45.4 68
Spot 54 62 324 272 11 1.914E+07 95.29 13.24 229.7 151
Spot 55 5 324 95 6 1.543E+06 22.08 10.02 318.8 74
Spot 56 39 324 197 8 1.204E+07 82.88 14.05 286.2 137
Spot 57 41 441 161 18 9.297E+06 78.32 15.35 1044.2 590
Spot 58 28 324 86 4 8.642E+06 135.99 27.12 1098.4 244
Spot 59 37 441 156 6 8.390E+06 72.97 12.67 0
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-3164 (per yr)

Date 2-Sep-17
Analyst JBC No. of Crystals 110

Degrees of Freedom 109
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 52 324 60.6 5.1 1.605E+07 351.62 58.68 768.1 117
Spot 02 26 324 441.0 32.0 8.025E+06 24.78 5.27 43.8 46
Spot 03 31 324 114.8 8.8 9.568E+06 112.73 22.45 1901.3 603
Spot 04 65 324 62.4 2.9 2.006E+07 424.42 58.63 1925.8 332
Spot 05 20 324 66.4 2.7 6.173E+06 125.62 28.97 1772.7 322
Spot 06 22 324 117.0 14.0 6.790E+06 78.71 19.49 825.5 245
Spot 07 31 324 114.5 4.4 9.568E+06 113.03 21.23 2376.4 781
Spot 08 49 324 226.0 16.0 1.512E+07 90.67 14.89 1824.6 1132
Spot 09 60 324 144.4 7.3 1.852E+07 172.66 24.88 326.2 115
Spot 10 16 324 254.0 12.0 4.938E+06 26.47 6.82 869.3 561
Spot 11 5 324 52.4 4.5 1.543E+06 40.06 18.31 0
Spot 12 46 324 166.3 6.7 1.420E+07 115.45 18.22 243.1 98
Spot 13 38 324 134.9 9.4 1.173E+07 117.55 21.26 244.6 80
Spot 14 34 324 129.0 5.6 1.049E+07 110.05 19.94 285.0 89
Spot 15 29 324 148.0 7.9 8.951E+06 82.00 16.17 625.3 231
Spot 16 47 441 57.5 3.3 1.066E+07 248.08 40.08 1823.2 392
Spot 17 38 441 551.0 29.0 8.617E+06 21.30 3.73 44.5 79
Spot 18 40 324 176.9 8.1 1.235E+07 94.53 16.00 1843.6 896
Spot 19 45 400 98.0 9.2 1.125E+07 154.77 27.93 2463.0 862
Spot 20 40 324 163.1 6.3 1.235E+07 102.47 17.15 2458.6 1159
Spot 21 18 225 48.2 5.6 8.000E+06 222.59 59.14 1721.1 157
Spot 22 19 441 54.4 2.0 4.308E+06 107.17 25.25 641.9 119
Spot 23 47 324 226.0 31.0 1.451E+07 86.99 17.75 0
Spot 24 42 441 401.0 60.0 9.524E+06 32.33 7.06 609.6 829
Spot 25 25 324 102.7 8.0 7.716E+06 101.71 22.19 1807.7 509
Spot 26 23 441 217.6 7.3 5.215E+06 32.62 7.01 645.7 478
Spot 27 24 324 438.0 66.0 7.407E+06 23.04 5.91 39.7 41
Spot 28 12 441 142.0 10.0 2.721E+06 26.09 7.82 618.4 298
Spot 29 85 324 306.0 11.0 2.623E+07 115.94 14.01 0
Spot 30 58 324 242.0 6.1 1.790E+07 100.15 13.95 1855.4 1235
Spot 31 21 324 88.4 2.4 6.481E+06 99.28 22.18 3133.5 847
Spot 32 36 324 56.6 2.3 1.111E+07 262.45 46.18 622.5 88
Spot 33 2 441 6.1 0.3 4.535E+05 101.48 72.04 0
Spot 35 16 441 50.6 1.6 3.628E+06 97.10 24.76 0
Spot 36 44 324 157.8 5.3 1.358E+07 116.37 18.54 1829.2 792
Spot 37 15 441 76.7 4.4 3.401E+06 60.23 16.10 765.3 201
Spot 38 38 324 64.3 2.0 1.173E+07 244.21 41.46 1790.2 315
Spot 39 40 441 223.0 24.0 9.070E+06 55.26 10.79 0
Spot 40 29 576 67.6 9.1 5.035E+06 100.83 23.46 1846.4 610
Spot 41 22 441 65.7 3.9 4.989E+06 102.78 23.10 278.0 60
Spot 42 38 441 105.4 6.1 8.617E+06 110.60 19.54 2067.4 830
Spot 43 63 324 305.2 9.2 1.944E+07 86.35 11.69 571.5 433
Spot 44 29 441 116.0 7.0 6.576E+06 76.89 15.31 975.8 395
Spot 45 41 324 147.9 8.5 1.265E+07 115.70 19.78 2472.8 1058
Spot 46 39 324 129.0 11.0 1.204E+07 126.08 23.40 1830.6 648
Spot 47 29 441 77.6 4.7 6.576E+06 114.61 22.83 1540.7 436
Spot 48 46 324 240.0 15.0 1.420E+07 80.22 13.23 672.9 404
Spot 49 16 441 45.8 2.8 3.628E+06 107.20 27.91 755.2 119
Spot 50 49 324 203.0 19.0 1.512E+07 100.86 17.67 743.5 380
Spot 51 52 324 205.4 7.8 1.605E+07 105.75 15.76 437.1 221
Spot 52 12 441 151.0 31.0 2.721E+06 24.54 8.75 818.1 426
Spot 53 31 324 145.4 7.9 9.568E+06 89.17 17.09 2515.5 1062
Spot 54 17 441 49.7 2.1 3.855E+06 104.98 26.17 0
Spot 55 49 441 236.0 19.0 1.111E+07 63.92 10.78 872.0 712
Spot 56 33 324 132.0 12.0 1.019E+07 104.44 20.91 311.5 100
Spot 57 33 324 126.0 14.0 1.019E+07 109.37 22.99 288.4 88
Spot 58 22 324 54.9 2.5 6.790E+06 166.59 36.90 0
Spot 59 8 441 92.0 15.0 1.814E+06 26.85 10.51 767.8 242
Spot 60 6 441 51.8 2.4 1.361E+06 35.74 14.75 984.7 178
Spot 61 41 324 154.5 5.7 1.265E+07 110.80 18.30 2460.5 1099
Spot 62 26 441 547.0 20.0 5.896E+06 14.69 2.99 44.2 78
Spot 63 30 324 140.7 7.6 9.259E+06 89.18 17.34 861.0 308
Spot 64 44 324 194.0 18.0 1.358E+07 94.82 17.19 0
Spot 65 45 324 268.0 47.0 1.389E+07 70.33 16.42 922.3 631
Spot 66 29 441 94.3 5.9 6.576E+06 94.46 18.88 1825.2 643
Spot 67 24 324 549.0 29.0 7.407E+06 18.38 3.94 41.9 55
Spot 68 40 441 52.9 4.6 9.070E+06 229.82 42.44 998.5 185
Spot 69 47 324 89.0 20.0 1.451E+07 218.65 59.20 0
Spot 70 16 441 48.6 2.6 3.628E+06 101.07 26.14 2532.6 487
Spot 71 3 441 40.2 1.2 6.803E+05 23.05 13.36 779.1 108
Spot 72 33 441 38.3 1.7 7.483E+06 261.23 48.03 1028.3 138
Spot 73 29 441 38.8 1.3 6.576E+06 227.21 43.79 2498.6 383
Spot 74 41 324 114.7 7.3 1.265E+07 148.81 25.77 286.1 80
Spot 75 54 441 85.8 2.1 1.224E+07 191.85 27.57 2534.0 861
Spot 76 31 324 119.0 21.0 9.568E+06 108.79 27.72 1717.0 556
Spot 77 10 400 32.4 1.9 2.500E+06 104.44 33.84 995.5 102
Spot 78 12 441 113.8 4.3 2.721E+06 32.54 9.56 987.9 393
Spot 79 14 441 269.0 11.0 3.175E+06 16.08 4.39 1871.2 1887
Spot 80 60 324 137.7 5.4 1.852E+07 180.94 25.42 0
Spot 81 57 441 180.0 15.0 1.293E+07 97.24 15.69 840.3 522
Spot 82 53 324 136.1 9.8 1.636E+07 161.95 25.91 696.3 238
Spot 83 20 441 191.0 15.0 4.535E+06 32.32 7.76 742.0 485
Spot 84 27 441 192.0 15.0 6.122E+06 43.36 9.17 996.7 669
Spot 85 31 324 126.9 3.1 9.568E+06 102.07 18.93 259.8 80
Spot 86 15 441 40.1 1.8 3.401E+06 114.71 30.40 0
Spot 87 39 324 98.0 11.0 1.204E+07 165.46 33.00 496.3 120
Spot 88 56 324 242.0 13.0 1.728E+07 96.73 14.44 458.6 273
Spot 89 33 441 576.0 28.0 7.483E+06 17.70 3.27 44.5 83
Spot 90 45 441 112.1 3.3 1.020E+07 123.03 19.31 2358.3 1031
Spot 91 5 441 54.0 2.3 1.134E+06 28.59 12.89 1043.3 198
Spot 92 24 441 120.0 11.0 5.442E+06 61.59 13.99 613.8 250
Spot 93 14 324 64.4 4.5 4.321E+06 90.91 25.36 2471.8 461
Spot 94 28 324 103.8 3.0 8.642E+06 112.61 21.98 359.4 91
Spot 95 53 324 259.0 33.0 1.636E+07 85.61 16.39 248.8 156
Spot 96 24 324 73.0 3.5 7.407E+06 136.99 29.22 248.8 44
Spot 97 61 441 785.0 54.0 1.383E+07 24.00 3.61 45.0 115
Spot 98 42 324 44.0 15.0 1.296E+07 389.97 146.73 0
Spot 99 33 441 49.6 3.9 7.483E+06 202.64 39.51 1008.670 175

Spot 100 14 441 43.1 1.9 3.175E+06 99.73 27.30 1857.621 300
Spot 101 36 324 117.1 2.8 1.111E+07 128.19 22.16 1817.023 584
Spot 102 19 324 92.3 3.3 5.864E+06 86.12 20.28 3147.894 889
Spot 103 9 441 63.0 4.1 2.041E+06 44.05 15.06 621.396 133
Spot 104 28 441 50.6 2.6 6.349E+06 168.98 33.75 630.869 108
Spot 105 30 441 117.0 10.0 6.803E+06 78.85 16.19 650.718 259
Spot 106 58 324 88.2 4.9 1.790E+07 271.16 40.10 2402.584 610
Spot 107 57 324 218.3 5.9 1.759E+07 109.04 15.35 941.766 526
Spot 108 18 324 41.0 2.5 5.556E+06 182.29 44.95 865.343 90
Spot 109 6 324 90.0 14.0 1.852E+06 28.02 12.29 0
Spot 110 40 441 62.9 6.0 9.070E+06 193.82 36.59 572.955 122
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-2566a (per yr)

Date 3-Sep-17
Analyst JBC No. of Crystals 93

Degrees of Freedom 92
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 42 324 156 9 1.296E+07 112.69 19.06 694.7 271
Spot 02 15 400 182 15 3.750E+06 28.05 7.68 44.8 24
Spot 03 42 324 191 9 1.296E+07 92.04 15.31 2527.6 1402
Spot 04 51 324 138 9 1.574E+07 154.34 24.71 0
Spot 05 36 400 126 7 9.000E+06 97.04 17.40 938.4 372
Spot 06 41 400 295 36 1.025E+07 47.24 9.54 0
Spot 07 33 400 95 4 8.250E+06 117.42 21.56 2466.4 837
Spot 08 22 400 35 2 5.500E+06 212.73 47.42 886.6 97
Spot 09 38 324 143 5 1.173E+07 111.34 19.02 0
Spot 10 32 324 251 6 9.877E+06 53.58 9.79 982.0 631

Spot 11b 42 324 135 4 1.296E+07 129.71 20.94 0
Spot 12 9 324 131 6 2.778E+06 28.89 9.79 47.3 15
Spot 13 15 324 63 6 4.630E+06 100.29 27.74 0
Spot 14 25 324 69 7 7.716E+06 151.24 34.07 0
Spot 15 29 324 153 10 8.951E+06 79.33 15.92 651.0 249
Spot 19 37 324 139 5 1.142E+07 110.98 19.14 883.7 313 wispy, c-axis alignment off
Spot 20 9 400 109 5 2.250E+06 28.13 9.51 54.4 17
Spot 22 20 441 55 3 4.535E+06 111.74 26.00 0
Spot 23 17 324 65 4 5.247E+06 108.72 27.57 838.3 139
Spot 24 35 324 161 10 1.080E+07 90.69 16.63 662.6 267
Spot 25 46 324 127 6 1.420E+07 150.76 24.19 644.6 204
Spot 26 12 324 54 7 3.704E+06 92.41 29.30 3639.4 630
Spot 27 13 324 46 2 4.012E+06 118.70 33.74 0
Spot 28 24 400 45 3 6.000E+06 179.42 39.41 3307.9 570
Spot 29 12 324 42 3 3.704E+06 118.94 35.60 0
Spot 30 15 400 181 8 3.750E+06 28.16 7.45 43.7 23
Spot 32 49 324 207 9 1.512E+07 98.83 15.30 556.8 286
Spot 33 51 324 58 2 1.574E+07 363.12 54.60 0
Spot 35 27 324 87 5 8.333E+06 129.54 26.47 2467.5 620
Spot 36 29 324 85 8 8.951E+06 141.45 30.24 979.0 214
Spot 37 31 324 116 4 9.568E+06 111.58 20.85 250.6 70
Spot 38 38 324 172 13 1.173E+07 92.38 16.92 0
Spot 39 35 324 119 7 1.080E+07 122.49 22.31 994.3 304
Spot 40 16 324 70 3 4.938E+06 95.96 24.53 0
Spot 41 54 324 71 9 1.667E+07 314.77 59.13 0
Spot 42 23 324 98 4 7.099E+06 98.19 21.18 773.4 191
Spot 43 27 324 103 7 8.333E+06 109.25 22.81 820.4 214
Spot 44 7 324 29 1 2.160E+06 102.26 39.06 1000.1 73
Spot 45 9 441 27 2 2.041E+06 101.21 34.62 846.6 80 not etched long enough
Spot 46 55 324 106 5 1.698E+07 215.30 31.77 0
Spot 47 54 324 236 7 1.667E+07 95.53 13.81 733.5 436
Spot 48 25 324 104 10 7.716E+06 100.45 22.64 862.3 228
Spot 49 56 324 219 7 1.728E+07 106.70 15.26 0
Spot 50 19 324 296 26 5.864E+06 26.98 6.71 45.7 32
Spot 51 26 324 88 3 8.025E+06 123.94 25.22 979.6 220
Spot 52 29 324 430 23 8.951E+06 28.34 5.59 43.5 45
Spot 53 23 324 73 6 7.099E+06 130.63 29.97 647.8 119
Spot 54 35 324 341 35 1.080E+07 43.08 8.69 0
Spot 55 46 324 96 4 1.420E+07 199.32 31.76 610.5 146
Spot 56 66 324 121 12 2.037E+07 225.72 36.76 890.6 274
Spot 57 10 324 38 4 3.086E+06 110.17 36.80 0
Spot 59 24 324 89 7 7.407E+06 112.58 24.89 0
Spot 60 31 324 148 9 9.568E+06 87.67 17.03 883.4 332
Spot 61 27 324 114 10 8.333E+06 98.98 21.29 629.6 179
Spot 62 3 256 55 2 1.172E+06 29.01 16.82 938.0 104
Spot 63 16 324 59 4 4.938E+06 113.97 29.63 550.5 80
Spot 64 26 400 320 20 6.500E+06 27.66 5.80 50.6 48
Spot 65 33 324 139 11 1.019E+07 99.22 19.37 0
Spot 66 10 324 138 6 3.086E+06 30.51 9.81 45.3 15
Spot 67 22 324 443 37 6.790E+06 20.88 4.85 44.1 47
Spot 68 5 324 76 11 1.543E+06 27.65 13.04 0
Spot 69 39 324 72 10 1.204E+07 224.18 48.33 0
Spot 70 46 400 91 14 1.150E+07 170.17 36.87 0
Spot 71 38 324 97 8 1.173E+07 162.74 29.93 2252.9 622
Spot 72 26 324 64 7 8.025E+06 168.34 38.10 1794.6 315
Spot 73 31 324 51 2 9.568E+06 252.99 47.79 656.2 83
Spot 74 31 324 165 5 9.568E+06 78.74 14.64 978.3 413
Spot 75 24 324 62 2 7.407E+06 160.74 33.98 2549.2 461
Spot 76 22 324 36 2 6.790E+06 255.85 57.68 0
Spot 77 37 324 92 6 1.142E+07 168.09 30.54 645.9 148
Spot 79 41 324 105 4 1.265E+07 163.00 27.01 696.1 183
Spot 80 33 324 586 21 1.019E+07 23.67 4.31 44.2 62
Spot 81 19 324 73 5 5.864E+06 108.40 26.33 740.6 136
Spot 82 21 324 279 10 6.481E+06 31.62 7.10 41.3 27
Spot 83 56 324 210 11 1.728E+07 111.34 16.57 733.4 387
Spot 84 17 324 85 2 5.247E+06 84.18 20.77 0
Spot 85 42 324 79 3 1.296E+07 219.28 35.70 649.3 129
Spot 86 30 324 125 4 9.259E+06 100.21 18.96 606.1 189
Spot 87 36 324 155 7 1.111E+07 97.39 17.25 629.7 243
Spot 88 34 324 137 7 1.049E+07 103.38 18.89 785.3 272
Spot 89 37 324 580 120 1.142E+07 26.81 7.16 63.9 88
Spot 90 40 324 104 9 1.235E+07 160.59 29.29 829.4 218
Spot 91 14 324 56 2 4.321E+06 103.88 28.33 724.1 102
Spot 92 14 324 54 7 4.321E+06 107.88 32.56 0
Spot 93 13 324 48 6 4.012E+06 112.60 34.42 850.1 104
Spot 94 15 324 120 22 4.630E+06 52.43 16.73 0
Spot 95 47 324 110 5 1.451E+07 178.12 28.30 856.0 238
Spot 96 34 324 530 39 1.049E+07 26.96 5.14 54.8 69
Spot 97 56 324 145 6 1.728E+07 160.20 23.24 975.3 364
Spot 99 23 324 95 5 7.099E+06 101.06 21.99 634.1 150

Spot 100 21 324 94 3 6.481E+06 93.70 20.96 888.4 212
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-2225 (per yr)

Date 23-Aug-17
Analyst JBC No. of Crystals 85

Degrees of Freedom 84
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 43 324 87.2 8.0 1.327E+07 204.40 37.25 1940.1 469 not c-axis aligned?
Spot 02 16 441 165.8 6.3 3.628E+06 29.79 7.62 49.6 27
Spot 03 13 441 147.6 9.0 2.948E+06 27.19 7.80 60.5 29
Spot 04 69 576 163.3 5.2 1.198E+07 99.33 12.97 2482.1 2087
Spot 05 32 324 126.4 6.8 9.877E+06 105.75 19.98 1117.3 366
Spot 06 36 441 377.2 8.1 8.163E+06 29.46 5.08 45.1 55
Spot 07 12 324 179.3 7.6 3.704E+06 28.12 8.28 47.9 20
Spot 08 44 441 131.9 4.3 9.977E+06 102.40 16.30 2143.6 1084
Spot 09 40 400 219.0 19.0 1.000E+07 62.01 11.44 446.9 297
Spot 10 61 576 125.9 4.4 1.059E+07 113.77 15.74 984.0 565
Spot 11 60 441 225.0 10.0 1.361E+07 81.99 11.65 534.8 406 not c-axis aligned?
Spot 12 6 196 145.0 31.0 3.061E+06 28.74 13.29 44.3 9
Spot 13 91 441 273.0 32.0 2.063E+07 102.32 16.58 1069.2 1026
Spot 14 54 324 264.0 15.0 1.667E+07 85.57 13.06 539.7 353
Spot 15 50 324 188.4 4.1 1.543E+07 110.81 16.44 442.3 205
Spot 16 26 324 368.0 14.0 8.025E+06 29.69 6.04 38.1 33
Spot 17 22 441 80.4 3.8 4.989E+06 84.11 18.66 0
Spot 18 44 324 210.5 6.8 1.358E+07 87.43 13.91 0
Spot 19 23 441 98.4 8.1 5.215E+06 71.92 16.37 493.7 163
Spot 20 14 324 61.4 1.3 4.321E+06 95.32 25.83 439.9 66
Spot 21 48 441 110.7 7.7 1.088E+07 132.79 21.90 0
Spot 22 37 324 194.4 4.6 1.142E+07 79.66 13.59 272.7 129
Spot 23 11 324 170.0 12.0 3.395E+06 27.19 8.49 0
Spot 24 45 324 677.0 33.0 1.389E+07 27.93 4.52 45.4 73
Spot 25 37 576 345.0 19.0 6.424E+06 25.36 4.51 42.0 61
Spot 26 20 441 218.0 12.0 4.535E+06 28.32 6.62 45.9 32
Spot 27 13 441 33.7 1.1 2.948E+06 118.27 33.35 612.7 70
Spot 28 32 441 63.9 4.9 7.256E+06 153.12 30.11 554.3 120
Spot 29 18 441 233.0 35.0 4.082E+06 23.86 6.73 41.8 32
Spot 30 11 441 108.1 3.6 2.494E+06 31.41 9.61 2532.4 1084
Spot 31 42 441 14.8 1.1 9.524E+06 823.23 144.64 1822.1 101 anomalously old, poor U measurement?
Spot 32 21 324 279.0 21.0 6.481E+06 31.62 7.40 43.0 29
Spot 33 21 324 407.0 43.0 6.481E+06 21.69 5.33 48.6 47
Spot 34 13 441 147.8 5.6 2.948E+06 27.16 7.68 43.0 21
Spot 35 26 441 283.0 17.0 5.896E+06 28.36 5.92 48.4 44
Spot 36 23 441 75.0 12.0 5.215E+06 94.19 25.03 1092.2 288
Spot 37 53 441 126.6 7.3 1.202E+07 128.25 19.76 466.5 198
Spot 38 10 441 108.0 14.0 2.268E+06 28.59 9.83 45.7 16 not etched well, hard to count
Spot 39 16 441 143.0 18.0 3.628E+06 34.53 9.76 44.6 21
Spot 40 34 441 367.0 66.0 7.710E+06 28.60 7.20 60.2 72
Spot 41 26 324 585.0 26.0 8.025E+06 18.69 3.83 46.9 65
Spot 42 36 324 52.5 4.5 1.111E+07 282.51 54.09 0
Spot 43 45 441 172.7 8.8 1.020E+07 80.12 13.01 569.7 332
Spot 44 38 324 124.0 15.0 1.173E+07 127.79 26.34 0
Spot 45 41 324 115.0 5.5 1.265E+07 148.43 24.93 479.8 136
Spot 46 29 324 94.2 3.0 8.951E+06 128.37 24.70 0
Spot 47 26 324 104.9 3.4 8.025E+06 103.55 20.98 667.1 175
Spot 48 24 324 86.8 6.7 7.407E+06 115.41 25.59 598.7 129
Spot 49 15 441 49.4 1.3 3.401E+06 93.27 24.48 2671.7 528
Spot 50 27 441 294.0 12.0 6.122E+06 28.35 5.69 44.4 42
Spot 51 20 441 270.0 16.0 4.535E+06 22.88 5.37 44.0 39
Spot 52 26 441 288.0 23.0 5.896E+06 27.87 6.00 43.3 40
Spot 53 41 441 149.7 9.3 9.297E+06 84.19 14.53 608.6 309
Spot 54 9 441 31.8 2.4 2.041E+06 86.98 29.92 1597.9 186
Spot 55 44 441 153.0 22.0 9.977E+06 88.37 18.73 269.9 136
Spot 56 16 441 39.7 2.9 3.628E+06 123.51 32.53 647.1 87 not c-axis aligned?
Spot 57 43 441 524.0 26.0 9.751E+06 25.34 4.18 48.2 82
Spot 58 14 441 133.8 9.0 3.175E+06 32.29 8.99 51.0 22
Spot 59 25 324 64.8 2.7 7.716E+06 160.47 33.38 772.3 126
Spot 60 11 441 123.0 24.0 2.494E+06 27.61 9.98 45.0 18
Spot 61 12 324 177.0 17.0 3.704E+06 28.49 8.74 43.5 18
Spot 62 6 441 17.4 0.7 1.361E+06 106.00 43.68 650.9 38 not etched well, low U, hard to count
Spot 63 22 441 257.0 10.0 4.989E+06 26.43 5.82 44.9 37
Spot 64 26 324 130.0 25.0 8.025E+06 83.68 23.22 0
Spot 65 42 441 160.4 4.2 9.524E+06 80.51 12.99 568.6 308
Spot 66 40 324 106.0 2.2 1.235E+07 157.00 25.78 817.1 219
Spot 67 9 441 25.9 2.5 2.041E+06 106.63 37.24 0
Spot 68 24 324 95.7 6.6 7.407E+06 104.76 22.94 439.8 103
Spot 69 52 324 136.4 4.5 1.605E+07 158.59 23.45 720.8 247
Spot 70 31 324 136.4 7.0 9.568E+06 95.01 18.13 243.0 80
Spot 71 8 324 115.8 8.7 2.469E+06 29.03 10.55 45.9 13
Spot 72 24 441 205.5 5.6 5.442E+06 36.03 7.55 66.3 44
Spot 73 13 441 138.0 17.0 2.948E+06 29.08 8.90 642.5 301
Spot 74 17 441 65.7 2.4 3.855E+06 79.57 19.76 0
Spot 75 13 324 56.0 2.0 4.012E+06 97.03 27.40 0
Spot 76 58 324 137.0 19.0 1.790E+07 175.87 34.29 950.0 333
Spot 78 29 324 460.0 36.0 8.951E+06 26.50 5.44 42.7 47
Spot 79 6 324 25.7 0.6 1.852E+06 97.58 40.08 0
Spot 80 35 324 149.8 7.5 1.080E+07 97.65 17.64 672.8 252
Spot 81 23 324 338.5 9.6 7.099E+06 28.55 6.11 46.3 37
Spot 82 15 324 242.1 5.4 4.630E+06 26.04 6.83 49.6 29
Spot 83 34 324 147.2 6.7 1.049E+07 96.55 17.54 430.9 156
Spot 85 24 324 56.0 5.6 7.407E+06 178.01 41.06 691.0 97
Spot 86 5 324 65.3 2.6 1.543E+06 32.17 14.50 970.8 162
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ICPMS FT Age Calculation Sample Name decay constant = 1.54993E-10
DSH-470B (per yr)

Date 23-Aug-17
Analyst JBC No. of Crystals 91

Degrees of Freedom 90
Session Zeta and unc 2729 107

Grain # N s Area (microns 2̂) U (ppm) ± 1 σ Rho s (tracks/cm 2̂) Age (Ma) ± 1 σ U-Pb Age (Ma) max tracks NOTES
Spot 01 46 400 185.8 8.9 1.150E+07 83.91 13.42 574.7 327
Spot 02 35 400 141.0 19.0 8.750E+06 84.13 18.48 761.4 334
Spot 04 47 400 69.5 5.1 1.175E+07 226.66 38.06 1155.0 258
Spot 05 19 196 129.2 6.2 9.694E+06 101.57 24.14 766.2 151
Spot 06 34 196 178.3 5.7 1.735E+07 131.41 23.50 424.3 112
Spot 07 39 256 255.0 15.0 1.523E+07 81.01 14.18 744.1 377
Spot 08 24 256 163.9 6.8 9.375E+06 77.58 16.44 764.4 250
Spot 09 48 324 234.0 14.0 1.481E+07 85.81 13.82 604.0 352
Spot 10 27 144 209.0 10.0 1.875E+07 121.27 24.51 494.0 113
Spot 11 11 144 23.4 1.4 7.639E+06 430.74 133.48 2489.6 75
Spot 12 49 400 187.5 7.8 1.225E+07 88.54 13.62 2481.7 1664
Spot 13 18 256 93.6 4.6 7.031E+06 101.70 24.81 2380.0 505
Spot 14 38 144 155.6 7.4 2.639E+07 227.36 39.45 2504.5 502
Spot 15 28 256 201.0 16.0 1.094E+07 73.83 15.41 650.8 258
Spot 16 26 196 165.0 5.6 1.327E+07 108.78 22.07 636.1 158
Spot 17 37 196 150.1 5.1 1.888E+07 169.37 29.20 647.8 147
Spot 18 28 196 108.0 11.0 1.429E+07 178.01 38.85 350.5 56
Spot 19 44 256 238.0 15.0 1.719E+07 97.79 16.43 1886.2 978
Spot 20 18 196 109.1 6.9 9.184E+06 113.85 28.14 1184.9 204
Spot 21 21 196 153.8 7.2 1.071E+07 94.36 21.38 814.2 192
Spot 22 26 196 87.8 8.7 1.327E+07 202.93 45.29 957.2 130
Spot 23 13 196 79.5 8.7 6.633E+06 112.85 33.94 0
Spot 24 35 256 304.0 62.0 1.367E+07 61.08 16.35 230.9 134
Spot 25 18 256 95.2 7.8 7.031E+06 100.00 25.26 0
Spot 26 39 196 324.0 36.0 1.990E+07 83.26 16.55 481.9 233
Spot 27 44 400 125.7 6.8 1.100E+07 118.32 19.51 1035.6 414
Spot 28 12 324 40.8 2.7 3.704E+06 122.69 36.65 288.5 29
Spot 30 41 256 317.0 17.0 1.602E+07 68.57 11.64 706.2 444
Spot 31 11 256 52.6 4.2 4.297E+06 110.51 34.74 862.3 91
Spot 32 19 256 94.1 3.6 7.422E+06 106.73 25.17 894.4 169
Spot 33 32 324 110.9 4.8 9.877E+06 120.39 22.41 975.7 277
Spot 34 35 400 103.8 2.9 8.750E+06 114.01 20.04 599.7 191
Spot 36 32 256 230.5 9.4 1.250E+07 73.58 13.66 616.8 280
Spot 38 12 324 42.0 1.8 3.704E+06 119.22 35.11 821.1 87
Spot 39 42 256 251.0 21.0 1.641E+07 88.58 15.93 835.1 420
Spot 40 24 256 77.8 3.1 9.375E+06 162.36 34.36 618.1 95
Spot 41 31 256 136.8 3.8 1.211E+07 119.67 22.25 386.3 102
Spot 42 12 256 76.3 4.3 4.688E+06 83.29 24.71 740.3 112
Spot 43 45 256 157.2 5.6 1.758E+07 150.80 23.86 417.8 127
Spot 44 3 256 14.3 1.5 1.172E+06 110.86 65.20 379.3 10
Spot 45 15 256 30.1 1.4 5.859E+06 260.30 69.05 0
Spot 46 16 400 49.0 1.9 4.000E+06 110.44 28.27 0
Spot 47 33 196 99.6 3.5 1.684E+07 226.63 41.22 0
Spot 48 23 256 118.0 12.0 8.984E+06 103.06 24.25 0
Spot 49 30 256 45.3 2.1 1.172E+07 343.67 66.12 0
Spot 50 21 256 62.4 2.9 8.203E+06 176.93 40.08 791.1 99
Spot 51 35 400 105.5 3.7 8.750E+06 112.19 19.86 0
Spot 52 31 324 124.2 4.5 9.568E+06 104.27 19.54 441.1 135
Spot 53 32 256 82.6 2.9 1.250E+07 203.26 37.49 659.8 108
Spot 54 41 256 242.5 9.5 1.602E+07 89.49 14.83 620.1 296
Spot 55 23 400 70.9 5.4 5.750E+06 109.72 24.73 2584.0 661
Spot 56 31 400 90.6 4.2 7.750E+06 115.68 21.93 1934.3 599
Spot 57 13 400 45.5 3.8 3.250E+06 96.74 28.28 0
Spot 58 35 256 190.0 13.0 1.367E+07 97.45 18.18 1072.7 416
Spot 59 34 256 226.0 20.0 1.328E+07 79.69 15.69 1993.3 990
Spot 60 19 324 38.6 3.3 5.864E+06 204.04 50.59 808.9 79
Spot 61 39 324 126.4 6.5 1.204E+07 128.65 22.22 1874.6 653
Spot 62 17 256 52.1 4.0 6.641E+06 171.62 44.17 0
Spot 63 19 256 81.6 4.1 7.422E+06 122.93 29.27 644.5 104
Spot 64 32 256 113.0 12.0 1.250E+07 149.20 31.32 955.0 218
Spot 65 14 256 78.6 3.6 5.469E+06 94.25 25.82 0
Spot 66 18 256 66.0 12.0 7.031E+06 143.75 43.16 1706.3 242
Spot 67 37 324 105.0 14.0 1.142E+07 146.72 31.59 224.6 57
Spot 68 27 324 104.7 4.0 8.333E+06 107.70 21.55 1592.8 449
Spot 69 38 400 123.1 5.3 9.500E+06 104.45 18.00 992.6 387
Spot 70 24 400 68.5 2.3 6.000E+06 118.42 24.93 1569.5 357
Spot 71 33 400 96.0 14.0 8.250E+06 116.21 26.78 216.4 62
Spot 72 44 400 157.0 4.4 1.100E+07 94.90 15.02 624.9 302
Spot 73 34 400 111.4 4.5 8.500E+06 103.28 18.64 2647.6 1069
Spot 74 27 324 54.5 3.2 8.333E+06 205.34 42.09 1997.0 303
Spot 75 14 324 22.0 1.2 4.321E+06 262.58 72.36 919.8 52
Spot 76 40 324 78.4 3.1 1.235E+07 211.37 35.43 0
Spot 78 40 324 98.1 9.9 1.235E+07 169.47 32.48 1008.1 254
Spot 79 28 324 106.6 9.2 8.642E+06 109.68 23.19 716.9 192
Spot 80 53 324 185.0 8.2 1.636E+07 119.54 17.88 219.9 98
Spot 81 51 324 247.5 9.6 1.574E+07 86.20 12.97 589.2 363
Spot 82 41 324 130.0 18.0 1.265E+07 131.47 27.92 850.2 281
Spot 83 41 324 177.2 8.1 1.265E+07 96.71 16.19 446.8 195
Spot 84 52 324 182.6 6.7 1.605E+07 118.83 17.67 1852.0 930
Spot 85 26 324 112.1 3.0 8.025E+06 96.95 19.56 803.5 228
Spot 86 24 324 87.2 3.5 7.407E+06 114.88 24.32 898.9 200
Spot 87 19 256 50.0 1.9 7.422E+06 199.43 47.03 0
Spot 89 19 324 66.4 5.7 5.864E+06 119.40 29.62 629.2 104
Spot 90 33 256 87.1 4.7 1.289E+07 198.85 37.07 1488.0 273
Spot 91 56 400 186.0 45.0 1.400E+07 101.90 28.44 504.2 286
Spot 92 14 256 46.0 3.0 5.469E+06 160.21 44.52 996.3 93
Spot 93 28 400 101.1 5.7 7.000E+06 93.79 18.86 2534.6 920
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Supplementary Table 4: Subsidence analysis data 
 

 
  

UNIT TOP AGE (Ma) THICKNESS (m) LITH BATHY DEPTH (m) BATHY UNCERT (m)
Modern 0 5000 cg 0 0
Tavildara 8 3000 cg 0 0
Chingou 16 980 cg 0 0

Baldshuan 23 1165 ss 0 0
uplift 28 0 ls 0 0

Buk_eroded 40 150 sh 10 10
Bukhara 52 315 sh 10 10
Sangoba 62 525 sh 50 50
Hasarak 78 500 sh 5 5
Schuchi 90 780 ss 0 0
Albian 100 200 ss 0 0

Lower_K 112 650 sh 0 0

DECOM_THICK
Modern 5000
Tavildara 3000 3582.65238
Chingou 980 1202.774101 1217.412801

Baldshuan 1165 1889.156266 1929.170983 1932.994146
uplift 250 499.794033 499.9980739 499.9997871 499.999945

Buk_eroded 150 299.170444 299.9770412 299.9962923 299.9989015 300
Bukhara 315 628.3838082 629.9614847 629.9946464 629.9986348 630 630
Sangoba 525 1047.698875 1049.959948 1049.995937 1049.999244 1050 1050 1050
Hasarak 500 998.3144227 999.9826247 999.9989573 999.9998852 1000 1000 1000 1000
Schuchi 780 1285.292923 1299.299566 1299.904056 1299.981087 1300 1300 1300 1300 1300
Albian 200 330.349072 333.2366795 333.3243676 333.3321367 333.3 333.3 333.33 333.33 333.33 333.33

Lower_K 650 1298.954524 1299.997083 1299.999953 1299.999999 1300 1300 1300 1300 1300 1300 1300

PORO_PAST
Modern 0.2
Tavildara 0.2 0.044626032
Chingou 0.2 0.018143591 0.006193632

Baldshuan 0.4 0.027043983 0.006435545 0.004466534
uplift 0.5 0.000411934 3.85224E-06 4.25729E-07 1.10025E-07

Buk_eroded 0.5 0.002765187 7.65294E-05 1.2359E-05 3.66155E-06 3E-06
Bukhara 0.5 0.002565384 6.11353E-05 8.49783E-06 2.16694E-06 1E-06 1E-06
Sangoba 0.5 0.002191548 3.81451E-05 3.86955E-06 7.20108E-07 4E-07 2E-07 2E-07
Hasarak 0.5 0.001685577 1.73753E-05 1.04269E-06 1.14786E-07 3E-08 1E-08 5E-09 3E-09
Schuchi 0.4 0.011313136 0.000538796 7.38029E-05 1.45487E-05 5E-06 2E-06 9E-07 5E-07 4E-07
Albian 0.4 0.008952784 0.000289962 2.68971E-05 3.59001E-06 9E-07 2E-07 7E-08 3E-08 1E-08 9E-09

Lower_K 0.5 0.000804212 2.24357E-06 3.61012E-08 1.06526E-09 8E-11 8E-12 1E-12 2E-13 4E-14 2E-14 2E-14

PAST_CUM_THICK
Modern 5000
Tavildara 8000 3582.65238
Chingou 8980 4785.426481 1217.412801

Baldshuan 10145 6674.582747 3146.583783 1932.994146
uplift 10395 7174.37678 3646.581857 2432.993933 499.999945

Buk_eroded 10545 7473.547224 3946.558899 2732.990226 799.9988465 300
Bukhara 10860 8101.931033 4576.520383 3362.984872 1429.997481 930 630
Sangoba 11385 9149.629907 5626.480331 4412.980809 2479.996725 1980 1680 1050
Hasarak 11885 10147.94433 6626.462956 5412.979766 3479.99661 2980 2680 2050 1000
Schuchi 12665 11433.23725 7925.762521 6712.883822 4779.977697 4280 3980 3350 2300 1300
Albian 12865 11763.58632 8258.999201 7046.20819 5113.309834 4613 4313 3683.3 2633.3 1633.3 333.33

Lower_K 13515 13062.54085 9558.996284 8346.208143 6413.309832 5913 5613 4983.3 3933.3 2933.3 1633.3 1300

Cum. Thickness (m) Porosity exponent
Modern 5000 0.0003
Tavildara 8000 0.0003
Chingou 8980 0.0003

Baldshuan 10145 0.0003
uplift 10395 0.0007

Buk_eroded 10545 0.0005
Bukhara 10860 0.0005
Sangoba 11385 0.0005
Hasarak 11885 0.0005
Schuchi 12665 0.0003
Albian 12865 0.0003

Lower_K 13515 0.0005
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Abstract 

 The linkage between orogenic activity and foreland basin stratigraphy is well established; 

however, potential controls by foreland basin stratigraphy on thrust belt architecture have not 

been fully evaluated.  Mechanical properties of typical foreland basin stratigraphic successions 

influence the structural development of fold-thrust belts in predictable ways.  Fundamental 

features of foreland basins include the onset of rapid subsidence and deposition of a coarsening-

upward sedimentary succession.  In the lower part of this succession are fine-grained, distal 

foreland basin deposits.  Enlargement of the orogenic wedge through frontal accretion 

incorporates the foreland basin strata into the thrust belt, and distal foreland basin depositional 

units may be preferentially exploited as a thrust detachment zone, resulting in multiple 

detachment levels.  We propose that foreland basin stratigraphic architecture has significant 

influence on the structural development of thrust belts and that, by extension, processes that 
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influence foreland basin sedimentation may ultimately influence orogenic evolution far removed 

in time and space. 

 

Introduction 

 Frontal parts of most fold-thrust belts consist of structurally cannibalized foreland basin 

successions.  Whereas robust explanations for patterns of foreland basin sedimentation and 

stratigraphy have been developed (e.g., Quinlan and Beaumont, 1984; Allen et al., 1991; 

Sinclair, 1997; Liu et al., 2005), and numerous structural studies demonstrate the importance of 

mechanical properties of the stratigraphic column in controlling deformation within a fold-thrust 

belt (e.g., Woodward and Rutherford, 1989; Pfiffner, 1993), the connection between foreland 

stratigraphy and structural architecture has not been systematically explored.  In this study, we 

synthesize data from several foreland basins and fold-thrust belts to demonstrate the relationship 

between stratigraphic architecture of the basin and structural style of the adjacent fold-thrust belt, 

highlighting the formation of intermediate-level detachments (i.e., regional detachments that are 

at a higher structural level than the basal décollement).  We find that detachments preferentially 

form in fine-grained, distal foreland basin deposits.  The presence of multiple detachments 

within thrust belts affects structural development including partially decoupled shortening and 

crustal thickening without deep exhumation (Ruh et al., 2012).  The implication of this 

relationship is that characteristic patterns of foreland basin sedimentation, which are themselves 

a product of orogenic evolution, may in turn significantly control orogenic evolution.   

 



402 
 

Foreland Basin Stratigraphic Architecture 

 Foreland basins include wedge-top, foredeep, forebulge, and back-bulge depozones that 

develop as a result of isostatic adjustment of the lithosphere during loading by the adjacent fold-

thrust belt (DeCelles and Giles, 1996).  Synthetic stratigraphic sequences have been generated 

based on the horizontal migration of these depozones during orogenic growth (e.g., Quinlan and 

Beaumont, 1984; Flemings and Jordan, 1989).  At the cratonward edge of a uniformly advancing 

foreland basin system, limited subsidence and sedimentation initially occurs in the back-bulge 

depozone, which typically consists of fine-grained, shallow marine to nonmarine sediment 

(Flemings and Jordan, 1989; DeCelles and Giles; 1996).  Although net sediment accumulation in 

a back-bulge depozone is at least an order of magnitude less than that of the foredeep, back-

bulge depozones are roughly twice the width of the foredeep (DeCelles and Giles, 1996).  In 

some instances, the record of sedimentation in the back-bulge depozone is eroded by passage of 

the forebulge (Crampton and Allen, 1995).  The transition from forebulge to distal foredeep 

deposition is characterized by accelerating subsidence and limited sediment supply (Flemings 

and Jordan; 1989).  Distal foredeep sedimentation often represents maximum water depths and 

comprises fine-grained clastic material or carbonate pelagic sediments (Sinclair, 1997).  

Following deposition of the distal foredeep unit, sediment supply and caliber increase and water 

depth decreases as the proximal foredeep migrates toward the craton. 

 

Detachment Formation and Deformation Mechanisms 

 The observed structural geometry in fold-thrust belts is often used to divide the 

stratigraphic succession into structural lithic units that tend to deform as a mechanically coherent 

package (Currie et al., 1962; Woodward and Rutherford, 1989).  Separating these structural lithic 
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units are mechanically incompetent (low shear strength) stratigraphic layers that contain 

detachments.  The central premise of this study is that fine-grained, distal foreland basin deposits 

(back-bulge to distal foredeep depozone) frequently contain detachments and tend to separate 

structural lithic units in fold-thrust belts.  In addition to their mechanical incompetency, fine-

grained, low-permeability, distal foreland units are commonly overpressured as a result of 

disequilibrium compaction following rapid burial by synorogenic units (Swarbrick and Osborne, 

1998). 

 Effective stresses are thought to approach yield stress several tens of kilometers into the 

foreland ahead of the leading thrust ramp (van der Pluijm et al., 1997).  Rocks ahead of the 

deformation front undergo internal strain before bulk failure, manifested as plastic hardening and 

then plastic softening for Coulomb materials (Mitra et al., 1984).  For incompetent layers, this 

plastic softening extends significantly farther into the foreland and can include small amounts of 

layer-parallel displacement that accommodates plastic deformation and pressure solution in the 

competent layers (Mitra et al., 1984; Yonkee and Weil, 2010).  The formation of a new thrust 

sheet in the foreland basin depends on the initial shear failure of a relatively competent layer 

within the foreland basin succession.  Once the competent layer fails, the shear propagates until 

it intersects an incompetent layer already near or at yield stress to form a new detachment and 

thrust sheet (Eisenstadt and De Paor, 1987; Davis and Engelder, 1985).  In thrust belts with 

rheological layering, intermediate-level detachments may develop within these incompetent 

layers in addition to the basal décollement.  This phenomenon is often revealed at the front of a 

thrust belt where the basal décollement ramps up to an intermediate-level detachment at a higher 

stratigraphic level (Fig. 1, T=1).  With continued shortening, the basal décollement will return to 

a lower structural position and a duplex system may form at depth, isolating the intermediate-



404 
 

level detachment as a roof thrust in a classic duplex system (Mitra, 1986) (Fig. 1, T=2).  In the 

following section, we show that these intermediate-level detachments are commonly initiated in 

distal foreland deposits.   

 

Case Studies 

 The first stage (T=1) in the kinematic sequence described above and illustrated in Figure 

1 is exemplified by the Main Frontal Thrust in the Himalayan thrust belt, which ramps up to the 

base of Subhimalayan, synorogenic sedimentary rocks that represent distal foreland basin 

sedimentation (DeCelles et al., 1998; Mugnier et al., 1999).   The Ouachita orogenic system 

provides an example of the second stage in the kinematic sequence (Fig. 1, T=2), where an 

intermediate-level detachment in the distal foreland basin units, the Tesnus Formation and 

Stanley Group, was folded by later deformation resulting from slip along the basal décollement 

and duplex formation (Chapman and McCarty, 2013).   

 In both the Himalayan and Ouachita examples, the formation of an intermediate-level 

detachment in a fold-thrust belt and the deposition of foreland basin sediments are temporally 

related to the same orogenic event.  However, some foreland basins contain several stratigraphic 

units vertically and along strike that represent distal foreland sedimentation at different times and 

locations associated with multiple orogenic events.  For example, the central Appalachians 

enjoyed at least three major orogenic events during the Paleozoic including the Taconic, 

Acadian, and Alleghanian orogenies (Hatcher et al., 1989), which each produced clastic wedges 

with the characteristic stratigraphic architecture of foreland basin systems (Ettensohn, 1994) 

(Fig. 2).  This is a complication to the simple model described above wherein a single foreland 

depozone is exploited as an intermediate-level detachment in the same orogenic event, but it 
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presents an opportunity to test the correlation between foreland basin depozone and fold-thrust 

belt architecture.  We predict that the distal foreland units will be preferentially exploited as 

intermediate-level detachments in composite foreland basins.   

 Three regional detachments exist in the central Appalachian fold-thrust belt: a basal 

décollement in the Cambrian Waynesboro Formation and two detachments at intermediate 

structural levels in the middle Ordovician Martinsburg Group and lower Devonian shale 

including the Marcellus Formation (Perry, 1978) (Fig. 2).  Detachments in the Martinsburg 

Group and lower Devonian shale, which were active during the Alleghanian orogeny, occur 

within shale-rich, distal foredeep units deposited during the older Taconic and Acadian orogenies 

respectively (Ettensohn, 1994).  In some places in the central Appalachians both the Devonian 

and Ordovician distal foredeep detachments are present, resulting in multiple stacked duplexes 

(Mitra, 1986).   

 Similar multi-detachment patterns are observed in the Canadian Rockies and the central 

Andes.  Numerous bedding-parallel detachments are present within the Alberta thrust belt, the 

most prominent of which are located within the Mississippian Banff Formation, the Jurassic 

Fernie Group, the middle Cretaceous Alberta Group, and the Upper Cretaceous Bearpaw 

Formation (Spratt and Lawton, 1996).  Except for the detachment in the Banff Formation, all of 

these detachments correspond to shale intervals at the base of a foreland basin sequence (Cant 

and Stockmal, 1989).  In the Andes, an intermediate-level detachment is present in the Devonian 

Los Monos and Icla Formations (McQuarrie, 2002), which are distal foreland deposits related to 

Paleozoic terrane accretion events (Issacson and Díaz-Martínez, 1995). 
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Discussion and Conclusions 

 To demonstrate the relationship between distal foreland depozones and intermediate-level 

detachments, we plot major detachment positions and depozones for several well-known thrust 

belts (Fig. 3).  A correlation exists between the position of intermediate-level detachments and 

distal foreland depozones (distal foredeep to backbulge) (Fig. 3).  Certainly, the range of possible 

detachment positions in fold-thrust belts is not limited to distal foreland deposits.  Prominent 

exceptions to this relationship are the Pyrenees and Zagros thrust belts that are dominated by 

multiple detachments in evaporites that predate their respective foreland basin systems (Verges 

et al., 1992; Sherkati et al, 2006).  The presence of evaporite alone, however, is not inconsistent 

with the model described.  For example, a regional intermediate-level detachment occurs within 

evaporites of the Arapien Formation in the western U.S. Cordillera (DeCelles and Coogan, 

2006), possibly deposited in a back-bulge depozone.  Similarly, the structurally highest regional 

detachment in the Zagros occurs in Miocene evaporites (O’Brien, 1957; Sherkati et al, 2006), 

which were deposited in the distal foreland basin system (Fakhari et al., 2008).   

 Accepting the premise that thrust belt architecture is in many instances linked to a 

characteristic foreland stratigraphy, we can begin to explore potential new relationships between 

foreland basins and orogenic growth.  One such linkage arises from the well-documented 

connection between multiple detachment levels and structural style.  Both numerical (Stockmal 

et al., 2007) and analog (Ruh et al., 2012) modeling suggests that multiple detachments are 

conducive to enhanced basal underplating, which limits exhumation of deeper structural levels.  

This relationship may help explain areas of crustal thickening with limited exhumation.  For 

example, Late Cretaceous structural thickening in the Lhasa terrane in the Tibetan Plateau was 

decoupled between the upper and middle crust by a detachment in the basal Takena Formation, 
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which was deposited in a distal foredeep depozone (Leier et al., 2007; Volkmer et al., 2007).  

Volkmer et al. (2007) proposed that the process of decoupled shortening in the upper crust may 

be common throughout the Tibetan Plateau.  If true, this suggests that characteristic foreland 

stratigraphy may have played a role in the mode of thickening of Tibetan crust.   

 The linkage between thrust belt structure and foreland basin stratigraphic architecture can 

also provide a bridge to evaluate additional geodynamic parameters and processes.  The 

influences on foreland sedimentation are myriad, but two key parameters are lithospheric 

flexural rigidity and climate. High-rigidity lithosphere produces wide, shallow foreland basins, 

whereas low-rigidity lithosphere results in narrow and deep foredeeps (Molnar and Lyon-Caen, 

1988).  Watts (1992) proposed that flexure of lithosphere with initial low rigidity could result in 

rapid subsidence that outpaces sediment availability during early foreland basin sedimentation.  

In turn, thrust belts developed on low-rigidity lithosphere may be prone to multiple levels of 

detachment in relatively thick but localized distal foreland basin deposits, whereas thrust belts 

formed on more rigid lithosphere may be prone to a single, regional, intermediate-level 

detachment associated with widespread but thin back-bulge and distal foredeep deposits.  

Climatic changes are often invoked to explain structural adjustment in thrust belt orogens (e.g. 

Whipple, 2009).  However, if climate affected foreland basin depozones at the time of 

deposition, then it is possible that the subsequent structural development may reflect these older 

climatic signals.  The prevailing wind direction and amount of orographic precipitation can have 

a pronounced effect on erosion, sediment transport, and patterns of foreland deposition (Willet, 

1999).  Windward facing orogens may experience reduced topographic loads and increased 

sediment supply resulting in poorly developed distal foreland depozones, whereas leeward facing 



408 
 

orogens may have well-developed, fine-grained, distal foreland sediments (Hoffman and 

Grotzinger, 1993).   

 The implications for the examples briefly discussed above are that leeward facing 

orogens and orogens built upon low-strength lithosphere should have more well-developed distal 

foreland depozones that are conducive to a specific thrust belt geometry involving intermediate-

level detachments, which is in turn favorable to partially decoupled shortening in the upper crust, 

basal underplating, duplex formation, and potentially limited deep exhumation.  Though 

generally untested, these relationships raise the prospect of other potential correlations that may 

be inferred by examining the cascading linkages among the stratigraphic architecture of foreland 

basins, the structural style of fold-thrust belts, and their ultimate influence on orogenic evolution. 
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Figures and Tables 
 

 
 
Figure 1: 
A) Schematic forward model for shortening in a thrust belt with an intermediate-level 
detachment.  During orogenic loading, an undeformed, rheologically layered foreland basin 
develops (T=0).  As the foreland is caught up in thrust belt deformation, shortening steps up 
from the basal décollement to an intermediate-level detachment that is located in fine-grained, 
distal foreland depositional units (T=1).  With continued shortening, the stratigraphic succession 
below the intermediate-level detachment is also deformed resulting in a duplex and a folded fault 
surface (T=2).  B) Examples of thrust belts that display the geometry and detachment positions 
described in A.  The frontal Himalaya (modified from DeCelles et al., 1998) corresponds to stage 
T=1 and the Marathon segment of the Ouachita (modified from Chapman and McCarty, 2013) 
corresponds to stage T=2. 
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Figure 2: 
Generalized stratigraphic column for the central Appalachian Basin (modified from Swezy, 
2002) that shows the relationship between depozone and detachment position.  FB = forebulge, 
DFD = distal foredeep, PFD = proximal foredeep, FD = foredeep. 
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Figure 3: 
Chart of intermediate-level detachment position and depozone for selected thrust belts.  Basal 
décollements are not shown.  Detachment positions commonly occur in distal foredeep to back-
bulge depozones.  Schematic foreland basin depozones shown in cross-sectional view below the 
chart.  DFD = distal foredeep, FB = forebulge.    Data collected from: 1Fermor and Moffat, 
1992; 2Perry, 1978; 3Tankard et al., 2009; 4McQuarrie et al., 2002; 5Homewood et al., 1986; 
6Hill et al., 2004; 7Barchi et al., 2001; 8Chapman and McCarty, 2013, 9DeCelles and Coogan, 
2006. 
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Abstract 

 Global compilations indicate that the geochemistry of arc magmatism is sensitive to 

Moho depth. Magmatic products are prevalent throughout the history of Cordilleran orogenesis 

and can be employed to constrain the timing of changes in crustal thickness as well as the 

magnitude of those changes. We investigate temporal variations in crustal thickness in the United 

States Cordillera using Sr/Y from intermediate continental arc magmas. Our results suggest that 

crustal thickening began during the Late Jurassic to Early Cretaceous and culminated with 55–

65-km-thick crust at 85–95 Ma. Crustal thicknesses remained elevated until the mid-Eocene to 

Oligocene, after which time crustal thicknesses decreased to 30–40 km in the Miocene. The 
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results are consistent with independent geologic constraints and suggest that Sr/Y is a viable 

method for reconstructing crustal thickness through time in convergent orogenic systems. 

 

Introduction 

 Several geochemical indices have been proposed as proxies for crustal thickness in 

magmatic arcs (Dickinson, 1975; Leeman, 1983; Hildreth and Moorbath, 1988; Plank and 

Langmuir, 1993; Mantle and Collins, 2008; Chiaradia, 2015). These proxies are all calibrated on 

a regional to global scale by comparing the compositions of recently emplaced magmatic rocks 

to geophysically determined crustal thicknesses. In principle, if correlations exist between 

geochemical parameters and crustal thickness in modern arc regions, geochemical indices could 

then be used to determine crustal thicknesses in the geologic past. For example, Mantle and 

Collins (2008) used maximum Ce/Y in basalts to infer changes in crustal thickness of the New 

Zealand orogen since 400 Ma. However, in continental arcs dominated by intermediate to felsic 

compositions, geochemical signatures can be generated by multiple petrogenetic processes, 

which introduces interpretive uncertainty (Ducea et al., 2015). This uncertainty is overcome in 

global correlations by using very large data sets (e.g., Chiaradia [2015] for Sr/Y), but becomes 

problematic when attempting to apply these techniques to specific orogens through time with 

more limited data. As a result, geochemical indices have most often been employed as qualitative 

indicators of crustal thickness in continental arcs (e.g., Kay and Mpodozis, 2001; Best et al., 

2009; Paterson and Ducea, 2015). 

 To explore how to bridge the gap between global compilations and studies focused on 

single orogens, we chose to examine the United States (U.S.) Cordillera interior using Sr/Y. Sr/Y 

in magmatic arcs has recently been correlated to crustal thickness globally (Chiaradia, 2015) and 
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the petrologic controls on Sr/Y have received considerable attention because of its use in 

classifying adakites (Castillo, 2012). The U.S. Cordillera is an ideal area to test correlations 

between Sr/Y and crustal thickness because of the prevalence of calc-alkaline, arc-like 

magmatism that was active during orogenic growth and collapse.  Crustal thickening in the U.S. 

Cordillera commenced in the Mesozoic and culminated in the formation of an orogenic plateau, 

the Nevadaplano, which was eventually dismembered by extension and crustal thinning to create 

the Great Basin (DeCelles, 2004; McQuarrie and Wernicke, 2005).  

 

Sr/Y and Crustal Thickness 

 During partial melting of lower crustal gabbros or magmatic fractionation of mantle-

derived mafic magmas, Sr is compatible at low pressures (<~10 kbar) where it strongly partitions 

into plagioclase (e.g., Kay and Mpodozis, 2001). However, at high pressures (>12 kbar), where 

plagioclase is unstable, Sr is incompatible and preferentially enters the liquid phase. Conversely, 

Y is incompatible at low pressures, but readily partitions into garnet and amphibole at high 

pressure (e.g., Lee et al., 2007). As a result, Sr/Y is a common qualitative indicator of the 

average crustal pressure, or depth, at which magmatic differentiation occurred (Paterson and 

Ducea, 2015). A larger Sr/Y ratio signifies a greater pressure or depth. Observations in many 

magmatic arcs have shown repeatedly that the bulk of compositional diversification processes 

take place in the deeper parts of arc crust (MASH zone), where it is thermally more efficient 

(e.g., DePaolo, 1981; Hildreth and Moorbath, 1988), regardless of whether the arc had a thin or 

thick crust. Therefore, the expectation that these geochemical parameters can map out crustal 

thickness is not unrealistic. This inference is supported by the variability in Sr/Y for intermediate 
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compositions when averaged over multiple arcs and by global correlations between Sr/Y and 

Moho depth (Chiaradia, 2015; this paper). 

 Melting of subducted oceanic crust can also generate intermediate magmas with high 

Sr/Y (Defant and Drummond, 1990), but recent studies demonstrate that the majority of 

Phanerozoic arc magmatic products owe their Sr/Y values to partial melting or crystal 

fractionation in the crust (Richards and Kerrich, 2007; Castillo, 2012; Chiaradia, 2015). We find 

little evidence for oceanic slab melts in the U.S. Cordillera during the Mesozoic to Cenozoic. 

Isotopic data (e.g., 18O/16O, 143Nd/144Nd, 87Sr/86Sr) from igneous rocks indicate a 

component of continental crust (King et al., 2004; Kistler, 1990, Farmer and DePaolo, 1983) and 

relatively few analyses have produced Sr/Y >100, which is greater than expected for 

differentiation within even the thickest crust based on global compilations. 

 Limiting analyses to intermediate compositions removes mafic rocks potentially 

originating from the mantle and more felsic rocks, including leucogranites (rhyolites), that 

originated by partial melting of local metasedimentary rocks within the middle to upper crust. 

Although measures of differentiation are often linearly related, there is still considerable scatter 

within natural data sets. As a result, we use multiple measures of differentiation including MgO 

(cf. Chiaradia, 2015), SiO2 (cf. Profeta and Ducea, 2015), and Rb/Sr. 

 Sr and Rb concentrations both rise during magma differentiation, but in highly 

fractionated magmas Sr declines as crystallization of feldspar removes Sr from the remaining 

melt, causing Sr/Y to decrease (Gelman et al., 2014; Lee and Morton, 2015). Crustal melts and 

fractionation within the middle to upper crust are common in areas of very thick crust, including 

orogenic plateaus like the Altiplano (DeSilva et al., 2015) and we would expect a similar 

prevalence in the Nevadaplano. Because Rb does not decline with Sr in highly differentiated 
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magmas, we use elevated Rb/Sr as an indicator of highly fractionated magmas. There is 

significant scatter in the correlation between Rb/Sr and SiO2 and it is likely that some analyses 

of intermediate rocks could be affected by Sr loss, even after discarding high Rb/Sr samples 

(Figure DR1 in the GSA Data Repository1).  For example, extrusive rocks produced from the 

Altiplano-Puna magmatic body, located at ~18 km depth, are depleted in Sr, but have a broad 

range of Rb/Sr at intermediate compositions (Muir et al., 2014). For this reason, we suggest that 

Sr/Y in magmatic rocks from the U.S. Cordillera may provide minimum estimates of crustal 

thickness, particularly for analyses <45 Ma, which are dominated by ignimbrites. 

 

Method and Results 

 We used major and trace element data on magmatic (intrusive and extrusive) rocks in the 

Great Basin region from Nevada and Utah between 119°W and 112°W. We chose this region as 

it is the best studied area of the U.S. Cordilleran interior and the Nevadaplano (DeCelles, 2004). 

We included rock analyses with ages between 200 Ma and 20 Ma, which was intended to capture 

the orogenic lifespan of the Cordilleran interior, excluding magmatism associated with Basin and 

Range extension (McQuarrie and Wernicke, 2005). The primary source for this data is the 

Western North American Volcanic and Intrusive Rock Database (NAVDAT, www.navdat.org) 

and a compilation by Best et al. (2009). We filtered data by MgO (1–6 wt%) and SiO2 (55–70 

wt%) and created data subsets by grouping individual analyses with similar ages and geographic 

location (Fig. 1). We removed Sr/Y outliers from these data subsets using the modified 

Thompson Tau statistical method and calculated median Sr/Y. Data subsets with Sr/Y standard 

deviations >10 or with average Rb/Sr > 0.2 or Rb/Sr < 0.05 were discarded. Because of unevenly 

reported or absent age uncertainties in our compiled data, we report mean ages from the data 
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subsets and 5% age uncertainties. Individual analyses, discarded data subsets, and retained data 

subsets are located in the Data Repository (Tables DR1–DR3). 

 To ensure that our treatment of the U.S. Cordillera data did not skew existing global 

correlations (Chiaradia, 2015), we reconstructed the global correlation between Sr/Y and crustal 

thickness using the same filters and processing steps that we applied to the U.S. Cordillera data 

set (Fig. 2). We compiled data from the Geochemistry of Rocks of the Oceans and Continents 

(GEOROC, georoc.mpch-mainz.gwdg.de) database and filtered for SiO2, MgO, and Rb/Sr using 

the values described above and removed outliers with the Thompson Tau method. We included 

additional arcs and arc segments with thick crust in our correlation (e.g., Andean arc), which 

were not included in the correlation of Chiaradia (2015), to help investigate periods of time when 

the crust was thick. When available, we used the same source for crustal thickness estimates as 

Chiaradia (2015). Otherwise, we used recently published estimates of Moho depth from 

geophysical studies (see the Data Repository; Tables DR4-DR5). All the compiled arc data form 

a linear trend, except for the central portion (20°–26°S latitude) of the Central Volcanic Zone 

(CCVZ) in the Andes, which hosts the Altiplano-Puna magmatic body. Excluding the CCVZ, we 

perform a simple least squares regression through the global data set to convert Sr/Y to crustal 

thickness in the U.S. Cordillera (Fig. 2). We propagate uncertainty from the regression into our 

estimates of crustal thickness.  The greatest variability in Sr/Y occurs for arc thicknesses of 25-

30 km, similar to the result of Mantle and Collins (2008) who found the largest variability in 

Ce/Y to occur for arc thicknesses of ~30 km.  This is a common crustal thickness range for arcs 

and it is possible that arcs in this range are near steady-state and may rapidly change their crustal 

thickness, depending on subtle dynamics of the subduction system. 
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 Median Sr/Y and calculated crustal thickness for the U.S. Cordillera are plotted against 

time in Figure 3. From the Middle to Late Jurassic, Sr/Y remained relatively constant, 

corresponding to an average crustal thickness of 30–45 km. Starting in the latest Jurassic to Early 

Cretaceous, Sr/Y increased, reaching a maximum at 85–95 Ma, corresponding to a crustal 

thickness of 55–65 km. From the Middle Cretaceous to at least the Middle Eocene, Sr/Y 

remained high, but relatively constant, corresponding to an average crustal thickness of 55–65 

km. Sr/Y began to decrease in the Middle Eocene to Oligocene and continued to decrease into 

the Early Miocene, when arc magmatism ceased. Sr/Y in the earliest Miocene correlates to a 

crustal thickness of 30–40 km. The data coverage reflects a magmatic gap from 130 to 110 Ma, a 

lull in magmatism from 80 to 45 Ma as the dip of the Farallon slab decreased, and an abundance 

(flare-up) of magmatism related to roll-back, or foundering, of the slab from 45 to 20 Ma during 

which time magmatism swept southward through the Great Basin (Dickinson, 2006). 

 

Independent Constraints on Crustal Thickness 

 The modern Great Basin once formed the core of the Nevadaplano, a Cordilleran interior 

orogenic plateau similar to the modern Altiplano-Puna Plateau in South America. It was located 

behind the frontal magmatic arc (Sierra Nevada) and in the hinterland of the retroarc (Sevier) 

thrust belt (Fig. 1). The Sr/Y data compiled here suggest that crustal thickness began to increase 

in the Late Jurassic to Early Cretaceous (Fig. 3), consistent with estimates for the initiation of 

shortening in the Cordilleran retroarc thrust belt in Utah and Nevada (Allmendinger and Jordan, 

1981), the formation of a regional foreland basin system (DeCelles, 2004), and thermobarometry 

from the Sevier hinterland (Cruz-Uribe et al., 2015).  
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 The timing of maximum crustal thickening in the Nevadaplano is constrained by peak 

Barrovian metamorphism where deep crustal levels are exposed in metamorphic core complexes. 

In the study area, peak metamorphism occurred at 80–90 Ma in the Ruby, East Humbolt, and 

Snake Range core complexes (Miller and Gans, 1989; McGrew et al., 2000; Sullivan and Snoke, 

2007; Wells et al., 2012). These estimates are in broad agreement with the Sr/Y data that suggest 

maximum crustal thicknesses at 85–95 Ma (Fig. 3). The magnitude of Late Cretaceous crustal 

thickness calculated from the Sr/Y data also closely aligns with independent constraints. 

Structural reconstructions for the U.S. Cordillera indicate that crustal thicknesses were 50–60 km 

in the Late Cretaceous (DeCelles and Coogan, 2006). Similarly, stable isotope, paleo-

geomorphic, and low-temperature thermochronology studies suggest that the elevation of the 

Nevadaplano in the Late Cretaceous was >3 km (House et al., 2001; Cassel et al., 2014; Snell et 

al., 2014), which implies a crustal thickness of >50 km assuming Airy isostatic compensation.  

 The timing for extension and crustal thinning in the Great Basin region is debated and 

likely diachronous. Localized extension may have begun as early as ca. 80 Ma (Wells et al., 

1990; Druschke et al., 2009; Long et al., 2015), although most authors suggest that regional 

extension began in the Eocene (Sonder and Jones, 1999). Contraction ended in the Sevier thrust 

belt by ca. 50 Ma (Constenius, 1996). Syn-extensional deposition began by the mid-Eocene 

(Vandervoort and Schmitt, 1990; Axen et al., 1993) and structural relationships suggest that 

extensional faulting was widespread by the late Eocene (Mueller et al., 1999; Gans et al., 2001; 

Druschke et al., 2009). Extension and exhumation in the Nevada metamorphic core complexes 

also initiated at 45–50 Ma (Lee, 1995; McGrew et al., 2000; Wells et al., 2000), although the 

bulk of exhumation in the Nevada core complexes may have occurred during the Oligocene or 

later (Sullivan and Snoke, 2007). Many authors also suggest that initial Eocene extension may 
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have been minor and that significant extension did not occur until the Miocene, associated with 

Basin and Range extension (McQuarrie and Wernicke, 2005; Colgan et al., 2006; 2010; Henry, 

2008; Best et al., 2009; Cassel et al., 2014). Sr/Y begins to decrease at 40–50 Ma, in good 

agreement with estimates for a mid-Eocene initiation of extension, although there is considerable 

scatter in the Sr/Y data. Possible explanations for the scatter in the Cenozoic Sr/Y data include 

diachronous extension in the Great Basin and Sr loss during fractionation within the crust. By the 

Miocene, Sr/Y had decreased, and corresponding crustal thicknesses had returned to values 

similar to modern day estimates of 30–35 km (Gilbert, 2012). 

 

Conclusions 

 Understanding how crustal thickness changes through time is essential to deciphering 

how orogens evolve and which processes influence that evolution. We have demonstrated that 

Sr/Y from intermediate continental calc-alkaline magmatic rocks in a convergent orogenic 

setting can be used to track temporal variations in crustal thickness. In the case of the interior 

U.S. Cordillera, we can resolve when crustal thickening initiated, when maximum crustal 

thickness was achieved, and, with less precision, when crustal extension began (Fig. 3). These 

periods represent fundamental shifts in the geodynamics of the orogen and are exemplary of the 

type of data often targeted by tectonic studies in ancient Cordilleran systems (e.g., Kapp et al., 

2005). In addition, we have presented magnitudes for crustal thickness through time for the U.S. 

Cordillera using a customized global correlation between Sr/Y and Moho depth (Fig. 2). 

Whereas the uncertainties in these magnitudes remain large (average uncertainty in Figure 3 is 

~±10 km), they nonetheless appear to be reasonable estimates and provide valuable, quantitative 

constraints on crustal thickness. 
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Figures and Tables 
 

 
 
Figure 1: 
Map of the Great Basin region showing all data subsets analyzed (circles) and data subsets used 
in the reconstruction of crustal thickness after data filters were applied (squares). Information on 
each subset is included in Tables DR1–DR3 [see footnote 1]). SNB—Sierra Nevada Batholith, 
EST—Eastern Sierra thrust belt, DVT—Death Valley thrust system, LFT—Luning-Fencemaker 
thrust belt, CNT—Central Nevada thrust belt, WUT—Western Utah thrust belt, SVT—Sevier 
thrust belt. Thrust faults shown with barbs on hangingwall, dashed where approximate. 
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Figure 2: 
Global correlation between geophysically determined Moho depth and median Sr/Y from 
Pliocene and younger magmatic arcs, compiled from GEOROC (georoc.mpch-
mainz.gwdg.de/georoc/). Median Sr/Y was calculated using the same filters and processing steps 
as applied to the Great Basin data. Data regression includes all data except the central segment of 
the Central Volcanic Zone (CCVZ) in the Andes; see text for discussion. Compiled data are 
included in Tables DR4 and DR5. 
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Figure 3: 
Plot of changes in median Sr/Y in magmatic rocks and calculated crustal thickness through time 
for the Great Basin region. Shaded region and dashed arrows show interpreted trends in the data. 
Timing for the events listed at the bottom of the plot is constrained by independent geologic 
studies; see text for discussion. Compiled and plotted data are included in Tables DR1–DR3. 
  



438 
 

Supplementary Material 
 

 
 
Supplementary Figure DR1: whole-rock analyses 
Unfiltered whole-rock analyses in the Great Basin/Nevadaplano region from 200 Ma to 20 Ma 
compiled from NAVDAT (www.navdat.org) and Best et al. (2009). Dashed lines and shaded 
boxes show the limits to data filters used for Sr/Y analysis in this study. Solid gray line is an 
interpreted trend through the data. A: MgO-SiO2 Harker variation diagram showing scatter in the 
relationship. B: Sr depletion by crystallization of feldspar during advanced magmatic 
differentiation (>~70 SiO2 wt%) results in an increase in Rb/Sr and decrease in Sr/Y. 
 
Best, M.G., Barr, D.L., Christiansen, E.H., Gromme, S., Deino, A.L., and Tingey, D.G., 2009, 

The Great Basin Altiplano during the middle Cenozoic ignimbrite flareup: Insights from 
volcanic rocks: International Geology Review, v. 51, p. 589–633, 
doi:10.1080/00206810902867690. 
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Supplementary Table DR1: Data used to calculate Sr/Y for data subsets 
 
Data used to calculate Sr/Y for data subsets (Areas). These analyses have been filtered to remove 
SiO2 wt. % < 55, SiO2 wt. % > 70, MgO wt. % < 1, MgO wt. % > 6, and Sr/Y outliers using the 
Thomson Tau method. Data is from the Western North American Volcanic and Intrusive Rock 
Database (NAVDAT; http://www.navdat.org/, accessed April 2015), unless otherwise noted. 
 
References for other data sources:  
Best, M.G., Barr, D.L., Christiansen, E.H., Gromme, S., Deino, A.L., and Tingey, D.G., 2009, 

The Great Basin Altiplano during the middle Cenozoic ignimbrite flareup: Insights from 
volcanic rocks: International Geology Review, v. 51, p. 589–633, doi: 
10.1080/00206810902867690. 

Stuck, R.J., 1993, Petrology and geochemistry of a Late Cretaceous granitoid suite, Santa Rosa 
Mountain Range, Humbolt County, Nevada [M.S. thesis]: Miami University, 179 p. 
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Table DR1: Data used to calculate Sr/Y for individual subsets (Area) 
Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 

NAVDAT Mountain City GR- 29 90.0 41.82 -115.93 68.5 1.3 124 0.268 462 23 20.1 
NAVDAT Mountain City GR- 30 90.0 41.85 -115.89 67.7 1.3 124 0.268 463 19 24.4 
NAVDAT Mountain City 16327 93.0 41.82 -115.95 68.8 1.2 125 0.252 496 18 27.9 
NAVDAT Mountain City 16329 90.0 41.99 -115.85 67.6 1.5 66 0.104 637 19 34.2 
NAVDAT Mountain City 16328 93.0 41.83 -115.84 66.1 1.5 112 0.184 610 17 35.7 

             NAVDAT Mountain City GR-31 149.5 41.68 -116.07 60.2 5.1 39 0.061 642 21 30.6 
NAVDAT Mountain City 16339 149.5 41.68 -116.08 56.4 5.7 26 0.042 624 18 34.7 
NAVDAT Mountain City GR- 32 149.5 41.68 -116.08 61.6 3.5 50 0.062 811 21 38.6 

             NAVDAT Needle Range HFW-8-153-1BV 30.6 38.56 -113.86 65.9 2.3 141 0.442 319 31 10.3 
NAVDAT Needle Range HFW-8-153-1CD 30.6 38.56 -113.86 65.9 1.8 141 0.394 358 19 18.8 
NAVDAT Needle Range HFW-8-153-3CD 29.5 38.58 -113.86 68.5 1.5 158 0.416 380 19 20.0 
NAVDAT Needle Range MINS-8-61-4BD 27.9 38.33 -113.93 65.1 2.1 114 0.217 525 23 22.8 
NAVDAT Needle Range HAM-9-129-1P 29.5 38.40 -114.01 67.6 1.3 152 0.360 422 18 23.4 
NAVDAT Needle Range BUCK-8-140-2 29.5 38.27 -113.86 61.4 3.3 80 0.134 597 12 49.8 
NAVDAT Needle Range MIN-8-23-1 29.5 38.37 -113.94 63.3 2.6 131 0.229 572 11 52.0 

             NAVDAT Maverick Springs 16181 33.4 40.07 -115.27 67.3 2.3 113 0.361 313 18 17.9 
NAVDAT Maverick Springs 881662 33.4 40.09 -115.26 67.5 1.6 100 0.286 350 11 31.8 
NAVDAT Maverick Springs 881663 33.4 40.08 -115.26 67.5 1.6 100 0.278 360 9 40.0 
NAVDAT Maverick Springs 881661 33.4 40.09 -115.26 67.9 1.8 110 0.333 330 7 47.1 

             NAVDAT E. Humbolt Range AL4898 33.4 41.03 -115.09 69.3 1.0 81 0.220 369 18 20.6 
NAVDAT E. Humbolt Range AL4398 33.4 41.03 -115.09 69.9 1.1 63 0.193 326 12 27.9 
NAVDAT E. Humbolt Range AL898 33.4 41.02 -115.09 68.7 1.2 73 0.246 297 15 19.3 
NAVDAT E. Humbolt Range AL498 33.4 41.02 -115.09 67.6 1.3 65 0.148 440 14 30.8 

             NAVDAT E. Humbolt Range 880806-1 40.0 40.95 -115.10 66.5 1.5 98 0.261 375 54 6.9 
NAVDAT E. Humbolt Range 890722-1A 40.0 40.96 -115.11 65.3 1.5   427 27 15.9 
NAVDAT E. Humbolt Range 880802-2 40.0 40.97 -115.10 57.6 3.1 154 0.323 477 28 17.3 
NAVDAT E. Humbolt Range 890710-3 40.0 40.97 -115.10 62.4 1.9 64 0.143 447 18 25.5 
NAVDAT E. Humbolt Range RM-19 40.0 40.99 -115.09 62.6 1.8 55 0.117 472 15 31.5 
NAVDAT E. Humbolt Range 870712-3 40.0 41.02 -115.08 64.0 1.5 59 0.120 491 13 38.7 

             NAVDAT Battle Mtn NE 1062 38.0 40.68 -117.09 69.0 1.6 82 0.162 506 13 37.8 
NAVDAT Battle Mtn NE 1463-898 37.0 40.61 -117.06 66.0 2.0 172 0.400 430 11 39.1 
NAVDAT Battle Mtn NE 203046 38.0 40.68 -117.09 69.3 1.7 100 0.165 605 15 40.6 
NAVDAT Battle Mtn NE 80BK61 38.0 40.63 -117.03 67.0 2.0 89 0.168 530 13 40.8 
NAVDAT Battle Mtn NE 80BK28 38.0 40.63 -117.05 69.3 2.0 74 0.137 540 13 41.5 
NAVDAT Battle Mtn NE 1064 39.3 40.64 -117.06 69.1 1.9 69 0.126 551 13 41.7 
NAVDAT Battle Mtn NE 1021 39.0 40.60 -117.06 69.3 2.0 89 0.183 487 12 42.3 
NAVDAT Battle Mtn NE 80BK29 38.0 40.63 -117.05 69.5 2.2 80 0.138 580 13 44.6 
NAVDAT Battle Mtn NE 80BK31 38.0 40.63 -117.04 69.3 2.1 20 0.034 590 13 45.4 
NAVDAT Battle Mtn NE 1468-811 37.0 40.61 -117.06 68.0 1.7 141 0.276 510 11 46.4 
NAVDAT Battle Mtn NE 80BK30 38.0 40.63 -117.04 69.7 2.1 19 0.033 570 12 47.5 
NAVDAT Battle Mtn NE 78C89 39.3 40.63 -117.06 68.8 2.2   530 11 48.2 
NAVDAT Battle Mtn NE 1475-330 37.0 40.61 -117.05 67.9 2.0 129 0.205 630 13 48.5 
NAVDAT Battle Mtn NE 1061 37.0 40.66 -117.09 69.0 1.3 59 0.079 739 15 48.9 
NAVDAT Battle Mtn NE 78C119 38.0 40.63 -117.04 68.8 2.0 18 0.031 590 12 49.2 
NAVDAT Battle Mtn NE 78C90 39.0 40.63 -117.06 66.9 2.9   600 12 50.0 
NAVDAT Battle Mtn NE 78C99 38.0 40.63 -117.05 69.0 1.9 32 0.057 560 11 50.9 
NAVDAT Battle Mtn NE 1463-396 37.0 40.61 -117.06 66.6 1.8 133 0.173 770 15 51.3 

             NAVDAT Battle Mtn NE 1463-1134 88.0 40.61 -117.06 68.3 1.1 332 1.145 290 16 18.1 
NAVDAT Battle Mtn NE KSO517 88.0 40.62 -117.03 65.2 2.8   396 13 30.5 
NAVDAT Battle Mtn NE 1470-226 88.0 40.61 -117.06 67.8 1.4 127 0.174 730 23 31.7 
NAVDAT Battle Mtn NE 1453-428 88.0 40.61 -117.06 69.4 1.3 312 0.578 540 17 31.8 
NAVDAT Battle Mtn NE 1477-561 88.0 40.61 -117.06 61.6 1.6 312 0.503 620 19 32.6 
NAVDAT Battle Mtn NE 1470-238 88.0 40.61 -117.06 66.5 1.4 152 0.238 640 13 49.2 
NAVDAT Battle Mtn NE 1470-146 88.0 40.61 -117.06 64.4 2.0 152 0.192 790 15 52.7 
NAVDAT Battle Mtn NE 1470-130 88.0 40.61 -117.06 66.7 1.5 147 0.213 690 11 62.7 

             NAVDAT Battle Mtn SW Ap-80 35.0 40.56 -117.17 61.7 3.1 75 0.259 290 28 10.4 
NAVDAT Battle Mtn SW AP-146 35.0 40.60 -117.25 69.2 1.1 91 0.249 365 19 19.2 
NAVDAT Battle Mtn SW AP-126 35.0 40.60 -117.24 61.9 1.9 76 0.127 600 20 30.0 
NAVDAT Battle Mtn SW Ap-14 35.0 40.60 -117.15 67.3 1.2 126 0.180 700 21 33.3 
NAVDAT Battle Mtn SW Ap-148 35.0 40.60 -117.24 68.2 1.7 78 0.161 485 13 37.3 
NAVDAT Battle Mtn SW Ap-6 35.0 40.57 -117.13 63.2 2.3 67 0.085 790 18 43.9 
NAVDAT Battle Mtn SW Ap-52 35.0 40.57 -117.15 64.3 2.1 65 0.083 780 14 55.7 
NAVDAT Battle Mtn SW AP-127 35.0 40.60 -117.24 63.8 1.9 41 0.054 760 12 63.3 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
NAVDAT Battle Mtn SW 2565-410 39.0 40.55 -117.13 65.4 4.1 120 1.307 92 6 15.3 
NAVDAT Battle Mtn SW 3101-975 39.0 40.55 -117.13 65.9 4.4 209 0.941 222 14 15.9 
NAVDAT Battle Mtn SW 1999-924 39.0 40.55 -117.13 66.4 4.6 200 0.816 245 15 16.3 
NAVDAT Battle Mtn SW 1996-569 39.0 40.55 -117.13 66.3 4.2 228 0.735 310 18 17.2 
NAVDAT Battle Mtn SW 1997-1050 39.0 40.55 -117.13 66.9 4.6 200 0.580 345 15 23.0 
NAVDAT Battle Mtn SW 2724-676 39.0 40.55 -117.13 66.1 4.0 187 0.454 412 17 24.2 
NAVDAT Battle Mtn SW 2724-683 39.0 40.55 -117.13 67.3 4.6 117 0.238 491 17 28.9 
NAVDAT Battle Mtn SW 1999-920 39.0 40.55 -117.13 65.8 4.3 181 0.417 434 14 31.0 
NAVDAT Battle Mtn SW 1996-548.5 39.0 40.55 -117.13 66.9 4.4 143 0.301 475 15 31.7 
NAVDAT Battle Mtn SW 6125-6 39.0 40.55 -117.13 66.0 4.0 180 0.625 288 9 32.0 
NAVDAT Battle Mtn SW 2723-938 39.0 40.55 -117.13 66.5 3.8 160 0.593 270 8 33.8 

             NAVDAT Battle Mtn SW 1041 41.0 40.53 -117.18 64.9 4.0 70 0.128 546 16 34.6 
NAVDAT Battle Mtn SW 1040 41.0 40.53 -117.18 66.3 2.0 54 0.086 632 16 40.5 
NAVDAT Battle Mtn SW 1043 41.0 40.53 -117.18 67.7 2.7 13 0.017 756 13 57.3 
NAVDAT Battle Mtn SW Ap-67 41.0 40.53 -117.18 65.3 2.0 65 0.094 690 10 69.0 

             NAVDAT Battle Mtn SW TC-25 89.0 40.63 -117.20 65.5 1.3 60 0.092 650 20 32.5 
NAVDAT Battle Mtn SW 87JH040 89.0 40.62 -117.20 64.7 2.7 193 0.297 650 17 38.2 
NAVDAT Battle Mtn SW TC-25 89.0 40.63 -117.20 66.8 1.3 60 0.071 850 20 42.5 
NAVDAT Battle Mtn SW TC-41 89.0 40.62 -117.20 66.2 1.4 110 0.120 920 20 46.0 
NAVDAT Battle Mtn SW AP-108 89.0 40.62 -117.20 66.5 1.1 118 0.182 650 14 46.4 
NAVDAT Battle Mtn SW 16220 89.0 40.61 -117.20 67.5 1.3 97 0.136 714 14 51.7 

             NAVDAT Cortez Mtn GR-106 150.0 40.34 -116.39 63.0 4.3 47 0.089 530 26 20.4 
NAVDAT Cortez Mtn GR-105 150.0 40.33 -116.40 64.7 3.0 79 0.129 613 30 20.4 
NAVDAT Cortez Mtn 16199 150.0 40.43 -116.45 63.1 2.7 71 0.108 660 20 32.8 

             NAVDAT Cortez Mtn 16196 158.0 40.32 -116.27 69.1 1.4 47 0.110 426 26 16.5 
NAVDAT Cortez Mtn 202970 158.0 40.34 -116.38 63.4 3.3 38 0.084 455 20 22.8 
NAVDAT Cortez Mtn 202967 158.0 40.32 -116.42 65.5 4.0 22 0.058 380 16 23.8 
NAVDAT Cortez Mtn 16195 158.0 40.29 -116.33 65.4 2.3 105 0.161 652 27 24.5 
NAVDAT Cortez Mtn 16198 158.0 40.27 -116.45 63.2 4.5 106 0.172 615 22 28.2 
NAVDAT Cortez Mtn 881795 158.0 40.19 -116.57 66.2 1.8 100 0.182 550 16 34.4 
NAVDAT Cortez Mtn 881794 158.0 40.20 -116.58 66.6 2.0 100 0.182 550 15 36.7 

             NAVDAT East Range P4K4 134.0 40.57 -117.85 61.6 3.5 84 0.187 450 28 16.1 
NAVDAT East Range P4K6 134.0 40.57 -117.85 63.8 2.1 100 0.222 450 26 17.3 
NAVDAT East Range P4K5 134.0 40.57 -117.85 63.3 2.1 90 0.191 470 26 18.1 
NAVDAT East Range P4K3 134.0 40.57 -117.85 64.8 1.8 98 0.218 450 22 20.5 
NAVDAT East Range P4K11 134.0 40.57 -117.85 61.3 2.8 82 0.161 510 22 23.2 
NAVDAT East Range P4K2 134.0 40.57 -117.85 64.7 1.6 94 0.184 510 20 25.5 
NAVDAT East Range P4K1 134.0 40.57 -117.85 61.4 2.5 88 0.154 570 22 25.9 
NAVDAT East Range 15165 134.0 40.55 -117.84 65.2 2.8 152 0.244 624 20 31.4 

             NAVDAT East Range P4K12 175.0 40.57 -117.75 61.4 2.8 82 0.158 520 24 21.7 
NAVDAT East Range P2K4 175.0 40.57 -117.76 60.9 4.4 122 0.200 610 24 25.4 
NAVDAT East Range P2K3 175.0 40.57 -117.76 58.3 5.3 106 0.166 640 22 29.1 

             NAVDAT N. Richmond Mtns BS1004-504 44.3 40.96 -116.36 69.8 1.5 174 1.568 111 33 3.4 
NAVDAT N. Richmond Mtns CN-3 44.3 40.98 -116.37 68.0 1.7 140 1.029 136 19 7.2 
NAVDAT N. Richmond Mtns GB 720C-1744 44.3 40.99 -116.38 67.8 4.0 113 1.177 96 19 5.1 
NAVDAT N. Richmond Mtns M8-0317-4-482 44.3 41.00 -116.38 68.7 1.7 110 0.973 113 29 3.9 
NAVDAT N. Richmond Mtns PNC 213-1787 44.3 40.97 -116.37 66.1 1.6 139 1.299 107 19 5.6 
NAVDAT N. Richmond Mtns RM97C-7-1336 44.3 40.96 -116.36 69.3 1.1 37 0.740 50 23 2.2 

             NAVDAT N. Richmond Mtns 5 130.0 40.91 -116.32 58.5 4.1 x  700 30 23.3 
NAVDAT N. Richmond Mtns 1 130.0 40.95 -116.32 57.8 5.0 66 0.066 1000 30 33.3 
NAVDAT N. Richmond Mtns 2 130.0 40.92 -116.32 59.4 2.9 x  1000 30 33.3 
NAVDAT N. Richmond Mtns 98-Zia-7 139.8 40.94 -116.39 60.4 2.5 93 0.110 844 32 26.4 

             NAVDAT Easy Ely S-SiII-5 110.0 39.28 -114.96 59.0 1.9 134 0.126 1060 33 32.1 
NAVDAT Easy Ely V-SiII-8 110.0 39.27 -114.93 59.7 1.5 121 0.104 1160 33 35.2 
NAVDAT Easy Ely 202985 111.0 39.26 -114.94 61.8 1.8 125 0.140 892 25 35.7 
NAVDAT Easy Ely Union Pluton 3 110.0 39.26 -114.93 58.3 1.6 117 0.099 1180 33 35.8 
NAVDAT Easy Ely O-SiII-8 110.0 39.26 -114.94 58.4 1.9 119 0.097 1230 34 36.2 
NAVDAT Easy Ely V-SiII-12 110.0 39.27 -114.93 59.5 1.7 114 0.090 1260 34 37.1 
NAVDAT Easy Ely Union Pluton 7 110.0 39.26 -114.93 59.1 2.0 117 0.099 1180 31 38.1 
NAVDAT Easy Ely Prh-SiII-1 110.0 39.26 -114.93 58.2 1.1 176 0.147 1200 31 38.7 
NAVDAT Easy Ely S-SiII-11 110.0 39.28 -114.96 59.3 1.8 118 0.091 1290 33 39.1 
NAVDAT Easy Ely D-SiII-8 110.0 39.26 -114.94 57.9 1.9 111 0.085 1300 33 39.4 
NAVDAT Easy Ely 881540 111.0 39.29 -114.95 61.7 2.0 100 0.097 1035 24 43.1 
NAVDAT Easy Ely 16178 111.0 39.29 -114.95 61.5 1.8 115 0.092 1249 29 43.4 

             NAVDAT Edna Mtn GR-101 103.0 40.82 -117.43 64.3 2.3 87 0.158 552 19 29.1 
NAVDAT Edna Mtn 15155 104.0 40.82 -117.44 66.0 2.3 99 0.178 555 19 29.5 
NAVDAT Edna Mtn GSC243 104.0 40.82 -117.43 65.8 2.2 100 0.194 515 16 32.2 
NAVDAT Edna Mtn GR-102 103.0 40.82 -117.44 65.3 2.2 84 0.123 681 19 35.8 
NAVDAT Edna Mtn GSC87 106.0 40.74 -117.52 69.1 1.4 81 0.196 414 11 37.6 
NAVDAT Edna Mtn 15110 105.0 40.79 -117.55 68.9 1.3 61 0.115 530 13 41.7 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
NAVDAT NW Copper Mtns C38 104.0 41.88 -115.65 68.5 1.3 118 0.180 656 20 32.7 
NAVDAT NW Copper Mtns C34 104.0 41.86 -115.67 67.6 1.4 130 0.182 714 24 30.1 
NAVDAT NW Copper Mtns C23 104.0 41.81 -115.66 69.2 1.5 127 0.193 658 16 41.4 
NAVDAT NW Copper Mtns C11 104.0 41.80 -115.64 69.7 1.5 98 0.145 672 18 36.7 
NAVDAT NW Copper Mtns C56 104.0 41.85 -115.64 69.7 1.5 107 0.187 572 13 43.3 
NAVDAT NW Copper Mtns C26 104.0 41.83 -115.68 69.7 1.6 107 0.176 608 16 38.0 
NAVDAT NW Copper Mtns C25 104.0 41.83 -115.66 68.6 1.6 119 0.183 650 22 29.4 
NAVDAT NW Copper Mtns C41 104.0 41.87 -115.65 66.9 1.7 98 0.137 720 24 29.6 
NAVDAT NW Copper Mtns C29 104.0 41.84 -115.69 67.3 1.7 99 0.140 707 23 30.9 
NAVDAT NW Copper Mtns C16 104.0 41.83 -115.69 68.2 1.8 82 0.135 609 16 38.8 

             NAVDAT Paradise Range 16225 104.0 38.96 -117.90 66.5 2.2 111 0.215 516 16 32.9 
NAVDAT Paradise Range 880693 103.0 38.97 -117.91 64.8 2.0 88 0.181 485 13 37.3 
NAVDAT Paradise Range 16228 104.0 38.99 -117.75 60.9 2.9 177 0.217 814 19 43.1 
NAVDAT Paradise Range 16224 104.0 38.97 -117.90 58.5 3.2 70 0.093 756 17 43.7 

             NAVDAT Pahute Mesa SMQMA3 97.0 37.45 -116.29 64.1 1.1 97 0.097 1004 27 36.8 
NAVDAT Pahute Mesa U15A31-1200 97.0 37.22 -116.06 66.1 1.2   828 19 43.5 
NAVDAT Pahute Mesa U15A31-255 97.0 37.22 -116.06 66.2 1.2   828 19 43.5 
NAVDAT Pahute Mesa U15A31-1100 97.0 37.22 -116.06 65.3 1.3   828 19 43.5 
NAVDAT Pahute Mesa U15A31-930 97.0 37.22 -116.06 63.5 1.4   828 19 43.5 

             NAVDAT Big Kasock Mtn 16253 90.0 39.01 -118.31 65.0 1.6 85 0.144 589 14 43.0 
NAVDAT Big Kasock Mtn 87-DJ-149 98.0 39.02 -118.32 65.1 1.5 114 0.174 656 13 50.5 
NAVDAT Big Kasock Mtn 87-DJ-148 98.0 39.02 -118.31 67.7 1.2 133 0.237 561 9 62.3 

             NAVDAT Osgood Mtns 202971 95.0 41.14 -117.27 65.5 1.9 79 0.141 561 15 37.4 
NAVDAT Osgood Mtns 15154 95.0 41.21 -117.27 68.7 1.1 92 0.172 535 14 37.7 
NAVDAT Osgood Mtns OP17A 95.0 41.20 -117.28 67.2 1.2 69 0.101 680 18 37.8 
NAVDAT Osgood Mtns OP15B 95.0 41.21 -117.27 66.7 1.0 99 0.130 760 20 38.0 
NAVDAT Osgood Mtns OP18A 95.0 41.14 -117.27 66.2 1.8 72 0.116 615 16 38.4 

             NAVDAT Santa Rosa Range 16136 55.0 41.17 -117.74 65.7 1.8 78 0.132 593 14 43.3 
NAVDAT Santa Rosa Range 16135 55.0 41.17 -117.74 68.8 1.3 108 0.227 476 11 42.5 

             NAVDAT Santa Rosa Range 15115 72.9 41.02 -118.30 66.2 1.9 78 0.160 487 14 36.1 
NAVDAT Santa Rosa Range 16140 72.9 41.57 -117.75 68.2 1.5 112 0.190 590 16 36.2 
NAVDAT Santa Rosa Range 16142 72.9 41.43 -117.66 65.6 2.2 62 0.117 528 14 36.7 
NAVDAT Santa Rosa Range 16139 72.9 41.42 -117.75 68.6 1.2 86 0.168 511 12 41.9 
NAVDAT Santa Rosa Range 16141 72.9 41.55 -117.60 67.8 1.6 57 0.105 543 13 43.4 
NAVDAT Santa Rosa Range 16138 72.9 41.26 -117.76 67.7 1.6 68 0.150 452 9 48.6 
NAVDAT Santa Rosa Range 15182 72.9 41.59 -117.48 57.9 4.4 96 0.078 1229 21 59.7 

             Stuck, 1993 Santa Rosa Range RS91-15D 106.4 41.54 -117.63 68.5 1.3 65 0.141 462 13 35.5 
Stuck, 1993 Santa Rosa Range RS91-38A 106.4 41.60 -117.68 65.9 1.7 57 0.113 505 14 36.1 
Stuck, 1993 Santa Rosa Range RS91-18A 106.4 41.54 -117.63 67.0 1.5 75 0.137 548 15 36.5 
Stuck, 1993 Santa Rosa Range RS91-22 106.4 41.49 -117.63 67.5 1.6 58 0.112 518 14 37.0 
Stuck, 1993 Santa Rosa Range RS91-30 106.4 41.48 -117.65 66.8 1.7 52 0.108 482 12 40.2 
Stuck, 1993 Santa Rosa Range RS91-24A 106.4 41.46 -117.66 64.4 2.2 46 0.082 563 14 40.2 
Stuck, 1993 Santa Rosa Range RS91-27B 106.4 41.48 -117.65 65.6 1.8 53 0.092 578 14 41.3 
Stuck, 1993 Santa Rosa Range RS91-24B 106.4 41.46 -117.66 66.0 1.6 60 0.119 503 12 41.9 
Stuck, 1993 Santa Rosa Range RS91-28A 106.4 41.48 -117.67 68.9 1.3 53 0.111 477 11 43.4 
Stuck, 1993 Santa Rosa Range RS91-12 106.4 41.49 -117.64 67.7 1.5 57 0.109 524 12 43.7 
Stuck, 1993 Santa Rosa Range RS91-27A 106.4 41.48 -117.65 67.7 1.4 54 0.094 572 13 44.0 
Stuck, 1993 Santa Rosa Range RS91-17A 106.4 41.50 -117.64 67.6 1.5 39 0.073 535 12 44.6 
Stuck, 1993 Santa Rosa Range RS91-44A 106.4 41.52 -117.67 67.6 1.5 52 0.102 512 11 46.5 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
NAVDAT Creek Mtns 1137 42.0 40.32 -117.23 65.1 3.1 50 0.103 480 14 35.3 
NAVDAT Creek Mtns 1139 42.0 40.32 -117.22 67.7 2.6 32 0.074 437 13 33.6 
NAVDAT Creek Mtns 1141 40.0 40.32 -117.22 65.7 3.2 59 0.110 533 14 38.3 
NAVDAT Creek Mtns 4900-3 44 41.0 40.33 -117.22 66.5 2.6 76 0.136 559 15 37.3 
NAVDAT Creek Mtns 5040-2 8A 41.0 40.33 -117.22 64.9 3.2 74 0.148 501 15 33.4 
NAVDAT Creek Mtns 5040-2 8H 41.0 40.33 -117.22 65.4 3.2 82 0.165 497 15 33.1 
NAVDAT Creek Mtns 5040-2 9 41.0 40.33 -117.22 65.5 2.1 79 0.131 602 17 35.4 
NAVDAT Creek Mtns 5060-2 30 41.0 40.33 -117.22 65.2 2.1 102 0.165 619 19 32.6 
NAVDAT Creek Mtns 5060-2 39 41.0 40.33 -117.22 65.5 2.1 88 0.124 707 20 35.4 
NAVDAT Creek Mtns 5060-2 66 41.0 40.33 -117.22 61.5 5.9 34 0.062 547 15 36.5 
NAVDAT Creek Mtns 5080-2 16 41.0 40.33 -117.22 64.4 2.0 92 0.141 652 19 34.3 
NAVDAT Creek Mtns 5080-2 23 41.0 40.33 -117.22 56.3 4.2 114 0.144 790 20 39.5 
NAVDAT Creek Mtns 5080-2 24 41.0 40.33 -117.22 66.6 2.9 131 0.240 545 17 32.1 
NAVDAT Creek Mtns 5100-2 1 41.0 40.33 -117.22 66.1 1.9 87 0.143 609 20 30.5 
NAVDAT Creek Mtns 5100-2 10 41.0 40.33 -117.22 64.3 2.0 94 0.149 629 20 31.5 
NAVDAT Creek Mtns 5120-2 20 41.0 40.33 -117.22 64.7 2.1 100 0.155 646 20 32.3 
NAVDAT Creek Mtns 5160-3 2H 41.0 40.33 -117.22 66.5 2.2 44 0.071 620 17 36.5 
NAVDAT Creek Mtns 5200-3 1 41.0 40.33 -117.22 62.1 3.0 89 0.142 627 21 29.9 
NAVDAT Creek Mtns C-118 197 41.0 40.33 -117.22 61.9 3.0 71 0.105 674 22 30.6 
NAVDAT Creek Mtns GMC-16 397 41.0 40.32 -117.23 66.4 2.8 75 0.139 541 14 38.6 
NAVDAT Creek Mtns GMC-6 450 41.0 40.33 -117.22 65.4 2.0 80 0.127 628 17 36.9 
NAVDAT Creek Mtns GMC-6 818 41.0 40.33 -117.22 62.9 2.4 92 0.123 751 20 37.6 
NAVDAT Creek Mtns MC 209 41.0 40.33 -117.22 64.5 2.9 82 0.126 651 18 36.2 
NAVDAT Creek Mtns MC 212 41.0 40.33 -117.22 62.4 2.7 68 0.105 648 21 30.9 
NAVDAT Creek Mtns MC 218 41.0 40.33 -117.22 60.9 3.1 98 0.143 686 23 29.8 
NAVDAT Creek Mtns MC 6 41.0 40.33 -117.22 62.9 2.0 78 0.100 780 21 37.1 
NAVDAT Creek Mtns MC 7 41.0 40.33 -117.22 63.8 1.9 84 0.128 658 21 31.3 

             NAVDAT Tuscarora Mtns DB-2-LSM 39.3 41.35 -116.20 64.2 1.4 98 0.143 683 20 34.2 
NAVDAT Tuscarora Mtns H96-32 39.8 41.22 -116.25 63.8 1.5 89 0.117 759 20 38.0 
NAVDAT Tuscarora Mtns H97-27 39.0 41.33 -116.23 64.0 1.9 89 0.132 674 21 32.1 
NAVDAT Tuscarora Mtns DB-3-LSM 39.3 41.35 -116.20 63.6 1.9 105 0.158 665 21 31.7 
NAVDAT Tuscarora Mtns 203067 39.0 41.32 -116.36 64.6 2.0 104 0.178 585 18 33.1 
NAVDAT Tuscarora Mtns H96-57 39.0 41.32 -116.27 64.5 2.0 103 0.167 618 20 30.9 
NAVDAT Tuscarora Mtns H96-66 39.8 41.35 -116.33 62.5 2.1 80 0.117 686 18 38.1 
NAVDAT Tuscarora Mtns 16343 39.0 41.31 -116.34 64.5 2.2 86 0.135 639 21 30.9 
NAVDAT Tuscarora Mtns H96-72A 39.4 41.32 -116.36 64.1 2.3 98 0.167 588 22 26.7 
NAVDAT Tuscarora Mtns 203068 39.0 41.33 -116.32 63.0 2.3 98 0.147 668 18 36.9 
NAVDAT Tuscarora Mtns H96-31 39.8 41.22 -116.25 62.9 2.3 92 0.123 747 21 35.6 
NAVDAT Tuscarora Mtns DB-31-LC 39.8 41.28 -116.37 63.0 2.4 103 0.157 657 22 29.9 
NAVDAT Tuscarora Mtns H96-86 39.7 41.27 -116.35 62.0 2.4 62 0.082 758 20 37.9 
NAVDAT Tuscarora Mtns H96-73 39.9 41.25 -116.32 60.8 2.4 97 0.115 845 23 36.7 
NAVDAT Tuscarora Mtns H96-103 39.4 41.32 -116.22 63.1 2.7   596 20 29.8 
NAVDAT Tuscarora Mtns 16344 39.0 41.32 -116.33 63.4 2.7 86 0.131 657 21 31.6 
NAVDAT Tuscarora Mtns H97-101 40.0 41.27 -116.41 61.8 2.7 90 0.132 680 22 30.9 
NAVDAT Tuscarora Mtns 16345 39.0 41.32 -116.34 63.6 2.8 104 0.161 647 22 30.0 
NAVDAT Tuscarora Mtns DB-7-LSM 39.3 41.35 -116.18 61.3 2.8 86 0.124 693 20 34.7 
NAVDAT Tuscarora Mtns DB-32NC 39.8 41.28 -116.37 60.3 3.4 65 0.106 612 21 29.1 
NAVDAT Tuscarora Mtns DB-43-BH 39.4 41.30 -116.29 62.0 3.9 89 0.144 617 19 32.5 
NAVDAT Tuscarora Mtns H96-63 39.6 41.36 -116.36 61.2 4.1 75 0.115 655 21 31.2 
NAVDAT Tuscarora Mtns DB-35-MC 39.5 41.31 -116.29 61.5 4.5 65 0.093 697 18 38.7 

             NAVDAT W. Mary Mtns L340 37.4 40.79 -116.32 62.1 2.0   500 20 25.0 
NAVDAT W. Mary Mtns WC-5 38.0 40.80 -116.30 63.1 2.1 69 0.121 571 22 26.0 
NAVDAT W. Mary Mtns WC-4 38.0 40.80 -116.30 64.7 1.3 92 0.138 667 24 27.8 
NAVDAT W. Mary Mtns 16218 38.0 40.80 -116.30 63.8 1.9 100 0.144 694 25 28.0 
NAVDAT W. Mary Mtns WC-3 38.0 40.80 -116.30 65.0 1.1 93 0.138 673 23 29.3 
NAVDAT W. Mary Mtns WC-56 38.0 40.79 -116.32 63.0 2.3 70 0.098 716 24 29.8 
NAVDAT W. Mary Mtns H98-20 37.4 40.68 -116.35 57.9 3.4 38 0.045 839 25 33.6 
NAVDAT W. Mary Mtns WC-9 38.3 40.79 -116.32 62.2 2.5 61 0.092 660 19 34.7 
NAVDAT W. Mary Mtns L404 37.4 40.80 -116.30 61.9 1.9   700 20 35.0 
NAVDAT W. Mary Mtns H98-56 36.0 40.70 -116.30 68.5 1.2 111 0.207 536 14 38.3 
NAVDAT W. Mary Mtns H97-21 38.6 40.80 -116.30 62.6 2.4 61 0.084 725 18 40.3 
NAVDAT W. Mary Mtns H97-21 38.6 40.79 -116.32 62.6 2.4 61 0.084 725 18 40.3 
NAVDAT W. Mary Mtns H98-109 37.8 40.72 -116.29 62.5 2.1 66 0.077 861 20 43.1 

             NAVDAT W. Mary Mtns WC-3 44.3 40.80 -116.30 65.0 1.1 93 0.138 673 23 29.3 
NAVDAT W. Mary Mtns H98-96 44.3 40.75 -116.35 67.1 1.9 113 0.214 528 18 29.3 
NAVDAT W. Mary Mtns H98-101 44.3 40.75 -116.29 65.9 1.1 94 0.141 668 21 31.8 
NAVDAT W. Mary Mtns H98-68 44.3 40.69 -116.33 63.6 2.1 71 0.102 699 21 33.3 
NAVDAT W. Mary Mtns H98-97 44.3 40.74 -116.33 59.8 2.8 64 0.086 740 22 33.6 

             NAVDAT Shoshone Range 3 36.0 40.41 -116.86 66.2 1.0 -  300 10 30.0 
NAVDAT Shoshone Range 1055 36.0 40.37 -116.93 67.5 1.8 92 0.162 571 18 31.0 
NAVDAT Shoshone Range 1056 36.0 40.37 -116.94 67.2 1.9 105 0.174 602 18 32.7 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
NAVDAT Shoshone Range 1148 38.0 40.31 -116.69 67.2 1.5 38 0.077 494 18 27.8 
NAVDAT Shoshone Range 1149 38.0 40.31 -116.69 67.1 1.9 28 0.048 584 20 29.1 
NAVDAT Shoshone Range 1143 39.0 40.41 -116.78 65.1 2.4 42 0.090 469 16 29.7 
NAVDAT Shoshone Range 1150 38.0 40.31 -116.69 69.7 1.3 65 0.126 514 17 29.9 
NAVDAT Shoshone Range 203049 39.0 40.41 -116.77 66.4 2.4 45 0.076 596 20 30.4 
NAVDAT Shoshone Range 1154 38.0 40.31 -116.68 66.5 2.2 54 0.113 480 16 30.8 
NAVDAT Shoshone Range 203048 39.0 40.40 -116.75 67.6 1.7 105 0.216 486 16 31.0 
NAVDAT Shoshone Range 1146 39.0 40.40 -116.75 66.6 1.5 88 0.184 479 15 31.5 
NAVDAT Shoshone Range 203070 38.0 40.31 -116.68 68.7 2.0 9 0.020 456 14 33.3 
NAVDAT Shoshone Range 1145 39.0 40.41 -116.78 65.9 2.8 33 0.066 501 15 33.4 
NAVDAT Shoshone Range 16211 39.0 40.41 -116.77 65.4 2.7 102 0.165 619 18 34.6 
NAVDAT Shoshone Range 203073 38.0 40.31 -116.68 68.5 2.1 59 0.109 539 15 35.2 
NAVDAT Shoshone Range 1156 39.0 40.30 -116.68 69.1 2.0 28 0.050 560 16 35.4 
NAVDAT Shoshone Range 1144 39.0 40.41 -116.78 65.8 2.9 26 0.048 541 15 36.6 
NAVDAT Shoshone Range 1147 39.0 40.40 -116.75 66.4 1.6 85 0.159 536 14 38.3 
NAVDAT Shoshone Range 1155 39.0 40.31 -116.68 68.3 1.9 77 0.173 445 12 38.7 
NAVDAT Shoshone Range 203071 38.0 40.31 -116.68 68.3 2.4   599 15 39.2 

             Best et al., 2009 East Tintic Mtns. ET-135 33.0 39.78 -112.09 59.8 2.9 93 0.156 598 30 19.9 
Best et al., 2009 East Tintic Mtns. TD-47B 34.0 39.78 -112.09 56.8 2.3 136 0.202 672 33 20.4 
Best et al., 2009 East Tintic Mtns. TJ-201 34.0 39.82 -112.07 62.5 1.2 167 0.227 735 34 21.6 
Best et al., 2009 East Tintic Mtns. ET-136 33.0 39.81 -112.08 61.1 2.5 145 0.209 693 31 22.4 
Best et al., 2009 East Tintic Mtns. TJ-108 34.0 39.82 -112.07 63.1 2.2 162 0.257 630 28 22.5 
Best et al., 2009 East Tintic Mtns. TJ-80A 34.0 39.80 -112.04 58.6 3.5 130 0.185 704 31 22.7 
Best et al., 2009 East Tintic Mtns. TD-7 34.0 39.79 -112.04 61.9 1.9 131 0.164 801 35 22.9 
Best et al., 2009 East Tintic Mtns. TD-10 34.0 39.80 -112.06 58.8 2.9 132 0.187 706 29 24.3 
Best et al., 2009 East Tintic Mtns. TD-64 34.0 39.82 -112.07 59.0 2.7 132 0.182 726 30 24.2 
Best et al., 2009 East Tintic Mtns. TD-68 34.0 39.82 -112.08 58.9 1.7 158 0.201 786 33 23.8 
Best et al., 2009 East Tintic Mtns. TD-66 34.0 39.82 -112.07 60.3 2.3 162 0.219 739 29 25.5 
Best et al., 2009 East Tintic Mtns. TD-58 34.0 39.80 -112.08 61.5 1.1 132 0.155 850 35 24.3 
Best et al., 2009 East Tintic Mtns. TJ-100 34.0 39.83 -112.12 57.7 2.5 132 0.154 857 34 25.2 

             NAVDAT Stillwater Range 86-DJ-64 26.0 39.67 -118.21 68.7 1.0 126 0.210 600 22 27.3 
NAVDAT Stillwater Range 86-DJ-95 26.0 39.66 -118.21 65.9 1.6 120 0.194 620 22 28.2 
NAVDAT Stillwater Range 86-DJ-88 26.0 39.65 -118.24 67.4 1.2 118 0.197 600 20 30.0 
NAVDAT Stillwater Range 93DJ7 26.0 39.62 -118.23 67.9 1.1 146 0.281 520 16 32.5 
NAVDAT Stillwater Range 91DJ80 26.0 39.64 -118.19 65.1 2.3 152 0.281 540 15 36.0 
NAVDAT Stillwater Range 86-DJ-61 26.0 39.66 -118.22 66.4 1.3 100 0.147 680 18 37.8 
NAVDAT Stillwater Range 91DJ81 26.0 39.64 -118.19 67.8 1.6 158 0.298 530 13 40.8 
NAVDAT Stillwater Range 90-DJ-23 26.3 39.63 -118.25 59.6 2.5 80 0.105 760 18 42.2 
NAVDAT Stillwater Range 91DJ82 26.0 39.64 -118.20 63.9 2.2 140 0.219 640 14 45.7 
NAVDAT Stillwater Range 86-DJ-62 26.0 39.65 -118.20 63.3 1.9 68 0.081 840 16 52.5 
NAVDAT Stillwater Range 92DJ92 26.0 39.65 -118.19 60.5 3.3 93 0.119 780 14 55.7 

             NAVDAT Stillwater Range GR- 44 28.0 39.64 -118.19 64.6 2.0 146 0.268 545 20 27.3 
NAVDAT Stillwater Range 86-DJ-64 28.0 39.67 -118.21 68.6 1.0 126 0.210 600 22 27.3 
NAVDAT Stillwater Range 86-DJ-88 28.0 39.65 -118.24 67.2 1.2 118 0.197 600 20 30.0 
NAVDAT Stillwater Range 88-DJ-30 28.5 39.63 -118.25 66.4 1.3 128 0.233 550 18 30.6 
NAVDAT Stillwater Range 91-DJ-19 27.3 39.63 -118.25 58.9 2.1 75 0.121 620 20 31.0 
NAVDAT Stillwater Range 86-DJ-61 28.0 39.66 -118.22 66.3 1.3 100 0.147 680 18 37.8 
NAVDAT Stillwater Range 91-DJ-79 27.8 39.63 -118.25 60.2 2.5 85 0.101 840 20 42.0 
NAVDAT Stillwater Range GR- 43 28.0 39.66 -118.21 64.0 1.9 114 0.162 704 16 44.0 

             NAVDAT Indian Peak STM-8-128-1 27.0 38.03 -113.83 63.9 2.7 212 0.288 736 38 19.4 
Best et al., 2009 Indian Peak STM-8-169-4 27.0 38.04 -113.82 57.7 4.9 95 0.133 712 31 23.0 

NAVDAT Indian Peak STM-8-169-3 28.4 38.04 -113.81 61.1 3.3 25 0.026 948 32 29.6 
Best et al., 2009 Indian Peak STM-8-130-4 29.0 38.04 -113.84 60.1 3.4 39 0.047 827 28 30.0 

NAVDAT Indian Peak STM-8-130-1 27.0 38.04 -113.84 60.1 3.4 61 0.071 865 28 30.9 

             Best et al., 2009 Indian Peak BBS-5-32-1B 21.0 38.00 -113.68 59.9 3.1 79 0.116 682 36 19.0 
Best et al., 2009 Indian Peak BBS-5-32-1A 22.0 38.00 -113.68 60.0 3.1 88 0.138 640 34 19.0 
Best et al., 2009 Indian Peak BBS-7-88-2 21.0 38.01 -113.74 59.8 2.6 99 0.160 618 31 20.0 
Best et al., 2009 Indian Peak MSP-8-231-1 23.0 38.00 -113.59 62.4 1.9 76 0.119 639 32 20.0 
Best et al., 2009 Indian Peak BAN-8-165-1 22.0 37.97 -113.78 61.5 3.0 74 0.110 674 29 23.0 
Best et al., 2009 Indian Peak BAN-8-127-3 22.0 37.97 -113.86 62.9 2.1 162 0.254 639 27 24.0 
Best et al., 2009 Indian Peak MOD-1-67-1 23.0 37.87 -113.89 67.5 1.4 175 0.318 551 23 24.0 
Best et al., 2009 Indian Peak BAN-8-165-2 23.0 37.98 -113.79 56.1 5.4 134 0.192 699 28 25.0 
Best et al., 2009 Indian Peak MOD-1-61-1 22.0 37.89 -113.93 64.4 2.2 154 0.230 671 25 27.0 
Best et al., 2009 Indian Peak MSP-9-6-1 23.0 38.03 -113.60 60.1 2.6 52 0.056 923 34 27.0 
Best et al., 2009 Indian Peak BAN-8-127-1 22.0 37.98 -113.85 58.4 4.1 102 0.136 750 26 29.0 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
NAVDAT Southern Ruby Range BB-98-94 36.0 40.34 -115.53 56.7 3.3 87 0.159 548 29 18.6 
NAVDAT Southern Ruby Range HP-34-95 36.0 40.34 -115.50 63.8 1.7 120 0.189 635 27 24.0 
NAVDAT Southern Ruby Range HP-6-95 36.0 40.34 -115.57 57.3 4.1 170 0.211 805 33 24.2 
NAVDAT Southern Ruby Range BB-70-94 36.0 40.36 -115.54 60.7 2.2 139 0.226 616 27 23.2 
NAVDAT Southern Ruby Range HP-27-95 36.0 40.39 -115.52 65.6 1.7 119 0.230 517 29 17.7 
NAVDAT Southern Ruby Range HP-32-95 36.0 40.36 -115.50 67.1 1.5 122 0.255 478 23 20.5 
NAVDAT Southern Ruby Range CB-3 36.0 40.34 -115.56 59.4 4.3 155 0.257 602 32 18.9 
NAVDAT Southern Ruby Range CB-2 36.0 40.31 -115.47 67.9 1.0 123 0.280 440 30 14.7 
NAVDAT Southern Ruby Range HP-2-95 36.0 40.34 -115.50 60.1 2.3 149 0.297 502 27 18.6 
NAVDAT Southern Ruby Range HP-36-95 36.0 40.31 -115.47 69.6 1.1 120 0.301 399 31 12.8 
NAVDAT Southern Ruby Range HP-24-95 36.0 40.30 -115.54 65.6 1.5 113 0.319 354 15 23.0 
NAVDAT Southern Ruby Range HP-13-95 36.0 40.34 -115.56 64.3 1.7 152 0.321 474 21 23.1 
NAVDAT Southern Ruby Range HP-5-95 36.0 40.34 -115.57 69.5 1.0 174 0.418 416 31 13.6 

             NAVDAT Central Ruby Range B100 29.0 40.61 -115.39 68.5 1.2 221 0.548 403 23 17.5 
NAVDAT Central Ruby Range LEE-12L 29.0 40.60 -115.39 65.1 1.6 191 0.401 476 23 20.7 
NAVDAT Central Ruby Range RD-27 29.4 40.59 -115.39 56.1 3.7 328  152 30 5.1 
NAVDAT Central Ruby Range RD-3B 29.4 40.60 -115.38 68.2 1.2 224 0.515 435 22 19.8 
NAVDAT Central Ruby Range RD-78 29.4 40.60 -115.39 66.6 1.5 198 0.464 427 24 17.8 
NAVDAT Central Ruby Range RD-80 29.4 40.60 -115.39 67.4 1.2 235 0.577 407 23 17.7 
NAVDAT Central Ruby Range RD-92 29.4 40.61 -115.38 68.3 1.2 228 0.770 296 28 10.6 
NAVDAT Central Ruby Range RL-44 29.4 40.65 -115.44 58.7 2.9 73 0.132 555 31 17.9 

             NAVDAT Central Ruby Range RDS0-117 33.4 40.57 -115.41 67.6 1.1 192 0.651 295 15 19.7 
NAVDAT Central Ruby Range B100 33.4 40.60 -115.39 69.1 1.2 221 0.548 403 23 17.2 
NAVDAT Central Ruby Range RD-3B 33.4 40.60 -115.38 69.1 1.2 224 0.515 435 22 20.1 
NAVDAT Central Ruby Range RD-80 33.4 40.60 -115.39 67.7 1.2 235 0.577 407 22 18.1 
NAVDAT Central Ruby Range RL-42B 33.4 40.65 -115.44 63.9 1.5 131 0.310 423 22 19.1 
NAVDAT Central Ruby Range RD-78 33.4 40.60 -115.39 66.9 1.5 162 0.399 406 24 16.9 
NAVDAT Central Ruby Range LEE-12L 33.4 40.60 -115.39 66.2 1.6 191 0.401 476 23 20.7 
NAVDAT Central Ruby Range RDS0-112 33.4 40.57 -115.41 59.8 2.6 120 0.205 584 27 21.5 
NAVDAT Central Ruby Range RL-44 33.4 40.65 -115.44 59.6 3.0 73 0.132 555 31 18.0 
NAVDAT Central Ruby Range RDS3-68 33.4 40.57 -115.42 56.7 3.4 98 0.165 595 39 15.1 

             NAVDAT White Rock Mtn. MLLR-9-164-3 27.0 38.26 -114.22 66.6 1.2 212 0.531 399 35 11.4 
NAVDAT White Rock Mtn. MLLR-6-64-2X 29.5 38.31 -114.15 65.8 2.3 145 0.334 434 29 15.0 

Best et al., 2009 White Rock Mtn. MLLR-9-164-2 26.0 38.25 -114.22 62.0 2.7 63 0.088 719 38 19.0 
Best et al., 2009 White Rock Mtn. GLE-6-96-1 26.0 38.25 -114.10 61.3 2.9 99 0.145 684 34 20.0 

NAVDAT White Rock Mtn. MLLR-6-63-1P 29.5 38.31 -114.15 66.5 2.2 155 0.349 444 22 20.2 
Best et al., 2009 White Rock Mtn. MLLR-9-164-1 28.0 38.25 -114.21 65.5 2.1 130 0.230 564 23 25.0 

NAVDAT White Rock Mtn. GLE-6-98-1X 29.5 38.30 -114.11 66.1 2.0 137 0.302 454 18 25.2 

             NAVDAT N. Pahrog Range 201466 27.0 37.75 -115.18 63.4 1.1 211 0.411 513 52 9.9 
NAVDAT N. Pahrog Range 201732 27.0 37.75 -115.18 63.6 1.3 238 0.466 512 47 10.9 
NAVDAT N. Pahrog Range 201723 27.3 37.88 -115.00 68.3 1.1 147 0.357 410 32 12.9 
NAVDAT N. Pahrog Range 201460 27.6 37.91 -115.02 61.6 1.9 84 0.135 624 44 14.0 
NAVDAT N. Pahrog Range 201459 27.6 37.91 -115.02 63.8 1.4 123 0.219 558 34 16.3 
NAVDAT N. Pahrog Range 201721 27.3 37.88 -115.00 67.5 1.1 136 0.326 416 25 16.4 
NAVDAT N. Pahrog Range 201392 27.9 37.91 -115.02 66.3 1.0 183 0.354 516 27 19.3 
NAVDAT N. Pahrog Range 201383 27.9 37.91 -115.02 63.0 1.9 137 0.192 711 33 21.5 
NAVDAT N. Pahrog Range 201720 27.3 37.88 -115.00 66.9 1.3 133 0.279 479 22 22.2 
NAVDAT N. Pahrog Range 201461 27.3 37.88 -115.00 65.2 1.5 119 0.277 431 19 22.6 
NAVDAT N. Pahrog Range 201376 27.3 37.88 -115.00 68.6 1.0 155 0.371 419 17 25.4 
NAVDAT N. Pahrog Range 201719 27.3 37.88 -115.00 65.7 1.4 142 0.287 496 19 26.0 
NAVDAT N. Pahrog Range 201457 27.9 37.91 -115.02 65.7 1.0 144 0.252 572 22 26.5 
NAVDAT N. Pahrog Range 201456 27.9 37.91 -115.02 61.6 1.9 156 0.218 717 23 31.3 

             NAVDAT N. Simpson Park Mtns. GR-96 33.0 39.91 -116.57 67.9 1.4 164 0.342 479 24 20.0 
NAVDAT N. Simpson Park Mtns. 16191 34.0 39.91 -116.55 66.1 2.1 221 0.477 463 22 20.8 
NAVDAT N. Simpson Park Mtns. GR-95 33.0 39.92 -116.56 68.2 1.4 139 0.291 478 23 20.8 
NAVDAT N. Simpson Park Mtns. 2033 34.0 39.90 -116.53 62.2 3.4 72 0.143 504 23 21.4 

             NAVDAT Pancake Range 16111 110.0 39.24 -115.76 63.9 1.9 106 0.182 582 27 21.3 
NAVDAT Pancake Range 881530 110.0 39.25 -115.77 64.6 1.8 100 0.211 475 21 22.6 
NAVDAT Pancake Range 881531 110.0 39.25 -115.77 64.7 1.7 100 0.198 505 20 25.3 
NAVDAT Pancake Range 880121 106.0 39.50 -115.99 57.2 2.8 230 0.414 555 28 19.8 

             NAVDAT Winnemuca Mtn. 16134 135.0 40.99 -117.76 63.8 2.6 103 0.212 485 20 24.6 
NAVDAT Winnemuca Mtn. GSC245 135.0 41.00 -117.77 66.4 2.2 93 0.209 444 13 34.2 
NAVDAT Winnemuca Mtn. GSC244 135.0 41.00 -117.76 67.4 1.9 120 0.293 410 14 29.3 

             NAVDAT Confusion Range BRN-1-M 29.5 38.81 -113.46 65.1 2.2 120 0.237 507 23 22.0 
NAVDAT Confusion Range BRN-1-P 29.5 38.81 -113.46 67.6 1.8 165 0.397 416 22 18.9 
NAVDAT Confusion Range BRN-2-M 30.6 38.82 -113.48 64.7 2.3 128 0.315 406 15 27.1 
NAVDAT Confusion Range BRN-2-P 30.6 38.82 -113.47 69.4 1.5 158 0.537 294 19 15.5 
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Source Area Sample ID Age (Ma) Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Rb/Sr Sr (ppm) Y (ppm) Sr/Y 
Best et al., 2009 Wah Wah Range 4 32.0 38.22 -113.53 67.6 1.1 155 0.375 413 41 10.0 

NAVDAT Wah Wah Range TET-9-75-1 32.3 38.22 -113.53 67.6 1.1 155 0.375 413 41 10.1 
Best et al., 2009 Wah Wah Range FRSC-3-34-4 33.0 38.30 -113.25 60.5 3.1 58 0.114 507 39 13.0 
Best et al., 2009 Wah Wah Range LAM-9-71-3 32.0 38.31 -113.50 62.6 1.6 114 0.217 525 31 17.0 
Best et al., 2009 Wah Wah Range MIL-3-11-5 32.0 38.30 -113.19 58.4 3.2 185 0.314 590 35 17.0 
Best et al., 2009 Wah Wah Range MIL-1 32.0 38.30 -113.22 58.4 3.3 67 0.105 640 32 20.0 
Best et al., 2009 Wah Wah Range MIL-3-35-3 33.0 38.31 -113.22 67.0 2.2 226 0.393 575 24 24.0 
Best et al., 2009 Wah Wah Range LAM-9-71-2 32.0 38.31 -113.50 60.8 3.0 80 0.089 898 37 24.0 

NAVDAT Wah Wah Range TET-9-13-2 32.3 38.22 -113.57 57.5 6.6 63 0.125 506 20 25.3 
NAVDAT Wah Wah Range TET-9-77-4B 32.3 38.18 -113.51 60.0 5.3 78 0.111 703 26 27.0 

Best et al., 2009 Wah Wah Range FRSC-2-43C-4 34.0 38.43 -113.28 62.8 3.4 113 0.159 710 23 31.0 

             Best et al., 2009 Wah Wah Range FRSC-2-43C-5 24.0 38.45 -113.26 59.2 3.6 64 0.093 686 27 25.0 
Best et al., 2009 Wah Wah Range FRSC-2-45C-3 24.0 38.38 -113.27 59.5 3.3 89 0.101 883 32 28.0 
Best et al., 2009 Wah Wah Range FRSC-2-62-2 24.0 38.39 -113.32 59.2 4.1 141 0.214 658 30 22.0 
Best et al., 2009 Wah Wah Range FRSC-2-62-3 24.0 38.39 -113.33 60.8 3.1 186 0.306 608 32 19.0 
Best et al., 2009 Wah Wah Range FRSC-2-7-1 24.0 38.37 -113.34 60.6 3.6 161 0.245 656 26 25.0 
Best et al., 2009 Wah Wah Range FRSC-3-40-3 24.0 38.45 -113.26 59.9 3.7 69 0.106 653 27 24.0 
Best et al., 2009 Wah Wah Range LAM-1894-1 24.0 38.39 -113.47 60.7 3.6 166 0.252 660 28 24.0 
Best et al., 2009 Wah Wah Range LAM-1894-2 24.0 38.38 -113.47 60.5 3.7 163 0.242 674 27 25.0 
Best et al., 2009 Wah Wah Range LAM-9-69-1 24.0 38.38 -113.49 59.2 4.3 105 0.158 664 27 25.0 
Best et al., 2009 Wah Wah Range LAM-9-74-6 24.0 38.31 -113.51 55.4 4.9 74 0.130 570 32 18.0 
Best et al., 2009 Wah Wah Range MIL-3-11-1 24.0 38.28 -113.18 62.3 2.7 187 0.262 713 34 21.0 
Best et al., 2009 Wah Wah Range MIL-3-11-4 24.0 38.30 -113.19 66.5 1.7 185 0.390 474 26 18.0 
Best et al., 2009 Wah Wah Range MIL-3-34-1 24.0 38.28 -113.23 58.0 3.9 148 0.178 830 32 26.0 
Best et al., 2009 Wah Wah Range MIL-3-34-2 24.0 38.28 -113.23 63.1 1.4 195 0.303 644 34 19.0 
Best et al., 2009 Wah Wah Range MIL-3-35-6 24.0 38.27 -113.24 62.6 2.9 178 0.248 718 34 21.0 

             Best et al., 2009 Honeycomb Hills GRANMT-4 33.0 39.69 -113.61 58.0 5.9 126 0.300 419 32 13.0 
Best et al., 2009 Honeycomb Hills GRANMT-1 33.0 39.66 -113.53 59.4 4.2 150 0.332 452 32 14.0 
Best et al., 2009 Honeycomb Hills GRANMT-5 33.0 39.66 -113.65 57.1 5.8 128 0.311 410 27 15.0 
Best et al., 2009 Honeycomb Hills GRANMT-2 33.0 39.70 -113.55 60.9 2.8 149 0.334 446 30 15.0 
Best et al., 2009 Honeycomb Hills GRANMT-3 33.0 39.72 -113.58 60.6 2.8 150 0.331 452 30 15.0 
Best et al., 2009 Honeycomb Hills SPNE-2 40.0 39.63 -113.62 65.4 3.7 92 0.217 423 28 15.0 
Best et al., 2009 Honeycomb Hills GRANMT-7 33.0 39.66 -113.70 57.7 3.8 159 0.317 501 29 17.0 
Best et al., 2009 Honeycomb Hills GRANMT-6 33.0 39.64 -113.74 57.9 3.3 176 0.325 542 30 18.0 

             NAVDAT Toano Range M84TR63 157.0 40.90 -114.30 69.4 1.5 90 22.000 810 0 36.8 
NAVDAT Toano Range M83TR39 157.0 40.90 -114.30 69.4 1.5 78 18.000 810 0 45.0 
NAVDAT Toano Range 16296 157.0 40.91 -114.30 67.4 1.9 104 16.300 783 0 48.0 
NAVDAT Toano Range M90PR181 157.0 40.91 -114.31 68.2 1.5 64 16.000 1020 0 63.8 
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Supplementary Table DR2: Data Subsets (Areas) 
 
Data Subsets (Areas) that are plotted in Figure 3 and shown in Figure 1 as squares.  Age, Sr/Y, 
Rb/Sr, latitude, and longitude are calculated from the data presented in Table DR1.  Moho depth 
is calculated using the equation presented in Figure 2. 
 
 

 
  

Area Mean Age median Sr/Y Sr/Y uncertainty Rb/Sr Moho (km) Moho uncertainty (km) avg. latitude avg. longitude 
Battle Mtn. NE 37.98 45.87 4.31 0.15 59.71 10.79 40.63 -117.05 
Battle Mtn. SW 89.00 44.25 6.79 0.15 57.88 13.45 40.62 -117.20 
Big Kasock Mtn. 95.33 50.46 9.75 0.19 64.86 17.23 39.01 -118.31 

Cortez Mtn 150.00 20.43 7.17 0.11 31.12 12.18 40.36 -116.42 
Cortez Mtn 158.00 24.51 6.99 0.14 35.70 12.27 40.28 -116.43 
Creek Mtns. 41.04 33.97 2.90 0.13 46.32 8.34 40.32 -117.22 
E Tintic Mtns 33.85 23.00 1.78 0.19 34.00 6.30 39.81 -112.07 

East Ely 110.25 37.56 3.24 0.11 50.37 8.99 39.26 -114.94 
East Range 175.00 25.42 3.71 0.17 36.72 8.64 40.57 -117.76 
East Range 134.00 21.82 5.22 0.20 32.67 10.08 40.57 -117.85 
Edna Mtn. 104.17 34.01 4.66 0.16 46.38 10.32 40.81 -117.46 

Indian Peak 27.68 25.00 4.84 0.11 36.25 9.88 38.04 -113.83 
Indian Peak 22.18 23.50 3.57 0.17 34.56 8.34 37.98 -113.76 

N. Richmond Mtns. 132.45 29.85 5.05 0.09 41.70 10.47 40.93 -116.34 
NW Copper Mtns. 104.00 34.70 5.18 0.17 47.15 10.96 41.84 -115.66 

Osgood Range 95.00 37.78 0.39 0.13 50.61 5.80 41.17 -117.27 
Pahute Mesa 97.00 40.14 4.68 0.10 53.27 10.79 37.34 -116.17 
Paradise Rng 103.75 40.19 5.13 0.18 53.32 11.30 38.97 -117.86 

Santa Rosa Range 106.40 41.29 3.62 0.11 54.55 9.68 41.50 -117.65 
Santa Rosa Range 72.90 41.89 8.61 0.14 55.22 15.33 41.41 -117.76 
Santa Rosa Range 55.00 42.89 0.55 0.18 56.36 6.35 41.17 -117.74 
Shoshone Range 38.59 33.28 3.58 0.11 45.56 9.07 40.36 -116.72 
Shoshone Range 36.00 31.03 1.37 0.17 43.03 6.42 40.38 -116.91 
Stillwater Range 27.95 30.78 7.08 0.18 42.74 12.82 39.65 -118.22 
Stillwater Range 26.03 37.78 9.53 0.19 50.61 16.07 39.65 -118.21 
Tuscarora Mtns. 39.44 31.67 3.49 0.13 43.74 8.84 41.31 -116.30 
W. Marys Mtn 37.81 33.56 6.00 0.11 45.87 11.80 40.77 -116.31 
W. Marys Mtn 44.25 31.81 2.09 0.14 43.90 7.28 40.75 -116.32 
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Supplementary Table DR3: Discarded data subsets 
 
Data Subsets (Areas) that were discarded based on Sr/Y uncertainty >10, avg. Rb/Sr <0.05, and 
Rb/Sr >0.2.  Location of data are shown in Figure 1 as circles.  Age, Sr/Y, Rb/Sr, latitude, and 
longitude are calculated from the data presented in Table DR1.  Moho depth is calculated using 
the equation presented in Figure 2. 
 
 

 
  

Table DR3: Subsets discarded based on Sr/Y uncertainty or Rb/Sr, circles in Figure 2. 
Area Mean Age median Sr/Y Sr/Y uncertainty Rb/Sr Moho (km) Moho uncertainty (km) avg. latitude avg. longitude 

Battle Mtn. NE 88.00 32.20 14.68 0.43 44.34 21.45 40.61 -117.05 
Battle Mtn. SW 39.00 24.24 7.32 0.64 35.39 12.61 40.55 -117.13 
Battle Mtn. SW 41.00 57.27 15.97 0.08 72.52 24.71 40.53 -117.18 
Battle Mtn. SW 35.00 35.32 17.64 0.15 47.85 25.01 40.59 -117.19 

Central Ruby Range 33.40 18.57 1.95 0.39 29.02 6.17 40.60 -115.41 
Central Ruby Range 29.26 17.74 5.30 0.49 28.09 9.87 40.61 -115.39 

Confusion Rng 30.05 20.48 4.92 0.37 31.16 9.65 38.82 -113.46 
E. Hombolt Range 33.40 24.24 5.56 0.20 35.39 10.64 41.03 -115.09 
E. Hombolt Range 40.00 21.41 11.52 0.19 32.22 17.13 40.98 -115.10 
Honeycomb Hills 33.88 15.00 1.58 0.31 25.01 5.50 39.67 -113.62 
Maverick Springs 33.40 35.91 12.56 0.31 48.51 19.34 40.08 -115.27 

Mountain City 91.20 27.87 6.57 0.22 39.47 12.03 41.86 -115.89 
Mountain City 149.50 34.67 4.02 0.05 47.11 9.66 41.68 -116.08 

N. Pahrog Range 27.46 20.43 6.49 0.30 31.11 11.40 37.87 -115.03 
N. Richmond Mtns. 44.25 4.47 1.77 1.13 13.18 4.96 40.98 -116.37 

N. Simpson Park Mtns. 33.50 20.77 0.61 0.31 31.50 4.82 39.91 -116.55 
Needle Range 29.68 20.00 14.87 0.31 30.63 20.80 38.41 -113.90 
Pancake Rng 109.00 21.97 2.30 0.25 32.84 6.81 39.31 -115.82 

Southern Ruby Range 36.00 18.93 4.10 0.27 29.43 8.61 40.34 -115.52 
Toano Range 157.00 46.52 11.28 0.10 60.43 18.66 40.91 -114.30 

Wah Wah Range 24.00 24.00 3.18 0.22 35.12 7.94 38.35 -113.32 
Wah Wah Range 32.38 17.00 6.66 0.22 27.26 11.35 38.27 -113.41 
White Rock Mtn. 27.93 20.00 5.00 0.28 30.63 9.70 38.28 -114.16 
Winnemucca Mtn 135.00 29.29 4.77 0.24 41.06 10.11 41.00 -117.76 
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Supplementary Table DR4: Geochemical Data for Quaternary rocks 
 
Geochemical Data for Quaternary rock analyses used to calculate Sr/Y.  These analyses have 
been filtered to remove SiO2 wt. % < 55, SiO2 wt. %  > 70, MgO wt. % < 1, MgO wt. % > 6, 
Rb/Sr > 0.2, Rb/Sr <0.05, and Sr/Y outliers using the Thomson Tau method.  Data is from 
Geochemistry of Rocks of the Oceans and Continents database (GEOROC; http://georoc.mpch-
mainz.gwdg.de/georoc/, accessed April 2015). 
 

Table DR4: Geochemical data for Quaternary rock analyses 
Arc: Bismarck; New Britain 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 28 -4.90 149.16 59.5 2.8 35 325 40 8.13 0.106 

samp. 40922 -5.60 150.20 64.5 2.1 20 252 29 8.69 0.079 
samp. 40924 -5.60 150.20 64.4 2.2 14 175 20 8.75 0.077 

samp. SMD29 268 -5.71 150.02 57.2 3.5 30 285 31 9.19 0.105 
samp. SER 48 -4.22 152.18 62.2 2.2 33 352 38 9.19 0.095 
samp. 40946 -5.60 150.20 55.4 4.3 38 212 23 9.22 0.177 

samp. RAB11A -4.22 152.18 59.6 2.1 49 335 36 9.31 0.146 
samp. SER 395 -4.22 152.18 62.3 2.1 32 345 36 9.46 0.092 

samp. 26 -4.90 149.16 57.5 2.4 26 404 42 9.62 0.064 
samp. SER 416A -4.22 152.18 62.4 2.0 29 342 35 9.71 0.086 

samp. 8016 -4.22 152.18 62.3 2.0 35 353 35 10.09 0.099 
samp. SKB10 -5.72 150.01 57.7 2.6 29 296 29 10.21 0.098 

samp. SER 228 -4.22 152.18 59.3 3.9 31 365 34 10.60 0.085 
samp. SER 225 -4.22 152.18 60.0 3.5 23 326 29 11.19 0.071 

samp. TAVQ-817 -4.22 152.18 60.1 2.8 29 390 34 11.47 0.074 
samp. SER 382 -4.22 152.18 58.8 3.5 25 362 31 11.61 0.069 

 
Arc: Sulawesi, Sangihe 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. PJ-96 3.53 125.52 58.5 2.6 30 431 51 8.45 0.070 
samp. MIN6 1.36 124.79 60.9 3.0 53 308 35 8.87 0.171 

samp. K32007-4 1.47 125.00 57.7 3.2 17 321 36 8.92 0.053 
samp. L3907-2 1.36 124.79 60.9 2.7 46 309 33 9.36 0.149 
samp. L3307-5 1.36 124.79 60.5 2.9 48 309 31 9.97 0.155 
samp. L3307-4 1.36 124.79 60.3 2.9 47 317 30 10.57 0.148 
samp. MIN16 1.32 124.90 57.8 4.0 37 335 29 11.53 0.111 

samp. T30308-3 1.25 124.87 57.8 4.5 36 317 26 12.19 0.114 
samp. L3907-6 1.36 124.79 57.7 3.7 29 354 27 13.11 0.082 
samp. MIN31 0.85 124.70 60.3 3.5 14 256 19 13.74 0.053 
samp. PJ-98 3.70 125.45 55.3 3.4 20 373 26 14.35 0.054 
samp. PJ-65 2.72 125.38 61.1 2.5 25 346 22 15.73 0.072 

samp. MIN27 0.85 124.70 59.0 2.9 16 295 18 15.96 0.053 
samp. KR31707-1 2.78 125.40 55.5 3.7 24 429 26 16.50 0.056 

 
Arc: Sunda 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. B28 -8.17 114.80 59.6 2.1 42 402 38 10.52 0.105 
samp. G07 -6.71 106.92 56.3 2.5 54 336 31 10.84 0.162 

samp. 27-10-1 -8.54 123.59 60.1 2.6 17 295 27 10.93 0.056 
samp. AK.XLC-03 -6.10 105.42 55.1 4.0 26 367 33 11.12 0.071 

samp. G52 -6.74 107.07 58.8 3.0 53 306 27 11.33 0.173 
samp. G11 -6.71 106.92 56.7 3.7 57 287 25 11.48 0.199 
samp. B7 -8.24 115.38 58.2 2.4 32 384 33 11.64 0.083 
samp. B7 -8.17 114.80 58.2 2.4 32 384 33 11.71 0.082 

samp. G37A -6.71 106.92 56.2 2.0 55 342 29 11.79 0.161 
samp. G31 -6.71 106.92 56.1 2.0 45 367 31 11.84 0.123 

samp. B4215 -8.34 123.26 59.4 2.3 61 548 43 12.74 0.111 
samp. AK.CS-2 -6.10 105.42 55.2 4.2 25 371 29 12.79 0.067 

samp. SJ.K -9.55 119.12 60.1 3.7 32 334 26 12.85 0.096 
samp. G51 -6.70 107.03 55.4 4.0 52 297 23 12.91 0.173 

samp. PC-34 -7.00 108.50 58.5 3.0 21 310 24 12.92 0.068 
samp. G38 -6.71 106.92 55.4 3.3 43 351 27 13.00 0.124 

samp. KV99-884 -7.80 114.00 57.5 3.0 75 394 30 13.13 0.190 
samp. G49 -6.78 107.06 59.9 2.8 56 342 26 13.15 0.164 

samp. KI 202 -8.57 114.24 58.0 2.6 63 342 26 13.15 0.184 
samp. G04 -6.71 106.92 56.1 3.6 53 331 25 13.24 0.161 
samp. G45 -6.71 106.92 57.6 2.7 53 334 25 13.36 0.157 
samp. G19 -6.79 106.98 55.5 2.9 51 337 25 13.48 0.150 
samp. N5C 13.42 94.27 61.6 3.1 57 338 25 13.52 0.169 
samp. G10 -6.75 107.04 55.1 2.9 47 357 26 13.73 0.131 

samp. KI 85 -8.57 114.24 57.3 2.6 43 484 35 13.83 0.089 
samp. KI 29D -8.57 114.24 58.5 2.1 64 346 25 13.84 0.184 

samp. G44 -6.76 107.02 55.1 3.1 50 376 27 13.93 0.133 
samp. LT20 -8.55 122.80 60.1 3.3 39 446 32 13.94 0.087 

samp. B7 -8.34 123.26 59.1 2.1 66 671 48 13.98 0.098 
samp. G43 -6.71 106.92 55.6 3.6 55 366 26 14.08 0.149 
samp. G40 -6.74 107.01 57.5 3.0 49 370 26 14.23 0.131 

samp. CIA-204 -9.55 119.12 55.4 4.3 41 430 30 14.33 0.095 
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samp. G17 -6.79 106.99 61.1 2.5 59 317 22 14.41 0.185 
samp. 41622 -8.42 116.47 55.5 3.1 35 433 30 14.43 0.081 

samp. G03 -6.71 106.92 55.2 4.0 50 334 23 14.52 0.151 
samp. AG 49-1 -8.42 115.50 58.4 3.5 41 423 29 14.59 0.097 

samp. G01A -6.70 107.03 55.0 4.0 50 323 22 14.68 0.154 
samp. KI 34 -8.57 114.24 55.2 3.2 76 474 32 14.81 0.160 
samp. N5B 13.42 94.27 61.1 3.3 57 326 22 14.82 0.175 
samp. G47 -6.71 106.92 58.9 2.8 53 386 26 14.85 0.137 

samp. CIA-132 -9.55 119.12 59.4 3.3 45 404 27 14.96 0.111 
samp. KI 28 -8.57 114.24 57.9 2.8 61 346 23 15.04 0.175 
samp. 7422 -8.10 112.80 57.2 2.4 26 399 26 15.35 0.065 

samp. KV99-844B -7.80 114.00 56.9 3.6 63 415 27 15.37 0.152 
samp. N5A 13.42 94.27 61.6 3.2 55 339 22 15.41 0.162 

samp. 61293 -8.00 120.00 59.6 2.8 20 310 20 15.50 0.065 
samp. AG 43 -8.42 115.50 56.1 4.4 34 437 28 15.61 0.078 
samp. KI 194 -8.57 114.24 57.2 2.9 67 440 28 15.71 0.153 

samp. KV99-075 -7.80 114.00 59.0 2.7 75 412 26 15.78 0.182 
samp. SEM41C -8.10 112.80 57.4 2.1 28 405 26 15.82 0.070 

samp. KV99-017 -7.80 114.00 58.9 2.9 66 412 26 15.85 0.160 
samp. AG 26 -8.42 115.50 56.2 4.2 31 430 27 15.93 0.072 

 
Arc: Scotia; South Sandwich 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. WX.33 -55.96 -29.50 59.0 2.9 16 191 47 4.11 0.083 

samp. SSB.13.1 -59.42 -27.08 56.7 2.8 8 132 32 4.13 0.061 
samp. SSW.10.4 -56.72 -27.25 56.3 3.2 18 145 35 4.14 0.124 
samp. SST.8.6 -59.45 -27.37 56.9 3.2 20 150 36 4.17 0.133 
samp. SSB.1.2 -59.42 -27.08 56.2 3.5 13 121 29 4.17 0.107 

samp. SSB.18.1 -59.42 -27.08 56.7 3.6 11 127 30 4.23 0.087 
samp. SST.5.1 -59.42 -27.27 55.7 3.6 18 145 34 4.26 0.124 

samp. SS.93.13 -57.08 -26.72 58.3 3.1 8 125 29 4.31 0.066 
samp. SST.4.1 -59.47 -27.30 56.7 3.2 19 148 34 4.35 0.128 
samp. SST.4.1 -59.47 -27.30 56.7 3.2 19 148 34 4.35 0.128 
samp. SSB.9.1 -59.42 -27.08 56.8 3.3 12 130 29 4.48 0.092 

samp. SSB.17.2 -59.48 -27.23 56.9 2.9 9 135 30 4.50 0.067 
samp. SSB.18.1 -59.42 -27.08 56.9 3.6 10 126 28 4.50 0.079 
samp. SSB.3.4 -59.42 -27.08 57.3 3.6 14 126 28 4.50 0.111 

samp. SSB.19.1 -59.43 -27.08 56.6 3.2 14 131 29 4.52 0.107 
samp. SSB.19.1 -59.43 -27.08 56.6 3.2 14 131 29 4.52 0.107 
samp. SST.6.2 -59.45 -27.37 55.7 3.4 19 142 31 4.58 0.134 
samp. SS17.10 -59.42 -27.08 56.6 3.2 12 131 29 4.60 0.091 
samp. SS17.10 -59.42 -27.08 56.6 3.2 12 131 29 4.60 0.091 
samp. SSB.10.1 -59.42 -27.08 56.5 3.2 11 129 28 4.61 0.085 
samp. SSB.13.4 -59.42 -27.08 56.6 2.8 7 131 28 4.68 0.053 
samp. SSB.3.5 -59.42 -27.08 56.6 3.5 13 122 26 4.69 0.107 

samp. SSB.17.1 -59.42 -27.08 56.0 3.2 11 132 28 4.71 0.083 
samp. SSB.11.1 -59.48 -27.23 56.3 3.3 12 133 28 4.75 0.090 
samp. SSB.6.1 -59.42 -27.08 56.3 3.1 10 134 28 4.79 0.075 
samp. SSB.2.1 -59.42 -27.08 56.6 3.5 12 130 27 4.81 0.092 

samp. SSC.48.1 -57.08 -26.72 56.2 3.4 6 117 24 4.88 0.051 
samp. SSF.1.3 -59.03 -26.58 59.9 2.6 19 167 34 4.91 0.114 
samp. SSF.1.3 -59.03 -26.58 59.9 2.6 19 167 34 4.91 0.114 
samp. SSB.7.1 -59.42 -27.08 56.2 3.4 10 131 26 5.04 0.076 

samp. SSB.14.1 -59.42 -27.08 55.8 3.4 14 131 26 5.04 0.107 
 

Arc: Scotia; South Shetland 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. LI-1 -62.58 -60.00 55.5 3.6 21 260 29 8.97 0.081 
samp. P.1251.7 -62.58 -60.00 57.2 4.3 25 363 35 10.37 0.069 
samp. 98-27A -62.63 -61.58 57.5 2.2 30 457 41 11.24 0.066 
samp. P.404.3 -63.20 -62.00 60.4 2.1 58 380 33 11.52 0.153 

samp. P.1251.1 -62.58 -60.00 56.0 4.8 25 372 32 11.63 0.067 
samp. P.917.1 -62.35 -59.60 59.4 3.9 28 374 32 11.69 0.075 

samp. 98012301 -62.58 -60.00 58.0 2.4 25 438 36 12.17 0.057 
 

Table DR4: Geochemical data f 
Arc: Scotia; South Shetland (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. LI-15 -62.58 -60.00 58.0 2.4 25 438 36 12.17 0.057 

samp. P.433.5 -62.05 -58.40 59.7 4.0 65 390 31 12.58 0.167 
samp. LI-9 -62.58 -60.00 61.0 2.4 18 302 24 12.58 0.060 

samp. LI-10 -62.58 -60.00 60.9 2.5 22 329 26 12.65 0.067 
samp. HY-4 -62.50 -59.80 60.7 2.6 79 412 30 13.73 0.192 

samp. P.535.2 -62.05 -58.40 63.1 2.5 56 374 27 13.85 0.150 
samp. P.2459.1 -62.05 -58.40 57.6 2.4 45 382 27 14.15 0.118 
samp. P.535.3 -62.05 -58.40 61.7 2.9 46 374 26 14.38 0.123 
samp. P.681.3 -62.05 -58.40 61.2 3.0 53 403 28 14.39 0.132 

samp. 45D -62.66 -60.27 57.5 3.5 42 428 27 15.85 0.098 
samp. HA23.2 -62.54 -59.54 56.7 3.6 54 428 27 15.85 0.126 
samp. P.681.1 -62.05 -58.40 62.1 3.5 58 362 22 16.45 0.160 
samp. HA9.1 -62.54 -59.54 57.5 3.3 54 425 26 16.67 0.128 

samp. P.681.3 -62.05 -58.40 61.4 4.0 51 372 22 16.91 0.137 
samp. P.682.1 -62.05 -58.40 63.2 3.2 62 358 21 17.05 0.173 
samp. P.411.3 -63.00 -60.50 58.4 3.4 53 361 21 17.19 0.147 
samp. P.676.1 -62.05 -58.40 61.7 4.0 57 400 23 17.39 0.143 
samp. HA7.3 -62.54 -59.54 57.9 3.3 28 413 24 17.50 0.069 
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samp. P.440.1 -62.05 -58.40 55.7 5.4 74 494 28 17.64 0.150 
samp. 8.2A -62.54 -59.54 57.3 3.2 47 476 26 18.24 0.098 

samp. P.1458.2 -62.05 -58.40 57.9 3.6 29 552 30 18.40 0.053 
samp. 80A -62.66 -60.27 55.9 3.8 28 453 24 18.88 0.062 

samp. KG-3 -62.17 -58.90 57.2 3.1 42 472 25 18.88 0.089 
samp. HA-19.1 -62.54 -59.54 56.2 4.8 25 491 26 18.88 0.051 

samp. A141 -62.05 -58.40 61.9 2.4 57 480 25 19.20 0.119 
samp. HA-20 -62.54 -59.54 63.8 2.2 57 443 22 20.14 0.129 

samp. P.1259.2 -62.58 -60.00 61.1 2.6 32 487 24 20.29 0.066 
samp. HA8.1.1 -62.54 -59.54 58.0 3.1 52 454 22 20.83 0.114 
samp. P.1458.3 -62.05 -58.40 56.4 3.5 34 642 30 21.40 0.053 
samp. P.318.2 -62.05 -58.40 56.7 5.4 41 537 25 21.48 0.076 

samp. P.1411.1 -62.05 -58.40 59.0 4.3 49 498 23 21.65 0.098 
samp. 258B -62.66 -60.27 58.3 3.2 35 597 27 22.11 0.059 

samp. 16572 -62.58 -60.00 62.1 3.6 23 409 18 22.72 0.056 
samp. P.680.1 -62.05 -58.40 60.0 5.6 42 414 18 23.00 0.101 

samp. 20 -62.54 -59.54 63.7 2.0 54 428 18 23.65 0.126 
samp. HA-8.2A -62.54 -59.54 58.7 2.9 45 570 24 23.75 0.079 

samp. A500 -62.05 -58.40 57.3 4.0 29 526 22 23.91 0.055 
samp. P.1427.1 -62.05 -58.40 57.8 5.4 40 579 24 24.13 0.069 
samp. P.685.4 -62.05 -58.40 56.5 4.3 40 547 22 24.86 0.073 

samp. 258A -62.66 -60.27 59.8 3.1 38 575 23 25.00 0.066 
samp. A202 -62.05 -58.40 58.2 3.8 47 528 21 25.14 0.089 

samp. P.1409.1 -62.05 -58.40 56.8 5.2 56 608 24 25.33 0.092 
samp. HA18.1 -62.54 -59.54 63.4 2.1 45 466 18 26.48 0.096 

samp. P.1187.4 -62.05 -58.40 56.9 5.0 32 560 21 26.67 0.057 
 

Arc: Ryukyu 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. 940914-10 32.50 130.10 55.3 4.4 48 498 42 11.86 0.096 
samp. 970719-10X 32.75 130.30 56.5 4.0 57 386 32 12.06 0.148 

samp. S-2 32.67 130.18 56.5 3.3 44 484 39 12.41 0.091 
samp. 980323-2 32.50 130.10 56.0 3.8 34 548 43 12.74 0.062 

samp. BA12-8 32.60 129.90 55.1 4.5 37 439 34 12.91 0.084 
samp. 21018-6 32.60 129.90 55.3 5.1 47 418 32 13.06 0.112 

samp. 980217-2 32.74 130.28 65.0 2.6 65 327 25 13.08 0.199 
samp. KDI-06 32.75 130.30 56.7 3.5 42 415 31 13.39 0.101 

samp. R2 31.50 130.00 57.7 5.3 37 444 33 13.45 0.083 
samp. AS060 32.92 131.03 58.1 3.0 61 479 35 13.69 0.127 

samp. 199.10-E 32.75 130.30 57.3 3.9 51 418 30 13.88 0.122 
samp. 98MS177 32.00 130.58 58.0 3.1 70 389 28 13.89 0.180 
samp. 98MS193 32.00 130.58 58.7 3.5 67 354 25 14.00 0.189 
samp. 153.85-E 32.75 130.30 56.9 3.3 50 467 33 14.03 0.107 

samp. UZN-1663 32.75 130.30 57.1 4.5 51 338 24 14.13 0.151 
samp. SK58 32.00 130.30 55.5 5.0 25 385 27 14.26 0.065 
samp. SK57 32.00 130.30 56.0 5.0 31 388 27 14.37 0.080 

samp. BCPA42 32.75 130.95 57.0 3.6 57 428 29 14.76 0.133 
samp. 980217-1 32.75 130.30 57.8 4.3 46 366 24 15.25 0.126 
samp. 21107-3 32.60 129.90 61.2 4.0 68 377 24 15.71 0.180 
samp. 40439 32.00 130.58 60.6 3.1 75 409 26 15.73 0.183 

samp. F 32.75 130.30 57.6 4.3 54 364 23 15.83 0.148 
samp. 1 32.69 130.28 56.6 4.4 46 509 32 15.91 0.090 

samp. SK55 32.00 130.30 57.1 2.3 36 467 29 16.10 0.077 
samp. 970719-4X 32.75 130.30 61.7 3.2 75 387 24 16.13 0.194 
samp. 1663LAVA 32.75 130.30 58.0 4.3 55 371 23 16.13 0.148 

samp. R31 31.50 130.00 60.5 3.6 48 339 21 16.14 0.142 
samp. U3A-E 32.75 130.30 57.7 4.6 41 366 22 16.36 0.112 
samp. U5A-E 32.75 130.30 57.3 4.5 41 371 22 16.53 0.111 

samp. OA10-7 32.60 129.90 59.0 4.7 64 419 25 16.76 0.153 
samp. 980217-7 32.76 130.30 58.7 4.0 57 406 24 16.92 0.140 
samp. 950727-2 32.78 130.24 61.7 3.3 71 440 26 16.92 0.161 

samp. 13S07 32.00 130.58 62.1 3.2 71 390 23 16.96 0.182 
samp. KDI-07 32.75 130.30 56.3 4.2 70 391 23 17.00 0.179 

samp. R27 31.60 130.50 60.6 2.4 36 307 18 17.06 0.117 
samp. 980217-12X 32.75 130.30 57.8 4.2 42 395 23 17.17 0.106 

samp. OA10-5 32.60 129.90 57.2 5.6 33 448 26 17.23 0.074 
samp. TTPA48 32.75 130.95 58.1 3.4 70 485 28 17.32 0.144 
samp. OA22-7 32.60 129.90 61.6 3.8 62 400 23 17.39 0.155 

samp. 2TK-612T 32.77 130.95 59.1 2.4 86 489 28 17.46 0.176 
samp. SK65 32.00 130.30 56.7 4.5 25 437 25 17.48 0.057 

 
Table DR4: Geochemical data f 
Arc: Ryukyu (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. U4A-E 32.75 130.30 58.6 3.9 53 373 21 17.62 0.142 
samp. U2A-E 32.75 130.30 58.7 4.1 45 378 21 17.86 0.119 

samp. PRAS26 32.75 130.95 56.2 3.7 54 525 29 18.10 0.103 
samp. 602.80-E 32.75 130.30 57.9 3.0 64 470 26 18.16 0.136 
samp. KDPA38 32.75 130.95 56.2 4.0 47 439 24 18.29 0.107 

samp. 980324-1X 32.75 130.30 61.0 2.2 76 532 29 18.34 0.143 
samp. 950726-4 32.78 130.27 61.6 3.6 69 443 24 18.46 0.156 

samp. 2TK-612TB 32.77 130.95 56.8 2.2 86 550 30 18.64 0.156 
samp. PRAS11 32.75 130.95 58.9 3.3 64 416 22 18.91 0.154 

samp. 262.80-H 32.75 130.30 61.8 3.0 70 376 20 19.07 0.186 
samp. R5 31.50 130.00 61.8 2.6 53 350 18 19.44 0.151 

samp. TTPA44U 32.75 130.95 58.1 3.8 62 531 27 19.67 0.117 
samp. PRAS18 32.75 130.95 56.4 3.6 49 513 26 19.73 0.096 
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samp. 950727-3 32.75 130.30 60.7 3.9 48 457 23 19.87 0.105 
samp. BCPA54 32.75 130.95 61.6 2.1 61 539 27 19.96 0.113 

samp. 11092203 32.77 130.83 57.6 3.5 55 541 27 20.04 0.102 
samp. AS030 32.92 131.03 57.5 3.2 68 481 24 20.04 0.141 

samp. DAIKANBO 32.75 130.95 58.7 2.8 65 502 25 20.08 0.129 
samp. AS035 32.92 131.03 60.7 2.1 92 526 26 20.23 0.175 
samp. AS038 32.92 131.03 60.6 2.2 93 497 24 20.71 0.187 

samp. ASO1.8 32.77 130.95 56.9 3.0 87 562 27 20.81 0.154 
samp. AS027 32.77 130.95 55.5 3.7 81 479 23 20.83 0.169 

samp. BCPA41 32.75 130.95 58.8 3.7 63 438 21 20.86 0.144 
samp. 910928 01 32.77 130.95 55.8 3.1 66 659 31 20.98 0.100 

samp. AS037 32.92 131.03 60.1 2.3 89 486 23 21.13 0.183 
samp. PRAS15 32.75 130.95 55.7 4.1 37 488 23 21.22 0.076 

samp. R46 31.50 130.00 60.6 3.6 66 575 27 21.30 0.115 
samp. 950729-5 32.69 130.28 55.2 4.3 40 490 23 21.30 0.082 
samp. TTPA46 32.75 130.95 56.0 4.1 56 576 27 21.33 0.097 
samp. 3TK-60 32.77 130.95 56.1 3.2 51 572 27 21.34 0.089 
samp. TTPA44 32.75 130.95 58.2 3.4 47 472 22 21.45 0.100 
samp. ASO 3C 32.77 130.95 55.7 2.6 63 633 29 21.68 0.100 

samp. HYPA 51 32.75 130.95 56.4 3.7 45 526 24 21.92 0.086 
samp. AS041 32.85 131.05 58.6 2.5 83 550 25 22.00 0.151 

samp. BCPA43 32.75 130.95 58.6 3.9 61 441 20 22.05 0.138 
samp. ASO1.1 32.77 130.95 56.8 3.8 43 471 21 22.64 0.090 

samp. 437.15-H 32.75 130.30 62.5 2.7 68 431 19 22.71 0.158 
samp. 390.00-E 32.75 130.30 58.9 3.3 54 493 22 22.90 0.110 
samp. TTPA45 32.75 130.95 56.2 4.1 60 573 25 22.92 0.105 
samp. KC01S 32.77 130.95 55.3 3.4 60 719 31 23.20 0.083 

samp. HYPA 52 32.75 130.95 56.5 3.7 41 537 23 23.35 0.076 
samp. 103.80-H 32.75 130.30 61.8 2.7 63 408 17 23.42 0.154 
samp. ASO1.1B 32.77 130.95 57.1 3.8 42 496 21 23.51 0.085 
samp. HYPA35 32.75 130.95 55.2 3.5 48 525 22 23.86 0.091 
samp. BCPA40 32.75 130.95 58.4 4.3 54 483 20 24.15 0.112 

samp. R29 31.88 130.92 58.3 4.2 49 390 16 24.38 0.126 
samp. PRAS13 32.75 130.95 58.7 3.2 63 465 19 24.47 0.135 

samp. 931015-4 32.50 130.10 60.2 4.2 32 445 18 24.72 0.072 
samp. 911208 08-2 32.77 130.95 55.3 3.4 58 777 31 25.14 0.075 

 
Arc: New Hebrides 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 68577 -15.38 167.83 56.0 2.5 38 438 49 8.94 0.087 

samp. 60A -16.10 167.92 60.8 2.5 38 335 34 9.85 0.113 
samp. 57C -16.10 167.92 58.4 3.0 32 360 34 10.75 0.089 

samp. ANA4311 -20.52 170.01 60.1 2.0 25 408 36 11.33 0.061 
samp. TA5B -19.33 169.25 58.7 2.0 56 443 35 12.66 0.126 

samp. 59 -16.10 167.92 55.5 3.6 24 398 31 12.84 0.060 
samp. PUMICE -19.50 169.33 59.7 2.0 57 443 33 13.53 0.129 
samp. SPATTER -19.50 169.33 59.3 2.1 56 440 32 13.67 0.128 
samp. TAN 24 -19.52 169.45 60.2 2.0 53 436 31 14.20 0.122 
samp. TAN 9 -19.52 169.45 58.8 2.1 61 485 34 14.22 0.126 

samp. TAN 23 -19.52 169.45 59.9 2.0 60 489 34 14.26 0.123 
samp. 71049 -16.89 168.30 57.3 3.0 31 473 32 14.78 0.066 

samp. TAN 18 -19.52 169.45 56.4 2.8 53 452 30 14.92 0.117 
samp. TA3B -19.33 169.25 59.8 2.0 47 476 31 15.61 0.099 
samp. 71061 -16.89 168.30 56.4 2.9 32 484 31 15.61 0.066 

samp. 12B -16.10 167.92 59.5 2.1 67 514 31 16.58 0.130 
samp. TA22A -19.33 169.25 55.2 3.7 32 495 29 17.07 0.065 
samp. TA22B -19.33 169.25 58.8 2.4 48 536 31 17.29 0.090 
samp. TAN 21 -19.52 169.45 56.8 3.0 44 431 24 17.96 0.102 
samp. TAN 3 -19.52 169.45 55.5 2.6 42 469 26 18.11 0.090 
samp. TA23B -19.33 169.25 58.6 2.6 44 530 29 18.28 0.083 
samp. TA16 -19.33 169.25 57.3 2.6 38 537 27 20.04 0.071 

samp. TA22C -19.33 169.25 57.3 2.9 42 583 29 20.10 0.072 
samp. TA5C -19.33 169.25 56.3 3.1 31 547 27 20.26 0.057 

samp. TA23G -19.33 169.25 57.0 3.2 39 548 27 20.30 0.071 
samp. CAMB39A -16.25 168.13 55.0 3.6 54 488 24 20.33 0.111 

samp. 39A -16.10 167.92 56.1 3.7 54 488 24 20.33 0.111 
samp. YASUR ^93 -19.53 169.27 56.0 2.8 44 597 28 21.32 0.074 

samp. TA23C -19.33 169.25 55.8 3.5 46 567 25 22.68 0.081 
samp. TAN 17 -19.52 169.45 56.4 2.9 49 633 27 23.10 0.077 
samp. TAN 1 -19.52 169.45 55.3 3.0 49 653 28 23.32 0.075 

samp. TAN 25 -19.52 169.45 58.1 2.1 48 640 27 23.36 0.075 
samp. 13/1-B -19.52 169.45 55.6 4.0 46 643 27 24.17 0.072 
samp. SM22 -14.25 167.50 57.0 2.4 59 660 27 24.44 0.089 
samp. SM1C -14.25 167.50 55.2 2.7 54 745 30 24.83 0.072 

samp. SM14A -14.25 167.50 55.6 2.8 53 770 31 24.84 0.069 
 

Table DR4: Geochemical data f 
Arc: New Hebrides (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. TAN 6 -19.52 169.45 55.7 4.1 34 522 21 25.10 0.065 

samp. SM30A -14.25 167.50 58.0 2.3 62 680 27 25.19 0.091 
samp. SM21 -14.25 167.50 56.7 2.5 43 710 28 25.36 0.061 
samp. SM63 -14.25 167.50 56.6 2.4 60 685 27 25.37 0.088 

samp. HR11A -22.38 172.08 61.0 5.7 22 354 13 27.66 0.062 
samp. HR16 -22.38 172.08 63.9 3.8 16 319 11 28.48 0.050 
samp. HR9 -22.31 172.06 61.9 4.2 19 376 13 28.92 0.051 

samp. SM16 -14.25 167.50 55.4 2.5 54 925 31 29.84 0.058 
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Arc: Mexican 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. P2 19.50 -97.25 61.9 2.1 69 369 28 13.06 0.186 

samp. 104 19.09 -99.14 55.0 4.6 36 510 39 13.08 0.071 
samp. AN179 19.14 -99.82 64.5 2.1 52 466 36 13.09 0.111 
samp. LDC-2 21.25 -104.69 62.4 2.2 42 554 42 13.19 0.076 

samp. 133 21.12 -104.33 60.4 2.4 49 534 40 13.35 0.092 
samp. 387 21.41 -105.18 56.2 2.6 28 521 39 13.36 0.054 
samp. P2 19.50 -97.33 60.4 2.0 62 388 29 13.38 0.160 
samp. P4 19.50 -97.33 60.7 2.1 66 418 31 13.48 0.158 

samp. LH-45 19.52 -97.41 59.1 2.9 57 427 31 13.77 0.133 
samp. 96332 19.11 -98.87 55.8 5.9 35 384 28 13.91 0.091 
samp. 26-840 19.78 -100.65 58.9 3.8 59 336 24 14.00 0.176 

samp. CH-07-15 19.09 -99.14 56.7 3.3 29 510 36 14.01 0.057 
samp. 52-200 19.83 -100.68 59.2 2.3 38 367 26 14.12 0.104 

samp. S1 19.09 -99.14 56.5 3.2 30 518 37 14.15 0.057 
samp. CH-07-17 19.14 -99.14 57.0 3.3 29 509 36 14.18 0.057 
samp. BHC-59 19.90 -100.76 60.9 2.2 56 442 31 14.26 0.127 
samp. BHC-28 19.97 -101.77 57.4 3.7 36 473 33 14.33 0.076 

samp. P-6 19.00 -98.60 62.0 3.0 53 420 29 14.48 0.126 
samp. CHG05 19.95 -98.31 55.1 4.5 36 452 31 14.49 0.080 

samp. CH-07-16 19.09 -99.14 57.3 3.3 30 508 35 14.51 0.058 
samp. CH60 19.50 -97.33 55.0 3.8 38 451 30 14.84 0.084 
samp. Z-739 19.91 -100.53 60.2 3.7 56 417 28 14.89 0.134 

samp. BHC-58 19.89 -100.90 60.5 2.2 52 447 30 14.90 0.116 
samp. CG-6A 19.37 -97.64 58.7 2.4 33 373 25 14.92 0.088 
samp. C2-03 18.98 -99.22 56.2 4.5 33 523 35 14.94 0.063 
samp. ZAV-3 19.00 -98.60 61.4 5.0 54 359 24 14.96 0.150 
samp. 95110 19.16 -98.86 56.5 5.5 39 434 29 15.07 0.090 
samp. 96335 19.10 -98.81 57.7 4.7 41 458 30 15.11 0.090 

samp. P-7 19.00 -98.60 62.2 3.5 64 410 27 15.19 0.156 
samp. CAM21 20.10 -100.16 56.7 5.2 33 441 29 15.20 0.076 

samp. R16 18.00 -96.00 59.4 3.3 84 427 28 15.25 0.197 
samp. 1000 19.09 -101.64 56.4 4.6 33 461 30 15.37 0.072 
samp. 228 19.15 -99.93 57.8 4.7 49 461 30 15.37 0.106 
samp. R18 18.00 -96.00 60.3 3.2 90 485 31 15.65 0.186 

samp. LH56 19.50 -97.33 57.1 3.1 41 376 24 15.67 0.109 
samp. 0508 19.16 -98.94 56.5 5.1 70 442 28 15.79 0.158 

samp. U40.1 18.00 -96.00 59.0 3.5 80 429 27 15.89 0.186 
samp. 0509 19.18 -98.94 56.8 5.0 50 445 28 15.89 0.112 
samp. LDC-5 21.25 -104.69 62.4 2.1 39 559 35 15.97 0.070 
samp. LDC-5 21.43 -104.73 62.4 2.0 37 559 35 15.97 0.066 
samp. 0504 19.19 -98.93 56.3 5.0 80 448 28 16.00 0.179 
samp. M2 19.50 -97.25 59.8 2.6 61 417 26 16.02 0.146 

samp. Z-230 19.69 -100.46 55.6 3.1 32 529 33 16.03 0.060 
samp. LH55 19.50 -97.33 57.3 3.1 49 467 29 16.10 0.105 
samp. 0525 19.21 -98.94 58.6 4.5 30 435 27 16.11 0.069 
samp. PE-8 19.00 -98.60 64.1 2.9 62 419 26 16.12 0.148 

samp. 1 21.12 -104.33 60.9 2.2 26 500 31 16.13 0.052 
samp. 0503 19.16 -98.93 56.0 4.4 80 452 28 16.14 0.177 
samp. LH78 19.50 -97.33 56.4 3.5 36 372 23 16.17 0.097 
samp. NT49 18.50 -96.00 57.0 4.4 42 535 33 16.21 0.079 
samp. P-16 19.00 -98.60 63.2 2.7 62 440 27 16.30 0.141 

samp. BHC-60 19.89 -100.73 58.4 2.8 39 506 31 16.32 0.077 
samp. 969 19.46 -101.68 58.5 2.7 28 555 34 16.32 0.050 

samp. MQ56 20.87 -102.60 58.0 4.4 42 458 28 16.36 0.092 
samp. P-13 19.00 -98.60 62.8 3.6 56 394 24 16.42 0.142 
samp. P-8 19.00 -98.60 62.5 3.5 61 427 26 16.42 0.143 

samp. 0502 19.15 -98.93 57.2 5.0 70 445 27 16.48 0.157 
samp. U40.2 18.00 -96.00 59.1 3.6 77 429 26 16.50 0.179 
samp. 0507 19.15 -98.93 57.5 4.8 40 446 27 16.52 0.090 
samp. NT23 18.00 -96.00 61.1 2.7 66 413 25 16.52 0.160 
samp. 0527 19.17 -98.87 59.6 4.3 50 430 26 16.54 0.116 
samp. 0526 19.19 -98.88 58.7 4.9 50 430 26 16.54 0.116 
samp. 3-700 19.80 -100.69 58.2 4.0 43 350 21 16.67 0.123 
samp. PE-9 19.00 -98.60 63.6 3.1 60 435 26 16.73 0.138 
samp. P-3 19.00 -98.60 61.8 4.5 58 403 24 16.79 0.144 

samp. LH45 19.52 -97.41 58.5 2.9 59 420 25 16.80 0.140 
samp. 9476 19.02 -98.82 59.4 4.0 50 424 25 16.90 0.119 
samp. LH84 19.50 -97.33 60.3 2.3 52 355 21 16.90 0.146 
samp. 156 20.78 -103.83 60.5 2.3 47 474 28 16.93 0.099 

samp. PE-2 19.00 -98.60 62.4 3.9 68 424 25 16.96 0.160 
samp. A3-03-II 19.12 -99.16 55.1 5.1 29 459 27 17.00 0.063 
samp. BHC-29 19.99 -101.80 55.7 4.4 29 493 29 17.00 0.059 
samp. BHC-57 19.89 -100.98 57.2 3.2 36 511 30 17.03 0.070 
samp. 26-780 19.78 -100.65 58.1 3.2 56 393 23 17.09 0.142 
samp. BHC-30 19.97 -101.74 57.8 4.0 35 479 28 17.11 0.073 

samp. 33 21.12 -104.33 60.4 2.3 34 514 30 17.13 0.066 
samp. PE-12 19.00 -98.60 61.7 4.2 36 377 22 17.14 0.095 

 
Table DR4: Geochemical data f 
Arc: Mexican (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. LH63 19.50 -97.33 56.2 3.6 35 412 24 17.17 0.085 
samp. H-674 19.83 -101.89 66.0 3.8 57 309 18 17.17 0.184 

samp. 219 19.22 -99.03 55.5 5.2 28 447 26 17.19 0.063 
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samp. TL57 19.37 -98.66 62.5 3.3 63 414 24 17.25 0.152 
samp. P-9 19.00 -98.60 61.3 4.3 58 398 23 17.30 0.146 

samp. PE-5 19.00 -98.60 61.8 4.4 56 433 25 17.32 0.129 
samp. M2 19.50 -97.33 58.3 2.5 55 451 26 17.35 0.122 
samp. CEB 21.15 -104.50 61.1 2.4 33 521 30 17.37 0.064 

samp. Z-728 19.82 -100.33 56.2 4.4 33 556 32 17.38 0.059 
samp. TL53 19.34 -98.76 59.9 4.5 62 435 25 17.40 0.143 
samp. CP3 18.00 -96.00 61.9 2.8 62 419 24 17.46 0.148 

samp. TL51 19.34 -98.78 64.9 2.3 64 386 22 17.55 0.166 
samp. LH57 19.57 -97.46 55.6 3.7 31 387 22 17.59 0.080 
samp. LDC-6 21.25 -104.69 62.6 2.2 35 563 32 17.59 0.062 
samp. LH-57 19.57 -97.46 59.2 2.9 52 458 26 17.62 0.114 
samp. LH60 19.50 -97.33 59.0 2.6 48 407 23 17.70 0.118 
samp. R-10 19.00 -98.60 61.9 4.1 56 443 25 17.72 0.126 
samp. LH89 19.50 -97.33 59.0 2.6 41 373 21 17.76 0.110 
samp. P-15 19.00 -98.60 58.8 5.5 42 393 22 17.86 0.107 

samp. PE-11 19.00 -98.60 62.2 3.9 59 429 24 17.88 0.138 
samp. P-11 19.00 -98.60 63.3 3.2 60 394 22 17.91 0.152 

samp. 183-72 19.15 -99.75 62.4 4.0 48 448 25 17.92 0.108 
samp. BHC-25 19.99 -101.87 59.5 3.4 41 484 27 17.93 0.085 

samp. 118 19.16 -99.09 61.6 3.4 45 449 25 17.96 0.100 
samp. 96349 19.03 -98.88 60.1 4.7 39 381 21 17.99 0.102 
samp. P-14 19.00 -98.60 63.3 2.8 64 486 27 18.00 0.132 

samp. BHC-51 19.89 -100.75 56.3 3.6 33 540 30 18.00 0.061 
samp. Z-611 20.03 -100.53 58.1 3.2 34 470 26 18.08 0.072 

samp. P-2 19.00 -98.60 63.1 4.2 62 398 22 18.09 0.156 
samp. TL74 19.35 -98.76 60.7 4.4 67 362 20 18.10 0.185 
samp. 9598 19.13 -98.82 60.1 4.6 43 407 22 18.17 0.107 
samp. 0536 19.21 -98.98 58.9 4.4 50 492 27 18.22 0.102 
samp. 114 19.15 -99.22 59.0 4.8 35 493 27 18.26 0.071 

samp. LDC-1 21.25 -104.69 62.8 2.2 45 549 30 18.30 0.082 
samp. Z-729 19.87 -100.11 56.2 5.1 35 641 35 18.31 0.055 

samp. 152 19.22 -99.04 60.9 4.7 43 403 22 18.32 0.107 
samp. 26-700 19.78 -100.65 59.6 2.4 38 406 22 18.45 0.094 

samp. 617 19.62 -101.37 59.0 3.6 55 443 24 18.46 0.124 
samp. C-1 19.00 -98.60 63.0 3.4 55 425 23 18.48 0.129 
samp. 201 20.78 -103.83 60.1 2.9 44 537 29 18.52 0.082 

samp. 1005 19.96 -101.37 55.8 5.4 37 445 24 18.54 0.083 
samp. U16 18.90 -97.30 55.9 4.7 36 501 27 18.56 0.072 

samp. BHC-27 19.99 -101.84 59.9 3.4 40 483 26 18.58 0.083 
samp. U38 18.00 -96.00 55.2 4.6 44 502 27 18.59 0.088 
samp. TL58 19.38 -98.66 61.9 3.3 52 428 23 18.61 0.121 
samp. TL65 19.35 -98.83 59.7 4.2 48 447 24 18.63 0.107 

samp. BHC-26 19.99 -101.85 59.3 3.5 40 486 26 18.69 0.082 
samp. C-2 19.00 -98.60 62.8 3.5 57 430 23 18.70 0.133 

samp. CHI02 19.05 -99.54 60.9 3.2 53 404 22 18.79 0.130 
samp. 223 19.14 -99.06 64.0 2.8 51 395 21 18.81 0.129 

samp. Z-604 19.77 -100.54 56.8 3.3 31 471 25 18.84 0.066 
samp. PE-4 19.00 -98.60 65.8 2.9 66 396 21 18.86 0.167 

samp. 3-502 19.80 -100.69 58.9 2.5 59 415 22 18.86 0.142 
samp. TL32 19.33 -98.78 66.1 2.3 58 359 19 18.89 0.162 
samp. P-12 19.00 -98.60 64.3 2.9 72 380 20 19.00 0.189 

samp. U41.2 18.00 -96.00 56.7 4.9 41 496 26 19.08 0.083 
samp. 117 21.12 -104.33 60.9 2.2 33 554 29 19.10 0.060 

samp. LDC-7 21.25 -104.69 62.5 2.3 35 574 30 19.13 0.061 
samp. PE-3 19.00 -98.60 64.6 3.5 63 421 22 19.14 0.150 
samp. TL50 19.33 -98.77 64.7 2.4 64 383 20 19.15 0.167 
samp. STA1 19.16 -99.45 60.5 3.9 44 448 23 19.20 0.098 
samp. Z-602 19.77 -100.50 56.6 3.4 32 481 25 19.24 0.067 

samp. SPC 143 21.16 -104.57 63.8 2.5 33 502 26 19.31 0.066 
samp. 225 19.11 -99.02 63.0 3.5 44 425 22 19.32 0.104 

samp. BHC-24 20.02 -101.91 60.8 3.3 40 464 24 19.33 0.086 
samp. NT11 18.00 -96.00 57.2 5.0 39 484 25 19.36 0.081 
samp. LH70 19.50 -97.33 57.8 2.8 40 407 21 19.38 0.098 
samp. 209 19.15 -99.22 60.4 4.0 43 470 24 19.58 0.091 
samp. 15 21.12 -104.33 60.6 2.4 35 531 27 19.67 0.066 

samp. SPC 47 21.14 -104.48 61.7 2.2 38 531 27 19.67 0.072 
samp. 96350A 19.03 -98.95 59.4 5.0 30 390 20 19.71 0.076 

samp. R-8 19.00 -98.60 62.2 4.1 54 473 24 19.71 0.114 
samp. PE-1 19.00 -98.60 63.9 3.7 64 434 22 19.73 0.147 

samp. CG-11A 19.57 -97.83 57.3 4.0 30 513 26 19.73 0.058 
samp. 52-60 19.83 -100.68 61.2 2.0 56 474 24 19.75 0.118 

samp. C-4 19.00 -98.60 63.6 3.4 57 415 21 19.76 0.137 
samp. 96344 19.19 -98.87 59.5 5.0 41 465 24 19.77 0.087 
samp. 52-940 19.83 -100.68 59.0 2.3 67 435 22 19.77 0.154 
samp. Z-601 19.76 -100.50 57.1 3.5 33 475 24 19.79 0.069 
samp. TL68 19.39 -98.73 61.8 2.8 45 416 21 19.81 0.108 
samp. U71 18.00 -96.00 55.3 3.2 53 595 30 19.83 0.089 

samp. 95284 19.06 -98.57 63.9 2.8 50 418 21 19.88 0.120 
samp. 95106 19.07 -98.86 59.3 5.4 30 382 19 19.92 0.079 
samp. PE-13 19.00 -98.60 64.6 2.8 55 419 21 19.95 0.131 

samp. MGV13 19.00 -101.00 60.1 5.2 37 380 19 20.00 0.097 
samp. R-11 19.00 -98.60 63.8 4.0 58 400 20 20.00 0.145 

samp. PE-10 19.00 -98.60 64.4 3.0 62 420 21 20.00 0.148 
samp. Z-733 19.89 -100.11 56.8 4.8 38 580 29 20.00 0.066 

 
Table DR4: Geochemical data f 
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Arc: Mexican (continued) 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. Z-732 19.88 -100.13 56.0 5.1 35 623 31 20.10 0.056 
samp. NT27 18.00 -96.00 58.1 4.0 74 503 25 20.12 0.147 
samp. A2-21 19.16 -99.18 58.5 4.9 37 483 24 20.13 0.077 

samp. R-3 19.00 -98.60 65.3 2.6 63 423 21 20.14 0.149 
samp. LH61 19.50 -97.33 58.7 2.9 46 423 21 20.14 0.109 

samp. 9310W 18.86 -98.70 58.9 2.2 55 377 19 20.18 0.146 
samp. LH80 19.50 -97.33 60.6 2.4 53 404 20 20.20 0.131 

samp. 26-740 19.78 -100.65 57.2 3.5 61 427 21 20.33 0.143 
samp. 134 18.40 -94.90 58.9 2.6 56 529 26 20.35 0.106 
samp. 134 18.57 -95.17 58.9 2.6 56 529 26 20.35 0.106 

samp. BHC-10 20.20 -102.32 61.9 2.5 30 510 25 20.40 0.059 
samp. U41.1 18.00 -96.00 57.1 4.9 33 551 27 20.41 0.060 

samp. R-1 19.00 -98.60 65.5 2.9 60 429 21 20.43 0.140 
samp. NT24 18.00 -96.00 62.1 3.2 74 454 22 20.64 0.163 
samp. 250 19.21 -99.31 61.7 4.3 41 435 21 20.71 0.094 

samp. TL72-A 19.39 -98.75 63.2 2.9 52 373 18 20.72 0.139 
samp. R-7 19.00 -98.60 65.4 2.5 61 394 19 20.74 0.155 

samp. 26-1000 19.78 -100.65 63.0 2.5 60 458 22 20.82 0.131 
samp. C-5 19.00 -98.60 63.4 3.4 56 417 20 20.85 0.134 

samp. TL52 19.33 -98.77 62.8 2.3 55 355 17 20.88 0.155 
samp. PE-6 19.00 -98.60 65.6 2.6 68 397 19 20.89 0.171 

samp. XICO CONE 19.40 -96.98 55.6 4.3 43 547 26 21.04 0.079 
samp. TL62 19.34 -98.81 62.8 2.7 49 380 18 21.11 0.129 

samp. NT 27 18.90 -96.50 58.1 4.0 73 528 25 21.12 0.138 
samp. U42 18.00 -96.00 57.7 5.1 38 529 25 21.16 0.072 

samp. LH35 19.50 -97.33 58.7 3.5 39 381 18 21.17 0.102 
samp. SPO60 19.09 -98.86 58.9 5.4 37 434 21 21.17 0.085 
samp. Z-620 19.85 -100.47 57.5 4.1 41 468 22 21.27 0.088 

samp. R-4 19.00 -98.60 65.3 2.7 62 426 20 21.30 0.146 
samp. TL63 19.34 -98.81 57.1 5.9 33 426 20 21.30 0.077 
samp. 259 19.04 -98.87 61.9 4.4 68 406 19 21.37 0.167 

samp. TL69 19.38 -98.73 63.1 3.5 49 407 19 21.42 0.120 
samp. 123 20.78 -103.83 63.8 2.3 59 450 21 21.43 0.131 

samp. TL61 19.32 -98.79 64.8 2.8 59 408 19 21.47 0.145 
samp. TP6 19.04 -98.63 62.9 3.4 58 445 21 21.50 0.131 
samp. C-3 19.00 -98.60 63.5 3.4 56 430 20 21.50 0.130 

samp. NH28 18.00 -96.00 55.0 5.2 39 539 25 21.56 0.072 
samp. TL42 19.32 -98.75 61.6 3.4 52 432 20 21.60 0.120 
samp. TL73 19.35 -98.77 66.2 2.1 55 389 18 21.61 0.141 

samp. 3-1900 19.80 -100.69 55.2 3.5 35 563 26 21.65 0.062 
samp. NH29 18.00 -96.00 55.3 5.7 36 520 24 21.67 0.069 
samp. 95281 19.05 -98.49 62.1 3.8 50 438 20 21.67 0.113 
samp. TL71 19.39 -98.74 64.4 2.6 54 391 18 21.72 0.138 

samp. CHI05 19.14 -99.17 60.5 3.9 40 494 23 21.76 0.081 
samp. 96339 19.19 -98.81 58.5 5.6 36 618 28 21.77 0.057 
samp. 3-806 19.80 -100.69 56.7 2.9 62 545 25 21.80 0.114 
samp. CHI12 18.84 -99.41 58.0 5.9 34 466 21 21.88 0.073 

samp. 52-1480 19.83 -100.68 61.2 2.8 66 483 22 21.95 0.137 
samp. 230 19.09 -99.26 61.9 3.3 43 484 22 22.00 0.089 

samp. A1-01 19.12 -99.27 59.8 4.3 34 485 22 22.05 0.070 
samp. 95249 18.90 -98.56 62.1 4.3 62 466 21 22.07 0.132 

samp. BHC-08 20.17 -102.16 62.0 2.7 30 530 24 22.08 0.057 
samp. 233 19.16 -99.25 60.2 5.1 40 508 23 22.09 0.079 
samp. R-6 19.00 -98.60 62.1 4.5 52 464 21 22.10 0.112 

samp. A2-07 19.15 -99.19 60.0 4.4 38 442 20 22.10 0.086 
samp. A2-23 19.09 -99.19 55.5 5.8 32 531 24 22.13 0.060 
samp. M32 19.06 -99.73 62.4 3.7 43 549 25 22.24 0.078 
samp. R17 18.00 -96.00 57.7 4.9 33 556 25 22.24 0.059 

samp. TL47 19.33 -98.75 59.0 4.4 30 445 20 22.25 0.067 
samp. A2-04 19.11 -99.20 60.4 3.9 51 490 22 22.27 0.104 

samp. P-1 19.00 -98.60 61.1 5.4 56 558 25 22.32 0.100 
samp. 251 19.15 -99.31 60.8 3.9 34 472 21 22.48 0.072 

samp. TL44 19.34 -98.69 64.9 2.4 50 383 17 22.53 0.131 
samp. 96336B 19.18 -98.80 61.6 4.7 41 471 21 22.56 0.086 

samp. 143 20.78 -103.83 62.2 2.3 57 498 22 22.64 0.114 
samp. NT30 19.14 -99.80 61.9 2.7 40 514 23 22.65 0.077 
samp. LH64 19.50 -97.33 55.7 3.5 34 409 18 22.72 0.083 
samp. A2-22 19.15 -99.22 61.7 4.4 36 458 20 22.90 0.079 

samp. 124 19.09 -99.26 59.2 5.1 35 505 22 22.95 0.069 
samp. MG-05-5 20.72 -100.81 59.6 3.5 30 449 20 22.97 0.066 

samp. 30 21.12 -104.33 61.1 2.2 33 530 23 23.04 0.062 
samp. U44 18.50 -96.00 57.2 5.5 36 484 21 23.05 0.074 
samp. R-14 19.00 -98.60 65.3 2.5 56 438 19 23.05 0.128 
samp. NT55 18.50 -96.00 57.3 5.7 36 485 21 23.10 0.074 
samp. 95296 18.98 -98.46 61.9 3.7 49 469 20 23.22 0.104 
samp. A2-25 19.14 -99.17 59.7 4.4 24 466 20 23.30 0.052 

samp. 131 18.98 -99.05 64.0 2.9 46 420 18 23.33 0.110 
samp. R-2 19.00 -98.60 64.5 2.7 66 420 18 23.33 0.157 

samp. 9485 19.05 -98.44 61.2 3.7 53 470 20 23.39 0.112 
samp. A2-24 19.09 -99.21 60.5 5.1 38 468 20 23.40 0.081 

samp. 52-1120 19.83 -100.68 60.5 2.8 59 540 23 23.48 0.109 
samp. A2-16 19.16 -99.23 61.9 4.4 39 470 20 23.50 0.083 
samp. MQ35 20.85 -103.33 58.7 2.9 73 564 24 23.50 0.129 

samp. 52-1600 19.83 -100.68 62.2 2.9 70 494 21 23.52 0.142 
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samp. CG-8C 19.56 -97.63 59.7 2.6 39 471 20 23.55 0.083 
samp. CG-8A 19.56 -97.63 59.1 3.1 39 471 20 23.55 0.083 
samp. B2-03 19.08 -99.21 59.7 5.4 43 449 19 23.63 0.096 
samp. NT54 18.50 -96.00 56.3 5.9 34 497 21 23.67 0.068 

 
Table DR4: Geochemical data f 
Arc: Mexican (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. TIZ02 19.97 -98.78 62.4 2.6 47 614 26 23.71 0.077 
samp. A2-08 19.15 -99.21 61.5 4.5 35 452 19 23.79 0.077 
samp. LDC-8 21.25 -104.69 61.6 2.1 36 571 24 23.79 0.063 

samp. 108 20.78 -103.83 62.9 2.9 52 504 21 24.00 0.103 
samp. 95112LP 19.03 -98.63 61.0 4.1 41 426 18 24.08 0.095 

samp. 154 19.22 -99.03 59.7 4.0 39 530 22 24.09 0.074 
samp. Q-88 20.78 -103.83 62.4 2.6 53 482 20 24.10 0.110 
samp. 260 19.10 -99.32 65.9 2.2 52 434 18 24.11 0.120 

samp. CHG01 19.87 -98.10 55.0 4.8 31 580 24 24.17 0.053 
samp. U36 18.00 -96.00 55.8 5.5 32 582 24 24.25 0.055 

samp. 0102S 19.05 -98.62 59.3 5.5 36 485 20 24.25 0.074 
samp. R8 18.00 -96.00 60.5 3.5 48 558 23 24.26 0.086 

samp. 95367 19.08 -98.33 59.3 5.1 39 482 20 24.32 0.081 
samp. 96341A 19.18 -98.81 62.4 4.6 42 477 20 24.32 0.087 
samp. 0104P 19.05 -98.62 62.7 3.7 55 438 18 24.33 0.126 
samp. TL45 19.36 -98.76 63.7 3.0 37 438 18 24.33 0.084 

samp. 3-1700 19.80 -100.69 57.2 4.7 34 487 20 24.35 0.070 
samp. 456 21.00 -104.80 59.2 3.0 35 609 25 24.36 0.057 

samp. A2-06 19.21 -99.18 61.3 4.0 36 463 19 24.37 0.078 
samp. 117 19.14 -99.07 64.2 3.2 49 512 21 24.38 0.096 

samp. 52-1640 19.83 -100.68 60.1 4.0 57 512 21 24.38 0.111 
samp. R-13 19.00 -98.60 65.6 2.5 54 440 18 24.44 0.123 

samp. Z-621 19.90 -100.47 55.8 3.9 27 538 22 24.45 0.050 
samp. 9490B 19.09 -98.64 60.3 5.2 45 452 18 24.56 0.100 
samp. PE-7 19.00 -98.60 62.2 3.9 56 565 23 24.57 0.099 

samp. 96352 19.01 -98.81 64.3 3.9 68 418 17 24.59 0.163 
samp. 144 19.16 -99.11 60.0 3.9 39 541 22 24.59 0.072 
samp. 285 19.09 -99.44 64.4 2.6 48 492 20 24.60 0.098 
samp. R-5 19.00 -98.60 59.9 5.6 48 592 24 24.67 0.081 

samp. BHC-42 19.80 -100.91 59.0 4.0 40 518 21 24.67 0.077 
samp. P-10 19.00 -98.60 65.7 2.5 55 445 18 24.72 0.124 
samp. 102 20.78 -103.83 61.2 3.0 49 521 21 24.81 0.094 

samp. R-17 19.00 -98.60 65.4 2.5 55 448 18 24.89 0.123 
samp. 96333A 19.08 -98.85 63.5 3.4 45 387 16 24.94 0.117 

samp. 247 19.21 -99.28 61.6 2.6 28 501 20 25.05 0.056 
samp. 9450P 19.09 -98.64 61.7 3.4 53 480 19 25.13 0.110 

samp. 173 20.78 -103.83 62.1 3.0 50 504 20 25.20 0.099 
samp. C-6 19.00 -98.60 63.3 3.7 56 530 21 25.24 0.106 
samp. 204 20.78 -103.83 63.5 2.7 54 505 20 25.25 0.107 

samp. 9326 19.00 -97.25 61.6 2.1 54 506 20 25.30 0.107 
samp. 95385 19.12 -98.72 57.8 3.6 31 557 22 25.32 0.056 

samp. QRO-99-35 20.82 -100.51 63.0 2.1 34 485 19 25.33 0.071 
samp. 96D4-A1 19.06 -98.57 62.1 3.8 51 459 18 25.33 0.112 
samp. QR-06-4 20.91 -100.19 62.8 2.1 31 533 21 25.40 0.059 
samp. 96359 18.92 -98.88 64.1 3.5 75 433 17 25.45 0.174 
samp. A1-02 19.09 -99.26 62.8 3.1 39 459 18 25.50 0.085 
samp. PEL49 19.40 -100.25 62.8 2.1 34 561 22 25.50 0.061 
samp. CHI03 19.11 -99.19 61.7 5.2 38 454 18 25.51 0.084 
samp. 9594 19.09 -98.61 61.9 3.5 41 434 17 25.51 0.094 

samp. 96D3-3 19.05 -98.56 62.6 3.8 48 447 18 25.51 0.108 
samp. 0103D 19.05 -98.62 61.4 4.3 42 460 18 25.56 0.091 

samp. QRO-04-14 20.75 -100.71 60.5 2.8 29 483 19 25.56 0.061 
samp. 130 20.78 -103.83 57.5 3.8 38 588 23 25.57 0.065 

samp. 91-72 19.15 -99.75 59.4 4.9 28 537 21 25.57 0.053 
samp. PS118 19.53 -96.92 57.5 5.6 35 509 20 25.58 0.069 

samp. 22.JAN.01 19.02 -98.62 59.0 5.6 32 499 20 25.59 0.065 
samp. 52-1080 19.83 -100.68 60.3 3.1 81 487 19 25.63 0.166 

samp. 152 20.78 -103.83 63.1 2.8 55 488 19 25.68 0.113 
samp. 305 19.26 -99.21 60.8 4.5 50 591 23 25.70 0.085 
samp. 206 19.13 -99.29 64.6 2.8 46 514 20 25.70 0.089 

samp. GAM-13 20.50 -103.60 63.1 2.9 63 489 19 25.74 0.129 
samp. PLM-33 20.44 -103.56 59.5 2.5 39 567 22 25.77 0.069 
samp. PZJR-99 20.35 -103.58 65.1 2.0 62 439 17 25.82 0.141 
samp. RAM215 19.11 -99.71 64.0 2.3 45 529 20 25.85 0.086 

samp. 96D3-COM 19.05 -98.56 63.2 3.4 54 466 18 25.87 0.116 
samp. A2-17 19.15 -99.23 63.2 3.6 38 466 18 25.89 0.082 
samp. TL46 19.37 -98.74 63.4 3.2 43 441 17 25.94 0.098 

samp. CHI07 18.84 -99.41 59.7 4.8 48 678 26 25.98 0.071 
samp. 26-1080 19.78 -100.65 61.5 3.1 62 546 21 26.00 0.114 

samp. M69 19.02 -99.77 62.3 3.6 45 680 26 26.05 0.066 
samp. 202 20.78 -103.83 60.2 2.9 44 547 21 26.05 0.080 
samp. 171 20.78 -103.83 62.2 2.7 55 495 19 26.05 0.111 

samp. PAR-12 19.49 -102.25 59.7 3.6 25 460 18 26.15 0.055 
samp. 288 19.05 -99.41 63.5 2.7 37 471 18 26.17 0.079 

samp. 96D3-2 19.05 -98.56 62.8 3.0 53 450 17 26.19 0.117 
samp. PS-99-2 19.66 -96.90 56.4 5.5 33 610 23 26.29 0.054 
samp. 26-800 19.78 -100.65 59.0 3.8 48 500 19 26.32 0.096 
samp. 96351 19.05 -98.87 62.7 4.4 45 461 18 26.36 0.096 

samp. 30.APR.96 19.02 -98.62 63.2 3.9 45 462 18 26.40 0.098 
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samp. 101 19.10 -99.32 66.3 2.6 50 449 17 26.41 0.111 
samp. 146 19.20 -99.09 60.1 4.6 38 555 21 26.43 0.068 

samp. LH65 19.50 -97.33 56.1 3.2 31 476 18 26.44 0.065 
samp. 94790 19.09 -98.63 57.4 2.5 31 405 15 26.45 0.077 
samp. 96D3B 19.05 -98.56 63.1 2.1 60 448 17 26.52 0.133 
samp. RAM22 19.12 -99.66 64.3 2.0 45 537 20 26.56 0.084 
samp. PAR-11 19.49 -102.25 59.7 3.6 27 517 19 26.57 0.051 
samp. LDC-11 21.25 -104.69 60.5 2.7 37 585 22 26.59 0.063 

samp. 286 19.06 -99.44 57.7 5.9 28 559 21 26.62 0.050 
 

Table DR4: Geochemical data f 
Arc: Mexican (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. Z-707 19.85 -99.46 60.3 4.6 44 615 23 26.74 0.072 

samp. 96D4-COM 19.05 -98.56 63.2 3.4 53 454 17 26.84 0.118 
samp. 9603K 18.91 -98.56 63.0 2.6 42 464 17 26.95 0.090 
samp. 9428 18.94 -98.83 61.3 4.6 55 440 16 27.00 0.125 
samp. ZIT51 19.40 -100.25 64.9 2.4 38 513 19 27.00 0.074 

samp. 100 20.78 -103.83 61.9 2.7 54 513 19 27.00 0.105 
samp. 30.DEC.96 19.02 -98.62 64.5 2.6 51 473 18 27.03 0.108 

samp. 96D3-1 19.05 -98.56 60.8 3.5 48 444 16 27.09 0.108 
samp. TL37 19.37 -98.80 64.0 3.1 43 434 16 27.13 0.099 

samp. 52-720 19.83 -100.68 58.1 3.8 35 489 18 27.17 0.072 
samp. BHC-03 20.22 -102.36 60.8 3.1 37 517 19 27.21 0.072 

samp. 903 19.59 -102.04 59.9 2.7 42 490 18 27.22 0.086 
samp. BHC-41 19.80 -100.89 58.7 4.0 40 518 19 27.26 0.077 
samp. 95142C 19.09 -98.62 63.3 3.8 49 431 16 27.27 0.114 

samp. ZEM30-DL 18.81 -99.23 62.9 2.9 37 709 26 27.27 0.052 
samp. 280 19.09 -99.48 61.6 4.2 36 573 21 27.29 0.063 

samp. QRO-04-8 20.78 -100.56 64.6 2.1 44 406 15 27.30 0.110 
samp. MX33 19.22 -99.44 61.0 4.9 26 465 17 27.35 0.056 

samp. NT7 19.00 -97.25 60.6 2.8 39 578 21 27.52 0.067 
samp. TL64 19.36 -98.83 65.3 2.4 47 468 17 27.53 0.100 

samp. QRO-04-12 20.78 -100.77 60.0 2.7 30 476 17 27.55 0.062 
samp. 151 19.21 -99.07 60.2 4.6 36 580 21 27.62 0.062 

samp. MQ6 20.87 -102.60 64.3 2.0 48 442 16 27.63 0.109 
samp. 96345 19.06 -98.89 60.4 4.8 39 551 20 27.68 0.071 
samp. ZA09 20.91 -100.20 62.4 2.4 31 532 19 27.71 0.059 
samp. NT 7 18.90 -96.50 60.6 2.8 37 585 21 27.86 0.063 

samp. 52-1680 19.83 -100.68 61.5 2.8 54 586 21 27.90 0.092 
samp. PAR-10 19.49 -102.25 59.1 3.8 29 544 19 27.98 0.053 
samp. Z-706 18.85 -99.46 60.3 5.5 33 532 19 28.00 0.062 
samp. 3-598 19.80 -100.69 56.8 3.4 64 561 20 28.05 0.114 

samp. 3-1202 19.80 -100.69 60.6 3.5 58 590 21 28.10 0.098 
samp. BHC-04 20.20 -102.35 60.2 3.6 38 506 18 28.11 0.075 
samp. 97D2 19.05 -98.63 62.9 3.6 44 479 17 28.18 0.092 
samp. 133 20.78 -103.83 57.0 3.9 37 620 22 28.18 0.060 

samp. PEL45 19.40 -100.25 65.9 2.2 35 536 19 28.21 0.065 
samp. BHC-37 19.88 -101.45 61.2 2.8 36 508 18 28.22 0.071 
samp. B2-02 19.08 -99.22 59.5 4.6 40 593 21 28.24 0.067 
samp. 9430 18.96 -98.81 61.4 3.9 56 447 16 28.32 0.125 
samp. Z-740 19.88 -101.45 61.3 2.9 38 510 18 28.33 0.075 
samp. SPO38 19.06 -98.68 59.5 5.6 35 442 16 28.33 0.079 
samp. 96346 19.06 -98.89 63.4 3.8 47 496 18 28.34 0.094 

samp. U17 18.00 -96.00 61.4 3.4 32 567 20 28.35 0.056 
samp. 9602K 19.04 -98.63 62.9 2.4 38 436 15 28.48 0.087 
samp. 9501 19.06 -98.63 61.4 2.7 43 453 16 28.48 0.095 
samp. R-12 19.00 -98.60 59.9 5.5 48 657 23 28.57 0.073 
samp. 208 19.13 -99.29 64.4 2.9 45 516 18 28.67 0.087 

samp. QRO-04-9A 20.86 -100.70 61.0 2.9 29 563 20 28.81 0.051 
samp. QRO-04-10 20.85 -100.75 62.8 2.4 32 597 21 28.87 0.054 

samp. C2SP 18.00 -96.00 62.7 2.4 40 522 18 29.00 0.077 
samp. ZA07 20.93 -100.18 63.4 2.1 35 557 19 29.01 0.062 

samp. ZIT103 19.40 -100.25 65.0 3.1 38 494 17 29.06 0.077 
samp. R-16 19.00 -98.60 63.2 4.0 59 586 20 29.30 0.101 

samp. 40 19.03 -97.27 63.4 2.4 50 560 19 29.47 0.089 
samp. CHI09 19.11 -99.53 61.0 4.2 34 555 19 29.52 0.061 

samp. 343 21.43 -104.73 62.3 2.4 33 621 21 29.57 0.053 
samp. RL-343 21.43 -104.73 63.2 2.4 33 621 21 29.57 0.053 

samp. PDLA82-37 19.81 -100.63 58.0 4.5 46 651 22 29.59 0.071 
samp. Z-133 19.38 -100.33 63.9 2.2 37 506 17 29.76 0.073 
samp. MX45 19.10 -99.43 63.9 2.4 54 477 16 29.81 0.113 

samp. ZIT-99-17 19.10 -100.13 61.2 3.0 45 471 16 30.00 0.095 
samp. Z-348 19.19 -100.19 62.0 4.5 30 544 18 30.22 0.055 
samp. Z-348 19.20 -100.17 62.0 4.5 30 544 18 30.22 0.055 
samp. JAJ1 19.12 -99.56 59.5 4.4 33 611 20 30.32 0.054 
samp. R-15 19.00 -98.60 62.0 4.0 58 669 22 30.41 0.087 

samp. MGV10 19.00 -101.00 57.6 4.2 30 548 18 30.44 0.055 
 

Arc: Marianas 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 5 16.35 145.67 61.1 2.1 28 351 39 9.00 0.080 

samp. HPD1148R16 17.99 145.63 59.3 2.3 39 305 34 9.05 0.126 
samp. 5894 17.94 144.84 55.6 2.6 34 299 33 9.06 0.114 
samp. 5894 17.94 144.84 55.6 2.6 34 299 33 9.06 0.114 

samp. HPD1148R19 17.99 145.64 59.5 2.3 38 308 34 9.10 0.124 
samp. 104 16.36 145.69 61.2 2.1 28 356 39 9.13 0.079 
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samp. HPD1148R18 17.99 145.63 59.6 2.5 38 309 34 9.21 0.121 
samp. 106 16.36 145.69 60.8 2.2 25 360 39 9.23 0.069 
samp. 18 16.36 145.69 60.7 2.2 25 361 39 9.26 0.069 

samp. EC-5 16.35 145.67 59.8 2.1 29 380 41 9.29 0.076 
samp. ANAT8-P 16.36 145.63 61.0 2.1 27 356 38 9.30 0.076 
samp. ANAT6-P 16.36 145.63 61.0 2.0 28 362 39 9.33 0.077 

samp. ANAT12-P 16.36 145.63 59.9 2.1 28 366 39 9.36 0.076 
samp. TM-06-907 18.06 145.71 61.6 2.0 27 326 35 9.37 0.082 

samp. HPD1148R15 17.99 145.63 59.1 2.3 38 309 33 9.38 0.121 
samp. ANAT10-S 16.36 145.63 59.8 2.2 28 370 39 9.46 0.075 
samp. ANAT8-S 16.36 145.63 59.9 2.2 27 368 39 9.53 0.073 

samp. TM-06-906 18.06 145.71 57.6 3.3 29 298 31 9.55 0.097 
samp. ANAT10-P 16.36 145.63 59.7 2.0 27 356 37 9.57 0.075 
samp. ANAT12-S 16.36 145.63 61.0 2.1 27 363 38 9.58 0.074 

 
Table DR4: Geochemical data f 
Arc: Marianas (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. ANAT7-S 16.36 145.63 59.7 2.1 28 367 38 9.66 0.075 
samp. SA89-1 15.20 145.72 55.7 2.3 14 177 18 9.67 0.077 

samp. 17 16.36 145.69 60.6 2.3 25 358 37 9.68 0.070 
samp. ANAT6-S 16.36 145.63 60.4 2.2 27 369 38 9.81 0.074 

samp. ANAT-26-01 16.34 145.66 60.3 2.3 28 345 35 9.86 0.082 
samp. ANAT5 16.36 145.63 59.8 2.2 26 360 36 9.94 0.072 

samp. HPD1148R14 17.99 145.63 59.0 2.6 36 316 32 10.00 0.114 
samp. SAP 16.72 145.78 60.5 2.6 18 352 35 10.06 0.051 

samp. ANAT11 16.36 145.63 58.9 2.2 25 365 36 10.11 0.070 
samp. 17 16.36 145.69 60.4 2.2 24 364 36 10.11 0.066 

 
Arc: Luzon 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. MNO89-26A 6.40 125.50 55.4 3.4 10 198 30 6.60 0.051 
samp. MNO89-26A 6.40 125.50 55.4 3.4 10 198 30 6.60 0.051 

samp. 9 10.50 122.98 62.3 2.2 62 519 72 7.21 0.119 
samp. 12 14.72 120.43 61.0 2.4 25 304 41 7.41 0.082 

samp. CW32 13.50 123.70 60.6 2.6 56 580 71 8.17 0.097 
samp. 77 14.72 120.43 58.3 3.3 24 188 23 8.17 0.128 

samp. ARC-12 14.53 120.50 55.1 3.4 36 434 50 8.75 0.083 
samp. TUDELA 8.50 123.50 58.6 3.0 48 628 71 8.85 0.076 

samp. TT8.2 14.00 120.99 59.8 2.3 49 290 32 9.06 0.169 
samp. BC3 14.00 120.99 56.5 3.1 50 268 28 9.57 0.187 
samp. BC2 14.00 120.99 57.0 3.0 50 265 27 9.81 0.189 

samp. TC 185 14.00 121.00 58.5 2.8 50 311 27 11.35 0.161 
samp. TC 162 14.00 121.00 58.3 2.9 51 317 28 11.38 0.160 

samp. M16 14.13 121.20 57.7 3.0 54 370 32 11.56 0.146 
samp. TC 173BX 14.00 121.00 58.6 2.8 51 321 28 11.62 0.160 

samp. 79 14.72 120.43 55.6 3.3 22 291 25 11.64 0.076 
samp. ARC-2 15.67 120.65 58.6 3.1 26 390 34 11.64 0.067 
samp. TC 24 14.00 121.00 58.0 2.8 49 326 28 11.76 0.151 

samp. B3 14.00 120.99 55.0 3.9 45 297 25 11.88 0.152 
samp. TC 47 14.00 121.00 57.9 2.9 48 323 27 12.07 0.149 

samp. TC 22A 14.00 121.00 57.9 2.8 45 333 28 12.10 0.135 
samp. TC 21 14.00 121.00 57.8 2.9 47 319 26 12.13 0.148 
samp. BC4 14.00 120.99 55.9 4.1 38 280 23 12.17 0.136 

samp. TC 40 14.00 121.00 57.8 2.9 47 326 27 12.21 0.144 
samp. TC 102 14.00 121.00 57.8 2.9 47 324 26 12.23 0.146 
samp. TC 133 14.00 121.00 57.9 3.1 47 323 26 12.25 0.145 
samp. TC 60 14.00 121.00 58.0 2.8 48 318 26 12.26 0.149 

samp. PH92-16 7.08 125.63 61.7 2.0 53 295 24 12.29 0.180 
samp. PH92-16 7.08 125.63 61.7 2.0 53 295 24 12.29 0.180 

samp. TT1 14.00 120.99 57.2 2.8 51 295 24 12.29 0.173 
samp. NP2 14.00 120.99 56.7 3.1 47 301 24 12.54 0.156 

samp. TC 98 14.00 121.00 57.8 2.9 47 319 25 12.59 0.146 
samp. TC 45 14.00 121.00 57.6 3.0 46 326 26 12.68 0.140 

samp. TC 101 14.00 121.00 58.1 3.0 46 330 26 12.69 0.139 
samp. TC 127 14.00 121.00 56.0 3.8 39 323 25 12.83 0.121 
samp. TC 100 14.00 121.00 57.0 3.0 45 325 25 12.85 0.137 
samp. TC 118 14.00 121.00 56.0 3.1 40 336 26 12.97 0.120 

samp. NP1 14.00 120.99 56.0 3.1 47 300 23 13.04 0.157 
samp. P90-99 6.90 121.90 56.7 3.4 75 400 30 13.33 0.188 

samp. MNO89-12 8.00 125.00 55.3 3.9 20 320 24 13.33 0.063 
samp. MNO89-12 8.00 125.00 55.3 3.9 20 320 24 13.33 0.063 

samp. TT4 14.00 120.99 57.2 2.9 50 320 24 13.33 0.156 
samp. TC 66 14.00 121.00 56.0 3.1 38 323 24 13.37 0.116 
samp. TC 56 14.00 121.00 56.8 3.2 43 331 25 13.43 0.128 

samp. BH07-03-P3 14.03 121.05 61.2 2.3 77 465 34 13.84 0.166 
samp. 040303-2A 14.03 121.05 60.7 2.2 83 489 35 13.92 0.170 

samp. 30 14.72 120.43 57.7 3.8 29 300 21 14.29 0.097 
samp. B-220 12.77 124.05 58.3 2.2 60 602 42 14.33 0.100 

samp. 020520-7 14.13 121.20 60.0 2.9 67 391 27 14.48 0.171 
samp. TT3 14.00 120.99 56.0 3.4 32 307 21 14.62 0.104 

samp. 040303-3E 14.03 121.05 58.7 2.5 85 536 37 14.63 0.159 
samp. SP338 14.22 120.65 56.9 3.6 39 359 24 14.96 0.109 

samp. BH07-03-A 14.03 121.05 58.8 2.6 78 523 35 14.98 0.149 
samp. BH07-03-S1 14.03 121.05 59.5 2.5 82 535 35 15.11 0.153 

samp. 31 14.72 120.43 57.8 3.7 25 291 19 15.32 0.086 
samp. 51 10.57 123.13 57.8 3.6 40 453 29 15.62 0.088 
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samp. 73 14.72 120.43 56.8 2.2 33 404 25 16.16 0.082 
samp. 040303-1N 14.03 121.05 56.1 2.3 78 662 41 16.24 0.118 

samp. 34 14.72 120.43 57.7 3.7 24 309 19 16.26 0.078 
samp. 33 14.72 120.43 55.2 3.9 28 314 19 16.53 0.089 

samp. 187 14.13 121.20 61.4 2.0 71 382 23 16.61 0.186 
samp. SP60 14.13 121.20 60.4 2.6 63 370 22 16.82 0.170 

samp. DO 60 14.13 121.20 60.4 2.6 63 370 22 16.82 0.170 
samp. BH07-03-C 14.03 121.05 57.4 3.0 68 586 35 16.86 0.116 

samp. 72 14.72 120.43 56.2 2.2 34 415 24 17.29 0.082 
samp. CNV8 10.41 123.13 58.9 2.3 57 514 29 17.72 0.111 

samp. 040303-1D 14.03 121.05 58.9 2.1 92 635 35 17.96 0.145 
samp. 114 14.53 120.50 55.9 4.2 48 446 24 18.58 0.108 

samp. CNV9 10.41 123.13 60.1 2.5 60 508 27 18.81 0.118 
samp. P90-75B 8.50 123.20 57.5 5.0 59 435 23 18.91 0.136 

samp. PIVS1-9.28-B 14.03 121.05 59.5 2.1 95 695 37 18.92 0.137 
samp. B-184 12.77 124.05 55.1 4.0 25 423 22 19.23 0.059 
samp. 90-05 12.77 124.05 56.1 3.4 30 405 21 19.29 0.074 

samp. 113 14.53 120.50 57.2 4.0 49 431 22 19.59 0.114 
samp. CAN02 10.65 123.25 58.5 3.4 46 451 23 19.61 0.102 

 
Table DR4: Geochemical data f 
Arc: Luzon (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 30 10.50 122.98 58.5 2.7 69 575 29 19.83 0.120 

samp. 020520-3 14.13 121.20 57.6 4.0 64 449 22 20.32 0.143 
samp. PH92-173 10.00 124.66 57.0 2.4 44 550 27 20.37 0.080 
samp. PH92-151 7.40 124.30 55.8 5.7 27 335 16 20.43 0.080 
samp. PH92-151 7.40 124.30 55.8 5.7 27 335 16 20.43 0.080 

samp. CNV4 10.41 123.13 59.4 2.3 66 470 23 20.43 0.140 
samp. 186 14.00 121.20 60.2 2.3 72 497 24 20.71 0.145 

samp. PH92-50 6.40 125.50 65.0 2.1 19 273 13 20.84 0.071 
samp. PH92-50 6.40 125.50 65.0 2.1 19 273 13 20.84 0.071 

samp. 37 10.50 122.98 58.7 2.6 74 551 26 21.19 0.134 
samp. P90-9 8.10 124.30 60.9 2.3 62 403 19 21.21 0.154 

samp. CNV11 10.41 123.13 60.1 2.4 76 447 21 21.29 0.170 
samp. B-128A 12.77 124.05 58.1 3.5 28 511 24 21.29 0.055 

samp. B-68 12.77 124.05 59.0 3.2 30 366 17 21.53 0.082 
samp. 36 10.50 122.98 59.0 2.6 76 547 25 21.88 0.139 

samp. B-126A 12.77 124.05 59.8 3.1 40 419 19 22.05 0.095 
samp. 43 10.50 122.98 58.4 2.7 60 531 24 22.13 0.113 

samp. CW16 13.50 123.70 55.8 4.4 37 598 27 22.15 0.062 
samp. 56A 10.57 123.13 58.0 2.8 68 646 29 22.28 0.105 
samp. 115 14.53 120.50 55.8 4.6 48 496 22 22.55 0.097 

samp. P1-71 16.62 120.88 55.9 4.8 32 429 19 22.58 0.075 
samp. PH 92-145 7.00 123.00 56.5 4.3 58 476 21 22.67 0.122 

samp. MC331 13.50 120.00 56.9 3.2 47 532 23 23.13 0.088 
samp. CNV5 10.41 123.13 56.7 3.9 55 582 25 23.28 0.095 
samp. AM36 8.39 123.63 55.9 4.0 34 606 26 23.31 0.056 

samp. PH 93-60 7.00 123.00 64.1 2.3 60 393 17 23.39 0.153 
samp. PH 93-56 7.00 123.00 57.3 5.8 38 565 24 23.54 0.067 

samp. CRN1 9.25 123.17 55.5 3.8 32 520 22 23.64 0.062 
samp. CNV12 10.41 123.13 58.4 2.7 83 497 21 23.67 0.167 
samp. CW33 13.50 123.70 62.1 2.2 60 672 28 24.00 0.089 

samp. MC331 13.50 120.00 57.8 3.3 44 529 22 24.05 0.083 
samp. B-118A 12.77 124.05 59.1 3.1 39 437 18 24.28 0.089 

samp. 2 10.50 122.98 57.9 2.9 73 540 22 24.55 0.135 
samp. NEG96-06 10.75 122.98 58.0 2.9 29 500 20 24.63 0.058 

samp. ARC-35 15.13 120.35 63.0 2.2 37 568 23 24.70 0.065 
samp. 4 10.50 122.98 58.6 3.0 74 549 22 24.95 0.135 

samp. SP375 13.50 120.00 56.9 3.2 68 476 19 25.05 0.143 
samp. B-70 12.77 124.05 57.7 3.6 30 384 15 25.60 0.078 

samp. B-120A 12.77 124.05 59.4 3.1 35 385 15 25.67 0.091 
samp. B-168 12.77 124.05 58.2 2.5 85 726 28 25.93 0.117 

samp. 45 10.50 122.98 55.7 4.5 56 600 23 26.09 0.093 
samp. B-41 12.77 124.05 59.3 3.1 44 419 16 26.19 0.105 

samp. NEG96-05 10.75 122.98 57.3 2.9 36 580 22 26.36 0.061 
samp. LEY90-37A 10.00 124.66 57.5 2.8 33 585 22 26.59 0.056 
samp. NEG96-02 10.75 122.98 56.5 3.2 28 527 20 26.62 0.052 

samp. B-125 12.77 124.05 59.6 2.9 41 453 17 26.65 0.091 
samp. G004 9.10 125.20 59.2 3.7 42 653 25 26.65 0.065 
samp. B-119 12.77 124.05 59.5 3.1 37 427 16 26.69 0.087 
samp. CRN12 9.25 123.17 56.7 3.7 33 509 19 26.79 0.065 
samp. CRN13 9.25 123.17 56.9 2.6 51 617 23 26.83 0.083 

samp. 18 10.50 122.98 56.5 2.7 66 647 24 26.96 0.102 
samp. ALORAN 7.00 123.00 56.9 3.8 41 652 24 27.17 0.063 
samp. ALARAN 8.50 123.50 56.9 3.8 41 652 24 27.17 0.063 

samp. 81-22 13.50 121.23 61.7 2.3 71 600 22 27.27 0.118 
samp. 16 10.50 122.98 61.5 2.0 79 628 23 27.30 0.126 

samp. B-169 12.77 124.05 57.7 3.0 34 582 21 27.71 0.058 
samp. CAN04 10.65 123.25 62.9 2.2 60 508 18 28.22 0.118 
samp. AM15A 8.39 123.63 56.0 3.9 74 512 18 28.44 0.145 

samp. B-64 12.77 124.05 60.1 2.8 43 431 15 28.73 0.100 
samp. PIN6 15.11 120.31 59.7 5.1 34 490 17 28.82 0.069 
samp. 145 14.72 120.43 59.9 2.9 63 525 18 29.17 0.120 

samp. B-12A 12.77 124.05 57.7 3.3 43 448 15 29.87 0.096 
samp. B-34 12.77 124.05 59.1 3.0 41 419 14 29.93 0.098 

samp. NEG96-01 10.75 122.98 57.0 2.5 33 630 21 30.00 0.052 
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samp. B-45 12.77 124.05 59.4 2.7 41 452 15 30.13 0.091 
samp. 27 10.50 122.98 55.1 3.8 46 701 23 30.48 0.066 

samp. CW19 13.50 123.70 60.0 2.9 54 671 22 30.50 0.080 
samp. CRN7 9.25 123.17 58.2 2.5 36 584 19 30.74 0.062 

samp. 50 10.50 122.98 55.7 4.3 55 587 19 30.89 0.094 
samp. B-192 12.77 124.05 57.5 2.9 50 654 21 31.14 0.076 

samp. 52 10.67 123.15 63.3 2.2 59 567 18 31.50 0.104 
samp. 81/B2 13.50 123.50 60.7 2.8 58 630 20 31.50 0.092 
samp. ARC-5 14.53 120.50 60.2 2.4 29 379 12 31.58 0.077 

samp. 54 10.72 123.17 62.3 2.4 59 569 18 31.61 0.104 
samp. B-40A 12.77 124.05 58.9 3.0 44 412 13 31.69 0.107 
samp. CW02 13.50 123.70 58.3 3.2 46 636 20 31.80 0.072 

samp. MC382 14.13 121.20 58.4 4.5 39 484 15 31.84 0.080 
samp. CRN3 9.25 123.17 61.4 2.0 45 577 18 32.06 0.078 

samp. 020520-2 14.13 121.20 58.0 3.9 60 448 14 32.23 0.134 
samp. 56B 10.57 123.13 58.8 2.7 44 680 21 32.38 0.065 

samp. 5 10.50 122.98 55.1 3.1 63 728 22 33.09 0.087 
samp. P 90-85 8.50 123.20 61.9 2.4 40 465 14 33.21 0.086 

samp. 39 10.50 122.98 57.5 3.1 84 908 27 33.63 0.093 
samp. PT6 15.13 120.37 65.2 2.6 43 473 14 33.79 0.091 

samp. M26 14.13 121.20 60.3 3.0 44 610 18 33.89 0.072 
samp. PH90-61 7.00 122.00 55.0 4.1 68 950 28 33.93 0.072 
samp. P90-61 7.80 122.50 55.0 4.1 68 950 28 33.93 0.072 
samp. P90-61 7.80 122.50 55.0 4.1 68 950 28 33.93 0.072 

 
Table DR4: Geochemical data f 
Arc: Luzon (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. C001 9.10 125.20 65.0 2.3 50 523 15 33.96 0.095 
samp. CRN2 9.25 123.17 58.1 2.4 38 614 18 34.11 0.062 

samp. NEG96-03 10.75 122.98 56.8 2.6 33 642 19 34.15 0.051 
samp. B005 9.10 125.20 60.7 2.7 43 705 20 34.73 0.061 
samp. SP80 13.50 120.00 56.7 3.8 50 731 21 34.81 0.068 
samp. CRN6 9.25 123.17 60.0 2.3 42 632 18 35.11 0.066 

samp. NEG96-04 10.75 122.98 57.8 3.1 42 660 19 35.29 0.064 
samp. 74 9.28 123.23 57.6 2.2 50 708 20 35.40 0.071 

samp. ARC-39 15.13 120.35 63.9 2.4 38 566 16 35.60 0.067 
samp. CW44III 13.50 123.70 62.4 2.0 56 680 19 35.79 0.082 
samp. CW20 13.50 123.70 59.6 2.9 54 683 19 35.95 0.079 

samp. 13 10.50 122.98 55.2 3.7 48 719 20 35.95 0.067 
samp. 90-15 12.77 124.05 58.8 3.1 41 437 12 36.42 0.094 

samp. 191 13.43 121.87 56.8 3.6 91 999 27 37.00 0.091 
samp. PT50 15.13 120.37 60.4 4.4 47 558 15 37.20 0.084 

samp. AM39 8.39 123.63 59.9 4.5 34 564 15 37.60 0.060 
samp. MD 171 14.08 121.50 57.2 4.0 58 942 25 37.68 0.062 

samp. PT41 15.16 120.32 60.2 4.0 44 568 15 37.87 0.077 
samp. CRN11 9.25 123.17 59.4 2.3 43 683 18 37.94 0.063 

samp. USNM116534-2 15.13 120.35 64.2 2.4 39 535 14 38.21 0.073 
samp. B-116A 12.77 124.05 57.5 3.8 36 427 11 38.82 0.084 

samp. USNM116534-1 15.13 120.35 64.1 2.6 40 544 14 38.86 0.074 
samp. 49 10.50 122.98 56.1 3.3 77 894 23 38.87 0.086 

samp. CW21 13.50 123.70 59.3 3.1 51 741 19 39.00 0.069 
samp. MR52 8.23 123.65 59.7 3.5 36 512 13 39.38 0.070 
samp. M28 14.13 121.20 62.5 2.6 56 710 18 39.44 0.079 

samp. 90-02 12.77 124.05 61.2 2.4 44 435 11 39.55 0.101 
samp. AM28 8.39 123.63 62.5 3.2 32 603 15 40.20 0.053 
samp. PIN4 15.11 120.31 63.6 2.5 37 565 14 40.36 0.065 
samp. PT9A 15.13 120.37 64.9 2.4 45 485 12 40.42 0.093 
samp. PT51 15.13 120.37 59.8 4.3 47 566 14 40.43 0.083 
samp. 195 13.00 121.48 56.6 2.7 73 1020 25 40.80 0.072 
samp. 65 9.32 123.18 57.0 2.1 50 657 16 41.06 0.076 

samp. PT52 15.16 120.32 64.7 2.2 40 536 13 41.23 0.075 
samp. KL 143B 7.00 123.00 62.3 2.7 42 539 13 41.46 0.078 
samp. AY-60 15.67 120.65 57.0 3.1 81 793 19 41.74 0.102 

samp. 76 9.25 123.20 59.1 2.8 37 710 17 41.76 0.052 
samp. PT40 15.16 120.32 64.7 2.2 40 543 13 41.77 0.074 
samp. PT48 15.19 120.49 63.9 2.5 39 544 13 41.85 0.072 
samp. PT31 15.13 120.37 64.6 2.2 40 547 13 42.08 0.073 
samp. PIN3 15.11 120.31 64.4 2.5 39 548 13 42.15 0.071 

samp. B-140A 12.77 124.05 59.2 2.6 35 675 16 42.19 0.052 
samp. P2 15.19 120.49 63.8 2.4 47 550 13 42.31 0.085 
samp. P4 15.15 120.60 65.2 2.3 52 519 12 43.25 0.100 

samp. PIN7 15.11 120.31 63.8 2.8 39 563 13 43.31 0.069 
samp. B007 9.10 125.20 58.2 3.9 44 704 16 43.46 0.063 

samp. P3 15.07 120.55 64.7 2.4 50 530 12 44.17 0.094 
samp. PIN9 15.11 120.31 64.5 2.6 39 538 12 44.83 0.072 

 
Arc: Liguria 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 131I 39.70 8.80 56.7 5.9 51 516 73 7.07 0.099 
samp. ST62 39.58 8.55 55.5 4.0 51 259 32 8.02 0.197 
samp. 133I 39.70 8.80 59.1 3.2 57 442 50 8.84 0.129 

samp. AR114 39.58 8.55 55.7 3.6 39 271 29 9.34 0.144 
samp. ST81 39.58 8.55 56.5 5.3 47 263 28 9.39 0.177 
samp. ST38 39.58 8.55 55.7 3.7 29 250 27 9.43 0.115 

samp. AR159 39.58 8.55 57.6 2.7 35 269 28 9.61 0.130 
samp. AR255 39.58 8.55 56.1 2.7 30 309 32 9.66 0.097 
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samp. ST42 39.58 8.55 55.1 3.4 28 245 25 9.92 0.113 
samp. AR45 39.58 8.55 56.0 2.9 29 322 31 10.39 0.090 
samp. KB28 39.63 8.87 56.1 3.1 64 332 31 10.71 0.193 
samp. A69 39.58 8.55 55.5 5.4 41 227 21 10.81 0.181 

samp. AR219 39.58 8.55 55.8 4.2 39 250 23 10.87 0.156 
samp. F41 39.58 8.55 55.0 5.6 38 231 21 11.00 0.165 
samp. 127I 39.70 8.80 56.0 4.9 52 562 49 11.47 0.093 
samp. L38 39.58 8.55 55.5 4.7 39 200 17 11.76 0.195 

samp. SH-41 39.06 9.10 56.5 3.8 30 277 22 12.59 0.108 
samp. SIN15 40.30 8.65 55.4 3.5 62 357 27 13.22 0.174 
samp. AR256 39.58 8.55 55.7 3.6 25 427 30 14.23 0.059 
samp. SH-59 39.06 9.10 56.6 4.2 39 342 23 14.87 0.114 
samp. SIN33 40.30 8.65 55.9 4.5 51 315 21 15.00 0.162 
samp. SH-48 39.06 9.10 60.2 2.2 54 315 21 15.00 0.171 
samp. SH-51 39.06 9.10 56.7 3.6 45 324 20 16.20 0.139 
samp. V1226 39.17 8.68 56.0 2.8 76 398 24 16.58 0.191 
samp. V1066 39.17 8.68 57.5 2.1 69 361 21 17.19 0.191 
samp. V1346 39.17 8.68 56.0 2.1 59 443 25 17.72 0.133 
samp. SIN30 40.30 8.65 58.8 2.7 80 457 25 18.28 0.175 
samp. 238AI 39.70 8.80 57.6 3.0 76 537 28 19.18 0.142 
samp. SIN37 40.30 8.65 59.7 2.7 88 534 27 19.78 0.165 

samp. 230 39.70 8.80 61.5 2.1 106 536 27 19.85 0.198 
samp. SH-55 39.06 9.10 55.5 3.8 33 367 18 20.39 0.090 
samp. V1433 39.17 8.68 55.2 3.1 66 370 18 20.56 0.178 
samp. SH-44 39.06 9.10 57.9 3.0 52 415 20 20.75 0.125 
samp. V1580 39.17 8.68 55.9 2.6 63 423 20 21.15 0.149 
samp. A167 39.70 8.80 60.5 4.2 68 391 18 21.72 0.174 
samp. SH-25 39.06 9.10 60.6 2.7 34 356 15 23.73 0.096 

samp. 21I 39.70 8.80 57.1 3.5 61 583 24 24.29 0.105 
 

Table DR4: Geochemical data f 
Arc: Liguria (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 106 39.70 8.80 55.1 4.7 44 557 22 25.32 0.079 

samp. FDCB 40.53 8.37 63.0 2.5 29 392 15 25.42 0.074 
samp. SH-7 39.06 9.10 55.3 4.2 27 282 11 25.64 0.096 
samp. 108I 39.70 8.80 55.9 3.9 52 596 23 25.91 0.087 

samp. SH-13 39.06 9.10 56.1 3.1 50 337 13 25.92 0.148 
samp. SH-26 39.06 9.10 55.0 3.0 34 322 12 26.83 0.106 
samp. TR14 38.86 8.41 56.3 2.8 98 809 30 26.97 0.121 
samp. 227 39.70 8.80 55.4 2.4 72 839 30 27.97 0.086 

 
Arc: Kamchatka 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 4-01L 54.07 159.60 57.4 3.5 24 250 38 6.58 0.096 

samp. 10-01L 54.07 159.60 59.0 2.6 25 257 38 6.76 0.097 
samp. GOR-60 52.45 158.12 56.6 2.3 57 295 43 6.88 0.195 
samp. KOM-11 55.03 160.72 61.0 2.8 36 235 33 7.12 0.153 
samp. 11G-16 52.58 158.09 61.2 2.0 45 348 48 7.25 0.129 

samp. N82 52.57 158.00 60.4 2.2 43 354 48 7.38 0.121 
samp. N59 52.56 157.97 57.8 2.9 53 362 48 7.54 0.146 

samp. KLV 5/24 56.09 160.48 57.0 2.6 62 321 43 7.55 0.194 
samp. N92 52.52 157.95 57.3 2.9 53 364 48 7.58 0.146 
samp. N86 52.55 158.06 57.6 2.8 55 361 47 7.68 0.152 
samp. N61 52.55 158.00 57.2 2.9 51 372 47 7.91 0.137 
samp. N60 52.55 157.99 57.2 2.9 53 368 46 8.00 0.144 

samp. GOR-60 52.45 158.12 59.1 2.2 58 349 43 8.12 0.167 
samp. N64 52.55 158.01 57.3 2.9 53 366 45 8.13 0.145 
samp. N90 52.52 157.96 56.8 3.2 48 373 44 8.48 0.129 

samp. GOR-60 52.45 158.12 57.6 2.4 52 347 41 8.53 0.151 
samp. 1926/2 60.00 163.00 57.6 3.9 35 221 25 8.74 0.159 
samp. 11G-4 52.59 158.01 56.2 4.9 44 366 39 9.38 0.120 
samp. N54-B 57.88 162.54 55.3 2.9 29 377 39 9.67 0.077 

samp. N95 52.47 158.16 60.1 2.1 35 357 35 10.20 0.098 
samp. N55 52.58 158.02 55.9 4.3 41 404 39 10.36 0.101 

samp. 88203/1 52.45 158.12 57.0 3.1 58 424 38 11.10 0.136 
samp. N68 52.55 158.03 58.1 2.8 41 411 37 11.11 0.100 
samp. 5-90 56.00 160.50 56.7 3.0 43 374 33 11.33 0.115 
samp. N84 52.59 158.00 55.3 4.4 39 416 36 11.56 0.094 
samp. N52 57.88 162.54 55.3 3.2 21 378 32 11.81 0.056 

samp. 99IPE8 54.07 159.60 61.8 2.0 21 374 32 11.87 0.057 
samp. N57 52.56 158.02 55.3 4.5 35 408 34 12.00 0.086 
samp. N80 52.57 158.01 56.9 3.1 35 424 35 12.11 0.083 

samp. N54-C 57.88 162.54 55.4 3.1 28 377 31 12.16 0.074 
samp. 99IPE9 54.07 159.60 61.8 2.0 20 376 30 12.44 0.054 
samp. 11G-21 52.54 157.98 57.1 4.0 36 411 32 12.84 0.088 
samp. 11G-24 52.56 158.06 56.7 4.6 36 425 33 12.88 0.085 
samp. K3-97 54.07 159.60 61.0 2.4 20 366 28 13.07 0.055 
samp. N34-A 57.89 162.53 55.5 3.1 25 394 30 13.27 0.063 
samp. 11G-17 52.58 158.09 56.2 4.6 35 444 33 13.45 0.079 
samp. 11G-20 52.59 158.05 55.0 4.8 32 441 32 13.78 0.073 
samp. 9504-3 59.50 163.50 56.2 4.6 21 340 23 14.78 0.062 
samp. BAK13 53.93 158.07 61.9 2.9 33 446 30 14.87 0.074 

samp. N37 57.91 162.53 58.0 3.7 32 374 25 14.96 0.086 
samp. 1940 60.00 163.00 57.0 3.8 51 403 27 15.02 0.127 

samp. 11G-18 52.59 158.05 55.1 4.7 27 468 31 15.10 0.058 
samp. 11G-13 52.59 158.06 56.5 4.1 32 469 31 15.13 0.068 
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samp. G-3246 58.00 161.19 55.5 3.4 25 456 30 15.20 0.055 
samp. 8868 55.00 160.00 55.2 2.5 46 419 27 15.52 0.110 
samp. N36 57.90 162.53 57.0 4.0 30 388 25 15.52 0.077 

samp. N54-A 57.88 162.54 60.4 3.0 37 345 22 15.61 0.107 
samp. B1981 55.97 160.58 58.3 3.7 22 348 22 15.82 0.063 
samp. B1977 55.97 160.58 58.3 3.6 23 350 22 15.91 0.066 

samp. P124/87 61.00 165.00 55.8 4.3 58 495 31 15.97 0.117 
samp. 9501-5 59.50 163.50 55.6 5.2 21 340 21 16.19 0.062 
samp. B1986 55.97 160.58 58.0 3.8 22 344 21 16.38 0.064 
samp. KIZ-05 55.17 160.53 56.2 4.0 26 330 20 16.50 0.079 

samp. B1989-1 55.97 160.58 57.4 3.9 21 348 21 16.57 0.060 
samp. J4662 55.17 160.53 55.3 4.5 20 349 21 16.62 0.057 
samp. N41-C 57.93 162.56 58.3 3.9 28 383 23 16.65 0.073 
samp. B1990 55.97 160.58 57.5 3.9 22 350 21 16.67 0.063 

samp. 8 53.00 157.00 58.4 3.5 62 397 24 16.75 0.156 
samp. 1486 60.00 163.00 57.1 2.8 42 444 26 16.88 0.095 
samp. N40 57.91 162.55 57.7 3.8 25 398 24 16.94 0.063 

samp. ES888 56.08 158.38 58.1 2.3 55 561 33 17.00 0.098 
samp. BAK40 53.93 158.07 60.7 3.4 38 471 27 17.44 0.081 
samp. B1991 55.97 160.58 57.7 3.7 22 350 20 17.50 0.063 
samp. J4688 55.17 160.53 63.5 2.3 36 319 18 17.72 0.113 

samp. 2U-PLATEAU-04-02 56.77 160.23 55.7 5.6 23 408 23 17.74 0.056 
samp. 9503-2 59.50 163.50 61.9 2.1 69 550 31 17.74 0.125 
samp. 8117-4 59.00 161.00 56.2 4.2 33 381 21 17.75 0.087 

samp. B1956-1 55.97 160.58 60.5 2.8 25 355 20 17.75 0.070 
samp. B1987 55.97 160.58 60.1 2.7 24 360 20 18.00 0.067 

samp. N48 57.88 162.53 57.2 4.1 21 416 23 18.09 0.050 
samp. 5738 56.63 161.32 56.8 5.9 17 316 17 18.59 0.054 

samp. 27 57.35 161.75 66.3 2.4 36 296 16 18.62 0.120 
samp. AB0284 57.39 160.12 60.2 2.8 41 449 24 18.71 0.091 

samp. 44 57.35 161.75 64.5 2.8 35 322 17 18.94 0.107 
samp. N41-D 57.93 162.56 58.4 3.9 27 381 20 19.05 0.071 
samp. 22K/2 55.17 160.53 58.1 3.8 30 351 18 19.39 0.085 

samp. N49 57.88 162.53 61.2 2.5 38 356 18 19.67 0.108 
 

Table DR4: Geochemical data f 
Arc: Kamchatka (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. KIZ-01 55.17 160.53 63.6 2.4 38 319 16 19.94 0.119 

samp. C712/9M 57.35 161.75 56.4 5.7 22 369 18 20.27 0.059 
samp. 3683-6 57.00 157.50 55.3 4.3 21 367 18 20.37 0.058 
samp. 1651 59.00 161.00 63.1 3.4 77 404 19 20.71 0.191 
samp. 442/1 57.32 160.19 60.4 2.4 30 499 24 20.79 0.060 

samp. K-5 55.97 160.58 57.6 3.8 23 373 18 20.84 0.060 
samp. 32 57.35 161.75 63.2 2.7 36 350 17 21.08 0.102 
samp. 34 57.35 161.75 62.7 3.1 33 377 17 21.67 0.086 

samp. 175/87 58.92 164.33 61.6 2.4 37 487 22 22.34 0.076 
samp. 27077 53.55 158.17 58.8 3.8 22 431 19 22.68 0.051 
samp. 26107 53.68 157.83 63.5 2.8 36 372 16 23.25 0.097 

samp. 6325OB77 55.72 157.75 63.9 2.3 45 411 17 23.62 0.109 
samp. 3883 57.00 157.50 58.8 4.5 28 327 14 23.67 0.087 

 
Arc: Lesser Antilles 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 04GW22 16.04 -61.68 57.0 3.6 18 224 24 9.44 0.082 
samp. 01GU65 15.98 -61.63 58.7 3.1 19 207 22 9.44 0.092 

samp. PBMO-46 16.68 -62.20 59.4 2.9 15 274 29 9.45 0.055 
samp. PBMO-48 16.68 -62.20 59.0 3.1 15 276 29 9.52 0.054 
samp. 98GU05 16.04 -61.67 57.2 3.7 14 212 22 9.53 0.066 
samp. MO29 16.70 -62.15 56.3 3.8 13 259 27 9.59 0.050 

samp. PBMO-29 16.73 -62.17 57.0 3.8 13 259 27 9.59 0.050 
samp. PBMO-43 16.68 -62.20 60.3 2.8 15 269 28 9.61 0.056 

samp. LSGU5 16.04 -61.67 57.5 4.6 18 196 20 9.66 0.090 
samp. MVO0135 16.71 -62.15 61.4 2.5 18 263 27 9.74 0.068 

samp. E-03 17.55 -63.00 59.2 3.3 13 249 25 9.78 0.053 
samp. PBMO-02 16.68 -62.20 62.0 2.5 21 267 27 9.89 0.079 
samp. PBMO-15 16.68 -62.20 61.2 2.5 18 287 29 9.90 0.063 

samp. SAM58 16.04 -61.67 56.9 3.5 18 219 22 9.94 0.084 
samp. SM9006 18.06 -63.05 63.8 2.6 33 270 27 10.00 0.122 
samp. 06MT20 14.73 -61.12 56.9 2.0 38 218 22 10.05 0.176 

samp. PBMO-05 16.68 -62.20 60.6 2.7 20 263 26 10.12 0.076 
samp. PBMO-56 16.68 -62.20 60.4 2.9 22 263 26 10.12 0.084 
samp. MVO0108 16.72 -62.18 55.0 3.6 14 263 26 10.12 0.053 
samp. PBMO-45 16.68 -62.20 60.3 2.9 18 274 27 10.15 0.066 

samp. E-04 17.55 -63.00 60.6 2.8 16 264 26 10.19 0.059 
samp. D001 15.20 -61.30 61.7 2.3 38 204 20 10.20 0.186 

samp. MVO 154 16.71 -62.16 59.7 3.1 17 250 25 10.21 0.067 
samp. PBMO-33 16.68 -62.20 61.4 2.5 16 266 26 10.23 0.060 

samp. KIT65 17.37 -62.81 58.9 3.1 13 247 24 10.25 0.054 
samp. KIT62A 17.38 -62.78 62.3 2.6 16 239 23 10.26 0.068 

samp. MVO0831 16.77 -62.17 60.8 2.9 16 277 27 10.26 0.058 
samp. E-11 17.55 -63.00 58.8 3.0 17 271 26 10.27 0.064 

samp. D-JL-38 15.20 -61.30 60.4 2.8 28 226 22 10.27 0.124 
samp. D-JL-76 15.33 -61.30 61.8 2.5 36 217 21 10.33 0.166 
samp. D147 15.20 -61.30 63.4 2.2 40 218 21 10.38 0.183 

samp. 04GW24 16.03 -61.69 57.3 3.5 17 232 22 10.38 0.072 
samp. E-28 17.55 -63.00 56.4 3.6 16 291 28 10.39 0.055 
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samp. PBMO-40 16.68 -62.20 59.1 2.7 16 272 26 10.46 0.059 
samp. D-JL-34 15.20 -61.30 63.3 2.2 41 220 21 10.48 0.186 

samp. MVO0244 16.68 -62.18 59.8 2.9 17 273 26 10.50 0.062 
samp. PBMO-81 16.68 -62.20 60.3 2.9 19 273 26 10.50 0.070 

samp. E-28 17.55 -63.00 56.4 3.6 16 291 28 10.53 0.055 
samp. PBMO-19 16.73 -62.17 56.3 3.9 15 295 28 10.54 0.051 
samp. 06MT13 14.73 -61.08 58.8 3.1 43 241 23 10.57 0.177 

samp. MVO0693A 16.71 -62.18 58.6 2.9 16 244 23 10.61 0.066 
samp. STV316 13.35 -61.13 55.1 4.3 12 202 19 10.63 0.059 

samp. MVO0288 16.71 -62.18 60.7 2.6 17 234 22 10.64 0.073 
samp. MVO0057 16.70 -62.15 58.4 3.2 14 256 24 10.67 0.055 
samp. MVO0051 16.71 -62.18 58.3 3.0 16 279 26 10.73 0.057 
samp. MVO0050 16.71 -62.18 59.7 3.0 17 248 23 10.78 0.069 
samp. 06MT29 14.75 -61.09 57.0 3.5 30 232 22 10.79 0.131 

samp. PBMO-53 16.68 -62.20 62.6 2.5 21 259 24 10.79 0.081 
samp. STV318 13.38 -61.14 55.1 3.6 15 206 19 10.84 0.073 
samp. 07MT87 14.48 -61.07 59.0 2.4 19 249 23 10.87 0.075 

samp. PBMO-17 16.68 -62.20 60.7 2.6 24 272 25 10.88 0.088 
samp. MVO0241 16.71 -62.18 59.1 3.0 17 272 25 10.88 0.063 

samp. MVO1227-4 16.71 -62.18 59.9 2.7 18 283 26 10.88 0.064 
samp. MVO1137 16.68 -62.20 63.0 2.1 22 251 23 10.91 0.088 
samp. PBMO-16 16.68 -62.20 59.1 2.9 18 262 24 10.92 0.069 
samp. MVO1215 16.71 -62.18 58.4 2.8 16 284 26 10.92 0.056 
samp. MVO0752 16.72 -62.18 58.1 3.0 16 284 26 10.92 0.056 

samp. K101 17.25 -62.60 55.8 3.6 18 295 27 10.93 0.061 
samp. SE8243 17.48 -62.96 58.8 3.0 13 251 23 10.94 0.052 

samp. MVO1091A 16.68 -62.20 59.6 2.7 16 274 25 10.96 0.058 
samp. MVO0092 16.68 -62.20 58.7 3.3 17 274 25 10.96 0.062 
samp. MVO0245 16.71 -62.18 58.4 3.2 15 274 25 10.96 0.055 
samp. MVO1174 16.71 -62.18 60.3 2.6 19 274 25 10.96 0.069 
samp. 07MT91 14.52 -61.05 56.5 2.8 40 200 18 10.99 0.199 

samp. MVO1151 16.71 -62.18 58.1 3.0 15 275 25 11.00 0.055 
samp. MVO0665L 16.71 -62.18 60.3 2.9 20 264 24 11.00 0.076 
samp. MVO0047 16.72 -62.18 60.0 3.0 16 253 23 11.00 0.063 

samp. MVO47 16.72 -62.18 60.1 3.0 16 253 23 11.00 0.063 
samp. MVO1227-8 16.71 -62.18 59.7 2.7 19 276 25 11.04 0.069 
samp. MVO1227-2 16.71 -62.18 59.8 2.6 17 277 25 11.08 0.061 
samp. MVO1216 16.71 -62.18 59.6 2.6 18 277 25 11.08 0.065 
samp. MVO0159 16.68 -62.20 61.5 2.5 15 266 24 11.08 0.056 

 
Table DR4: Geochemical data f 
Arc: Lesser Antilles (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. MVO0665D 16.71 -62.18 59.8 2.7 17 266 24 11.08 0.064 

samp. MVO237 16.72 -62.18 59.6 2.8 17 266 24 11.08 0.064 
samp. MVO0237 16.72 -62.18 60.2 2.8 17 266 24 11.08 0.064 

samp. MVO0694L 16.71 -62.18 59.1 3.0 16 244 22 11.09 0.066 
samp. MVO1227-12 16.71 -62.18 59.2 2.8 18 278 25 11.12 0.065 

samp. PBMO-51 16.68 -62.20 61.3 2.7 20 267 24 11.13 0.075 
samp. SVE116 13.33 -61.18 55.6 3.9 12 212 19 11.16 0.057 

samp. MVO0040 16.71 -62.18 58.7 2.9 16 279 25 11.16 0.057 
samp. SSH5A 16.69 -62.15 64.1 2.1 25 216 19 11.18 0.114 

samp. MVO1072 16.71 -62.18 59.4 2.7 17 269 24 11.21 0.063 
samp. STV313 13.34 -61.12 55.7 3.7 18 213 19 11.21 0.085 
samp. D-JL-4 15.30 -61.30 62.1 2.5 36 213 19 11.21 0.169 
samp. SL126 13.75 -60.90 58.9 3.2 42 277 25 11.21 0.152 

samp. OXFORD18654 16.68 -62.20 62.6 2.5 17 258 23 11.22 0.066 
samp. MVO1136 16.68 -62.20 58.7 3.2 17 258 23 11.22 0.066 
samp. SM9023 18.06 -63.05 64.2 2.4 48 292 26 11.23 0.164 

samp. MVO1214 16.71 -62.18 58.4 2.9 17 281 25 11.24 0.060 
samp. SM9020A 18.06 -63.05 64.3 2.5 26 315 28 11.25 0.083 
samp. MVO0711 16.71 -62.18 59.4 2.9 14 259 23 11.26 0.054 
samp. STV376(L) 13.29 -61.25 59.6 2.3 28 237 21 11.29 0.118 

samp. CN54 12.75 -61.29 56.2 2.7 34 461 41 11.30 0.074 
samp. D-JL-68 15.20 -61.30 61.4 2.6 38 226 20 11.30 0.168 

samp. PBMO-72 16.68 -62.20 62.3 2.4 19 260 23 11.30 0.073 
samp. PBMO-10 16.73 -62.17 60.9 2.5 14 260 23 11.30 0.054 
samp. SM9029 18.06 -63.05 61.6 2.4 29 283 25 11.32 0.102 
samp. SM9025 18.06 -63.05 60.5 2.6 43 283 25 11.32 0.152 
samp. PB18610 16.68 -62.20 59.7 2.7 15 272 24 11.33 0.055 

samp. 18610W.J.R. 16.72 -62.18 59.7 2.7 15 272 24 11.33 0.055 
samp. MVO1209 16.72 -62.15 58.1 3.0 16 272 24 11.33 0.059 
samp. PBMO-22 16.73 -62.17 60.6 2.7 17 272 24 11.33 0.063 
samp. 04GW02 16.01 -61.25 58.4 3.3 18 248 22 11.36 0.072 

samp. E-R6 17.55 -63.00 57.8 3.8 14 253 22 11.36 0.056 
samp. E-06 17.55 -63.00 57.7 3.9 14 253 22 11.36 0.056 

samp. MVO1210 16.71 -62.18 57.2 3.1 16 285 25 11.40 0.056 
samp. MVO0175 16.71 -62.18 58.1 3.3 14 251 22 11.41 0.056 

samp. SE8223 17.48 -62.96 59.7 2.7 13 249 22 11.43 0.052 
samp. MVO0045 16.71 -62.18 59.1 3.1 17 263 23 11.43 0.065 

samp. D-JL-41 15.20 -61.30 58.9 3.5 29 206 18 11.44 0.141 
samp. PBMO-07 16.68 -62.20 59.6 3.0 19 309 27 11.44 0.061 

samp. MVO1091B 16.71 -62.18 58.6 3.1 14 275 24 11.46 0.051 
samp. D-JL-47 15.20 -61.30 63.0 2.3 39 218 19 11.47 0.179 

samp. MVO0216 16.71 -62.18 59.2 2.8 14 276 24 11.50 0.051 
samp. MVO1090A 16.71 -62.18 58.6 3.0 15 276 24 11.50 0.054 
samp. MVO0171 16.71 -62.18 59.5 2.9 15 277 24 11.54 0.054 
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samp. MVO1227-11 16.71 -62.18 59.6 2.6 18 277 24 11.54 0.065 
samp. MONT153 16.72 -62.18 60.1 2.9 15 277 24 11.54 0.054 
samp. MVO0231 16.72 -62.18 58.8 3.0 16 277 24 11.54 0.058 
samp. MVO231 16.72 -62.18 59.2 3.1 16 277 24 11.54 0.058 

samp. MVO0790 16.67 -62.19 63.3 2.3 27 231 20 11.55 0.117 
samp. D-JL-52 15.20 -61.30 60.6 2.8 37 208 18 11.56 0.178 

samp. MVO0292 16.71 -62.18 59.0 2.8 16 278 24 11.58 0.058 
samp. MVO1227-10 16.71 -62.18 59.6 2.7 17 279 24 11.63 0.061 
samp. MVO1227-5 16.71 -62.18 60.0 2.5 19 279 24 11.63 0.068 

samp. SM9013B 18.06 -63.05 65.7 2.3 49 268 23 11.65 0.183 
samp. SE8216 17.48 -62.96 59.8 2.7 13 251 22 11.66 0.052 
samp. D-JL-78 15.26 -61.30 61.2 2.4 39 210 18 11.67 0.186 

samp. MVO0201 16.71 -62.18 59.0 2.9 16 280 24 11.67 0.057 
samp. MVO201 16.72 -62.18 59.1 2.9 16 280 24 11.67 0.057 

samp. MVO0065 16.68 -62.20 60.3 2.5 17 257 22 11.68 0.066 
samp. E-25 17.55 -63.00 57.6 3.3 18 287 25 11.69 0.061 

samp. MVO0174 16.71 -62.18 58.9 2.9 16 269 23 11.70 0.059 
samp. MVO1227-3 16.71 -62.18 59.9 2.6 18 281 24 11.71 0.064 
samp. MVO0694D 16.71 -62.18 59.1 2.8 16 246 21 11.71 0.065 

samp. D-JL-77 15.26 -61.30 59.4 2.4 33 211 18 11.72 0.156 
samp. MVO1004 16.71 -62.18 59.3 2.8 16 247 21 11.76 0.065 
samp. MVO0104 16.71 -62.17 59.3 3.0 15 259 22 11.77 0.058 

samp. MVO1227-7 16.71 -62.18 60.2 2.5 16 271 23 11.78 0.059 
samp. MVO1227-1 16.71 -62.18 60.3 2.6 19 283 24 11.79 0.067 

samp. MVO 127 16.74 -62.15 59.7 3.0 20 239 20 11.81 0.084 
samp. MVO0034 16.72 -62.18 58.7 2.9 15 260 22 11.82 0.058 

samp. MVO34 16.72 -62.18 59.1 2.9 15 260 22 11.82 0.058 
samp. PB18595 16.67 -62.19 58.5 2.3 17 331 28 11.82 0.051 
samp. PBMO-76 16.68 -62.20 59.6 3.0 16 272 23 11.83 0.059 

samp. D-JL-8 15.20 -61.30 62.0 2.4 42 213 18 11.83 0.197 
samp. 14789 17.25 -62.60 61.9 2.4 15 284 24 11.83 0.053 

samp. STV376(L) 13.29 -61.25 59.6 2.3 28 237 20 11.85 0.118 
samp. MVO1003 16.71 -62.18 58.0 3.1 15 238 20 11.90 0.063 

samp. MVO0693B 16.71 -62.18 61.5 2.4 20 250 21 11.90 0.080 
samp. MVO0056 16.71 -62.18 59.7 2.7 16 262 22 11.91 0.061 

samp. MVO1091C 16.71 -62.18 58.9 2.9 15 274 23 11.91 0.055 
samp. MVO1063 16.71 -62.18 58.9 3.0 15 274 23 11.91 0.055 
samp. MVO1217 16.68 -62.20 56.8 3.1 15 286 24 11.92 0.052 
samp. MVO1212 16.71 -62.18 61.0 2.2 20 286 24 11.92 0.070 

samp. D-JL-49 15.20 -61.30 63.1 2.3 41 215 18 11.94 0.191 
samp. MVO 131 16.76 -62.17 57.3 3.9 15 284 24 11.95 0.051 
samp. MVO 147 16.78 -62.21 60.5 2.6 13 245 21 11.95 0.051 

samp. MVO1090B 16.68 -62.20 58.6 3.0 15 275 23 11.96 0.055 
samp. MVO0242 16.71 -62.18 58.5 2.9 15 287 24 11.96 0.052 

 
Table DR4: Geochemical data f 
Arc: Lesser Antilles (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. D-JL-55 15.20 -61.30 61.9 2.4 41 216 18 12.00 0.190 

samp. MVO0094 16.71 -62.18 59.1 2.8 16 276 23 12.00 0.058 
samp. MVO0098 16.71 -62.18 59.5 2.8 16 276 23 12.00 0.058 
samp. MONT128 16.72 -62.18 59.7 2.8 16 276 23 12.00 0.058 
samp. 04GW31 16.00 -61.67 56.3 3.5 17 281 23 12.04 0.061 
samp. PBMO-74 16.68 -62.20 59.6 2.6 20 289 24 12.04 0.069 

samp. MVO1227-9 16.71 -62.18 59.7 2.6 18 277 23 12.04 0.065 
samp. D-JL-65 15.20 -61.30 60.0 2.8 18 229 19 12.05 0.079 

samp. MVO1122 16.71 -62.18 58.2 3.0 17 278 23 12.09 0.061 
samp. MVO0037 16.72 -62.18 62.6 2.4 19 254 21 12.10 0.075 

samp. MVO37 16.72 -62.18 63.0 2.4 19 254 21 12.10 0.075 
samp. MVO0243 16.71 -62.18 59.8 2.5 16 279 23 12.13 0.057 

samp. D-JL-57 15.20 -61.30 63.0 2.4 38 219 18 12.17 0.174 
samp. MVO1201 16.68 -62.20 63.4 2.4 19 244 20 12.20 0.078 
samp. MMON17 16.72 -62.18 63.4 2.4 19 244 20 12.20 0.078 
samp. SM9022 18.06 -63.05 62.3 2.9 42 293 24 12.21 0.143 

samp. MVO0819 16.73 -62.15 60.0 2.9 16 257 21 12.24 0.062 
samp. D-JL-70 15.20 -61.30 61.2 2.6 36 221 18 12.28 0.163 

samp. SB61 17.63 -63.23 60.8 4.0 31 248 20 12.40 0.125 
samp. MVO0160 16.71 -62.18 59.0 2.8 14 273 22 12.41 0.051 
samp. MONT140 16.72 -62.18 59.5 2.8 14 273 22 12.41 0.051 

samp. SB42 17.63 -63.23 59.4 3.6 30 273 22 12.41 0.110 
samp. MVO0053 16.71 -62.18 58.9 3.0 16 262 21 12.48 0.061 
samp. MVO0127 16.74 -62.15 59.7 3.0 16 287 23 12.48 0.056 

samp. M8218 14.50 -61.00 59.1 2.8 25 265 21 12.48 0.094 
samp. D-JL-62 15.43 -61.35 60.1 3.1 37 225 18 12.50 0.164 

samp. MVO1227-6 16.71 -62.18 59.7 2.8 17 275 22 12.50 0.062 
samp. SB61A 17.63 -63.23 59.7 3.7 33 250 20 12.50 0.132 

samp. STV345 13.29 -61.14 55.0 5.4 13 238 19 12.53 0.055 
samp. MVO1078 16.71 -62.18 62.0 2.4 21 289 23 12.57 0.073 
samp. MVO0206 16.71 -62.18 58.4 3.1 15 264 21 12.57 0.057 

samp. D-JL-75 15.33 -61.30 62.2 2.5 39 214 17 12.59 0.182 
samp. M8222 14.50 -61.00 59.1 2.9 25 274 22 12.60 0.091 

samp. MS8223 16.68 -62.20 58.6 3.0 16 285 23 12.61 0.055 
samp. STV377I 13.29 -61.26 55.4 5.6 18 240 19 12.63 0.075 
samp. MP-107 14.80 -61.10 60.4 2.5 27 292 23 12.70 0.092 
samp. SE8237 17.48 -62.96 60.4 2.5 13 247 19 12.70 0.053 
samp. D054 15.20 -61.30 63.0 2.2 42 216 17 12.71 0.194 

samp. MP-434 14.80 -61.10 57.5 3.1 19 267 21 12.71 0.071 



465 
 

samp. MVO0025 16.72 -62.18 59.5 2.7 19 268 21 12.76 0.071 
samp. MVO25 16.72 -62.18 59.5 2.7 19 268 21 12.76 0.071 

samp. MVO0096A 16.68 -62.20 60.0 2.9 15 256 20 12.80 0.059 
samp. MP-435 14.80 -61.10 57.8 3.0 23 282 22 12.82 0.082 
samp. MS8207 16.73 -62.17 56.3 4.0 15 287 22 12.82 0.052 
samp. D-JL-46 15.20 -61.30 63.4 2.3 40 218 17 12.82 0.183 
samp. M8246 14.50 -61.00 57.7 3.2 25 284 22 12.83 0.088 
samp. D-JL-58 15.20 -61.30 60.7 2.8 21 231 18 12.83 0.091 

samp. MVO0148 16.73 -62.17 57.1 3.9 16 309 24 12.88 0.052 
samp. D-JL-1 15.30 -61.30 60.7 2.9 32 219 17 12.88 0.146 

samp. STV377(L) 13.29 -61.26 58.1 3.3 21 258 20 12.90 0.081 
samp. MP-429 14.80 -61.10 58.8 3.2 25 284 22 12.91 0.088 

samp. MVO1202 16.68 -62.20 62.7 2.5 19 259 20 12.95 0.073 
samp. MVO 152 16.72 -62.19 58.6 4.1 19 295 23 13.01 0.064 
samp. MVO0152 16.72 -62.19 58.6 4.1 17 287 22 13.05 0.059 

samp. MVO0096B 16.68 -62.20 63.0 2.2 18 274 21 13.05 0.066 
samp. MVO1203 16.68 -62.20 61.5 2.5 18 249 19 13.11 0.072 

samp. BQ20 12.50 -61.50 59.2 2.3 30 305 23 13.15 0.098 
samp. M8237 14.50 -61.00 62.9 2.2 31 276 21 13.17 0.112 
samp. D-JL-56 15.20 -61.30 63.4 2.2 40 225 17 13.24 0.178 
samp. 01GU60 16.01 -61.64 55.8 3.8 16 257 19 13.26 0.063 

samp. MVO0777 16.71 -62.15 61.4 2.7 15 293 22 13.32 0.051 
samp. M8220 14.50 -61.00 57.9 2.9 21 279 21 13.33 0.075 

samp. MVO0234 16.71 -62.18 58.7 2.8 16 280 21 13.33 0.057 
samp. M8226 14.50 -61.00 62.1 2.2 28 275 21 13.34 0.102 
samp. M8214 14.50 -61.00 61.1 2.6 23 284 21 13.38 0.081 
samp. D-JL-60 15.20 -61.30 58.0 3.4 32 228 17 13.41 0.140 

samp. 04GW30 16.02 -61.66 56.6 3.4 17 313 23 13.41 0.056 
samp. M8221 14.50 -61.00 58.1 3.0 21 281 21 13.42 0.075 

samp. 06MT52 14.81 -61.16 61.4 2.3 22 296 22 13.45 0.075 
samp. M8228 14.50 -61.00 62.1 2.2 28 276 20 13.50 0.101 

samp. 06MT47 14.85 -61.21 61.3 2.1 26 282 21 13.56 0.093 
samp. D-JL-26 15.20 -61.30 62.5 2.4 42 217 16 13.56 0.194 
samp. M8217 14.50 -61.00 58.9 2.8 25 284 21 13.57 0.088 

samp. MVO 777 16.71 -62.15 61.4 2.7 21 270 20 13.58 0.076 
samp. M8247 14.50 -61.00 55.1 5.0 18 279 20 13.64 0.065 

samp. MP-536A 14.80 -61.10 56.1 3.6 24 301 22 13.68 0.080 
samp. M8225 14.50 -61.00 60.3 2.5 26 284 21 13.69 0.092 
samp. CN41 12.75 -61.29 56.6 2.5 46 612 45 13.75 0.075 

samp. MVO1209 16.72 -62.15 59.3 2.9 16 274 20 13.79 0.059 
samp. M8230 14.50 -61.00 58.5 2.9 30 296 21 13.80 0.101 

samp. SB5 17.63 -63.23 58.1 4.7 25 305 22 13.86 0.082 
samp. D-JL-16 15.20 -61.30 62.1 2.3 42 222 16 13.88 0.189 
samp. M8218 14.50 -61.00 59.1 2.8 25 265 19 13.95 0.094 

samp. MVO0099 16.68 -62.20 63.3 2.2 15 279 20 13.95 0.054 
samp. 09MT126 14.82 -61.17 56.8 5.5 19 240 17 13.96 0.079 
samp. 06MT50 14.81 -61.17 62.0 2.3 26 277 20 13.99 0.095 
samp. MP-411 14.80 -61.10 60.8 2.8 25 294 21 14.00 0.085 

samp. MVO1134 16.68 -62.20 59.4 2.9 16 308 22 14.00 0.052 
 

Table DR4: Geochemical data f 
Arc: Lesser Antilles (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 06MT51 14.81 -61.17 62.7 2.1 26 280 20 14.07 0.094 
samp. MP-279 14.80 -61.10 57.0 3.3 22 296 21 14.10 0.074 
samp. MP-257 14.80 -61.10 56.0 3.4 23 340 24 14.17 0.068 

samp. MP-527A 14.80 -61.10 58.4 3.1 26 284 20 14.20 0.092 
samp. MP-271 14.80 -61.10 62.1 2.2 33 270 19 14.21 0.122 
samp. M8213 14.50 -61.00 55.7 3.6 15 293 21 14.24 0.051 
samp. MP-287 14.80 -61.10 57.9 3.2 25 299 21 14.24 0.084 
samp. M8215 14.50 -61.00 60.7 2.5 25 286 20 14.26 0.087 
samp. SL121 13.75 -60.90 60.7 2.6 60 320 22 14.29 0.188 

samp. MP-319A 14.80 -61.10 58.0 3.1 26 300 21 14.29 0.087 
samp. MP-39 14.80 -61.10 59.4 2.9 23 286 20 14.30 0.080 

samp. 01GU66 16.00 -61.69 55.7 3.5 16 272 19 14.32 0.060 
samp. SB95A 17.63 -63.23 55.2 4.8 19 258 18 14.33 0.074 

samp. 06MT43 14.86 -61.19 59.6 2.1 28 294 21 14.34 0.094 
samp. MP-270 14.80 -61.10 60.0 2.4 22 287 20 14.35 0.077 
samp. MP-355 14.80 -61.10 57.5 3.3 23 287 20 14.35 0.080 

samp. D228 15.45 -61.35 61.6 2.2 26 287 20 14.35 0.091 
samp. SB59 17.63 -63.23 58.3 4.2 21 244 17 14.35 0.086 

samp. MP-570.1 14.80 -61.10 56.2 3.6 24 288 20 14.40 0.083 
samp. M8277 14.50 -61.00 60.5 2.4 27 285 20 14.41 0.095 
samp. M8222 14.50 -61.00 59.1 2.9 25 274 19 14.42 0.091 
samp. MP-322 14.80 -61.10 55.0 3.9 19 304 21 14.48 0.063 
samp. MP-324 14.80 -61.10 55.1 3.9 20 304 21 14.48 0.066 
samp. MP-441 14.80 -61.10 61.0 2.4 24 304 21 14.48 0.079 
samp. M8235 14.50 -61.00 56.4 3.5 22 302 21 14.48 0.073 
samp. MP-406 14.80 -61.10 61.3 2.6 30 291 20 14.55 0.103 
samp. MP-250 14.80 -61.10 58.5 2.7 25 306 21 14.57 0.082 
samp. MP-266 14.80 -61.10 57.6 3.4 20 307 21 14.62 0.065 
samp. MP-276 14.80 -61.10 56.1 3.8 21 307 21 14.62 0.068 
samp. M8229 14.50 -61.00 55.7 3.6 22 325 22 14.68 0.068 

samp. MP-566.1 14.80 -61.10 56.1 3.6 24 294 20 14.70 0.082 
samp. MP-581 14.80 -61.10 60.7 2.4 21 309 21 14.71 0.068 

samp. MP-568.2 14.80 -61.10 57.8 3.2 21 309 21 14.71 0.068 
samp. MP-567.2 14.80 -61.10 56.1 3.6 21 309 21 14.71 0.068 
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samp. MP-407 14.80 -61.10 61.0 2.4 23 309 21 14.71 0.074 
samp. SL52 13.75 -60.90 62.1 2.9 49 293 20 14.72 0.167 

samp. MP-580 14.80 -61.10 60.5 2.7 24 295 20 14.75 0.081 
 

Arc: Kurile 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. P-136/16 43.00 145.00 60.8 4.2 15 197 28 6.94 0.076 
samp. SK03 44.02 143.25 60.6 2.6 41 261 36 7.25 0.157 
samp. PV-33 43.00 142.00 56.6 3.2 30 337 44 7.66 0.088 
samp. SK04 44.40 142.50 55.9 4.1 37 219 28 7.82 0.169 
samp. SK08 44.63 142.80 55.2 4.4 31 197 25 7.88 0.157 

samp. 060820-01 C 43.77 144.44 62.6 2.7 23 277 34 8.03 0.082 
samp. 060820-04D 43.83 144.57 61.8 2.6 21 308 38 8.04 0.069 

samp. AB955 44.02 143.25 59.5 2.9 38 287 35 8.20 0.132 
samp. GG-59 44.00 142.50 61.4 3.0 33 308 37 8.26 0.107 
samp. MO1 44.67 144.40 57.8 3.9 25 322 38 8.40 0.078 

samp. 101604 43.70 143.00 56.9 2.9 33 331 39 8.44 0.100 
samp. YA2 43.74 143.35 57.0 2.6 34 295 33 8.94 0.115 

samp. SK06 44.05 143.82 56.4 5.1 32 248 26 9.54 0.129 
samp. 060820-03 C 43.82 144.48 57.5 3.7 17 281 29 9.54 0.060 

samp. GG-66 44.02 143.25 56.2 4.9 25 298 31 9.61 0.084 
samp. Y-03 43.00 141.00 61.0 2.8 25 252 26 9.82 0.101 

samp. TH-14 43.00 143.00 59.0 3.0 32 256 26 9.85 0.125 
samp. Y-09 43.00 141.00 59.0 3.3 34 224 22 10.05 0.152 
samp. S-02 43.50 142.00 56.9 5.8 18 252 24 10.50 0.070 

samp. P-69/7 43.00 145.00 60.6 2.9 24 308 29 10.73 0.078 
samp. S-03 43.50 142.00 56.8 5.6 29 247 23 10.83 0.117 

samp. 070922-03A 44.67 144.40 61.7 2.2 30 360 33 10.87 0.085 
samp. 90103 44.67 144.40 61.7 2.2 27 357 32 11.00 0.076 
samp. SA951 44.67 144.40 62.3 2.2 29 388 35 11.01 0.075 
samp. P-75/7 43.00 145.00 60.8 2.9 23 273 25 11.05 0.084 

samp. IM060915FC 43.58 144.31 59.2 3.6 26 317 28 11.15 0.082 
samp. IM060915FA 43.58 144.32 59.4 3.6 18 335 30 11.17 0.054 

samp. P-75/10 43.00 145.00 57.0 3.9 23 305 27 11.17 0.074 
samp. SK09 44.67 144.40 61.7 2.4 26 376 33 11.44 0.069 
samp. PV-94 43.50 142.50 58.0 2.3 39 372 32 11.63 0.104 

samp. 060823-04 C 43.59 144.40 58.4 3.0 17 328 28 11.74 0.052 
samp. P-82/2 43.00 145.00 57.6 4.1 15 256 22 11.80 0.059 

samp. IM060915FB 43.58 144.32 56.4 4.5 18 314 25 12.54 0.059 
samp. Y-07 43.00 141.00 56.7 4.4 42 285 22 12.89 0.149 

 
Arc. Izu-Bonin 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 1186-11 34.35 138.75 56.9 3.1 33 223 37 6.09 0.149 
samp. 1186-2 34.35 138.75 59.4 3.1 39 239 39 6.13 0.163 

samp. 780/131 26.30 142.00 59.4 4.4 14 179 29 6.26 0.078 
samp. 1186-14 34.35 138.75 58.1 3.2 34 234 36 6.50 0.147 
samp. D460-1 31.00 140.00 57.9 3.4 12 178 27 6.59 0.069 

samp. 1186-2,9703-1, U98491 34.35 138.75 59.4 3.1 42 243 36 6.79 0.171 
samp. 1186-2 34.35 138.75 59.4 3.1 42 243 36 6.79 0.171 

samp. D-40 27.30 142.30 62.5 2.7 17 116 17 6.82 0.147 
samp. MD-58 27.30 142.30 57.3 5.5 13 98 14 7.00 0.133 
samp. MD-62 27.30 142.30 57.2 5.3 13 101 14 7.21 0.129 

samp. 51 34.50 138.70 57.1 3.2 13 241 33 7.30 0.054 
 

Table DR4: Geochemical data f 
Arc. Izu-Bonin (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 334-1 34.50 138.70 57.1 3.0 17 285 39 7.31 0.060 

samp. 1393R6 31.50 140.00 58.0 3.0 10 170 23 7.47 0.058 
amp. 125-782/23A-35X-3,53-59, 5 30.86 141.31 58.0 3.8 15 191 25 7.58 0.079 

samp. 190 34.50 138.70 61.4 2.6 14 259 34 7.62 0.054 
samp. MK-09 26.60 142.13 58.3 5.5 13 206 27 7.77 0.063 

samp. 780/122 26.30 142.00 59.1 4.3 14 212 27 7.82 0.067 
samp. 329 34.50 138.70 63.0 2.1 21 227 29 7.83 0.093 

samp. 126-792E-71R-2,89-92101 30.40 140.38 57.4 3.6 10 166 21 7.98 0.062 
mp. 125-782/26A-37X-2,100-106, 30.86 141.31 57.6 3.2 13 239 30 8.07 0.056 

samp. 780/117 26.30 142.00 58.9 4.7 15 217 27 8.19 0.068 
samp. MD-46 27.30 142.30 56.9 5.5 14 99 12 8.25 0.141 

samp. MZ-89D(NMS107166) 34.50 138.50 56.6 4.4 30 286 34 8.41 0.105 
samp. MZ-86(NMS107163) 34.50 138.50 57.4 3.1 25 331 39 8.49 0.076 

samp. 125-782A-39X-2-73-74 30.86 141.31 58.5 2.7 17 269 31 8.74 0.064 
samp. 1184-12 34.21 138.84 56.0 3.7 17 247 28 8.76 0.068 

samp. 126-793B-113R-4,35-41088 31.11 139.89 58.8 3.3 31 195 22 8.90 0.161 
amp. 126-793B-113R-3,130-13508 31.11 139.89 57.8 3.5 35 197 22 9.00 0.180 

samp. 324 34.50 138.70 62.3 2.1 18 254 28 9.07 0.071 
mp. 126-793B-113R-3,137-141S- 2  31.11 139.89 59.3 3.2 32 196 22 9.07 0.161 

samp. 1184-41 34.21 138.84 55.4 3.9 14 207 23 9.12 0.067 
samp. 1184-11 34.21 138.84 56.7 3.0 18 284 31 9.16 0.063 
samp. MD-48 27.30 142.30 57.1 5.3 12 101 11 9.18 0.119 

amp. 126-793B-110R-5,128-13207 31.11 139.89 56.7 4.2 33 191 21 9.23 0.173 
samp. MD-60 27.30 142.30 57.2 5.2 11 102 11 9.27 0.108 

samp. 1184-11,9703-1, U98489 34.21 138.84 56.7 3.0 20 305 32 9.53 0.065 
samp. 1184-11 34.21 138.84 56.7 3.0 20 305 32 9.53 0.065 

samp. MK15 26.60 142.13 57.2 5.9 12 198 21 9.64 0.061 
samp. JH206F 34.50 139.00 57.6 3.7 20 253 26 9.66 0.079 

p. 125-782A-37X-6-105-107 (PUM 30.86 141.31 60.2 2.6 15 267 28 9.69 0.057 
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samp. IZ26-12 35.01 138.98 55.1 3.8 24 406 42 9.71 0.060 
samp. 125-782A-39X-2-16-18 30.86 141.31 60.2 2.4 18 286 29 9.72 0.063 

samp. MD-65 27.30 142.30 61.4 3.0 13 117 12 9.75 0.111 
p. 125-782A-37X-6-105-107 (SCO 30.86 141.31 59.2 2.6 15 271 27 9.88 0.056 

samp. IZ26-12 35.01 138.98 55.3 3.7 22 376 38 9.92 0.058 
samp. MZ-70(NMS107147) 34.50 138.50 57.1 3.4 30 298 30 9.93 0.101 
samp. MZ-90(NMS107167) 34.50 138.50 56.4 4.4 30 295 28 10.54 0.102 

samp. 1129-4 27.30 142.30 59.7 5.7 11 86 8 10.71 0.130 
samp. MZ-91(NMS107168) 34.50 138.50 55.2 4.6 26 286 26 11.00 0.091 
samp. 81301(NMS107186) 34.50 138.50 56.0 3.8 25 276 25 11.04 0.091 

 
Arc: Honshu 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. SKV-1 38.00 140.00 62.7 2.7 12 233 38 6.13 0.052 

samp. 980501 37.00 137.00 56.4 2.8 25 404 62 6.52 0.062 
samp. IB 38.00 140.00 58.8 3.3 22 257 37 6.95 0.086 

samp. E-2-1 37.00 138.00 55.5 3.5 31 329 47 6.97 0.095 
samp. SNA-1 38.00 140.00 60.9 2.5 14 258 36 7.17 0.054 
samp. YUL-2 38.00 140.00 64.4 2.4 14 246 33 7.45 0.057 
samp. YUL-1 38.00 140.00 62.7 2.8 13 247 33 7.48 0.053 
samp. L361 38.00 139.00 56.5 2.5 56 379 50 7.58 0.148 

samp. 00704 38.00 140.00 55.3 3.5 50 402 51 7.88 0.125 
samp. ON-F3 38.00 140.00 57.0 3.7 15 270 33 8.18 0.056 
samp. M354 38.00 139.00 56.9 3.3 66 340 41 8.29 0.194 

samp. NN894 36.00 138.00 59.3 3.3 20 262 31 8.40 0.074 
samp. M2 38.00 139.00 57.7 2.4 59 346 40 8.65 0.171 

samp. L293 38.00 139.00 55.8 3.5 50 355 40 8.88 0.141 
samp. KUR-13 36.00 138.00 57.8 4.7 23 222 25 8.88 0.104 
samp. IO117 36.00 138.00 56.4 4.3 38 219 24 9.13 0.172 
samp. L294 38.00 139.00 56.5 3.3 49 370 40 9.25 0.132 

samp. BN-BC 38.00 140.00 55.1 3.5 16 284 30 9.47 0.056 
samp. M56 38.00 139.00 56.3 2.2 62 413 43 9.60 0.150 

samp. M217 38.00 139.00 57.4 3.4 34 342 35 9.77 0.099 
samp. MA210 36.00 138.00 59.5 2.1 24 289 30 9.80 0.084 
samp. M191 38.00 139.00 57.7 2.2 57 355 35 10.14 0.161 
samp. M92 38.00 139.00 55.5 3.3 62 325 32 10.16 0.191 

samp. ANVA1 38.00 140.00 57.0 4.8 15 296 29 10.21 0.051 
samp. L105 38.00 139.00 60.7 2.1 65 363 35 10.37 0.179 

samp. M157 38.00 139.00 56.6 3.3 66 358 34 10.53 0.184 
samp. E-2-3 37.00 138.00 57.3 3.6 25 326 30 11.05 0.077 
samp. M154 38.00 139.00 57.8 2.9 69 355 32 11.09 0.194 

samp. 980702 37.00 137.00 56.6 2.8 21 392 35 11.20 0.054 
samp. L123 38.00 139.00 56.1 3.7 56 364 32 11.38 0.154 
samp. L-6 37.00 138.00 60.8 2.4 32 314 27 11.63 0.103 

samp. E-2-5 37.00 138.00 58.0 3.5 24 335 29 11.71 0.072 
samp. IK201 36.00 138.00 56.5 3.7 19 271 23 11.89 0.069 
samp. L136 38.00 139.00 57.0 2.5 50 423 35 12.09 0.118 

samp. 12NT13 37.00 140.00 56.4 4.1 25 291 24 12.13 0.086 
samp. E-1-1 37.00 138.00 60.1 2.8 28 341 27 12.58 0.081 

samp. OHTAKI1908 35.00 137.00 55.2 3.6 37 530 40 13.18 0.070 
samp. SKW1904 35.00 137.00 58.4 2.8 55 512 37 13.80 0.107 
samp. NMG1551 35.00 137.00 62.2 2.4 56 368 26 13.99 0.153 

samp. 981028 37.00 137.00 60.5 3.7 71 381 27 14.11 0.186 
samp. L^ 37.00 138.00 55.4 4.5 24 375 26 14.53 0.065 

samp. 10402 38.00 140.00 57.5 2.9 21 406 26 15.62 0.051 
samp. 980709 37.00 137.00 59.1 4.4 61 391 25 15.64 0.156 
samp. 981027 37.00 137.00 56.7 4.1 65 376 24 15.67 0.173 
samp. 981029 37.00 137.00 56.0 5.0 41 395 25 15.80 0.104 

samp. L-4 37.00 138.00 56.7 4.0 28 418 26 15.89 0.067 
 

Table DR4: Geochemical data f 
Arc: Honshu (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 41001 38.00 140.00 57.8 2.9 22 400 25 16.00 0.054 
samp. MOM 35.00 137.00 55.7 5.3 27 474 29 16.34 0.057 
samp. SKS-2 35.00 137.00 55.2 5.4 28 484 29 16.63 0.058 

samp. 980718 37.00 137.00 57.4 4.4 49 383 23 16.65 0.128 
samp. 10701 38.00 140.00 58.9 2.2 31 450 27 16.67 0.069 
samp. 17AS5 35.00 138.00 57.1 4.4 18 357 21 17.00 0.050 
samp. 40504 38.00 140.00 58.3 3.1 25 388 22 17.64 0.064 
samp. 03102 38.00 140.00 56.6 2.8 26 465 26 17.88 0.056 
samp. 80901 38.00 140.00 58.5 2.3 23 431 24 17.96 0.052 
samp. 40203 38.00 140.00 59.2 2.1 22 414 23 18.00 0.054 

samp. OU750412-1-9 34.00 134.00 57.1 2.6 35 383 21 18.24 0.091 
samp. 980515 37.00 137.00 60.7 3.5 67 370 20 18.50 0.181 
samp. 17AS1 35.00 138.00 56.5 4.4 19 371 20 18.55 0.051 

samp. 980705 37.00 137.00 61.1 3.9 68 373 20 18.65 0.182 
samp. 80501 38.00 140.00 56.6 4.3 26 393 21 18.71 0.067 

samp. 980405 37.00 137.00 60.0 3.9 66 375 20 18.75 0.176 
samp. TB-4 36.00 138.00 57.9 2.4 57 524 26 20.15 0.108 

 
Arc. Greater Antilles 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. TO15 18.47 -64.00 61.4 3.2 27 191 28 6.82 0.141 
samp. DT 200 20.60 -75.38 61.0 2.9 10 112 16 7.00 0.089 
samp. FG-9 17.90 -65.75 65.8 2.8 16 241 29 8.31 0.066 
samp. DG-16 17.90 -65.75 65.7 2.2 21 275 33 8.33 0.076 
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samp. Q 204 20.34 -74.67 58.3 3.8 17 218 23 9.48 0.078 
samp. AV 55 18.25 -66.25 59.9 2.0 52 290 31 9.50 0.179 
samp. AHWG19 18.06 -76.72 69.4 2.1 6 97 10 10.00 0.062 
samp. PRP-16 17.90 -65.75 59.9 3.0 31 234 22 10.64 0.132 
samp. A-8 17.90 -65.75 55.3 4.6 18 280 25 11.20 0.064 
samp. HH8003 18.77 -70.65 63.9 3.4 20 225 20 11.25 0.089 
samp. SL-1 17.90 -65.75 62.8 2.4 39 319 28 11.39 0.122 
samp. PRP-12 17.90 -65.75 61.1 2.9 31 232 20 11.60 0.134 
samp. VP-211 17.90 -65.75 57.2 5.1 35 298 25 11.92 0.117 
samp. PRP-17 17.90 -65.75 59.9 3.1 28 239 20 11.95 0.117 
samp. VP-57 17.90 -65.75 55.7 4.7 19 120 10 12.00 0.158 
samp. AHWG18 18.06 -76.72 69.3 2.1 7 117 10 12.06 0.057 
samp. 6358 17.90 -65.75 61.0 2.7 29 246 20 12.30 0.118 
samp. PRP-14 17.90 -65.75 60.1 2.8 27 248 20 12.40 0.109 
samp. 6513 17.90 -65.75 61.0 2.8 25 265 20 13.25 0.094 
samp. MAT4 22.20 -79.90 56.6 3.7 25 437 33 13.36 0.056 
samp. 8690 17.90 -65.75 61.4 2.8 25 302 22 13.73 0.083 
samp. TUST 77 18.34 -64.88 57.0 2.9 20 401 28 14.31 0.051 
samp. LL35 18.00 -66.20 55.8 2.6 53 272 19 14.33 0.194 
samp. RAB424I 18.12 -66.10 56.2 4.9 19 344 24 14.33 0.056 
samp. UFJ9885.0A 17.90 -65.75 58.9 3.2 29 332 22 15.01 0.086 
samp. LL37C 18.00 -66.20 55.6 2.6 57 294 20 15.06 0.192 
samp. B-5 17.90 -65.75 55.3 4.9 16 200 13 15.38 0.080 
samp. AV-159 18.25 -66.25 57.6 3.1 69 430 28 15.43 0.161 
samp. VP-161 17.90 -65.75 57.2 2.6 21 268 16 16.75 0.078 
samp. PRP-104 17.90 -65.75 60.1 3.0 33 413 24 17.21 0.080 
samp. MAT1 22.20 -79.90 56.5 2.8 27 427 25 17.22 0.063 
samp. HH8005 18.77 -70.65 62.2 2.2 18 231 13 17.77 0.078 
samp. VP-166 17.90 -65.75 63.6 2.7 32 288 16 18.00 0.111 
samp. LFJ985/3.6A 17.90 -65.75 58.3 3.4 23 300 17 18.16 0.076 
samp. MUL1 21.60 -77.40 61.4 2.5 40 421 23 18.55 0.095 
samp. VP-88 17.90 -65.75 57.1 4.0 65 356 19 18.74 0.183 

 
Arc: Central America (El Salvador, Honduras, Nicaragua, Costa Rica) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. ES 64 13.83 -89.86 57.5 2.6 34 347 31 11.19 0.098 
samp. ES 60 13.95 -89.79 59.1 2.4 50 329 29 11.34 0.152 

samp. MT004 12.42 -86.53 60.4 2.2 40 399 34 11.82 0.099 
samp. M17 11.45 -85.52 56.3 2.4 51 509 41 12.41 0.100 

samp. 4 10.00 -84.50 58.7 5.4 54 412 33 12.48 0.131 
samp. C-92-2 11.58 -85.63 59.9 2.5 47 491 39 12.49 0.096 
samp. P-58A 13.03 -87.59 59.2 2.2 30 406 32 12.73 0.073 
samp. TO 1 14.00 -89.70 60.6 3.0 36 381 29 13.14 0.094 
samp. RV64 10.83 -85.33 56.9 3.7 29 540 41 13.20 0.053 
samp. P-47A 12.40 -86.66 57.8 2.7 36 400 30 13.33 0.091 
samp. C922 11.53 -85.62 58.8 3.7 51 589 44 13.34 0.087 
samp. TO 1 14.00 -89.70 60.9 2.5 42 347 26 13.35 0.121 

samp. MT003 12.42 -86.53 60.5 2.2 41 392 29 13.49 0.104 
samp. TO 1 14.00 -89.70 60.2 2.9 47 392 29 13.52 0.120 

samp. 15 10.47 -84.73 59.7 5.1 59 440 32 13.75 0.134 
samp. M16 11.45 -85.52 57.8 2.6 63 470 34 13.82 0.134 

samp. MB104 12.50 -86.50 59.4 2.5 38 422 30 13.84 0.089 
samp. P-46A 12.44 -86.67 56.9 3.0 34 406 29 13.90 0.083 
samp. ES 52 13.94 -89.78 60.0 2.2 52 348 25 13.92 0.149 

samp. CH-020406-5 10.58 -84.18 60.6 2.7 29 365 26 14.03 0.079 
samp. 6 10.00 -84.50 61.2 4.8 63 449 32 14.03 0.140 

samp. MB9 12.50 -86.50 58.8 3.1 39 385 27 14.10 0.102 
samp. COS-A-5A 13.04 -87.60 58.0 2.1 27 397 28 14.18 0.068 

samp. MB10 12.50 -86.50 58.7 3.2 39 395 28 14.18 0.098 
samp. ES 53 13.94 -89.78 60.3 2.2 48 341 24 14.21 0.141 

samp. 5 10.00 -84.50 59.2 5.0 60 458 32 14.31 0.131 
samp. COS-C-11 13.04 -87.60 58.4 2.1 27 403 28 14.39 0.067 

samp. MB2 12.50 -86.50 57.4 3.5 35 369 26 14.48 0.094 
samp. COS-N-75 12.98 -87.58 57.6 2.1 25 406 28 14.50 0.062 

 
Table DR4: Geochemical data f 
Arc: Central America (El Salvador, Honduras, Nicaragua, Costa Rica) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. COS9A 12.98 -87.57 58.9 2.2 23 446 30 14.67 0.052 

samp. COS-M-50 13.03 -87.55 58.0 2.1 26 413 28 14.75 0.063 
samp. COS3 12.98 -87.57 59.0 2.2 24 419 28 14.88 0.057 
samp. MB3 12.50 -86.50 57.8 3.3 34 372 25 14.98 0.091 
samp. ES 65 13.81 -89.86 58.1 2.7 29 360 24 15.00 0.081 

samp. ES035A 13.55 -88.43 58.4 2.5 30 526 35 15.11 0.058 
samp. ES 8 13.53 -88.50 58.0 2.4 29 513 34 15.13 0.056 

samp. MT005 12.42 -86.53 56.1 3.8 30 396 26 15.18 0.075 
samp. P40 10.20 -84.23 57.0 3.6 42 505 33 15.30 0.083 

samp. TO 1 14.00 -89.70 59.1 4.4 36 385 25 15.40 0.094 
samp. COS-A-8 13.04 -87.60 57.2 2.2 25 417 27 15.44 0.060 

samp. 040705-5C 10.65 -85.65 60.6 2.2 49 553 36 15.52 0.089 
samp. COS5 12.98 -87.57 57.8 2.3 23 426 27 15.57 0.053 

samp. 010627-4D 10.72 -85.40 61.0 2.4 61 459 29 15.60 0.134 
samp. COS9A 12.98 -87.57 58.9 2.2 23 428 27 15.62 0.053 
samp. ES 59 13.96 -89.76 55.7 3.3 37 391 25 15.64 0.095 
samp. RV57 10.83 -85.33 56.3 4.2 43 508 32 15.88 0.084 

samp. C-06-NIC-14 12.20 -86.00 58.7 2.8 22 366 23 15.93 0.060 
samp. ES 51 13.94 -89.78 55.4 3.2 34 400 25 16.00 0.085 
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samp. 836 12.11 -86.32 56.0 3.3 21 414 26 16.01 0.052 
samp. M15 11.45 -85.52 57.2 3.3 61 482 30 16.07 0.127 
samp. SV-5 13.62 -88.85 57.3 3.2 23 421 26 16.17 0.054 

samp. 010627-4B 10.72 -85.40 61.0 2.7 57 489 30 16.18 0.116 
samp. COS-A-5B 13.04 -87.60 56.9 2.3 23 422 26 16.23 0.055 

samp. N-92-2 12.11 -86.32 56.0 3.4 21 421 26 16.25 0.050 
samp. P26 10.20 -84.23 56.2 3.4 35 498 30 16.60 0.070 

samp. OR53 10.98 -85.47 60.1 3.6 31 393 23 16.75 0.078 
samp. M8 11.45 -85.52 57.3 2.1 52 537 32 16.78 0.097 

samp. TO 1 14.00 -89.70 59.6 3.1 31 403 24 16.79 0.077 
samp. TE122 12.60 -86.85 57.3 2.7 42 453 27 16.97 0.094 
samp. SV-1 13.62 -88.85 59.3 2.6 23 403 23 17.44 0.057 

samp. C-06-NIC-13 12.20 -86.00 57.8 2.9 23 361 21 17.58 0.064 
samp. 010627-4C 10.72 -85.40 61.3 2.8 51 501 28 17.61 0.102 

samp. M7 11.45 -85.52 57.0 2.1 53 546 31 17.61 0.097 
samp. RV65 10.83 -85.33 58.4 3.3 35 453 25 17.79 0.077 

samp. 010628-3M 10.65 -85.65 60.1 2.1 51 615 34 18.16 0.083 
samp. PO6 10.20 -84.22 58.4 2.8 58 487 27 18.18 0.120 

samp. RV49 10.83 -85.33 56.2 4.1 21 404 22 18.24 0.053 
samp. MV5 10.75 -85.15 58.0 3.5 52 541 29 18.61 0.096 
samp. P80B 10.20 -84.23 55.4 3.2 42 492 26 18.92 0.085 

samp. OR03_4C 10.98 -85.47 57.9 3.5 28 423 22 19.63 0.067 
samp. 124 13.56 -88.78 60.6 3.4 18 356 18 19.78 0.051 
samp. PO9 10.20 -84.22 56.6 3.1 62 554 28 19.78 0.112 

samp. MV45 10.75 -85.15 59.2 2.9 48 480 24 19.79 0.100 
samp. PO7 10.20 -84.22 55.7 3.7 62 558 28 19.81 0.111 
samp. 11 10.00 -84.50 58.1 3.5 64 535 27 19.81 0.120 

samp. 122 13.56 -88.78 59.0 3.2 29 382 19 20.11 0.076 
samp. RV62 10.83 -85.33 59.5 4.0 28 418 21 20.29 0.066 

samp. 010627-4A 10.72 -85.40 60.8 2.8 59 460 23 20.41 0.128 
samp. 1 13.56 -88.78 61.3 3.5 27 368 18 20.44 0.073 

samp. 131 13.56 -88.78 62.5 2.9 25 369 18 20.50 0.068 
samp. OR03_4F 10.98 -85.47 56.6 3.7 26 429 21 20.67 0.061 

samp. 43 13.56 -88.78 58.6 3.5 27 415 20 20.75 0.065 
samp. P65 10.20 -84.23 59.1 2.9 37 478 23 20.78 0.077 
samp. 133 13.56 -88.78 62.7 2.9 25 396 19 20.84 0.063 

 
Arc: Guatamala 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. AG-2 14.47 -90.73 58.9 2.7 62 532 24 22.17 0.117 

samp. SM-09-05 14.78 -91.55 62.8 2.0 53 377 17 22.55 0.142 
samp. G6GA2 14.39 -90.50 55.3 2.8 37 551 24 22.96 0.067 

samp. AC-2 14.48 -90.98 57.0 3.1 34 513 21 24.43 0.066 
samp. TA-4-C 15.13 -92.11 58.3 2.1 43 569 23 24.61 0.076 

samp. TAC9864 15.13 -92.11 64.4 2.3 47 477 19 25.11 0.099 
samp. SG-09-41 14.76 -91.55 64.0 2.0 33 440 17 25.26 0.075 
samp. TAC9867 15.13 -92.11 61.9 2.8 57 481 19 25.32 0.119 

samp. TACA-11 C1 15.13 -92.11 60.9 2.2 34 470 18 26.10 0.073 
samp. 9734 15.13 -92.11 60.2 2.4 58 502 19 26.42 0.116 

samp. 9704LJO 15.13 -92.11 60.7 2.4 59 480 18 26.67 0.123 
samp. 9704LJC 15.13 -92.11 59.8 2.4 66 484 18 26.89 0.136 
samp. 9714LJO 15.13 -92.11 61.4 2.3 61 486 18 27.00 0.126 
samp. 9707PO 15.13 -92.11 59.7 2.4 50 494 18 27.44 0.101 
samp. 9714LJC 15.13 -92.11 60.4 2.3 52 478 17 28.12 0.109 
samp. 9701B 15.13 -92.11 60.5 2.3 58 479 17 28.18 0.121 

samp. 9707LJC 15.13 -92.11 61.2 2.3 49 480 17 28.24 0.102 
samp. T-16 14.00 -90.50 61.5 2.2 55 631 22 28.68 0.087 

samp. 9727C 15.13 -92.11 60.5 2.3 64 491 17 28.88 0.130 
samp. 9726 15.13 -92.11 61.0 2.4 54 492 17 28.94 0.110 

samp. 9727D 15.13 -92.11 61.5 2.2 66 468 16 29.25 0.141 
samp. 9870A 15.10 -92.15 61.0 2.4 58 501 17 29.47 0.116 

samp. 9707LJO 15.13 -92.11 60.5 2.2 60 505 17 29.71 0.119 
samp. 9735A 15.10 -92.15 59.5 3.0 53 511 17 30.06 0.104 

samp. 9721LJX 15.10 -92.15 62.0 2.3 61 481 16 30.06 0.127 
samp. 9876B 15.13 -92.11 60.7 2.3 53 519 17 30.53 0.102 
samp. 9891LJ 15.13 -92.11 61.5 2.3 60 520 17 30.59 0.115 
samp. 9871 15.13 -92.11 59.7 2.7 45 551 18 30.61 0.082 
samp. 9884 15.15 -92.08 62.9 2.3 67 501 16 31.31 0.134 

samp. 9721LJ-2 15.10 -92.15 60.4 2.2 64 471 15 31.40 0.136 
 

Table DR4: 
Geochemical 

data f 
Arc: 

Guatamala 
(continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. TAC9721P 15.13 -92.11 60.4 2.2 64 471 15 31.40 0.136 

samp. S1005 14.76 -91.55 64.8 2.0 30 506 16 31.63 0.059 
samp. 9821IN 15.10 -92.15 62.2 2.3 64 508 16 31.75 0.126 

samp. TAC9320 15.13 -92.11 62.0 2.3 61 481 15 32.07 0.127 
samp. 9721LJ-1 15.10 -92.15 61.8 2.4 68 483 15 32.20 0.141 

samp. TAC9721DL 15.13 -92.11 61.8 2.4 68 483 15 32.20 0.141 
samp. 9733 15.13 -92.11 57.9 3.2 40 580 18 32.22 0.069 

samp. 9721LJV 15.10 -92.15 61.2 2.5 58 490 15 32.67 0.118 
samp. TAC9721GL 15.13 -92.11 61.2 2.5 58 490 15 32.67 0.118 

samp. 9865AB 15.10 -92.15 61.3 2.6 60 492 15 32.80 0.122 
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samp. 1429C 14.60 -91.24 58.5 3.5 53 631 19 33.21 0.084 
samp. 9878B 15.13 -92.11 62.8 2.2 67 500 15 33.33 0.134 
samp. 9863 15.10 -92.15 61.8 2.5 59 509 15 33.93 0.116 
samp. 9887 15.15 -92.08 58.8 3.0 55 481 14 34.36 0.114 
samp. 9890 15.15 -92.08 62.7 2.2 58 481 14 34.36 0.121 

samp. 9735B 15.10 -92.15 59.8 2.5 42 560 16 35.00 0.075 
samp. T-7 14.00 -90.50 59.6 2.6 36 639 18 35.50 0.056 

samp. 9891P 15.13 -92.11 60.4 2.1 43 471 13 36.23 0.091 
samp. 9885 15.15 -92.08 62.2 2.1 57 487 13 37.46 0.117 

samp. 9892A 15.13 -92.11 62.2 2.3 54 489 13 37.62 0.110 
samp. 9878C 15.13 -92.11 62.9 2.2 61 502 13 38.62 0.122 
samp. 9741 15.13 -92.11 61.7 2.5 59 505 13 38.85 0.117 
samp. 9753I 15.13 -92.11 59.2 3.2 44 583 15 38.87 0.075 
samp. 9889 15.15 -92.08 60.0 2.9 47 512 13 39.38 0.092 

samp. 9752LJ 15.13 -92.11 62.7 2.2 65 486 12 40.50 0.134 
samp. 9755A 15.13 -92.11 62.9 2.2 65 486 12 40.50 0.134 
samp. 9755B 15.13 -92.11 62.5 2.2 65 527 13 40.54 0.123 
samp. 9741B 15.13 -92.11 62.4 2.3 62 488 12 40.67 0.127 
samp. 9867 15.13 -92.11 61.9 2.8 62 490 12 40.83 0.127 

samp. 9878A 15.13 -92.11 63.3 2.2 64 491 12 40.92 0.130 
 

Arc: Andes, Southern Volcanic Zone (SVZ) 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. HUD174 -45.90 -72.97 55.9 2.0 54 318 55 5.78 0.170 
samp. PU-03-22 -40.54 -72.19 61.6 2.1 52 295 44 6.72 0.176 

samp. IV-A4 -40.59 -72.12 62.8 2.2 54 290 43 6.78 0.186 
samp. I-A8 -40.59 -72.12 60.5 2.1 41 354 50 7.07 0.116 

samp. HV98A -45.96 -72.89 60.9 2.2 67 378 53 7.13 0.177 
samp. HUD143 -46.12 -72.56 61.4 2.1 59 349 49 7.13 0.169 
samp. HV98B -45.96 -72.89 61.2 2.3 66 369 51 7.24 0.179 

samp. PU-02-22 -40.58 -72.17 59.5 2.4 52 317 44 7.25 0.164 
samp. PU-02-24 -40.52 -72.15 59.0 3.5 51 287 40 7.27 0.178 

samp. HV97A -45.96 -72.89 60.4 2.3 59 369 50 7.38 0.160 
samp. HV111 -45.85 -73.10 60.7 2.2 68 384 52 7.38 0.177 
samp. XM-7 -41.17 -71.82 55.2 2.8 58 365 48 7.60 0.158 

samp. HV114 -46.00 -72.75 61.3 2.1 67 385 50 7.70 0.174 
samp. HUD110-3 -45.90 -72.97 57.1 3.4 62 358 46 7.75 0.173 

samp. HV104 -46.02 -72.77 61.6 2.1 65 374 48 7.79 0.174 
samp. PU 02 11 -40.56 -72.10 60.2 2.3 44 351 45 7.80 0.125 
samp. PU-02-11 -40.56 -72.10 60.2 2.3 44 351 45 7.83 0.125 
samp. PU-05-31 -40.63 -72.14 57.0 2.8 35 381 48 7.87 0.092 
samp. PU-02-30 -40.52 -72.25 60.7 2.2 44 365 46 7.88 0.121 
samp. PU 05 31 -40.50 -71.00 57.0 2.8 35 381 48 7.94 0.092 

samp. I-A7 -40.59 -72.12 59.8 2.3 43 339 42 8.00 0.126 
samp. HUD110-3 -45.90 -72.97 60.7 2.1 65 406 50 8.10 0.160 
samp. PU-05-30 -40.61 -72.09 56.6 3.3 36 351 43 8.14 0.103 

samp. IV-A2 -40.59 -72.12 58.1 2.6 35 381 47 8.16 0.092 
samp. M-8 -33.25 -70.40 60.5 2.3 37 345 42 8.21 0.107 

samp. CH1031 -45.56 -71.84 55.3 4.6 158 1440 163 8.83 0.110 
samp. TC142 -38.00 -71.00 59.3 2.2 48 350 39 8.97 0.137 

samp. 300191-02 -37.80 -72.10 62.7 3.9 44 242 26 9.31 0.183 
samp. HV21 -45.87 -72.90 59.4 2.3 59 401 42 9.55 0.147 
samp. M-25 -33.25 -70.40 58.8 2.2 48 364 38 9.68 0.132 

samp. PU-02-33 -40.52 -72.24 55.7 3.8 30 350 36 9.86 0.086 
samp. HV38 -45.21 -73.07 63.5 2.5 54 367 37 9.92 0.147 
samp. HV41 -45.21 -73.07 63.3 2.5 66 367 37 9.92 0.180 
samp. I-A1 -40.59 -72.12 56.5 3.3 34 348 35 9.93 0.098 

samp. HV137 -45.97 -73.03 59.2 2.5 59 420 42 10.00 0.140 
samp. CB23 -36.86 -71.38 55.2 4.4 69 360 36 10.06 0.191 

samp. PU-02-32 -40.52 -72.25 56.1 3.6 33 360 36 10.11 0.092 
samp. CB35 -36.86 -71.38 59.0 2.3 55 396 39 10.28 0.138 

samp. PU-03-16 -40.55 -72.09 57.1 3.0 32 356 34 10.56 0.090 
samp. CE68 -34.25 -70.55 58.1 2.5 21 397 37 10.67 0.053 

samp. CS92-1 -39.00 -72.30 60.5 2.1 39 302 28 10.79 0.129 
samp. T40E -46.65 -75.45 61.0 3.3 35 205 19 10.79 0.171 
samp. I-A5 -40.59 -72.12 56.8 3.1 28 406 38 10.80 0.068 
samp. I-A3 -40.59 -72.12 56.6 3.1 28 394 37 10.80 0.071 

samp. AT7-3 (0-15CM) -45.90 -72.97 59.3 2.5 51 399 36 11.08 0.128 
samp. T28B -46.65 -75.45 58.8 4.0 29 270 24 11.25 0.107 
samp. IV-A3 -40.59 -72.12 58.7 4.3 39 375 33 11.29 0.104 

samp. PU-02-31 -40.58 -72.17 56.1 3.3 29 379 33 11.38 0.077 
samp. 94T-44 44A -45.90 -72.97 60.1 2.0 44 412 36 11.44 0.107 

samp. CZ-24 -38.00 -71.00 57.5 2.0 66 449 39 11.51 0.147 
samp. 94T-59 59K -45.90 -72.97 60.1 2.4 41 428 35 12.23 0.096 

samp. CB74 -36.86 -71.38 58.9 2.6 68 385 32 12.23 0.177 
samp. C158K -36.86 -71.38 61.5 2.1 55 346 28 12.36 0.159 
samp. AH-7 -37.92 -70.67 58.0 2.6 54 421 34 12.38 0.129 

samp. CL 412 -36.99 -70.01 58.3 2.3 59 505 41 12.45 0.117 
 

Table DR4: Geochemical data f 
Arc: Andes, Southern Volcanic Zone (SVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. P34 -45.00 -72.00 61.7 3.0 67 386 31 12.45 0.174 

samp. HV36 -45.21 -73.08 55.1 3.4 34 412 33 12.48 0.083 
samp. 219C -35.60 -70.67 56.5 3.8 71 414 33 12.55 0.171 
samp. P51 -45.00 -72.00 56.9 2.6 36 477 38 12.55 0.075 

samp. XB14-1 -41.24 -71.96 55.0 2.7 68 382 30 12.73 0.178 
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samp. AT7-2 (0-15CM) -45.90 -72.97 57.7 3.0 45 459 36 12.75 0.098 
samp. C156A -36.86 -71.38 60.6 2.3 59 358 28 12.79 0.165 
samp. CB53 -36.86 -71.38 61.0 2.1 65 395 31 12.96 0.163 
samp. HV84 -45.22 -73.09 59.1 2.4 40 416 32 13.00 0.096 
samp. F-24 -33.25 -70.20 56.1 2.6 45 360 27 13.43 0.125 
samp. P53 -45.00 -72.00 56.2 3.9 53 512 37 13.84 0.104 
samp. P33 -45.00 -72.00 58.7 3.6 53 417 30 13.90 0.127 

samp. CN11 -32.47 -70.43 57.0 3.9 26 369 27 13.92 0.070 
samp. 385 -38.40 -71.60 55.7 3.9 27 403 29 14.09 0.066 

samp. CB55 -36.86 -71.38 58.4 3.3 50 434 31 14.19 0.116 
samp. I-BA5 -40.59 -72.12 55.0 4.3 28 386 27 14.23 0.072 
samp. I-A4 -40.59 -72.12 56.8 3.7 25 387 27 14.48 0.063 
samp. V1-1 -39.42 -71.95 56.7 3.6 25 402 28 14.57 0.061 
samp. PT1 -35.24 -70.57 56.2 2.9 40 443 30 14.57 0.090 

samp. HV142 -45.90 -72.97 61.3 2.1 32 511 35 14.60 0.063 
samp. 6385-1 -41.33 -72.61 57.1 3.1 19 339 23 14.74 0.055 

samp. 94T-49 49H -45.90 -72.97 58.4 2.6 36 489 33 14.82 0.074 
samp. CV12 -33.57 -70.34 60.6 2.0 44 440 30 14.86 0.100 
samp. Q1-3 -39.30 -71.45 56.7 3.1 35 467 31 14.97 0.074 

samp. 210495-3 -45.40 -71.50 61.3 2.6 51 436 29 15.03 0.117 
samp. CS92-6 -37.50 -72.30 62.3 4.1 43 346 23 15.04 0.124 
samp. Q1-1 -39.30 -71.45 56.4 3.1 38 449 30 15.17 0.084 

samp. CL 563 -37.86 -71.16 56.3 3.8 68 464 31 15.22 0.146 
samp. P32 -45.00 -72.00 58.9 3.8 55 411 27 15.22 0.134 

samp. Q1-2 -39.30 -71.45 56.4 3.2 35 459 30 15.51 0.076 
samp. PA-69 -45.05 -72.99 57.5 2.6 25 498 32 15.56 0.051 
samp. HV87 -45.22 -73.09 57.7 3.3 30 467 30 15.57 0.064 
samp. CB27 -36.86 -71.38 62.9 2.3 45 476 30 15.64 0.096 
samp. V2-5 -39.42 -71.95 55.4 3.7 21 428 27 15.79 0.050 

samp. PA-20C -45.05 -72.99 55.6 3.2 27 459 29 15.83 0.059 
samp. TA90 -46.60 -75.33 66.7 2.4 25 222 14 15.86 0.113 
samp. HV29 -45.21 -73.08 59.5 3.8 31 403 25 16.12 0.077 

samp. ARQ00-19 -29.83 -70.00 56.6 3.3 84 463 29 16.25 0.181 
samp. ESPE1.14 -36.00 -70.80 60.5 2.1 45 529 32 16.64 0.084 

samp. 94AT -36.30 -69.20 56.0 2.3 78 533 32 16.71 0.147 
samp. TC30 -37.83 -71.20 58.4 3.5 47 470 28 16.79 0.100 
samp. PT5 -35.24 -70.57 56.9 3.2 34 470 28 17.03 0.072 

samp. CB02 -36.86 -71.38 57.5 3.2 42 471 28 17.05 0.090 
samp. ESPE1.17 -36.00 -70.80 59.9 2.2 43 527 31 17.06 0.082 
samp. CH1028 -45.52 -71.83 61.1 3.2 672 3747 218 17.19 0.179 
samp. XX506 -43.40 -74.00 58.7 5.0 51 311 18 17.28 0.164 
samp. XX511 -43.40 -74.00 59.1 5.4 36 312 18 17.33 0.115 
samp. 3282-4 -41.33 -72.61 57.8 3.4 18 340 20 17.44 0.052 
samp. TC84 -38.73 -71.10 61.3 2.3 63 460 26 17.69 0.137 

samp. TAT137 -36.00 -70.50 58.3 2.6 35 536 30 17.87 0.065 
samp. PMC 20 -36.48 -69.20 55.6 3.2 79 537 30 17.90 0.147 
samp. VQ-10 -35.58 -75.85 60.8 2.5 71 399 22 18.14 0.178 

samp. QTW12.41 -36.00 -70.80 58.3 2.5 31 560 31 18.18 0.056 
samp. AD96-15 -45.25 -71.80 60.2 3.2 450 3487 191 18.26 0.129 

samp. P61 -45.00 -72.00 63.2 2.4 63 476 26 18.31 0.132 
samp. MV60 -33.83 -70.08 55.6 2.4 46 458 25 18.32 0.100 
samp. 7385-7 -41.33 -72.61 56.5 3.8 18 350 19 18.32 0.052 

samp. C88 -36.86 -71.38 58.6 3.3 40 440 24 18.33 0.091 
samp. VQ-15 -35.58 -75.85 61.3 2.4 71 385 21 18.33 0.184 
samp. H-72 -36.00 -70.83 62.2 2.2 38 240 13 18.46 0.158 

samp. PA-89 -45.09 -73.18 56.5 4.1 24 456 25 18.54 0.052 
samp. PT2 -35.24 -70.57 56.8 3.2 39 460 24 18.93 0.085 

samp. CA36 -33.32 -70.36 55.6 3.6 20 353 19 19.08 0.057 
samp. 0106T -33.17 -69.50 64.1 2.1 54 458 24 19.08 0.118 
samp. CL 557 -37.41 -71.29 55.9 3.9 56 530 28 19.11 0.106 

samp. ESPW3.23 -36.00 -70.80 57.6 2.6 37 549 29 19.20 0.067 
samp. CB26 -36.86 -71.38 58.2 3.4 41 510 26 19.35 0.081 

samp. PEL334 -36.00 -70.50 61.2 2.0 85 429 22 19.50 0.198 
samp. 18523 -36.77 -70.45 60.0 2.7 75 401 21 19.58 0.187 
samp. T18B -46.65 -75.45 63.1 2.3 35 326 17 19.76 0.107 

samp. CH1029 -45.52 -71.83 59.3 3.2 656 3913 198 19.76 0.168 
samp. GUA3D2.MI -36.00 -70.50 56.0 4.9 37 300 15 19.87 0.123 

samp. TAT163 -36.00 -70.50 55.6 3.6 37 517 26 19.88 0.072 
samp. CB48 -36.86 -71.38 59.1 3.1 54 451 23 19.89 0.121 
samp. CZ38 -38.00 -71.00 56.5 2.7 59 640 32 20.00 0.092 
samp. 11M -36.86 -71.38 60.8 3.4 62 444 22 20.18 0.140 
samp. HV83 -45.20 -73.05 55.6 5.7 42 405 20 20.25 0.104 

samp. ESPE1.10 -36.00 -70.80 59.7 2.2 41 531 26 20.42 0.076 
samp. 822-3A -42.40 -72.60 58.9 3.0 20 370 18 20.56 0.054 

samp. PT8 -35.24 -70.57 56.8 3.9 61 452 22 20.64 0.136 
samp. LV.5A -36.00 -70.80 56.2 5.2 63 479 23 20.74 0.131 

samp. QTW10.5 -36.00 -70.80 58.5 3.1 70 459 22 20.77 0.153 
samp. PVF2 -34.10 -70.40 55.4 4.5 60 561 27 20.78 0.107 

samp. ARRQT.5 -36.00 -70.80 59.9 2.1 40 539 26 20.81 0.074 
samp. VQ-09 -35.58 -75.85 61.6 2.4 69 461 22 20.95 0.150 
samp. AZ15 -35.25 -68.80 57.0 2.3 41 484 23 21.04 0.084 
samp. LV.15 -36.00 -70.80 60.5 2.2 60 461 22 21.05 0.129 
samp. RB17 -33.83 -70.08 55.3 3.0 47 423 20 21.15 0.111 

 
Table DR4: Geochemical data f 
Arc: Andes, Southern Volcanic Zone (SVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
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samp. VQ-37B -35.58 -75.85 59.5 3.0 62 445 21 21.19 0.139 
samp. 18540 -36.77 -70.45 57.5 2.8 38 505 24 21.23 0.075 
samp. 2638 -35.30 -69.90 55.2 4.2 61 538 25 21.26 0.113 

samp. 021-ACUF-E-1-8 -35.25 -68.80 59.8 2.3 62 451 21 21.48 0.137 
samp. QTW12.30 -36.00 -70.80 61.0 2.2 63 453 21 21.57 0.140 

samp. 18952 -36.77 -70.45 58.9 2.8 34 349 16 21.70 0.096 
samp. 822-1A -42.40 -72.60 62.2 2.1 26 391 18 21.72 0.066 
samp. PG132 -47.16 -71.56 55.0 2.1 47 718 33 21.76 0.065 
samp. 15800 -36.77 -70.45 56.9 3.3 49 343 16 21.83 0.142 
samp. 15772 -36.77 -70.45 55.6 3.4 67 373 17 22.06 0.179 
samp. VQ-16 -35.58 -75.85 60.8 2.3 70 442 20 22.10 0.158 
samp. ESPN.5 -36.00 -70.80 56.2 5.0 55 486 22 22.19 0.114 
samp. AZ14 -35.25 -68.80 55.5 2.4 36 506 23 22.19 0.072 
samp. GUA1 -36.00 -70.50 61.1 3.5 70 448 20 22.40 0.156 

samp. EMU1.6 -36.00 -70.80 56.7 2.6 31 603 27 22.50 0.051 
samp. 15906 -36.77 -70.45 59.4 2.5 49 518 23 22.54 0.095 

samp. PT3 -35.24 -70.57 56.1 3.4 41 489 22 22.64 0.083 
samp. PT4 -35.24 -70.57 56.1 3.4 40 487 22 22.65 0.082 

samp. EMU4.8 -36.00 -70.80 57.1 2.2 31 606 27 22.70 0.050 
samp. EML.5 -36.00 -70.80 55.3 4.4 49 507 22 22.74 0.097 

samp. F13 -36.72 -70.30 55.4 5.4 69 467 21 22.76 0.147 
samp. EMU1.2 -36.00 -70.80 55.8 3.7 41 588 26 22.79 0.070 

samp. C7 -36.86 -71.38 57.9 3.9 34 456 20 22.80 0.075 
samp. L3 -36.86 -71.38 56.7 4.3 38 482 21 22.95 0.079 

samp. F-107 -33.25 -70.20 55.7 3.2 29 545 24 23.00 0.053 
samp. GUA10 -36.00 -70.50 62.1 3.4 83 417 18 23.04 0.199 

samp. AZ6 -35.25 -68.80 55.5 3.7 31 550 24 23.31 0.057 
samp. GUA16 -36.00 -70.50 61.7 3.3 80 415 18 23.31 0.193 
samp. VQ-02 -35.58 -75.85 61.4 2.5 70 468 20 23.40 0.150 
samp. M25 -34.17 -69.87 57.1 4.2 57 446 19 23.47 0.128 
samp. PT9 -35.24 -70.57 55.1 4.4 44 475 20 23.51 0.092 

samp. GUA1 -36.00 -70.50 60.7 2.5 62 454 19 23.52 0.136 
samp. PVF1 -34.10 -70.40 56.5 4.8 60 566 24 23.58 0.106 

samp. M8 -34.17 -69.87 60.2 2.3 91 525 22 23.86 0.173 
samp. 026-ACUF-PARA-1-4 -35.25 -68.80 60.5 2.2 69 502 21 23.90 0.137 

samp. QTW11.5 -36.00 -70.80 55.7 4.2 51 508 21 23.96 0.100 
samp. PM 44 -36.37 -69.20 57.8 2.3 83 599 25 24.25 0.139 
samp. M22 -34.17 -69.87 56.1 4.5 55 486 20 24.30 0.113 
samp. CA28 -33.36 -70.26 63.6 2.3 43 438 18 24.47 0.098 

samp. QTW11.1 -36.00 -70.80 55.6 4.4 51 508 21 24.54 0.100 
samp. M12 -34.17 -69.87 57.9 4.0 73 516 21 24.57 0.141 
samp. 16D -36.86 -71.38 55.5 4.3 31 495 20 24.63 0.063 

samp. QTW10.17 -36.00 -70.80 55.6 4.7 56 516 21 24.81 0.108 
samp. QCNE.2 -36.00 -70.80 56.0 5.1 58 531 21 24.81 0.109 
samp. PEL105 -36.00 -70.50 56.5 3.8 41 522 21 24.86 0.079 
samp. ESPN.1 -36.00 -70.80 55.4 4.2 46 538 22 25.02 0.085 

samp. QTW10.7 -36.00 -70.80 55.6 4.1 49 511 20 25.05 0.095 
samp. 127313 -34.18 -69.70 58.3 4.1 71 513 20 25.07 0.138 
samp. RD20A -37.77 -68.89 55.4 2.9 48 605 24 25.21 0.079 
samp. 127317 -34.18 -69.72 58.7 3.7 78 513 20 25.23 0.152 
samp. 127316 -34.18 -69.74 57.4 4.5 65 501 20 25.36 0.130 

samp. 027A-ACUF-SAT-2-5 -35.25 -68.80 59.8 3.3 73 535 21 25.48 0.136 
samp. AZ13 -35.25 -68.80 55.1 4.3 28 549 22 25.53 0.052 

samp. VP21G -35.30 -69.90 58.9 2.9 63 556 22 25.73 0.113 
samp. EMU1.5 -36.00 -70.80 55.3 3.9 41 611 24 25.78 0.067 
samp. CL 411 -37.07 -70.06 58.8 2.9 104 564 22 25.85 0.185 
samp. TTC9 -34.10 -70.40 61.0 2.8 82 543 21 25.86 0.151 

samp. GUA23 -36.00 -70.50 60.8 3.6 75 449 17 26.10 0.167 
samp. CE69 -34.26 -70.57 55.7 4.8 61 525 20 26.12 0.116 
samp. C70 -36.86 -71.38 56.4 2.7 31 497 19 26.16 0.062 

samp. QTW11.12 -36.00 -70.80 55.3 4.6 48 523 20 26.28 0.092 
samp. CV7 -33.83 -70.06 57.3 2.0 80 589 22 26.29 0.136 

samp. 025-ACUF-PARA-1-3 -35.25 -68.80 58.6 3.5 58 500 19 26.32 0.116 
samp. 48 -35.60 -70.67 57.5 3.5 61 553 21 26.33 0.110 

samp. ESPW3.20 -36.00 -70.80 55.4 4.0 38 611 23 26.45 0.062 
samp. 024-ACUF-F-1-2 -35.25 -68.80 58.6 3.3 62 503 19 26.47 0.123 

samp. QTW11.23 -36.00 -70.80 56.1 4.2 58 527 20 26.48 0.109 
samp. GUA22 -36.00 -70.50 61.1 3.4 76 458 17 26.63 0.167 
samp. CS92-2 -39.00 -72.30 60.7 3.2 37 480 18 26.67 0.077 

samp. M15 -34.17 -69.87 60.2 2.3 70 562 21 26.76 0.125 
samp. GUA9 -36.00 -70.50 60.7 3.5 77 468 17 27.05 0.164 

samp. C17 -36.86 -71.38 56.5 4.3 25 489 18 27.17 0.051 
samp. QTW11.20 -36.00 -70.80 55.1 4.5 48 530 20 27.18 0.090 

samp. C154A -36.86 -71.38 56.0 4.5 29 463 17 27.24 0.063 
samp. EML.9 -36.00 -70.80 56.1 4.6 54 507 19 27.26 0.106 

samp. F14 -36.72 -70.30 60.1 2.7 49 425 16 27.42 0.116 
samp. 020-ACUF-D-1-7 -35.25 -68.80 58.1 2.8 53 521 19 27.42 0.102 

samp. GUA9 -36.00 -70.50 60.7 3.5 77 470 17 27.65 0.164 
samp. FM37 -36.00 -70.25 56.5 2.9 53 584 21 27.81 0.090 

samp. AZUFRE-1 -35.25 -68.80 57.1 2.9 50 502 18 27.89 0.100 
samp. 15902 -36.77 -70.45 59.0 2.4 76 463 17 28.04 0.165 
samp. CB59 -36.86 -71.38 60.2 2.4 37 535 19 28.32 0.069 

samp. UEP7.4 -36.00 -70.80 56.5 4.3 52 507 18 28.48 0.103 
samp. H-73 -36.00 -70.83 55.4 3.4 34 571 20 28.55 0.060 

samp. EML.11 -36.00 -70.80 55.6 5.0 48 528 18 28.70 0.091 
samp. 2629 -35.30 -69.90 56.3 2.8 47 603 21 28.71 0.078 
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samp. ESPE1.5 -36.00 -70.80 56.7 4.0 49 522 18 28.84 0.094 
samp. AG-7 -50.00 -70.00 62.0 2.9 63 463 16 28.94 0.136 

 
Table DR4: Geochemical data f 
Arc: Andes, Southern Volcanic Zone (SVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. GUA15 -36.00 -70.50 59.4 3.9 66 493 17 29.00 0.134 

samp. F-90 -33.25 -70.20 61.1 2.7 66 494 17 29.06 0.134 
samp. QTW10.2 -36.00 -70.80 56.2 4.0 52 572 20 29.33 0.090 

samp. 2686 -35.30 -69.90 56.8 3.8 58 622 21 29.46 0.093 
samp. PA-06-06 -47.01 -71.80 55.9 3.2 64 734 25 29.48 0.087 

samp. 15751 -36.77 -70.45 55.4 3.8 26 464 16 29.74 0.057 
samp. CL 555 -36.18 -71.16 55.6 4.6 29 528 18 29.98 0.055 
samp. TAT39 -36.00 -70.50 55.1 4.7 36 541 18 30.06 0.067 
samp. 2696 -35.30 -69.90 56.7 2.7 46 614 20 30.23 0.074 

samp. PED12 -36.00 -70.50 55.5 4.6 35 556 18 30.89 0.063 
samp. PED-12 -36.00 -70.50 55.5 4.6 35 556 18 30.89 0.063 

samp. 3 -50.00 -70.00 63.6 2.4 64 464 15 30.93 0.138 
samp. EML.1 -36.00 -70.80 58.7 4.2 52 463 15 31.07 0.112 

samp. QTW12.13 -36.00 -70.80 56.7 4.8 46 524 17 31.19 0.088 
samp. UEP7.2 -36.00 -70.80 55.7 4.5 43 538 17 31.28 0.080 

samp. QTW12.8 -36.00 -70.80 60.0 3.4 66 475 15 31.46 0.140 
samp. H-8 -36.00 -70.83 63.6 2.4 84 473 15 31.53 0.178 

samp. PED151 -36.00 -70.50 57.7 3.6 46 570 18 31.67 0.081 
samp. VQ-24A -35.58 -75.85 56.8 3.6 45 603 19 31.74 0.075 

samp. QTW12.4 -36.00 -70.80 59.2 2.8 63 518 16 31.78 0.121 
samp. VQ-44A -35.58 -75.85 56.9 3.8 41 606 19 31.89 0.068 
samp. GUA19 -36.00 -70.50 61.3 3.1 87 536 17 32.10 0.162 
samp. PED11 -36.00 -70.50 62.4 2.5 77 485 15 32.33 0.159 

samp. QTW12.2 -36.00 -70.80 58.6 3.2 58 529 16 32.65 0.110 
samp. VQ-26A -35.58 -75.85 57.3 3.6 44 591 18 32.83 0.074 

samp. AZUFRE-2 -35.25 -68.80 58.2 3.4 53 493 15 32.87 0.108 
samp. PA-06-07 -47.01 -71.80 57.0 2.5 60 1011 30 33.26 0.060 

samp. 2652 -35.30 -69.90 55.9 3.1 69 601 18 33.39 0.115 
samp. H-20I -36.00 -70.83 57.3 3.1 43 570 17 33.53 0.075 

samp. 027-ACUF-SAT-1-1 -35.25 -68.80 59.3 3.5 71 537 16 33.56 0.132 
samp. H-20 -36.00 -70.83 61.4 2.9 71 504 15 33.60 0.141 

samp. GUA08 -36.00 -70.50 58.3 4.3 59 532 16 33.67 0.110 
samp. AG-5 -50.00 -70.00 62.4 2.9 57 511 15 34.07 0.112 
samp. H-70 -36.00 -70.83 56.7 3.8 46 580 17 34.12 0.079 
samp. H-23 -36.00 -70.83 63.7 2.3 88 482 14 34.43 0.183 

samp. 020A-ACUF-D-2-5 -35.25 -68.80 58.4 2.8 51 518 15 34.53 0.098 
samp. EMU4.3 -36.00 -70.80 57.5 4.5 52 585 17 34.62 0.089 

samp. 019-ACUF-D-1-6 -35.25 -68.80 58.2 2.8 54 523 15 34.87 0.103 
samp. H-13 -36.00 -70.83 64.6 2.2 89 458 13 35.23 0.194 

 
Arc: Cascades 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. YB20 44.00 -124.00 57.1 3.6 38 518 64 8.09 0.073 
samp. 209 46.21 -121.49 61.8 2.9 65 326 36 9.06 0.199 
samp. 788 42.96 -122.02 61.1 3.2 65 326 36 9.06 0.199 
samp. AES 46.20 -121.49 59.8 2.1 60 393 40 9.83 0.153 

samp. TS-684 44.10 -121.75 57.7 2.8 21 384 38 10.11 0.055 
samp. ASC-W 46.20 -121.50 58.8 3.2 61 395 39 10.13 0.154 

samp. AHV 46.20 -121.49 58.1 3.3 58 417 41 10.17 0.139 
samp. 266 46.21 -121.49 59.6 3.0 60 348 34 10.24 0.172 

samp. 554MA 41.58 -121.58 60.7 2.2 49 320 31 10.32 0.153 
samp. AKC 46.20 -121.49 59.6 3.1 66 369 35 10.54 0.179 

samp. AMC 46.20 -121.50 58.3 3.4 48 401 38 10.55 0.120 
samp. 554MG 41.58 -121.58 61.8 2.5 36 300 28 10.71 0.120 

samp. 642 46.21 -121.49 63.0 2.3 64 344 32 10.75 0.186 
samp. TS-256 44.10 -121.75 62.2 2.0 34 400 37 10.81 0.085 
samp. TS-263 44.10 -121.75 62.2 2.0 34 401 37 10.84 0.085 

samp. 93827YB 44.00 -124.00 58.1 3.6 55 447 41 10.90 0.123 
samp. 94H 46.21 -121.49 59.9 2.8 72 365 33 11.06 0.197 
samp. 275 46.21 -121.49 59.3 3.1 58 388 35 11.09 0.149 

samp. TS-262 44.10 -121.75 62.1 2.0 33 400 36 11.11 0.083 
samp. TS-451 44.10 -121.75 57.8 2.9 22 394 35 11.26 0.056 

samp. 92 46.21 -121.49 59.6 3.0 69 373 33 11.30 0.185 
samp. AMF 46.20 -121.49 59.3 3.1 69 373 33 11.30 0.185 
samp. AWS 46.20 -121.49 57.5 3.4 59 386 34 11.35 0.153 

samp. TS-529 44.10 -121.75 57.3 3.0 21 399 35 11.40 0.053 
samp. TS-258 44.10 -121.75 62.3 2.0 32 400 35 11.43 0.080 

samp. ABS 46.20 -121.50 58.5 3.3 67 369 32 11.53 0.182 
samp. 8-9-B-1 41.58 -121.58 60.8 2.1 39 474 41 11.56 0.082 

samp. 79 46.21 -121.49 58.0 3.6 48 383 33 11.61 0.125 
samp. TS-313 44.10 -121.75 62.1 2.0 33 399 34 11.74 0.083 

samp. 217 46.21 -121.49 59.9 2.9 67 368 31 11.87 0.182 
samp. 51 46.21 -121.49 60.6 2.7 68 369 31 11.90 0.184 

samp. TS-318 44.10 -121.75 61.9 2.1 33 398 33 12.06 0.083 
samp. 5 46.21 -121.49 59.2 3.0 65 374 31 12.06 0.174 

samp. AAA 46.20 -121.49 59.2 3.0 65 374 31 12.06 0.174 
samp. ML-57 41.58 -121.58 59.9 2.6 34 465 38 12.24 0.073 

samp. 237 46.21 -121.49 61.9 2.3 60 380 31 12.26 0.158 
samp. 14 46.21 -121.49 59.5 2.6 72 396 32 12.38 0.182 

samp. TS-316 44.10 -121.75 62.0 2.1 31 397 32 12.41 0.078 
samp. TS-265 44.10 -121.75 62.1 2.1 32 398 32 12.44 0.080 
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samp. TS-260 44.10 -121.75 61.7 2.2 32 411 33 12.45 0.078 
samp. TS-314 44.10 -121.75 62.1 2.0 33 399 32 12.47 0.083 
samp. TS-261 44.10 -121.75 61.5 2.3 31 417 33 12.64 0.074 

samp. 10 46.21 -121.49 59.6 2.6 72 397 31 12.81 0.181 
samp. ATM 46.20 -121.50 59.6 2.6 72 397 31 12.81 0.181 

samp. 82-028 48.50 -121.00 57.0 4.0 55 301 24 12.81 0.183 
samp. 46 46.21 -121.49 58.9 3.1 65 391 30 13.03 0.166 

 
Table DR4: Geochemical data f 
Arc: Cascades (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. TS-714 44.10 -121.75 62.0 2.2 33 393 30 13.10 0.084 
samp. TS-319 44.10 -121.75 62.2 2.0 33 394 30 13.13 0.084 
samp. 88-061 48.50 -121.00 62.8 2.5 64 403 31 13.17 0.159 
samp. 507M 41.58 -121.58 58.6 3.4 57 360 27 13.33 0.158 
samp. 82-24 46.21 -121.49 59.4 3.2 58 383 28 13.68 0.151 

samp. TS-712 44.10 -121.75 61.6 2.3 32 397 29 13.69 0.081 
samp. 462 46.21 -121.49 57.4 3.8 49 425 31 13.71 0.115 

samp. 9 46.21 -121.49 59.3 3.1 67 374 27 13.85 0.179 
samp. TS-696D 44.10 -121.75 63.4 2.0 36 395 28 14.11 0.091 

samp. 22-7C 41.58 -121.58 60.9 2.0 32 497 35 14.20 0.064 
samp. TS-708 44.10 -121.75 61.4 2.2 32 412 29 14.21 0.078 

samp. 30 46.21 -121.49 58.2 3.3 53 387 27 14.33 0.137 
samp. TS-582-2 44.10 -121.75 62.6 2.1 41 393 27 14.56 0.104 

samp. TS-49 44.10 -121.75 60.4 2.7 31 423 29 14.59 0.073 
samp. TS-691 44.10 -121.75 62.6 2.1 42 396 27 14.67 0.106 

samp. TS-696D-R 44.10 -121.75 63.4 2.1 35 398 27 14.74 0.088 
samp. TS-44 44.10 -121.75 60.5 2.4 29 428 29 14.76 0.068 
samp. ML-19 41.58 -121.58 59.6 2.0 27 473 32 14.78 0.057 

samp. TS-713D 44.10 -121.75 61.7 2.2 34 417 28 14.89 0.082 
samp. TS-690 44.10 -121.75 62.6 2.0 33 403 27 14.93 0.082 

samp. TS-632A 44.10 -121.75 64.0 2.1 40 359 24 14.96 0.111 
samp. TS-688 44.10 -121.75 62.6 2.0 34 407 27 15.07 0.084 
samp. ML-15 41.58 -121.58 60.2 2.3 26 484 32 15.13 0.054 

samp. SM-75-31 41.58 -121.58 59.9 2.1 32 493 32 15.41 0.065 
samp. TS-574 44.10 -121.75 60.7 2.3 28 432 28 15.43 0.065 
samp. TS-274 44.10 -121.75 59.8 2.8 26 448 29 15.45 0.058 

samp. TS-632C 44.10 -121.75 63.1 2.2 40 371 24 15.46 0.108 
samp. TS-629A 44.10 -121.75 63.1 2.2 40 373 24 15.54 0.107 
samp. TS-713A 44.10 -121.75 61.9 2.1 33 420 27 15.56 0.079 
samp. TS-629B 44.10 -121.75 62.7 2.3 38 378 24 15.75 0.101 
samp. TS-632B 44.10 -121.75 63.5 2.1 41 378 24 15.75 0.108 
samp. TS-698 44.10 -121.75 63.1 2.2 41 378 24 15.75 0.108 
samp. 82-135 48.50 -121.00 62.3 3.1 45 383 24 15.89 0.118 

samp. TS-713E 44.10 -121.75 61.7 2.3 33 422 26 16.23 0.078 
samp. MB-592 48.80 -121.83 67.4 2.1 35 504 31 16.26 0.069 
samp. 531MA 41.58 -121.58 58.4 4.7 56 358 22 16.27 0.156 
samp. TS-272 44.10 -121.75 62.1 2.1 34 409 25 16.36 0.083 
samp. TS-582 44.10 -121.75 62.8 2.0 36 396 24 16.50 0.091 
samp. TS-622 44.10 -121.75 61.6 2.4 34 399 24 16.63 0.085 

samp. LC80-178 40.49 -121.51 60.3 3.6 48 416 25 16.64 0.115 
samp. TS-484 44.10 -121.75 63.9 2.2 38 368 22 16.73 0.103 
samp. TS-621 44.10 -121.75 61.0 2.5 32 404 24 16.83 0.079 

samp. TS-481A 44.10 -121.75 62.8 2.4 44 379 22 17.23 0.116 
samp. TS-718 44.10 -121.75 59.2 2.8 26 448 26 17.23 0.058 
samp. TS-709 44.10 -121.75 59.3 2.8 28 451 26 17.35 0.062 

samp. TS-481B 44.10 -121.75 62.8 2.3 42 383 22 17.41 0.110 
samp. LB91-107 40.50 -121.00 63.5 2.7 71 420 24 17.50 0.169 
samp. 508MA 41.58 -121.58 57.0 5.0 50 381 21 18.14 0.131 
samp. 89-002 48.50 -121.00 56.7 4.1 33 407 22 18.25 0.082 
samp. 1399 42.88 -121.96 57.4 2.9 35 512 28 18.29 0.068 

samp. 203080 46.80 -121.81 58.5 3.6 59 385 21 18.33 0.153 
samp. TS-480 44.10 -121.75 62.9 2.4 43 388 21 18.48 0.111 
samp. TS-246 44.10 -121.75 62.5 2.1 35 425 23 18.48 0.082 

samp. APP 46.20 -121.50 55.0 4.7 32 484 26 18.62 0.066 
samp. 01SR878 46.91 -121.64 57.8 5.5 30 489 26 18.81 0.061 
samp. TS-565 44.10 -121.75 55.9 5.8 26 417 22 18.95 0.062 
samp. TS-479 44.10 -121.75 62.4 2.5 31 404 21 19.24 0.077 
samp. TS-63 44.10 -121.75 63.1 2.0 36 404 21 19.24 0.089 

samp. MB-636A 48.80 -121.83 62.9 2.5 37 509 26 19.58 0.073 
samp. TS-348 44.10 -121.75 62.5 2.1 34 432 22 19.64 0.079 
samp. TS-563 44.10 -121.75 62.5 2.1 34 413 21 19.67 0.082 

samp. LC82-194 40.49 -121.51 63.0 2.8 62 416 21 19.81 0.149 
samp. TS-506 44.10 -121.75 59.6 3.1 25 461 23 20.04 0.054 
samp. TS-498 44.10 -121.75 61.4 2.5 29 406 20 20.30 0.071 
samp. TS-576 44.10 -121.75 60.3 2.8 27 427 21 20.33 0.063 
samp. BG-3TB 48.75 -121.75 64.2 2.1 50 468 23 20.38 0.107 

samp. LC81-849 40.49 -121.51 57.5 5.1 32 376 18 20.89 0.085 
samp. 1545M 41.33 -121.33 57.7 4.7 46 424 19 21.86 0.109 

samp. LM80-824 40.49 -121.51 60.2 3.6 51 459 21 21.86 0.111 
samp. 95RE462 46.79 -121.75 58.4 5.1 41 464 21 22.10 0.088 

samp. 93RE4 46.80 -121.73 59.7 4.5 46 443 20 22.15 0.104 
samp. DS-2 46.20 -122.18 57.6 3.8 32 469 21 22.23 0.068 

samp. BG-7TB 48.75 -121.75 63.6 2.1 43 509 23 22.24 0.085 
samp. 88-028 48.50 -121.00 65.9 2.1 47 365 16 22.39 0.128 
samp. 1424M 41.33 -121.33 57.2 5.1 44 422 19 22.81 0.105 

samp. EL3^ 39.77 -120.62 61.7 2.0 18 320 14 22.86 0.056 
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samp. F 46.87 -121.76 61.0 2.8 48 438 19 23.05 0.110 
samp. 99RE777 46.81 -121.74 58.4 5.1 41 464 20 23.20 0.088 

samp. 787 42.96 -122.02 61.6 2.6 37 565 24 23.54 0.065 
samp. 82-104 48.50 -121.00 59.7 2.5 44 531 23 23.60 0.083 

samp. BG-10TB 48.75 -121.75 61.7 2.8 33 602 25 24.07 0.055 
samp. LC87-1232 40.49 -121.51 57.1 4.8 31 388 16 24.25 0.080 

samp. 278M 41.58 -121.58 56.3 4.7 45 444 18 24.67 0.101 
samp. 203004 46.78 -121.73 65.4 2.5 60 371 15 24.73 0.162 

samp. 1400 42.88 -121.96 56.0 3.2 35 545 22 24.77 0.064 
samp. 08RR998 46.65 -121.15 67.0 2.2 22 398 16 24.88 0.055 
samp. LC81-844 40.49 -121.51 56.2 4.3 58 423 17 24.88 0.137 

samp. 1161 42.85 -122.12 60.0 3.1 28 551 22 25.05 0.051 
 

Table DR4: Geochemical data f 
Arc: Cascades (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 87-060 48.50 -121.00 57.7 4.3 32 427 17 25.27 0.076 

samp. A 46.87 -121.76 63.8 2.5 61 406 16 25.38 0.150 
samp. LC80-449 40.49 -121.51 61.6 3.5 49 559 22 25.41 0.088 
samp. 93RE41 46.84 -121.73 59.0 4.2 41 483 19 25.42 0.085 

samp. 94ML444 46.90 -121.82 57.3 4.7 32 511 20 25.55 0.063 
samp. ALA 46.20 -121.49 55.7 4.9 44 724 28 25.86 0.061 

samp. LM80-884 40.49 -121.51 56.6 4.3 37 603 23 26.22 0.061 
samp. SL1-A 46.87 -121.76 57.9 4.4 38 473 18 26.28 0.080 

samp. LC84-541 40.49 -121.51 64.2 2.3 50 453 17 26.65 0.110 
samp. MB-500 48.80 -121.83 61.0 2.5 38 537 20 26.85 0.071 

samp. 96RW570 46.83 -121.79 62.9 2.9 50 458 17 26.94 0.109 
samp. LC87-1207 40.49 -121.51 60.1 3.8 41 486 18 27.00 0.084 

samp. 82-95 41.48 -122.18 64.0 3.2 70 487 18 27.06 0.144 
samp. 82-95 41.48 -122.18 64.0 3.2 70 487 18 27.06 0.144 

samp. BG-2TB 48.75 -121.75 61.8 2.7 34 546 20 27.12 0.063 
samp. 00RE801 46.83 -121.72 64.1 2.5 59 434 16 27.13 0.136 
samp. MB-637 48.80 -121.83 59.4 4.7 33 516 19 27.16 0.064 
samp. 509MA 41.58 -121.58 60.4 3.3 75 464 17 27.29 0.162 
samp. 97-21C 46.87 -121.76 61.2 3.2 40 520 19 27.37 0.077 
samp. MB-492 48.80 -121.83 65.1 2.2 61 467 17 27.47 0.131 

samp. C 46.87 -121.76 58.6 4.1 37 495 18 27.50 0.075 
samp. 69-31F 203 50.50 -127.20 61.5 3.0 23 413 15 27.53 0.056 
samp. 08RE1034B 46.84 -121.74 61.5 2.9 47 496 18 27.56 0.095 

samp. 93RE39 46.84 -121.73 63.2 2.8 56 470 17 27.65 0.119 
samp. 93RE120 46.81 -121.75 64.1 2.5 58 450 16 28.13 0.129 

samp. 05KI921-1 47.15 -122.64 65.9 2.1 73 399 14 28.50 0.183 
samp. 01RW894 46.82 -121.76 65.3 2.5 62 429 15 28.60 0.145 

samp. 403ME 41.58 -121.58 56.5 4.8 40 431 15 28.73 0.093 
samp. 97-17 46.87 -121.76 60.7 3.3 32 489 17 28.76 0.065 
samp. 98-37 46.87 -121.76 59.6 3.3 38 489 17 28.76 0.078 

samp. 93RE193 46.79 -121.73 64.0 2.7 46 432 15 28.80 0.106 
samp. 93RW177 46.85 -121.75 61.7 2.9 40 548 19 28.84 0.073 
samp. LC84-589 40.49 -121.51 65.9 2.4 57 406 14 29.00 0.140 

samp. 97-16 46.87 -121.76 61.9 3.1 42 494 17 29.06 0.085 
samp. 97RE614 46.82 -121.73 59.0 3.8 30 524 18 29.11 0.057 
samp. 93MW72 46.81 -121.89 60.6 3.1 39 555 19 29.21 0.070 

samp. 98RE692P1 46.86 -121.66 60.3 3.8 40 497 17 29.24 0.080 
samp. 93RW3 46.77 -121.78 61.6 2.4 47 499 17 29.35 0.094 

samp. 08RE1034A 46.84 -121.74 61.7 2.9 47 499 17 29.35 0.094 
samp. 00RW821 46.80 -121.79 62.9 2.4 61 499 17 29.35 0.122 

samp. 87-082 48.50 -121.00 57.5 4.1 55 632 22 29.40 0.087 
samp. SH20 46.20 -122.18 62.7 2.2 38 477 16 29.81 0.080 
samp. 98-36 46.87 -121.76 64.3 2.9 41 481 16 30.06 0.085 

samp. 93RE26 46.84 -121.73 60.7 3.6 45 513 17 30.18 0.088 
samp. 93MW68 46.81 -121.89 60.8 3.1 40 545 18 30.28 0.073 

samp. 98-32C 46.87 -121.76 63.2 3.0 37 517 17 30.41 0.072 
samp. 98-24 46.87 -121.76 61.6 3.6 31 579 19 30.47 0.054 
samp. SL1-B 46.87 -121.76 59.6 4.0 39 489 16 30.56 0.080 

samp. H 46.87 -121.76 58.6 3.7 40 489 16 30.56 0.082 
samp. 00RE849 46.86 -121.70 63.9 2.6 57 556 18 30.89 0.103 
samp. 97-LT-18 39.31 -120.05 58.8 3.6 66 746 24 31.08 0.088 
samp. 99GL769 46.88 -121.88 62.1 3.2 46 498 16 31.13 0.092 
samp. SR-24A 46.20 -122.18 60.7 2.9 27 518 17 31.20 0.052 
samp. 82-99 41.40 -122.20 61.6 3.4 40 625 20 31.25 0.064 

samp. 97-LT-29 39.36 -120.17 60.9 2.6 56 756 24 31.50 0.074 
samp. 93RE197 46.80 -121.73 60.9 3.1 38 504 16 31.50 0.075 
samp. 01-LT-52 39.44 -119.89 59.5 3.4 63 761 24 31.71 0.083 

samp. SR861 46.87 -121.76 59.1 3.5 40 574 18 31.89 0.070 
samp. L82-58 46.20 -122.18 64.5 2.1 37 450 14 32.14 0.082 

samp. LC81-846 40.49 -121.51 60.5 3.6 47 484 15 32.27 0.097 
samp. 97-34 46.87 -121.76 59.7 3.6 34 581 18 32.28 0.059 

samp. L 46.87 -121.76 60.3 3.5 43 485 15 32.33 0.089 
samp. SR859 46.87 -121.76 59.5 3.6 34 616 19 32.42 0.055 

samp. MB-189 48.80 -121.83 60.2 2.7 33 650 20 32.50 0.051 
samp. 94ML329 46.88 -121.79 61.8 2.8 39 488 15 32.53 0.080 
samp. 96RW581 46.83 -121.79 60.9 3.4 49 587 18 32.61 0.083 

samp. DS-70 46.20 -122.18 61.7 2.5 30 484 15 32.70 0.062 
samp. 98-27 46.87 -121.76 61.3 3.8 39 556 17 32.71 0.070 
samp. SR860 46.87 -121.76 60.9 3.5 35 592 18 32.89 0.059 
samp. SR858 46.87 -121.76 62.9 2.5 40 528 16 33.00 0.076 

samp. LC84-540 40.49 -121.51 60.3 4.5 32 565 17 33.24 0.057 
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samp. LC89-1494 40.49 -121.51 58.4 4.3 34 433 13 33.31 0.079 
samp. LC86-1027 40.49 -121.51 63.0 3.1 55 567 17 33.35 0.097 
samp. 97-LT-52 39.22 -120.11 59.0 2.9 70 804 24 33.50 0.087 

samp. 98-11 46.87 -121.76 63.8 2.7 36 606 18 33.67 0.059 
samp. 01-LT-51 39.42 -119.90 60.0 3.1 67 742 22 33.73 0.090 
samp. 430MB 41.58 -121.58 56.5 4.9 45 542 16 33.88 0.083 

samp. 99ML770 46.88 -121.86 58.7 5.0 37 543 16 33.94 0.068 
samp. 01-LT-50 39.42 -119.93 59.5 3.2 64 748 22 34.00 0.086 
samp. L82-59 46.20 -122.18 61.6 2.6 31 478 14 34.14 0.065 
samp. 82-84A 41.35 -122.19 61.4 3.5 64 515 15 34.33 0.124 

samp. SH2 46.20 -122.18 63.3 2.1 31 481 14 34.36 0.064 
samp. 98-30 46.87 -121.76 59.9 3.9 34 586 17 34.47 0.058 
samp. 98-29 46.87 -121.76 61.7 3.6 36 587 17 34.53 0.061 
samp. 98-17 46.87 -121.76 60.7 3.3 34 622 18 34.56 0.055 
samp. SR862 46.87 -121.76 61.0 3.5 34 588 17 34.59 0.058 

samp. 96RE530 46.83 -121.68 62.6 2.8 56 661 19 34.79 0.085 
samp. 98-35 46.87 -121.76 63.4 2.7 32 523 15 34.87 0.061 

 
Table DR4: Geochemical data f 
Arc: Cascades (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. 96RW576 46.83 -121.79 58.8 3.8 28 558 16 34.88 0.050 
samp. LC86-1028 40.49 -121.51 64.9 2.5 48 598 17 35.18 0.080 

samp. 98-26 46.87 -121.76 61.5 3.6 38 563 16 35.19 0.067 
samp. SR863 46.87 -121.76 60.9 3.5 36 599 17 35.24 0.060 
samp. SR864 46.87 -121.76 61.0 3.4 38 599 17 35.24 0.063 
samp. SH16 46.20 -122.18 62.5 2.2 31 531 15 35.40 0.058 
samp. 98-28 46.87 -121.76 60.3 4.0 33 602 17 35.41 0.055 

samp. 97-LT-35A 39.35 -120.19 57.2 3.4 64 850 24 35.42 0.075 
samp. 97-LT-28 39.36 -120.17 61.4 2.6 59 745 21 35.48 0.079 
samp. 96RW555 46.86 -121.85 62.3 3.0 51 640 18 35.56 0.080 

samp. SL-9C 46.20 -122.18 59.9 2.9 27 490 14 35.77 0.054 
samp. 97-LT-50B 39.23 -120.11 59.7 3.2 68 787 22 35.77 0.086 
samp. LC81-843 40.49 -121.51 59.2 4.2 40 539 15 35.93 0.074 
samp. 97-LT-50A 39.23 -120.11 59.4 3.2 64 794 22 36.09 0.081 

samp. 98-25 46.87 -121.76 60.8 3.5 32 616 17 36.24 0.052 
samp. 93ML98 46.97 -121.79 61.3 4.1 50 616 17 36.24 0.081 

samp. 97-LT-35B 39.35 -120.19 57.5 3.6 63 872 24 36.33 0.072 
samp. 97-LT-33 39.35 -120.21 57.4 3.7 60 845 23 36.74 0.071 
samp. 01-LT-46 39.42 -119.95 55.9 4.2 57 811 22 36.86 0.070 
samp. 95SR514 46.90 -121.63 59.7 3.6 34 563 15 37.53 0.060 

samp. LC86-1022 40.49 -121.51 64.5 2.6 58 606 16 37.88 0.096 
samp. 97-LT-46 39.34 -120.07 61.3 2.0 45 834 22 37.91 0.054 
samp. 97RE629 46.81 -121.69 64.4 2.6 43 455 12 37.92 0.095 

samp. SL-5B 46.20 -122.18 61.6 2.2 33 488 13 38.13 0.068 
samp. SL5 46.87 -121.76 59.7 3.5 38 612 16 38.25 0.062 

samp. 97-6G 46.87 -121.76 61.4 3.2 27 537 14 38.36 0.050 
samp. 94ML318 46.88 -121.78 59.5 4.1 36 654 17 38.47 0.055 

samp. 98-13 46.87 -121.76 63.3 2.4 46 621 16 38.81 0.074 
samp. LC84-530 40.49 -121.51 63.7 2.6 41 704 18 39.11 0.058 

samp. 97-LT-14BOCA 39.41 -120.05 55.2 4.3 62 942 24 39.25 0.066 
samp. LC86-954 40.49 -121.51 64.0 2.7 51 598 15 39.87 0.085 

samp. 99-9 41.38 -122.32 63.7 2.9 53 482 12 40.17 0.110 
samp. 94RW275 46.86 -121.81 62.8 2.4 37 565 14 40.36 0.065 
samp. LC85-727 40.49 -121.51 66.2 2.4 62 647 16 40.44 0.096 
samp. 01-LT-48 39.42 -119.96 56.1 4.4 57 809 20 40.45 0.070 
samp. 96RE539 46.83 -121.69 59.6 3.6 50 817 20 40.85 0.061 
samp. 93RE53 46.80 -121.70 62.3 2.8 60 696 17 40.94 0.086 
samp. 82-98 41.41 -122.19 63.3 3.2 35 589 14 42.07 0.059 

 
Arc: Aegean 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. GZNIS07 36.56 27.18 58.7 2.7 49 377 31 12.12 0.129 

samp. 48 36.40 25.45 55.7 3.3 18 342 28 12.20 0.052 
samp. GZNIS03 36.56 27.18 58.9 2.7 49 378 31 12.23 0.129 

samp. NIS11 36.58 27.22 60.4 2.6 40 276 22 12.32 0.145 
samp. UNIT3 36.58 27.17 57.9 2.9 48 359 29 12.38 0.134 

samp. GZNIS22X 36.61 27.14 58.7 2.8 53 380 30 12.54 0.138 
samp. SI130 36.37 25.46 55.0 2.7 27 265 21 12.62 0.102 

samp. GZNIS31X 36.57 27.18 58.7 2.8 52 377 30 12.78 0.139 
samp. GZNIS02 36.60 27.18 59.9 2.5 59 389 30 12.80 0.152 
samp. ME.01 37.58 23.38 55.9 5.6 35 257 20 12.85 0.136 
samp. ME-1 37.58 23.38 55.9 5.6 35 257 20 12.85 0.136 
samp. AV8 36.56 27.18 59.7 2.3 56 387 30 12.90 0.145 
samp. AV5 36.58 27.15 59.3 2.6 59 403 31 13.00 0.146 

samp. AV25-1 36.56 27.18 58.8 2.7 48 379 29 13.07 0.127 
samp. GZNIS16 36.59 27.13 59.6 2.5 58 395 30 13.08 0.147 

samp. LV12 36.56 27.18 59.0 2.4 57 380 29 13.10 0.150 
samp. AV25-2 36.56 27.18 58.6 2.8 49 381 29 13.14 0.129 

samp. GZNIS17 36.59 27.13 59.6 2.6 58 388 29 13.20 0.149 
samp. GZNIS13 36.56 27.18 58.5 2.9 48 382 29 13.31 0.124 

samp. ME-4 37.58 23.38 59.4 3.0 54 282 21 13.43 0.191 
samp. AV17 36.56 27.18 59.2 2.5 56 393 29 13.55 0.142 

samp. GZNIS04 36.56 27.18 58.0 3.4 43 397 29 13.60 0.109 
samp. AV67B 36.56 27.18 58.1 2.8 47 382 28 13.64 0.123 
samp. AV67A 36.56 27.18 58.5 2.9 49 382 28 13.64 0.128 
samp. AV19 36.56 27.18 59.1 2.5 55 397 29 13.69 0.139 
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samp. AV22 36.56 27.18 59.1 2.5 55 401 29 13.83 0.137 
samp. GZNIS05X 36.56 27.18 57.8 3.0 49 389 28 13.89 0.125 

samp. AV44 36.56 27.18 58.6 2.6 54 405 29 13.97 0.133 
samp. LV8 36.56 27.18 58.2 3.0 44 395 28 14.11 0.111 
samp. NI-1 36.59 27.17 59.0 2.5 59 396 28 14.14 0.149 

samp. KIM51 36.79 24.57 55.3 3.3 61 382 27 14.15 0.160 
samp. MI.01 36.73 24.42 65.5 2.5 56 326 23 14.17 0.172 
samp. MI-1 36.73 24.42 65.5 2.5 56 326 23 14.17 0.172 

samp. AV55B 36.56 27.18 56.0 4.2 42 454 32 14.19 0.093 
samp. LV7 36.56 27.18 58.2 3.0 42 398 28 14.21 0.106 
samp. AV6 36.58 27.15 56.7 2.7 37 427 30 14.23 0.087 

samp. AV49 36.56 27.18 58.3 2.6 53 402 28 14.36 0.132 
samp. AV35 36.56 27.18 58.5 2.7 47 388 27 14.37 0.121 
samp. AV51 36.59 27.13 58.6 3.0 43 403 28 14.39 0.107 
samp. AV46 36.56 27.18 58.7 3.0 43 405 28 14.46 0.106 
samp. AV3 36.58 27.15 60.0 2.1 52 394 27 14.59 0.132 

samp. NS-07 36.62 27.19 58.1 2.8 49 380 26 14.62 0.129 
samp. NS-41 36.60 27.13 59.3 2.2 59 410 28 14.64 0.144 
samp. SAN8 36.40 25.45 55.7 3.0 30 225 15 15.00 0.133 
samp. LV40 36.56 27.18 58.6 3.0 46 391 26 15.04 0.118 
samp. SH70 36.60 25.40 56.6 4.2 59 361 24 15.04 0.163 
samp. NIS80 36.59 27.17 61.1 2.3 55 394 26 15.15 0.140 

 
Table DR4: Geochemical data f 
Arc: Aegean (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. NS-08 36.62 27.19 57.4 2.7 50 380 25 15.20 0.132 

samp. NIS143 36.58 27.22 60.5 2.6 55 397 26 15.27 0.139 
samp. AV64 36.56 27.18 57.6 3.4 43 401 26 15.42 0.107 

samp. NIS126 36.59 27.17 59.2 2.8 49 390 25 15.60 0.126 
samp. LV45 36.56 27.18 57.5 3.1 44 391 25 15.64 0.113 
samp. ME-5 37.58 23.38 61.3 3.6 51 331 21 15.76 0.154 
samp. NIS33 36.58 27.22 59.4 2.7 42 412 26 15.85 0.102 

samp. NIS112 36.58 27.22 60.6 2.5 78 414 26 15.92 0.188 
samp. LD 36.58 27.22 55.1 4.1 50 442 28 16.01 0.114 

 
Arc: Aeolian 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. CV85-3 38.48 15.97 58.8 2.6 61 370 25 14.80 0.165 
samp. STR127 38.79 15.21 60.8 2.6 110 556 35 15.89 0.198 
samp. STR121 38.79 15.21 57.3 3.0 102 521 32 16.28 0.196 
samp. STR69 38.79 15.21 58.3 2.8 109 587 36 16.31 0.186 
samp. E85/5 38.63 15.07 65.4 2.1 80 429 26 16.50 0.186 

samp. STR109 38.79 15.21 55.4 3.3 97 633 38 16.66 0.153 
samp. PS22 38.63 15.07 56.7 4.4 56 318 19 16.74 0.176 

samp. STR125 38.79 15.21 57.1 3.1 119 596 35 17.03 0.200 
samp. STD7 38.79 15.21 57.4 3.2 99 530 31 17.10 0.187 

samp. ST1005 38.79 15.21 56.4 3.7 111 616 36 17.11 0.180 
samp. STR77 38.79 15.21 58.5 3.5 81 500 29 17.24 0.162 
samp. ST153 38.79 15.21 55.6 2.9 84 554 32 17.31 0.152 
samp. ST113 38.79 15.21 57.4 3.1 60 520 30 17.33 0.115 
samp. STR23 38.79 15.21 56.2 3.0 117 609 35 17.40 0.192 
samp. STR43 38.79 15.21 56.7 3.6 72 506 29 17.45 0.142 

samp. STR124B 38.79 15.21 59.7 2.6 83 474 27 17.56 0.175 
samp. STR208 38.79 15.21 59.9 2.8 92 492 28 17.57 0.187 
samp. FIL67 38.58 14.58 55.6 2.7 75 705 40 17.63 0.106 

samp. STR120 38.79 15.21 58.9 2.8 99 537 30 17.90 0.184 
samp. ST155 38.79 15.21 56.1 2.8 82 561 31 18.10 0.146 
samp. PN329 38.63 15.07 61.2 3.4 84 475 26 18.27 0.177 
samp. STR37 38.79 15.21 58.0 2.8 119 624 34 18.35 0.191 
samp. ST33 38.79 15.21 56.4 3.1 113 570 31 18.39 0.198 

samp. STR41 38.79 15.21 60.0 2.1 83 500 27 18.52 0.166 
samp. STR29 38.79 15.21 58.7 2.8 114 593 32 18.53 0.192 
samp. STR70 38.79 15.21 58.1 2.8 118 612 33 18.55 0.193 
samp. ST110 38.79 15.21 56.7 3.0 115 595 32 18.59 0.193 

samp. CV85-9 38.48 15.97 60.5 2.6 66 355 19 18.68 0.186 
samp. ST30 38.79 15.21 56.5 3.8 79 508 27 18.81 0.156 

samp. STB14 38.79 15.21 57.9 3.0 90 508 27 18.81 0.177 
samp. STR162 38.79 15.21 56.4 3.6 88 586 31 18.90 0.150 
samp. STR155 38.79 15.21 55.4 3.6 95 586 31 18.90 0.162 
samp. FIL89 38.58 14.58 55.0 3.2 95 800 42 19.05 0.119 
samp. STR98 38.79 15.21 58.6 3.1 96 555 29 19.14 0.173 

samp. ST4 38.79 15.21 56.3 3.6 82 500 26 19.23 0.164 
samp. STR79 38.79 15.21 58.9 3.3 87 506 26 19.46 0.172 

samp. STR124N 38.79 15.21 55.9 4.1 69 545 28 19.46 0.127 
samp. ST38 38.79 15.21 56.2 3.4 73 488 25 19.52 0.150 
samp. ST18 38.79 15.21 57.0 3.4 84 488 25 19.52 0.172 

samp. ST321 38.79 15.21 55.7 4.1 100 606 31 19.55 0.165 
samp. ST41 38.79 15.21 57.8 2.9 99 528 27 19.56 0.188 

samp. STR137 38.79 15.21 58.9 3.0 97 490 25 19.60 0.198 
samp. PN289 38.63 15.07 61.5 3.5 83 510 26 19.62 0.163 
samp. STB45 38.79 15.21 56.1 3.3 96 590 30 19.67 0.163 
samp. ST160 38.79 15.21 57.0 3.0 83 513 26 19.73 0.162 

samp. INCL12D 38.58 14.58 56.0 4.6 38 672 34 19.76 0.057 
samp. DCB 38.63 15.07 62.1 3.1 77 411 21 19.77 0.188 
samp. 171 38.28 14.58 58.7 3.1 94 496 25 19.84 0.190 

samp. ST31 38.79 15.21 55.0 5.4 58 518 26 19.92 0.112 
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samp. PN19 38.63 15.07 60.9 3.3 80 479 24 19.96 0.167 
samp. ST304 38.79 15.21 58.3 2.9 113 601 30 20.03 0.188 
samp. ST92 38.79 15.21 57.3 3.6 77 464 23 20.17 0.166 

samp. STR28 38.79 15.21 56.4 3.6 83 606 30 20.20 0.137 
samp. ST44 38.79 15.21 57.7 2.6 99 527 26 20.27 0.188 
samp. BB2 38.63 15.07 59.3 3.6 58 461 23 20.38 0.126 

samp. STR42 38.79 15.21 58.5 3.1 84 510 25 20.40 0.165 
samp. ST45 38.79 15.21 55.1 3.6 64 537 26 20.65 0.119 

samp. STR67 38.79 15.21 57.6 3.3 82 580 28 20.71 0.141 
samp. PN295 38.63 15.07 60.0 2.7 70 503 24 20.96 0.139 
samp. STR64 38.79 15.21 58.5 3.3 82 590 28 21.07 0.139 
samp. STPG 38.79 15.21 58.0 2.8 100 527 25 21.08 0.190 
samp. ST19 38.79 15.21 57.3 3.6 82 506 24 21.08 0.162 
samp. ST15 38.79 15.21 58.6 2.9 96 508 24 21.17 0.189 

samp. ST422 38.79 15.21 59.3 2.9 97 487 23 21.17 0.199 
samp. ST324 38.79 15.21 57.1 3.2 120 618 29 21.31 0.194 
samp. ST302 38.79 15.21 57.2 3.2 113 621 29 21.41 0.182 

samp. STR161 38.79 15.21 56.6 3.6 78 643 30 21.43 0.121 
samp. STR93 38.79 15.21 55.4 4.6 60 561 26 21.58 0.107 
samp. ST154 38.79 15.21 55.7 2.3 104 669 31 21.58 0.155 
samp. E85-2 38.63 15.07 55.0 3.9 50 583 27 21.59 0.086 
samp. ST93 38.79 15.21 56.4 3.5 77 545 25 21.80 0.141 

samp. ST138 38.79 15.21 58.3 2.9 117 594 27 22.00 0.197 
samp. ST91 38.79 15.21 57.4 3.6 77 465 21 22.14 0.166 

samp. STR95 38.79 15.21 55.2 4.6 53 554 25 22.16 0.096 
samp. ST910 38.79 15.21 56.2 3.5 76 557 25 22.28 0.136 
samp. STR38 38.79 15.21 55.8 5.3 47 538 24 22.42 0.087 

 
Table DR4: Geochemical data f 
Arc: Aeolian (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. ST1006 38.79 15.21 55.7 3.7 104 607 27 22.48 0.171 

samp. ST42 38.79 15.21 56.1 3.9 71 567 25 22.68 0.125 
samp. ST1015 38.79 15.21 56.8 3.2 96 587 25 23.48 0.164 
samp. FIL28 38.58 14.58 62.6 2.9 77 634 27 23.48 0.121 
samp. LAV1 38.63 15.07 55.9 4.6 43 521 22 23.48 0.082 

samp. LIP193 38.28 14.58 59.3 2.6 103 662 28 23.64 0.156 
samp. ST7 38.79 15.21 56.0 3.6 82 592 25 23.68 0.139 

samp. ST10 38.79 15.21 56.9 3.1 115 648 27 24.00 0.177 
samp. LIP110 38.28 14.58 58.4 2.2 106 651 27 24.11 0.163 

samp. 110 38.28 14.58 59.6 2.3 106 651 27 24.11 0.163 
samp. FIL29 38.58 14.58 62.5 2.8 79 628 26 24.15 0.126 
samp. ST22 38.79 15.21 55.3 6.0 44 513 21 24.43 0.086 
samp. LIP76 38.28 14.58 60.5 2.1 109 643 26 24.73 0.170 
samp. DPP 38.63 15.07 58.7 3.8 49 488 20 24.87 0.101 
samp. B22 38.79 15.21 55.3 4.0 82 593 24 25.13 0.138 

samp. INCL1 38.58 14.58 55.3 4.4 50 704 28 25.14 0.071 
samp. STR200 38.58 14.58 57.6 2.0 85 765 30 25.50 0.111 
samp. FIL23 38.58 14.58 61.1 2.2 66 689 27 25.52 0.096 
samp. FIL45 38.58 14.58 58.0 3.2 68 593 23 25.78 0.115 
samp. STR40 38.79 15.21 55.4 3.6 72 675 26 25.96 0.107 

samp. B21 38.79 15.21 55.0 3.9 90 635 24 26.02 0.141 
samp. ST207 38.79 15.21 55.6 4.4 92 678 26 26.08 0.136 
samp. ST228 38.79 15.21 55.6 4.2 90 633 24 26.38 0.142 

samp. STR200 38.58 14.58 56.0 3.6 52 607 23 26.39 0.086 
samp. STR200 38.58 14.58 56.0 3.6 52 607 23 26.39 0.086 
samp. INCL2 38.58 14.58 55.5 3.8 52 795 30 26.50 0.065 
samp. LIP101 38.28 14.58 55.3 4.2 73 611 23 26.57 0.119 
samp. DAB2I 38.79 15.21 55.9 5.5 39 534 20 26.70 0.073 

samp. STR159 38.79 15.21 56.7 4.8 47 591 22 26.86 0.080 
samp. ESAL05 38.53 14.87 61.4 2.2 58 648 24 27.00 0.090 
samp. FIL46 38.58 14.58 58.7 3.0 68 621 23 27.00 0.110 
samp. SF-65 38.50 15.00 60.1 3.0 46 565 21 27.03 0.081 
samp. FIL24 38.58 14.58 57.9 3.0 61 649 24 27.04 0.094 

samp. INCL12C 38.58 14.58 58.6 3.4 56 595 22 27.05 0.094 
samp. STR200 38.58 14.58 55.7 3.6 66 626 23 27.22 0.105 
samp. FIL111 38.58 14.58 59.0 3.5 60 602 22 27.36 0.100 
samp. STR171 38.58 14.58 62.6 2.1 75 658 24 27.42 0.114 
samp. FIL27 38.58 14.58 62.6 2.1 75 658 24 27.42 0.114 

samp. ESAL24 38.53 14.87 60.6 2.5 62 660 24 27.50 0.094 
samp. VL25 38.40 14.96 56.5 4.0 142 773 28 27.61 0.184 
samp. 178 38.28 14.58 57.2 2.8 83 749 27 27.74 0.111 

samp. LIP130 38.28 14.58 56.0 3.1 54 669 24 27.88 0.081 
samp. 130 38.28 14.58 56.0 3.1 54 669 24 27.88 0.081 
samp. 77 38.28 14.58 60.4 2.4 109 669 24 27.88 0.163 

samp. INCL12A 38.58 14.58 56.4 3.7 45 614 22 27.91 0.073 
samp. STR169 38.79 15.21 60.5 2.0 77 615 22 27.95 0.125 
samp. STR169 38.79 15.21 60.5 2.8 77 615 22 27.95 0.125 
samp. FIL13 38.58 14.58 56.8 3.5 55 643 23 27.96 0.086 

samp. STR191 38.79 15.21 58.2 3.8 62 645 23 28.04 0.096 
samp. FIL110 38.58 14.58 61.5 2.9 74 533 19 28.05 0.139 
samp. FIL79 38.58 14.58 56.5 3.5 61 651 23 28.30 0.094 
samp. SF-14 38.50 15.00 62.3 2.1 56 622 22 28.40 0.090 
samp. FIL82 38.58 14.58 56.8 4.4 52 631 22 28.68 0.082 
samp. FIL25 38.58 14.58 57.8 3.1 61 661 23 28.74 0.092 
samp. SA76 38.50 15.00 61.4 2.0 65 667 23 29.00 0.097 
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samp. STR189 38.79 15.21 58.2 4.0 63 678 23 29.48 0.093 
samp. STR190 38.79 15.21 56.4 4.1 58 681 23 29.61 0.085 

samp. SL2 38.50 14.85 64.4 2.1 56 652 22 29.64 0.086 
samp. FIL110 38.58 14.58 60.8 2.9 83 571 19 30.05 0.145 
samp. FIL49 38.58 14.58 57.6 4.2 65 632 21 30.10 0.103 
samp. FIL47 38.58 14.58 59.0 3.0 69 606 20 30.30 0.114 

samp. FIL121 38.58 14.58 57.8 3.1 60 638 21 30.38 0.094 
samp. SF-35 38.50 15.00 57.9 3.4 36 584 19 30.58 0.062 
samp. LIP13 38.28 14.58 58.5 3.3 134 850 27 31.02 0.158 
samp. FIL13 38.58 14.58 56.5 3.5 69 652 21 31.05 0.106 
samp. FIL26 38.58 14.58 59.4 2.6 88 621 20 31.05 0.142 
samp. FIL21 38.58 14.58 59.0 2.8 63 654 21 31.14 0.096 

samp. SL1 38.50 14.85 62.2 2.2 56 670 21 31.90 0.084 
samp. 50 38.28 14.58 56.7 3.6 76 678 21 32.29 0.112 

samp. FIL2 38.58 14.58 61.3 2.6 67 615 19 32.37 0.109 
samp. STR177 38.79 15.21 58.4 4.0 56 651 20 32.55 0.086 

samp. FIL5 38.58 14.58 57.7 3.2 73 686 21 32.67 0.106 
samp. 9 38.50 14.85 57.5 3.0 40 722 22 32.82 0.055 

samp. 19A 38.50 14.85 63.8 2.6 60 560 17 32.94 0.107 
samp. 18 38.50 14.85 56.5 3.9 34 594 18 33.00 0.057 

samp. ST178 38.79 15.21 57.8 3.8 55 595 18 33.06 0.092 
samp. FIL47 38.58 14.58 58.4 3.0 76 664 20 33.20 0.114 
samp. FIL1 38.58 14.58 61.7 2.6 70 601 18 33.39 0.116 
samp. FIL6 38.58 14.58 58.6 3.0 76 672 20 33.60 0.113 

samp. FIL85 38.58 14.58 56.0 3.8 55 709 21 33.76 0.078 
samp. FIL46 38.58 14.58 58.3 3.0 75 676 20 33.80 0.111 
samp. FIL19 38.58 14.58 61.3 2.1 84 610 18 33.89 0.138 
samp. FIL83 38.58 14.58 59.3 3.3 64 645 19 33.95 0.099 
samp. FIL27 38.58 14.58 63.0 2.3 85 579 17 34.06 0.147 

samp. STR171 38.58 14.58 63.0 2.3 85 579 17 34.06 0.147 
samp. ESAL19 38.53 14.87 59.4 3.1 54 616 18 34.22 0.088 
samp. LIP60 38.28 14.58 57.6 2.2 84 788 23 34.26 0.107 

samp. STR192 38.79 15.21 57.9 4.5 49 722 21 34.38 0.068 
 

Table DR4: Geochemical data f 
Arc: Aeolian (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. FIL24 38.58 14.58 57.3 3.0 73 690 20 34.50 0.106 

samp. L01-13 38.40 14.96 55.7 4.7 132 871 25 34.56 0.152 
samp. 94 38.28 14.58 55.1 3.7 30 520 15 34.67 0.058 

samp. LIP47 38.40 14.96 57.9 2.8 177 978 28 34.93 0.181 
samp. FIL79 38.58 14.58 56.4 3.5 69 665 19 35.00 0.104 

samp. STR195 38.79 15.21 58.6 4.0 61 666 19 35.05 0.092 
samp. LIP44 38.40 14.96 56.3 5.6 137 878 25 35.12 0.156 

samp. VL99/1 38.40 14.96 57.9 2.5 187 1025 29 35.34 0.182 
samp. VL175B/1 38.40 14.96 55.8 4.8 145 850 24 35.42 0.171 
samp. VL175A/2 38.40 14.96 56.9 4.3 137 851 24 35.46 0.161 

samp. 43B 38.50 14.85 55.0 3.8 32 606 17 35.65 0.053 
samp. 17B 38.50 14.85 55.5 4.2 33 575 16 35.94 0.057 

samp. FIL116 38.58 14.58 61.3 2.2 78 684 19 36.00 0.114 
samp. FIL82 38.58 14.58 57.0 4.4 60 651 18 36.17 0.092 

samp. 19 38.50 14.85 60.1 2.6 40 690 19 36.32 0.058 
samp. STR169 38.79 15.21 60.6 2.8 80 620 17 36.47 0.129 

samp. 3325 38.38 14.97 57.9 3.1 161 1022 28 36.50 0.158 
samp. FIL115 38.58 14.58 60.9 2.2 89 699 19 36.79 0.127 
samp. FIL28 38.58 14.58 62.4 2.9 86 669 18 37.17 0.129 
samp. 3326 38.38 14.97 57.6 3.0 151 1052 28 37.57 0.144 
samp. 13A 38.50 14.85 64.1 2.0 51 565 15 37.67 0.090 
samp. 28B 38.50 14.85 60.5 2.9 40 569 15 37.93 0.070 

samp. VL79/2 38.40 14.96 55.3 4.4 100 956 25 38.24 0.105 
samp. FIL85 38.58 14.58 55.4 3.8 60 727 19 38.26 0.083 
samp. FIL27 38.58 14.58 62.2 2.1 87 695 18 38.61 0.125 
samp. 16B 38.50 14.85 62.2 3.1 57 580 15 38.67 0.098 

samp. FIL116 38.58 14.58 60.8 2.2 80 737 19 38.79 0.109 
samp. FIL80 38.58 14.58 55.2 4.2 52 661 17 38.88 0.079 

samp. PVL10A3 38.40 14.96 57.9 2.2 176 1011 26 38.88 0.174 
 

Arc: NE Aleutian (Mt. Spurr and Mt. Redoubt) 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. 90AMC002 60.50 -152.77 60.1 2.4 28 513 18 28.82 0.055 
samp. 90CNR13 60.50 -152.77 60.2 2.3 29 520 18 28.84 0.056 

samp. USGS3/23-3 60.50 -152.77 60.1 2.3 29 516 18 28.96 0.056 
samp. 90CNR04 60.50 -152.77 59.8 2.5 28 521 18 29.29 0.054 
samp. 90CNR05 60.50 -152.77 60.4 2.3 29 517 18 29.48 0.056 

samp. USGS3/23-4 60.50 -152.77 60.2 2.3 28 517 18 29.53 0.054 
samp. USGS1/8-01 60.50 -152.77 60.0 2.3 29 514 17 29.54 0.056 
samp. 90AMM-03 60.50 -152.77 58.9 2.5 28 531 18 29.57 0.053 
samp. 90CNR16 60.50 -152.77 60.0 2.4 29 514 17 29.64 0.056 
samp. 90CNR03 60.50 -152.77 60.6 2.2 28 515 17 29.75 0.055 

samp. JK90RED2AA 60.50 -152.77 59.7 2.5 28 524 18 29.81 0.053 
samp. USGS3/23-1 60.50 -152.77 60.2 2.3 29 515 17 29.86 0.056 

samp. 900313-3 60.50 -152.77 60.2 2.3 31 521 17 29.94 0.059 
samp. 90AMM-05 60.50 -152.77 61.5 2.1 30 515 17 29.96 0.059 
samp. 90AMM-15 60.50 -152.77 60.4 2.3 31 517 17 30.01 0.060 
samp. 90AMM-10 60.50 -152.77 59.5 2.5 27 523 17 30.02 0.052 
samp. 90CNR08 60.50 -152.77 58.8 2.5 26 528 18 30.10 0.050 
samp. JK90RED3 60.50 -152.77 59.7 2.4 28 530 17 30.37 0.053 
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samp. 90DTR53 60.50 -152.77 59.7 2.5 28 519 17 30.44 0.054 
samp. USGS3/14-1 60.50 -152.77 59.6 2.5 27 513 17 30.55 0.053 
samp. 90AMM-11 60.50 -152.77 60.3 2.3 30 520 17 30.59 0.058 

samp. 89DTR50 60.50 -152.77 61.6 2.1 31 510 16 31.56 0.060 
samp. 90CNR24 60.50 -152.77 60.7 2.2 28 517 16 31.91 0.055 

samp. 90AMM-01 60.50 -152.77 59.6 2.4 29 562 18 31.93 0.051 
samp. 90CNR10 60.50 -152.77 60.9 2.1 30 522 16 32.28 0.057 

samp. 90AMM300I 60.50 -152.77 59.8 2.5 30 527 16 33.40 0.057 
samp. 90AMM300X 60.50 -152.77 59.8 2.5 30 527 16 33.40 0.057 

samp. AMS-B05 61.30 -152.25 59.8 3.5 40 486 22 21.99 0.083 
samp. AMS-B03 61.30 -152.25 59.9 4.2 39 460 20 22.55 0.084 

samp. PF-45 61.30 -152.25 57.9 3.2 27 485 21 23.66 0.055 
samp. PF-47 61.30 -152.25 58.5 3.5 33 475 20 24.23 0.069 

samp. AMS-B04 61.30 -152.25 58.5 4.2 34 504 20 24.71 0.067 
samp. AMS-A03 61.30 -152.25 60.3 3.1 37 510 21 24.76 0.073 

samp. PF-39 61.30 -152.25 59.0 3.0 30 495 20 25.00 0.061 
samp. AMS-A01 61.30 -152.25 60.0 3.5 36 511 20 25.05 0.070 
samp. AMS-A02 61.30 -152.25 60.0 3.5 36 517 20 25.34 0.069 
samp. AMS-B10 61.30 -152.25 58.9 3.4 33 507 20 25.74 0.064 
samp. AMS-B02 61.30 -152.25 58.4 3.5 33 518 20 25.77 0.064 
samp. AMS-A07 61.30 -152.25 59.8 3.3 35 513 20 25.91 0.067 
samp. AMS-B01 61.30 -152.25 59.5 4.8 36 498 19 26.63 0.071 
samp. AMS-A06 61.30 -152.25 58.7 3.9 32 546 20 27.44 0.059 

samp. AF-09 61.30 -152.25 62.8 2.3 40 523 19 27.97 0.076 
samp. AF-08 61.30 -152.25 61.8 2.8 37 559 20 28.09 0.066 

samp. AMS-B06 61.30 -152.25 60.0 3.0 40 563 20 28.29 0.071 
samp. AMS-A05 61.30 -152.25 58.6 3.9 32 547 19 28.64 0.058 

samp. PF-07 61.30 -152.25 60.6 3.0 34 562 20 28.67 0.061 
samp. AMS-A08 61.30 -152.25 57.9 3.7 29 533 18 28.97 0.054 
samp. AMS-B09 61.30 -152.25 59.9 3.0 40 567 20 29.08 0.070 

samp. SP-01 61.30 -152.25 61.3 2.9 41 507 17 29.14 0.080 
samp. SP-02 61.30 -152.25 62.3 2.7 39 535 17 31.47 0.073 
samp. AF-06 61.30 -152.25 62.9 2.4 39 556 17 31.95 0.070 
samp. SP-04 61.30 -152.25 63.2 2.7 37 522 16 33.68 0.070 
samp. SP-03 61.30 -152.25 62.1 2.9 36 610 18 34.27 0.059 
samp. PF-34 61.30 -152.25 59.9 3.8 31 593 13 46.33 0.052 

Arc: Aleutian 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. 98JLOK-4G 53.42 168.13 55.1 3.5 32 342 38 9.00 0.094 
samp. 05S096M1 55.40 -162.03 60.5 2.5 39 294 33 9.03 0.133 
samp. 98JLOK-3A 53.42 168.13 55.3 3.5 32 345 38 9.08 0.093 

samp. K1266F 58.30 -155.16 63.4 2.7 31 248 27 9.22 0.125 
samp. 05ELAC002 55.33 -162.06 59.5 3.2 32 294 32 9.25 0.109 
samp. 05S103M1 55.33 -162.08 58.5 3.5 32 290 31 9.27 0.110 
samp. 05S119T3 55.39 -162.06 59.5 3.5 38 300 32 9.32 0.126 

samp. 99JLOK-4G_7 53.42 168.13 55.0 3.5 31 354 38 9.32 0.088 
samp. K90AND 58.25 -154.98 61.8 2.6 34 283 30 9.37 0.118 
samp. K0100C 58.30 -155.16 64.0 2.5 27 254 27 9.37 0.106 

samp. 43 51.75 -177.33 59.3 2.8 56 367 39 9.41 0.153 
samp. 99JLOK-4G_10 53.42 168.13 55.1 3.5 31 358 38 9.42 0.087 

samp. 03S64C2 55.34 161.98 58.1 3.5 36 301 32 9.44 0.121 
samp. K0200 58.30 -155.16 62.5 2.8 28 261 27 9.56 0.107 

samp. 97NT12A 58.20 -155.10 62.8 2.7 28 288 30 9.60 0.097 
samp. 96NT7 58.20 -155.10 63.2 2.8 31 269 28 9.61 0.115 

samp. 05ELAC011 55.39 -162.07 59.0 3.8 36 304 31 9.68 0.118 
samp. 05S119M1 55.39 -162.06 59.8 3.3 49 324 33 9.77 0.150 

samp. K-45 58.30 -155.16 64.6 2.1 38 237 24 9.88 0.160 
samp. K1268F 58.30 -155.16 62.0 3.0 29 260 26 9.89 0.110 

samp. 97ANB-26 56.88 -158.17 62.6 2.1 48 423 42 10.02 0.114 
samp. 00S22F1 55.32 -162.00 57.6 4.3 36 316 31 10.19 0.113 
samp. 03S63M1 55.30 -161.97 57.8 3.7 34 310 30 10.27 0.110 
samp. 03S63C2 55.30 -161.97 57.8 3.6 35 320 31 10.30 0.110 

samp. 23 51.75 -177.33 58.1 3.3 46 371 36 10.31 0.124 
samp. 03S85M1 55.40 -162.03 57.6 3.7 32 364 35 10.37 0.087 

samp. K90CB 58.23 -155.07 64.4 2.4 29 283 27 10.44 0.104 
samp. K2488D 58.30 -155.16 61.4 3.0 28 272 26 10.46 0.104 

samp. 05132M1 55.37 -161.99 57.9 3.5 33 328 31 10.54 0.102 
samp. 05S132M2 55.37 -161.99 57.8 3.7 36 343 32 10.57 0.106 

samp. 21 51.75 -177.33 55.5 5.1 36 370 35 10.57 0.097 
samp. 96PS13 54.17 -165.92 55.6 3.8 20 365 34 10.61 0.054 
samp. AB23 53.23 -168.80 57.4 4.0 51 308 29 10.62 0.166 

samp. BF00-G2 53.42 168.13 56.4 3.0 30 330 31 10.65 0.091 
samp. 97ANB-33 56.88 -158.17 61.7 2.3 46 448 42 10.67 0.103 

samp. K1271B 58.30 -155.16 61.9 2.9 28 279 26 10.73 0.100 
samp. 02S54M1 55.40 -161.81 56.2 3.8 15 292 27 10.78 0.052 

samp. K-177 58.30 -155.16 64.2 2.2 29 303 28 10.82 0.096 
samp. 38 51.75 -177.33 57.5 3.0 68 427 39 10.95 0.159 

samp. SEG 03 64 52.28 -172.47 58.8 3.2 30 252 23 10.96 0.119 
samp. K0184 58.30 -155.16 59.5 3.6 26 266 24 11.04 0.098 

samp. 41 51.75 -177.33 57.7 2.9 63 431 39 11.05 0.146 
samp. SB87-49 52.20 -172.30 56.8 3.4 21 277 25 11.08 0.076 

samp. B87-3 52.27 -172.58 59.7 2.8 33 311 28 11.11 0.106 
samp. 96PS17 54.17 -165.92 55.7 3.7 19 379 34 11.11 0.051 

samp. 42 51.75 -177.33 59.2 2.9 56 379 34 11.15 0.148 
samp. 25 51.75 -177.33 55.6 4.5 33 335 30 11.17 0.099 

samp. K1595C 58.30 -155.16 61.4 3.0 25 273 24 11.23 0.092 
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samp. 99JLOK-18A 53.42 168.13 57.6 3.0 28 371 33 11.24 0.075 
samp. 96PS23 54.17 -165.92 55.4 3.7 19 370 33 11.25 0.052 
samp. 96PS23 54.17 -165.92 55.4 3.7 19 370 33 11.25 0.052 

samp. 03S79M2B 55.35 -162.01 56.8 4.2 30 332 29 11.31 0.092 
samp. 05NYEL01 55.34 -162.04 57.5 4.1 33 332 29 11.38 0.100 

samp. K90TR 58.23 -155.07 61.3 3.1 26 320 28 11.39 0.083 
samp. BF00-E2 53.42 168.13 55.4 3.8 26 331 29 11.41 0.079 
samp. 96NT12 58.20 -155.10 61.2 3.2 28 297 26 11.42 0.094 

samp. 03S65M1 55.34 -161.98 57.2 3.4 24 318 28 11.42 0.076 
samp. 03S66M2 55.35 -161.97 58.9 2.4 27 340 30 11.44 0.079 
samp. BF00-E1 53.42 168.13 55.5 3.8 27 344 30 11.47 0.078 

samp. 2727M01 59.35 -154.14 64.2 2.5 18 241 21 11.53 0.076 
samp. 39 51.75 -177.33 58.2 2.8 66 427 37 11.54 0.155 

samp. 03S84M2 55.41 -162.01 57.7 3.6 25 321 28 11.57 0.077 
samp. 00JLOK-29K(FALL) 53.42 168.13 55.1 3.7 21 364 31 11.74 0.058 

samp. M03-101A 55.35 -161.97 58.3 2.7 27 339 29 11.74 0.079 
samp. ACAF1A4 56.88 -158.17 59.0 6.0 36 441 37 11.79 0.082 
samp. K2466B 58.30 -155.16 59.6 3.6 26 298 25 11.83 0.086 
samp. AK81-35 54.17 -165.92 57.0 2.6 21 407 34 11.87 0.051 
samp. AK81-35 54.17 -165.92 57.0 2.6 21 407 34 11.87 0.051 

samp. 2599 58.48 -154.30 57.3 4.2 17 274 23 11.91 0.062 
samp. 24 51.75 -177.33 56.2 3.6 37 394 33 11.94 0.094 
samp. 13 51.75 -177.33 58.7 2.9 61 420 35 12.00 0.145 

samp. 51L22 52.09 177.55 57.9 3.6 40 600 50 12.00 0.067 
samp. K0581 58.30 -155.16 59.7 3.5 25 291 24 12.02 0.084 
samp. K90FM 58.23 -155.07 64.8 2.1 29 304 25 12.06 0.095 

samp. 05S102M1 55.32 -162.04 57.0 4.1 29 340 28 12.08 0.087 
samp. K1267C 58.30 -155.16 63.0 2.7 24 299 25 12.11 0.080 
samp. K1268B 58.30 -155.16 59.9 3.5 24 299 25 12.11 0.080 

samp. 32 51.75 -177.33 57.5 3.4 44 424 35 12.11 0.104 
samp. B87-49 52.27 -172.58 58.3 3.3 24 282 23 12.26 0.083 

samp. 03S62M1 55.31 -161.92 57.4 3.8 29 319 26 12.28 0.090 
samp. K-164 58.30 -155.16 64.0 2.3 29 320 26 12.31 0.091 
samp. UN36 53.67 166.67 62.5 3.0 55 345 28 12.32 0.159 
samp. UN36 53.67 166.67 62.5 3.0 55 345 28 12.32 0.159 

samp. 05S097M3 55.39 -161.95 56.3 4.1 17 302 24 12.52 0.055 
samp. 40 51.75 -177.33 56.6 3.2 61 451 36 12.53 0.135 

samp. 03S86T2 55.34 -162.13 56.2 4.4 30 355 28 12.56 0.083 
samp. K0135D 58.30 -155.16 59.9 3.5 24 289 23 12.57 0.082 
samp. KNM-15 58.36 -155.09 62.5 2.3 38 330 26 12.69 0.115 

Arc: Aleutian (continued) 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. 18 51.75 -177.33 58.5 3.1 46 459 36 12.75 0.100 
samp. 98AC2D 56.88 -158.17 58.4 2.9 34 483 38 12.81 0.070 
samp. MAD-6 59.37 -153.50 59.6 4.1 35 257 20 12.85 0.136 

samp. 05NYEL10 55.40 -162.04 56.2 3.9 22 329 26 12.86 0.067 
samp. 05CW223-1 55.39 -162.06 55.9 3.9 21 324 25 12.86 0.065 

samp. 2601 58.48 -154.30 56.8 4.5 18 298 23 12.96 0.060 
samp. 97ANB-27 56.88 -158.17 58.2 3.1 33 457 35 13.06 0.071 

samp. 36 51.75 -177.33 57.4 3.2 57 463 35 13.23 0.123 
samp. 52-496 51.97 178.50 58.6 3.2 25 285 22 13.26 0.088 

samp. 97ANB-44 56.88 -158.17 57.8 3.2 30 429 32 13.28 0.070 
samp. 17 51.75 -177.33 58.2 2.8 56 469 35 13.40 0.119 
samp. 15 51.75 -177.33 57.9 3.0 53 471 35 13.46 0.113 
samp. 33 51.75 -177.33 59.5 2.8 51 445 33 13.48 0.115 

samp. MAD-5 59.37 -153.50 60.7 3.6 34 297 22 13.50 0.114 
samp. 52 58.36 -155.09 59.6 3.4 33 339 25 13.56 0.097 
samp. 34 51.75 -177.33 59.0 2.7 58 463 34 13.62 0.125 

 
Arc: Andes, North Volcanic Zone (NVZ) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. AT-02 -0.35 -78.62 58.7 5.0 22 438 18 24.07 0.050 

samp. ATAC 043 -0.35 -78.62 61.0 4.5 20 350 15 24.14 0.057 
samp. CAY 109B 0.04 -78.15 59.8 2.5 74 534 22 24.27 0.139 

samp. MOJ 3 0.12 -78.26 62.3 3.0 46 450 18 25.00 0.102 
samp. CH30 0.80 -77.30 63.9 3.1 67 376 15 25.07 0.178 
samp. CL258 1.22 -77.30 61.5 3.7 38 402 16 25.13 0.095 

samp. ATAC 010 -0.35 -78.62 60.7 4.0 21 382 15 25.47 0.054 
samp. ATAC 10 -0.35 -78.62 60.2 4.0 21 382 15 25.47 0.054 

samp. ATAC 082 -0.35 -78.62 61.7 3.2 21 386 15 25.73 0.055 
samp. ATAC 085 -0.35 -78.62 60.7 3.9 24 404 16 25.90 0.059 

samp. AT13 -0.35 -78.62 57.7 5.1 25 442 17 26.00 0.057 
samp. MOJ 80B 0.12 -78.26 61.9 2.9 45 380 15 26.21 0.118 
samp. CAY 100A 0.04 -78.15 57.4 3.3 40 568 22 26.42 0.070 

samp. Y-53 1.22 -77.30 60.6 2.3 40 556 21 26.48 0.072 
samp. CB36 1.00 -77.90 60.0 3.9 29 398 15 26.53 0.073 

samp. ATAC 062 -0.35 -78.62 60.8 4.3 23 356 13 26.57 0.065 
samp. 8557AT -0.35 -78.62 59.4 4.9 20 351 13 27.00 0.057 

samp. MOJ 115F 0.13 -78.28 60.1 4.2 28 383 14 27.36 0.073 
samp. CB38 1.00 -77.90 62.2 2.8 36 413 15 27.53 0.087 

samp. ATAC 087 -0.35 -78.62 60.6 4.4 23 353 13 27.58 0.066 
samp. MOJ 85 0.12 -78.26 62.4 3.2 44 447 16 27.59 0.098 

samp. CB41 1.00 -77.90 59.3 4.4 26 387 14 27.64 0.067 
samp. ATVIU -0.35 -78.62 61.3 5.0 24 418 15 27.87 0.057 

samp. TUNG-PS-03B -1.47 -78.44 64.5 2.3 79 455 16 27.91 0.173 
samp. CUI 4 0.31 -78.36 58.7 5.0 23 410 15 28.08 0.055 
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samp. CUI 7 0.31 -78.36 60.0 3.8 24 450 16 28.13 0.053 
samp. MOJ 73A 0.12 -78.26 60.7 3.3 39 450 16 28.13 0.086 

samp. Y-38 1.22 -77.30 61.3 2.8 44 535 19 28.16 0.082 
samp. ATAC 077 -0.35 -78.62 60.8 3.6 22 372 13 28.18 0.058 
samp. ATAC 004 -0.35 -78.62 61.7 4.0 20 380 13 28.57 0.053 
samp. ATAC 12C -0.35 -78.62 60.0 3.3 25 349 12 28.61 0.072 

samp. CB42 1.00 -77.90 61.4 3.8 30 402 14 28.71 0.075 
samp. ATAC 058 -0.35 -78.62 61.0 3.9 20 398 14 28.84 0.051 
samp. PICH 121C -0.17 -78.60 59.1 4.9 24 384 13 28.87 0.061 

samp. ILI 16B -0.66 -78.71 61.4 3.6 29 410 14 28.87 0.071 
samp. TUNG-PS-07C -1.47 -78.44 56.2 4.9 37 523 18 29.06 0.071 
samp. TUNG-PS-01B -1.47 -78.44 56.3 4.9 37 530 18 29.12 0.069 

samp. ATAC 067A -0.35 -78.62 62.1 3.4 28 345 12 29.24 0.080 
samp. W83A 1.22 -77.30 61.1 2.3 48 528 18 29.33 0.091 

samp. TUNG 9 -1.47 -78.44 64.0 2.8 85 470 16 29.38 0.181 
samp. PICH 121B -0.17 -78.60 59.3 5.0 24 385 13 29.39 0.062 

samp. G 10 1.20 -77.35 60.3 2.8 44 531 18 29.50 0.083 
samp. ATAC 066B -0.35 -78.62 60.5 4.2 21 399 14 29.56 0.053 
samp. PICH 106 -0.17 -78.60 60.0 3.8 25 414 14 29.57 0.060 
samp. PICH 102 -0.17 -78.60 60.2 3.4 22 397 13 29.63 0.054 

samp. TUNG-PS-51A -1.47 -78.44 61.4 2.9 68 522 18 29.66 0.130 
samp. CAY 151 0.04 -78.15 59.8 3.5 57 564 19 29.68 0.100 
samp. CAY 66 0.04 -78.15 59.4 2.8 52 505 17 29.71 0.103 

samp. TUNG 19FO -1.47 -78.44 64.0 2.5 76 462 16 29.81 0.165 
samp. ATAC 12D -0.35 -78.62 61.5 3.4 22 360 12 30.00 0.060 
samp. PICH 143 -0.17 -78.60 59.3 3.7 27 420 14 30.00 0.064 

samp. TUNG-PS-48C -1.47 -78.44 62.4 2.7 72 540 18 30.00 0.132 
samp. TUNG-PS-03G -1.47 -78.44 62.6 3.0 68 493 16 30.06 0.137 

samp. PUL-5 0.04 -78.46 62.7 3.6 20 399 13 30.23 0.051 
samp. L1 1.60 -76.50 55.8 3.1 30 576 19 30.32 0.052 

samp. TG 1-I1 -1.47 -78.44 64.0 2.5 75 470 16 30.32 0.160 
samp. ATAC 12E -0.35 -78.62 62.0 3.5 23 352 12 30.34 0.064 
samp. MOJ 77B 0.13 -78.28 61.1 2.0 30 440 15 30.34 0.068 

samp. TUNG 19CL -1.47 -78.44 61.3 3.7 62 486 16 30.38 0.128 
samp. PICH 122 -0.17 -78.60 59.3 4.9 23 372 12 30.49 0.062 

samp. 4 -2.00 -77.00 64.5 2.2 63 582 19 30.63 0.108 
samp. ILI 10 -0.66 -78.71 62.5 2.8 31 408 13 30.68 0.076 

samp. ATAC 097 -0.35 -78.62 63.2 2.9 26 356 12 30.69 0.072 
samp. TUNG 37B -1.47 -78.44 64.2 2.5 70 472 15 30.85 0.148 

samp. AT06 -0.35 -78.62 61.7 3.7 28 340 11 30.91 0.082 
samp. TUNG 18C -1.47 -78.44 64.3 2.7 69 470 15 30.92 0.146 

samp. AT07 -0.35 -78.62 60.5 4.0 24 404 13 31.08 0.059 
samp. ATAC 6 -0.35 -78.62 61.8 3.6 28 343 11 31.18 0.083 

samp. Y-54 1.22 -77.30 61.6 2.1 40 562 18 31.22 0.072 
 

Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. CTX-75 -1.25 -78.42 57.2 3.5 35 520 17 31.23 0.068 
samp. CAY 48 0.04 -78.15 58.8 3.3 51 656 21 31.24 0.078 

samp. CAY 55B 0.04 -78.15 58.3 4.1 36 550 18 31.25 0.065 
samp. PUL-6 0.04 -78.46 63.7 3.1 22 397 13 31.26 0.055 
samp. Y-28 1.22 -77.30 59.1 2.9 32 594 19 31.26 0.054 

samp. MOJ 80A 0.12 -78.26 59.2 4.6 27 470 15 31.33 0.057 
samp. CAY 152 0.04 -78.15 59.5 3.5 59 565 18 31.39 0.104 
samp. PICH 120 -0.17 -78.60 59.2 5.1 24 387 12 31.46 0.062 

samp. TUNG 18B -1.47 -78.44 64.0 2.5 69 472 15 31.47 0.146 
samp. PICH 107B -0.17 -78.60 60.4 3.8 24 410 13 31.54 0.059 
samp. PICH 121A -0.17 -78.60 59.4 5.1 22 388 12 31.54 0.057 
samp. CAY 55A 0.04 -78.15 58.4 3.4 37 554 18 31.66 0.067 
samp. ILI 79A -0.66 -78.71 62.4 3.0 27 397 13 31.76 0.068 

samp. MOJ 68B 0.12 -78.26 60.9 3.2 34 525 17 31.82 0.065 
samp. MOJ 38 0.13 -78.28 60.6 2.9 28 420 13 31.82 0.067 

samp. PICH 108 -0.17 -78.60 60.2 3.0 23 452 14 31.83 0.051 
samp. AT08 -0.35 -78.62 60.6 4.2 25 382 12 31.83 0.065 

samp. CAY 56 0.04 -78.15 56.5 4.2 31 574 18 31.89 0.053 
samp. CAY 68 0.04 -78.15 60.0 3.0 54 610 19 32.11 0.089 

samp. TUNG 37C -1.47 -78.44 63.0 3.0 65 486 15 32.19 0.133 
samp. ATAC 008 -0.35 -78.62 60.7 3.9 23 412 13 32.19 0.056 

samp. ATAC 8 -0.35 -78.62 60.6 3.9 23 412 13 32.19 0.056 
samp. 3.2AN -0.05 -78.15 58.3 5.5 84 580 18 32.22 0.145 

samp. TUNG 1D -1.47 -78.44 61.8 3.2 60 530 16 32.32 0.112 
samp. CAY 120A 0.02 -77.97 58.6 3.9 32 615 19 32.37 0.052 
samp. CAY 153 0.04 -78.15 58.8 3.8 53 567 18 32.40 0.093 

samp. PICH 107A -0.17 -78.60 60.0 3.8 25 396 12 32.46 0.063 
samp. CAY 108A 0.04 -78.15 64.3 2.2 65 578 18 32.47 0.112 

samp. CUI 3 0.31 -78.36 60.1 3.8 25 475 15 32.53 0.053 
samp. TUNG 10D -1.47 -78.44 63.4 2.7 68 485 15 32.55 0.140 

samp. CUI 15 0.31 -78.36 61.5 2.5 23 440 14 32.59 0.051 
samp. ILI 79B -0.66 -78.71 62.1 2.9 30 400 12 32.79 0.075 
samp. AN18 -0.05 -78.15 57.3 5.8 77 591 18 32.83 0.130 

samp. TUNG 18A -1.47 -78.44 63.8 2.7 68 486 15 32.84 0.139 
samp. CAY 108C 0.04 -78.15 60.0 3.4 64 552 17 32.86 0.116 
samp. TUNG 14 -1.47 -78.44 62.0 2.9 63 520 16 32.91 0.121 

samp. HHV -0.05 -78.15 57.6 5.9 74 594 18 33.00 0.124 
samp. E99116 -1.42 -78.47 57.4 5.1 45 596 18 33.11 0.076 

samp. TUNG-PS-51B -1.47 -78.44 58.0 4.5 44 570 17 33.14 0.078 
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samp. CAY 94A 0.04 -78.15 64.3 2.4 72 558 17 33.21 0.128 
samp. TUNG 3 -1.47 -78.44 61.3 3.7 58 505 15 33.22 0.115 
samp. TUNG-3 -1.47 -78.44 61.3 3.7 58 505 15 33.22 0.115 

samp. PICH 110 -0.17 -78.60 60.7 3.5 22 420 13 33.33 0.051 
samp. TUNG-PS-40 -1.47 -78.44 58.0 4.3 45 580 17 33.33 0.077 

samp. CAY 94B 0.04 -78.15 58.0 4.2 56 574 17 33.37 0.098 
samp. TUNG 30 -1.47 -78.44 56.3 5.6 39 565 17 33.43 0.068 
samp. ATAC 050 -0.35 -78.62 62.2 3.5 22 408 12 33.44 0.054 
samp. PICH 71 -0.17 -78.60 58.0 4.5 31 435 13 33.46 0.070 

samp. AT11 -0.35 -78.62 61.3 3.7 27 335 10 33.50 0.081 
samp. CAY 50 0.04 -78.15 58.5 3.8 45 604 18 33.56 0.074 

samp. ATAC 014A -0.35 -78.62 61.8 3.8 24 383 11 33.60 0.062 
samp. ILI 11 -0.66 -78.71 62.6 2.8 31 420 13 33.60 0.074 

samp. TUNG-PS-29 -1.47 -78.44 58.0 4.2 42 585 17 33.62 0.071 
samp. ATAC 061 -0.35 -78.62 60.9 4.1 22 379 11 33.84 0.057 
samp. ATAC 060 -0.35 -78.62 62.0 3.7 23 379 11 33.84 0.061 
samp. ATAC 051 -0.35 -78.62 62.3 3.2 23 407 12 33.92 0.057 

samp. TUNG-PS-36A -1.47 -78.44 57.7 4.3 45 586 17 34.07 0.076 
samp. ILI 29B -0.66 -78.71 61.0 4.4 22 410 12 34.17 0.052 
samp. MOJ 72 0.12 -78.26 58.0 3.2 27 530 16 34.19 0.050 

samp. PICH 42B -0.17 -78.60 59.9 4.3 26 390 11 34.21 0.065 
samp. HHJ-AN -0.05 -78.15 62.7 2.7 111 583 17 34.29 0.190 

samp. TUNG-PS-25B -1.47 -78.44 57.9 4.3 42 584 17 34.35 0.072 
samp. ILI 5 -0.66 -78.71 62.8 2.7 31 426 12 34.35 0.073 
samp. Y-52 1.22 -77.30 59.8 3.1 36 655 19 34.47 0.056 

samp. ATAC 059 -0.35 -78.62 61.7 3.8 23 390 11 34.51 0.060 
samp. TUNG-PS-48A -1.47 -78.44 58.2 4.2 45 580 17 34.52 0.078 

samp. TUNG 5 -1.47 -78.44 57.5 4.9 46 587 17 34.53 0.078 
samp. ATAC 076 -0.35 -78.62 61.7 3.4 25 415 12 34.58 0.060 

samp. CAY 57 0.04 -78.15 57.0 3.5 37 606 18 34.63 0.061 
samp. TUNG 11 -1.47 -78.44 58.0 3.6 41 624 18 34.67 0.066 
samp. MOJ 37 0.13 -78.28 62.3 3.2 30 399 12 34.70 0.074 

samp. CH DB 11 -1.47 -78.82 63.9 2.3 45 528 15 34.74 0.085 
samp. P 4 2.30 -76.40 60.3 2.7 81 766 22 34.82 0.106 

samp. ATAC 083 -0.35 -78.62 60.7 3.2 22 425 12 34.84 0.052 
samp. ATAC 102 -0.35 -78.62 61.5 3.9 21 391 11 34.91 0.052 

samp. ILI 33 -0.66 -78.71 63.5 2.6 29 412 12 34.92 0.070 
samp. CAY 114 0.02 -77.97 57.2 4.2 26 518 15 35.00 0.050 
samp. CTX-41 -1.25 -78.42 58.1 3.5 66 386 11 35.09 0.171 

samp. TUNG 29 -1.47 -78.44 58.0 4.6 45 580 17 35.15 0.078 
samp. ATAC 069 -0.35 -78.62 61.7 3.6 20 387 11 35.18 0.052 

samp. DJ49 1.50 -76.90 64.1 2.0 49 458 13 35.23 0.107 
samp. PICH 56 -0.17 -78.60 61.0 3.4 24 444 13 35.24 0.053 

samp. TUNG 19C -1.47 -78.44 58.0 4.6 42 582 17 35.27 0.071 
samp. CTX-30 -1.25 -78.42 57.8 4.2 37 518 15 35.33 0.071 

samp. ATAC 105 -0.35 -78.62 61.9 3.7 23 389 11 35.36 0.059 
samp. TUNG 15 -1.47 -78.44 56.0 5.5 39 566 16 35.38 0.069 

samp. TUNG-PS-75 -1.47 -78.44 57.9 4.0 46 595 17 35.42 0.076 
samp. TUNG 10G -1.47 -78.44 57.2 4.4 41 605 17 35.59 0.067 

 
Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. ILI 12A -0.66 -78.71 62.5 2.8 31 410 12 35.65 0.076 

samp. PICH 111B -0.17 -78.60 61.5 2.8 20 371 10 35.67 0.053 
samp. TUNG-PS-07B -1.47 -78.44 58.2 4.6 45 582 16 35.71 0.077 

samp. CTX-18 -1.25 -78.42 58.5 4.0 28 524 15 35.72 0.053 
samp. TUNG 12D -1.47 -78.44 56.6 4.5 41 612 17 36.00 0.066 

samp. ILI 22A -0.66 -78.71 62.7 2.8 31 425 12 36.02 0.073 
samp. TUNG 2 -1.47 -78.44 57.5 4.9 43 585 16 36.11 0.074 

samp. TUNG 10E -1.47 -78.44 57.5 4.8 40 582 16 36.15 0.068 
samp. CAY 49 0.04 -78.15 58.8 3.8 45 590 16 36.20 0.076 
samp. IMB-29 0.20 -78.20 60.3 5.3 24 438 12 36.20 0.055 
samp. CTX-101 -1.25 -78.42 59.0 3.4 31 522 14 36.22 0.059 
samp. E05028 -0.30 -78.20 63.1 2.5 83 541 15 36.31 0.153 

samp. TUNG-PS-79 -1.47 -78.44 58.0 3.9 48 612 17 36.43 0.078 
samp. ILI 6A -0.66 -78.71 62.9 2.7 25 408 11 36.43 0.060 

samp. CAY 80C 0.06 -78.02 62.8 2.4 63 605 17 36.45 0.104 
samp. TUNG 12B -1.47 -78.44 56.3 5.3 38 602 17 36.48 0.063 
samp. TUNG 23 -1.47 -78.44 58.0 4.4 43 584 16 36.50 0.074 
samp. CTX-34Z -1.25 -78.42 57.5 3.4 36 556 15 36.53 0.064 

samp. ILI 82 -0.66 -78.71 62.0 3.7 26 424 12 36.55 0.061 
samp. TUNG 16 -1.47 -78.44 56.3 5.5 38 567 16 36.58 0.066 

samp. ILI 8A -0.66 -78.71 60.1 2.6 24 410 11 36.61 0.057 
samp. PICH 145A -0.17 -78.60 59.7 3.6 28 432 12 36.61 0.064 

samp. MOJ 18 0.12 -78.26 61.6 3.2 32 418 11 36.67 0.077 
samp. ATAC 100 -0.35 -78.62 63.0 2.6 21 386 11 36.76 0.053 

samp. CUI 9 0.31 -78.36 61.8 3.0 25 480 13 36.92 0.051 
samp. MOJ 87 0.13 -78.28 64.4 2.3 45 410 11 36.94 0.109 
samp. ILI 6B -0.66 -78.71 64.0 2.4 26 404 11 37.06 0.063 

samp. ILI 35A -0.66 -78.71 64.3 2.5 27 408 11 37.09 0.066 
samp. ATAC 049 -0.35 -78.62 62.1 3.3 21 412 11 37.12 0.052 
samp. MOJ 26 0.12 -78.26 63.5 2.8 30 412 11 37.12 0.073 
samp. TG 47A -1.47 -78.44 57.7 4.8 44 594 16 37.13 0.073 
samp. ILI 13 -0.66 -78.71 62.7 2.8 30 457 12 37.15 0.065 

samp. PICH 136A -0.17 -78.60 60.5 4.0 28 465 13 37.20 0.060 
samp. TUNG 26 -1.47 -78.44 58.0 4.7 42 588 16 37.22 0.071 
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samp. ILI 7A -0.66 -78.71 63.3 2.8 26 417 11 37.23 0.062 
samp. ILI 14A -0.66 -78.71 62.5 2.8 30 410 11 37.27 0.073 

samp. MOJ 118 0.13 -78.28 61.4 2.6 28 500 13 37.31 0.055 
samp. CTX-91 -1.25 -78.42 61.3 2.4 30 505 13 37.44 0.059 

samp. TUNG 19 -1.47 -78.44 58.7 4.4 48 578 15 37.53 0.082 
samp. MER1C -1.47 -77.98 55.8 4.4 54 770 21 37.56 0.070 
samp. ILI 51 -0.66 -78.71 62.0 3.4 23 429 11 37.63 0.054 

samp. MOJ 58A 0.13 -78.28 64.8 3.1 34 415 11 37.73 0.081 
samp. W85A 1.22 -77.30 58.0 3.1 35 642 17 37.76 0.054 

samp. CTX-92 -1.25 -78.42 60.0 2.8 34 547 14 37.85 0.062 
samp. CAY 103 0.06 -78.02 63.5 2.3 65 530 14 37.86 0.123 
samp. MOJ 17 0.13 -78.28 61.0 3.4 28 455 12 37.92 0.062 
samp. CTX-102 -1.25 -78.42 59.5 2.8 33 551 14 38.03 0.059 
samp. CTX-29 -1.25 -78.42 57.8 4.2 33 619 16 38.05 0.053 
samp. ANT60 -0.05 -78.15 57.9 2.5 66 735 19 38.08 0.090 
samp. MOJ 36 0.13 -78.28 63.2 3.6 30 435 11 38.16 0.069 
samp. LI 32B2 -0.66 -78.71 64.4 2.2 29 420 11 38.18 0.069 

samp. CTX-20B -1.25 -78.42 58.7 3.2 28 550 14 38.25 0.051 
samp. MOJ 115C 0.13 -78.28 63.2 3.0 41 444 12 38.28 0.091 
samp. CTX-119 -1.25 -78.42 59.6 2.9 35 564 15 38.29 0.062 
samp. CTX-62 -1.25 -78.42 59.6 3.6 34 567 15 38.31 0.059 
samp. CTX-21 -1.25 -78.42 57.4 3.3 36 610 16 38.36 0.059 
samp. ILI 36C -0.66 -78.71 63.5 2.6 28 415 11 38.43 0.067 
samp. ILI 26B -0.66 -78.71 64.3 2.1 31 415 11 38.43 0.073 
samp. SIL 2B -0.66 -78.71 63.4 2.7 25 419 11 38.44 0.058 
samp. ILI 2B -0.66 -78.71 63.4 2.7 25 419 11 38.44 0.060 
samp. ILI 20 -0.66 -78.71 62.7 2.8 31 423 11 38.45 0.073 

samp. CTX-47 -1.25 -78.42 59.9 2.9 36 590 15 38.46 0.060 
samp. PICH 91B1 -0.35 -78.62 62.3 2.0 21 385 10 38.50 0.055 

samp. ILI 36B -0.66 -78.71 63.5 2.5 27 420 11 38.53 0.064 
samp. Y-14 1.22 -77.30 59.9 3.2 43 540 14 38.57 0.079 

samp. TG 1-I2 -1.47 -78.44 59.4 3.8 49 610 16 38.61 0.080 
samp. ILI 8B -0.66 -78.71 63.0 2.5 28 410 11 38.68 0.068 

samp. CTX-98 -1.25 -78.42 58.8 3.1 31 605 16 38.68 0.052 
samp. MOJ 115B 0.13 -78.28 64.0 3.0 43 465 12 38.75 0.091 

samp. ATARE -0.35 -78.62 62.6 2.7 22 389 10 38.90 0.057 
samp. IMB-42 0.20 -78.20 62.5 3.2 26 440 11 38.94 0.058 
samp. ILI 54 -0.66 -78.71 62.9 2.2 24 390 10 39.00 0.062 
samp. DJ43 1.50 -76.90 65.5 2.1 56 470 12 39.17 0.119 

samp. TUNG 13 -1.47 -78.44 57.3 4.0 43 647 17 39.21 0.066 
samp. TUNG 10F -1.47 -78.44 56.5 4.6 34 612 16 39.23 0.055 

samp. E05010 -0.17 -78.60 62.8 2.7 45 518 13 39.24 0.087 
samp. ILI 75 -0.66 -78.71 63.5 2.4 26 420 11 39.25 0.061 

samp. ILI 38D -0.66 -78.71 63.4 2.7 30 424 11 39.26 0.071 
samp. E05030 -0.30 -78.20 56.7 5.3 52 727 19 39.30 0.072 

samp. CAY 139E 0.02 -77.97 58.2 3.6 32 570 15 39.31 0.056 
samp. PICH 59 -0.17 -78.60 60.8 3.7 28 472 12 39.33 0.058 

samp. TUN PM #2 -1.47 -78.44 58.3 4.0 41 630 16 39.38 0.065 
samp. CTX-50 -1.25 -78.42 61.6 2.4 30 561 14 39.40 0.053 
samp. CTX-25 -1.25 -78.42 59.2 3.1 38 615 16 39.40 0.061 
samp. ILI 30 -0.66 -78.71 64.3 2.2 29 394 10 39.40 0.072 

samp. AN-5N -0.05 -78.15 64.2 2.6 122 631 16 39.44 0.193 
samp. CTX-120 -1.25 -78.42 58.2 3.2 31 618 16 39.44 0.051 
samp. CTX-125 -1.25 -78.42 58.5 3.3 29 578 15 39.45 0.050 

 
Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. RASU PF -0.66 -78.71 64.0 2.2 27 415 11 39.52 0.065 

samp. ILI 4A -0.66 -78.71 64.0 2.2 27 423 11 39.53 0.064 
samp. SIL 4A -0.66 -78.71 64.0 2.2 30 423 11 39.53 0.071 

samp. CTX-116 -1.25 -78.42 59.8 2.9 35 586 15 39.57 0.060 
samp. TG 48B -1.47 -78.44 56.8 5.1 36 635 16 39.69 0.057 

samp. TUNG 1E -1.47 -78.44 57.8 4.6 42 635 16 39.69 0.066 
samp. ILI 2A -0.66 -78.71 64.3 2.2 28 421 11 39.72 0.067 
samp. SIL 2A -0.66 -78.71 64.3 2.2 28 421 11 39.72 0.067 

samp. CTX-28A -1.25 -78.42 57.6 3.7 32 614 15 39.82 0.051 
samp. CTX-28B -1.25 -78.42 57.3 4.2 32 614 15 39.82 0.051 
samp. ILI 32A -0.66 -78.71 64.6 2.2 30 415 10 39.90 0.072 

samp. CTX-124 -1.25 -78.42 57.2 3.5 36 617 15 39.99 0.058 
samp. TUNG 10B -1.47 -78.44 56.7 4.5 36 640 16 40.00 0.056 
samp. TUN PM #3 -1.47 -78.44 58.8 3.7 42 640 16 40.00 0.066 

samp. ILI 26D -0.66 -78.71 64.4 2.3 28 420 11 40.00 0.067 
samp. SAN 18 -2.00 -78.34 61.2 2.4 64 715 18 40.17 0.090 

samp. TUNG-PS-68B -1.47 -78.44 58.6 3.9 42 635 16 40.19 0.065 
samp. TUN PM #1 -1.47 -78.44 58.2 3.9 42 635 16 40.19 0.065 

samp. ILI 36A -0.66 -78.71 64.0 2.4 28 422 11 40.19 0.065 
samp. MOJ 56B (?) 0.13 -78.28 62.7 3.6 31 410 10 40.20 0.074 

samp. CTX-25 -1.25 -78.42 59.2 3.1 37 603 15 40.20 0.061 
samp. ILI 27B -0.66 -78.71 61.9 2.6 26 402 10 40.20 0.065 
samp. E05141 -0.30 -78.20 60.5 3.0 46 559 14 40.22 0.081 
samp. ILI 50 -0.66 -78.71 61.0 3.7 22 427 11 40.28 0.052 

samp. TUNG 1A -1.47 -78.44 57.0 4.9 38 645 16 40.31 0.058 
samp. RIO 5 -1.47 -78.82 61.5 3.2 41 585 15 40.34 0.070 

samp. TUN MH #1 -1.47 -78.44 58.9 3.8 43 646 16 40.38 0.067 
samp. ILI 77A2 -0.66 -78.71 63.6 2.5 25 412 10 40.39 0.061 
samp. CYX-96 -1.25 -78.42 57.6 3.5 36 610 15 40.40 0.059 
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samp. TG 54 -1.47 -78.44 56.0 5.6 37 606 15 40.40 0.060 
samp. MOJ 14B 0.12 -78.26 59.6 4.7 31 485 12 40.42 0.064 

samp. TIS 1 -0.66 -78.71 64.6 2.2 28 405 10 40.50 0.068 
samp. TIS 1 -0.66 -78.71 64.6 2.2 28 405 10 40.50 0.069 

samp. CTX-28 -1.25 -78.42 57.6 3.7 32 608 15 40.53 0.053 
samp. MOJ 107 0.13 -78.28 61.0 4.4 25 430 11 40.57 0.058 
samp. TUNG 1F -1.47 -78.44 58.5 4.2 45 645 16 40.57 0.070 

samp. ILI 4B -0.66 -78.71 65.0 2.1 28 414 10 40.59 0.068 
samp. SIL 4B -0.66 -78.71 65.0 2.1 28 414 10 40.59 0.068 

samp. ATAC 4A2 -0.35 -78.62 62.0 2.5 20 386 10 40.63 0.051 
samp. CTX-21 -1.25 -78.42 57.4 3.3 36 610 15 40.67 0.059 

samp. MOJ 115D 0.13 -78.28 65.0 2.7 48 419 10 40.68 0.115 
samp. TUN MH #5 -1.47 -78.44 58.9 3.8 43 645 16 40.82 0.067 

samp. ILI 43 -0.66 -78.71 64.8 2.4 26 425 10 40.87 0.061 
samp. CAY 54 0.13 -78.28 60.0 3.5 31 470 12 40.87 0.066 
samp. TUNG 6 -1.47 -78.44 60.3 3.5 51 655 16 40.94 0.078 
samp. CTX-103 -1.25 -78.42 61.3 2.3 31 554 14 40.95 0.055 
samp. CTX-99 -1.25 -78.42 61.1 2.0 41 620 15 41.01 0.065 

samp. TUN MH #3 -1.47 -78.44 59.0 3.8 43 650 16 41.14 0.065 
samp. TUNG-PS-66C -1.47 -78.44 58.5 3.8 42 640 16 41.29 0.066 

samp. CTX-109 -1.25 -78.42 59.8 2.4 30 567 14 41.30 0.053 
samp. PICH 136F -0.17 -78.60 60.0 3.6 31 475 12 41.30 0.064 

samp. CTX-24 -1.25 -78.42 57.2 3.9 32 639 15 41.31 0.051 
samp. TUNG 10C -1.47 -78.44 57.0 4.4 36 645 16 41.35 0.056 
samp. CAY 102 0.04 -78.15 57.7 3.7 41 645 16 41.35 0.063 
samp. CYX-108 -1.25 -78.42 59.5 2.8 35 603 15 41.41 0.058 
samp. ILI 38B -0.66 -78.71 64.0 2.5 27 435 11 41.43 0.061 
samp. ILI 62A -0.66 -78.71 64.4 2.0 31 464 11 41.43 0.067 
samp. MOJ 44 0.13 -78.28 63.4 2.6 33 435 11 41.43 0.075 

samp. TUN MH #6 -1.47 -78.44 58.7 3.8 42 643 16 41.48 0.065 
samp. TUNG-PS-57 -1.47 -78.44 58.7 3.8 42 643 16 41.48 0.065 

samp. CTX-107 -1.25 -78.42 59.8 2.8 35 593 14 41.50 0.059 
samp. CAY 169 0.02 -77.98 60.9 3.7 51 515 12 41.53 0.099 
samp. PICH 42A -0.17 -78.60 60.4 4.7 23 449 11 41.57 0.051 
samp. PICH 116 -0.17 -78.60 60.3 4.8 25 470 11 41.59 0.053 

samp. AN12 -0.05 -78.15 55.9 4.7 36 708 17 41.65 0.051 
samp. MOJ 51A 0.13 -78.28 62.2 4.3 34 500 12 41.67 0.067 

samp. ILI 41 -0.66 -78.71 64.3 2.5 26 425 10 41.67 0.061 
samp. MOJ 52A 0.13 -78.28 64.2 2.6 33 425 10 41.67 0.078 
samp. ATAC 4A1 -0.35 -78.62 62.3 2.2 21 396 10 41.68 0.053 
samp. TUNG 1B -1.47 -78.44 56.3 5.5 35 655 16 41.72 0.053 
samp. CTX-23 -1.25 -78.42 59.4 2.7 41 620 15 41.72 0.066 

samp. PICH 43A -0.17 -78.60 61.2 3.5 32 470 11 41.78 0.068 
samp. CAY 140B 0.02 -77.97 59.6 3.2 37 560 13 41.79 0.066 
samp. TUNG 12C -1.47 -78.44 58.0 4.5 46 648 16 41.81 0.071 

samp. CTX-51 -1.25 -78.42 60.8 2.3 41 569 14 41.90 0.072 
samp. ANT10 -0.05 -78.15 64.6 2.5 128 655 16 41.99 0.195 
samp. ILI 7B -0.66 -78.71 63.4 2.1 28 420 10 42.00 0.067 

samp. PICH 134C -0.17 -78.60 62.4 3.3 36 450 11 42.06 0.079 
samp. PICH 134C -0.17 -78.60 62.4 3.3 36 450 11 42.06 0.079 

samp. PU74 2.30 -76.40 60.4 2.9 76 631 15 42.07 0.120 
samp. IMB-26 0.20 -78.20 60.2 5.1 23 456 11 42.22 0.051 

samp. CTX-126B -1.25 -78.42 58.9 2.7 43 604 14 42.30 0.071 
samp. MOJ 102 0.13 -78.28 64.9 2.1 28 437 10 42.43 0.064 

samp. PICH 37D1 -0.17 -78.60 58.3 4.6 33 459 11 42.50 0.071 
samp. ILI 53 -0.66 -78.71 63.5 2.1 27 426 10 42.60 0.062 

samp. PICH 90-3 -0.17 -78.60 59.0 3.6 32 520 12 42.62 0.062 
samp. MOJ 57A 0.13 -78.28 64.2 2.6 32 435 10 42.65 0.072 
samp. PICH 135 -0.17 -78.60 61.6 4.0 37 444 10 42.69 0.083 

 
Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. PICH 60 -0.17 -78.60 61.0 3.8 29 440 10 42.72 0.065 

samp. PU2 2.30 -76.40 60.2 2.9 75 641 15 42.73 0.117 
samp. SAN 70 -2.00 -78.34 61.3 2.3 65 712 17 42.89 0.091 

samp. PICH 43B -0.17 -78.60 61.3 3.4 32 472 11 42.91 0.067 
samp. PU75 2.30 -76.40 58.9 3.5 55 687 16 42.94 0.080 
samp. AN19 -0.05 -78.15 59.0 3.9 54 605 14 43.21 0.089 

samp. ILI 38A -0.66 -78.71 63.5 2.6 27 463 11 43.27 0.057 
samp. PICH 136B -0.17 -78.60 61.4 4.1 33 455 11 43.33 0.073 
samp. PICH 43C -0.17 -78.60 60.9 3.4 32 477 11 43.36 0.067 
samp. CTX-93 -1.25 -78.42 61.0 2.1 39 635 15 43.38 0.061 
samp. CTX-46 -1.25 -78.42 61.3 2.9 34 594 14 43.52 0.058 

samp. PICH 43E -0.17 -78.60 61.3 3.3 34 470 11 43.52 0.072 
samp. PICH 136C -0.17 -78.60 60.6 3.6 32 492 11 43.54 0.065 

samp. PICH 49 -0.17 -78.60 61.2 2.9 44 483 11 43.91 0.091 
samp. TG 52 -1.47 -78.44 58.0 4.4 45 664 15 43.97 0.067 

samp. CTX-40A -1.25 -78.42 61.0 2.3 47 619 14 43.99 0.076 
samp. CAY 137A 0.02 -77.97 62.4 2.6 45 550 13 44.00 0.082 
samp. MOJ 1A 0.13 -78.28 65.0 2.3 32 432 10 44.08 0.074 

samp. CAY 168D 0.02 -77.98 58.0 4.5 36 534 12 44.13 0.066 
samp. PICH 16 -0.17 -78.60 60.2 3.1 36 495 11 44.20 0.072 

samp. MOJ 41C 0.13 -78.28 65.2 2.1 33 420 10 44.21 0.079 
samp. CHIM 057 DB -1.47 -78.82 63.8 2.4 47 575 13 44.23 0.081 

samp. ILI 18 -0.66 -78.71 64.0 2.3 31 465 11 44.29 0.067 
samp. CTX-40B -1.25 -78.42 60.4 2.4 45 643 14 44.56 0.070 
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samp. CH DB 142 -1.47 -78.82 59.5 4.1 33 615 14 44.57 0.053 
samp. PICH 136E -0.17 -78.60 62.4 3.2 38 460 10 44.66 0.083 

samp. ILI 19A -0.66 -78.71 64.2 2.2 31 447 10 44.70 0.069 
samp. PICH 17 -0.17 -78.60 59.2 3.5 31 492 11 44.73 0.062 

samp. IMB-21.2 0.20 -78.20 63.5 2.9 28 462 10 44.85 0.061 
samp. PICH 20A -0.17 -78.60 60.9 4.4 27 451 10 44.88 0.059 
samp. PICH 48 -0.17 -78.60 60.8 3.2 40 485 11 44.91 0.081 

samp. CAY 143E 0.02 -77.97 59.2 2.8 34 630 14 45.00 0.054 
samp. CAY 157 0.02 -77.98 61.0 3.5 51 523 12 45.09 0.098 
samp. E05147 -0.30 -78.20 57.5 3.9 55 623 14 45.14 0.088 
samp. MOJ 22 0.12 -78.26 62.7 2.9 32 465 10 45.15 0.069 

samp. MOJ 114B 0.12 -78.26 63.2 2.8 29 447 10 45.15 0.065 
samp. CAY 168B 0.02 -77.98 58.7 3.4 38 542 12 45.17 0.070 
samp. PICH 45 -0.17 -78.60 61.1 3.2 35 479 11 45.19 0.073 

samp. PICH 62A -0.17 -78.60 62.2 3.2 30 475 11 45.24 0.062 
samp. CTX-78 -1.25 -78.42 60.9 2.5 33 609 13 45.48 0.054 
samp. MOJ 55 0.13 -78.28 64.8 2.4 34 455 10 45.50 0.075 
samp. CH 111S -1.47 -78.82 59.2 3.7 38 610 13 45.52 0.061 
samp. MOJ 90 0.13 -78.28 64.2 2.4 24 428 9 45.53 0.055 
samp. CAY 3B2 0.02 -77.97 60.3 2.8 43 565 12 45.56 0.076 

samp. MOJ 114A 0.12 -78.26 62.0 2.6 32 465 10 45.59 0.069 
samp. CTX-77 -1.25 -78.42 62.5 2.2 38 576 13 45.64 0.066 

samp. PICH 43F -0.17 -78.60 61.5 2.9 41 490 11 45.79 0.084 
samp. ILI 1A -0.66 -78.71 61.9 3.7 32 550 12 45.83 0.058 

samp. PICH 141A2 -0.17 -78.60 58.3 3.5 30 560 12 45.90 0.053 
samp. PICH 136D -0.17 -78.60 60.8 3.5 32 505 11 45.91 0.062 
samp. PICH 44A -0.17 -78.60 62.0 3.1 40 492 11 45.98 0.081 

samp. RAS 1 -0.66 -78.71 62.5 3.4 33 525 11 46.05 0.062 
samp. REV 12 -0.08 -77.66 56.4 4.2 42 775 17 46.13 0.054 

samp. PICH 113B -0.17 -78.60 61.0 3.7 29 472 10 46.27 0.061 
samp. MOJ 106 0.13 -78.28 64.5 2.7 32 435 9 46.28 0.072 

samp. CAY 46DE 0.02 -77.97 59.6 2.5 34 635 14 46.35 0.054 
samp. CAY 93A 0.02 -77.98 62.5 3.2 58 502 11 46.48 0.116 
samp. PICH 44B -0.17 -78.60 62.1 3.1 40 498 11 46.54 0.080 

samp. PU72 2.30 -76.40 61.6 2.9 71 746 16 46.63 0.095 
samp. TUNG 4 -1.47 -78.44 56.8 4.9 35 700 15 46.67 0.050 
samp. PICH4C -0.17 -78.60 57.7 5.1 29 505 11 46.76 0.057 
samp. PICH 4C -0.17 -78.60 57.7 5.1 29 505 11 46.76 0.057 
samp. MOJ 41B 0.13 -78.28 65.0 2.2 32 440 9 46.81 0.072 
samp. MOJ 51C 0.13 -78.28 63.3 2.8 30 445 10 46.84 0.067 
samp. PICH 117 -0.17 -78.60 61.2 4.0 26 484 10 46.99 0.054 
samp. CAY 113B 0.02 -77.97 58.8 3.3 38 612 13 47.08 0.062 
samp. PICH 24B -0.17 -78.60 61.3 3.0 35 482 10 47.25 0.073 

samp. ANT36 -0.05 -78.15 59.0 4.0 71 714 15 47.28 0.099 
samp. RIO 106C -1.47 -78.44 57.9 3.4 51 740 16 47.44 0.068 
samp. RIO 106B -1.47 -78.44 58.2 3.3 51 760 16 47.50 0.066 
samp. IMB-38 0.20 -78.20 59.1 4.7 28 518 11 47.52 0.054 
samp. REV 13 -0.08 -77.66 57.2 3.9 45 785 17 47.58 0.057 

samp. PICH 132A -0.17 -78.60 61.8 3.1 38 500 11 47.62 0.076 
samp. PICH 23B -0.17 -78.60 61.6 2.9 42 500 11 47.62 0.083 

samp. P 12 2.30 -76.40 56.3 3.7 51 1001 21 47.67 0.051 
samp. PICH 25 -0.17 -78.60 60.8 3.3 35 501 11 47.71 0.070 

samp. TIS 5 -0.66 -78.71 62.0 3.5 32 535 11 47.77 0.060 
samp. TIS 4A -0.66 -78.71 61.9 3.7 32 550 12 47.83 0.057 

samp. PICH 115 -0.17 -78.60 61.4 3.3 29 488 10 47.84 0.058 
samp. PICH 15-2 -0.17 -78.60 61.1 2.9 35 489 10 47.94 0.072 
samp. RIO 106A -1.47 -78.44 58.0 3.5 51 748 16 47.95 0.068 
samp. RIO 106E -1.47 -78.44 58.0 3.2 51 758 16 47.97 0.067 
samp. PICH 43D -0.17 -78.60 62.4 2.9 38 480 10 48.00 0.079 
samp. PICH 19 -0.17 -78.60 60.7 3.8 35 497 10 48.02 0.070 

samp. RIO 106F -1.47 -78.44 59.1 2.5 56 745 16 48.06 0.075 
samp. PICH 13 -0.17 -78.60 61.6 3.2 32 482 10 48.20 0.065 
samp. CAY 133 0.02 -77.97 63.8 2.3 49 545 11 48.23 0.090 

samp. CAY 141A 0.02 -77.97 63.8 2.3 49 550 11 48.25 0.089 
 

Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. CAY 130 0.02 -77.97 63.3 2.2 48 560 12 48.28 0.086 
samp. CAY 121 0.02 -77.98 63.7 2.5 65 507 11 48.29 0.128 
samp. RIO 22 -1.40 -78.70 58.5 5.7 30 570 12 48.31 0.053 

samp. CAY 139C 0.02 -77.97 62.8 2.1 49 580 12 48.33 0.084 
samp. RIO 106D -1.47 -78.44 58.0 3.5 51 750 16 48.39 0.067 
samp. MOJ 21A 0.13 -78.28 62.6 2.7 27 470 10 48.45 0.057 

samp. PICH 124B3 -0.17 -78.60 61.2 2.8 38 490 10 48.51 0.077 
samp. CAY 184 0.02 -77.98 61.9 3.4 51 539 11 48.56 0.095 
samp. PICH 26 -0.17 -78.60 59.4 4.0 25 476 10 48.57 0.053 

samp. PICH 132C2 -0.17 -78.60 60.5 3.2 36 525 11 48.61 0.068 
samp. PICH 12B -0.17 -78.60 60.5 4.6 25 462 10 48.63 0.054 

samp. ILI 1B -0.66 -78.71 62.3 3.4 32 546 11 48.75 0.059 
samp. CAY 46DL 0.02 -77.97 62.5 2.2 46 585 12 48.75 0.079 
samp. CAY 113A 0.02 -77.97 61.7 2.6 49 587 12 48.92 0.083 

samp. TIS 4B -0.66 -78.71 62.0 3.5 32 548 11 48.93 0.058 
samp. CAY 110A 0.02 -77.98 61.2 3.6 48 524 11 48.97 0.091 
samp. PICH 62C -0.17 -78.60 61.8 3.0 29 490 10 49.00 0.059 

samp. PICH 124A -0.17 -78.60 61.3 2.9 36 490 10 49.00 0.073 
samp. PICH 124B1 -0.17 -78.60 61.4 2.7 39 490 10 49.00 0.079 
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samp. PICH 7 -0.17 -78.60 62.3 2.9 42 490 10 49.00 0.086 
samp. MOJ 103 0.13 -78.28 61.0 3.5 26 510 10 49.04 0.051 
samp. CTX-37 -1.25 -78.42 60.9 3.8 50 653 13 49.17 0.077 

samp. PICH 15-1 -0.17 -78.60 60.8 2.8 35 492 10 49.20 0.071 
samp. PICH 18 -0.17 -78.60 60.7 2.9 36 492 10 49.20 0.072 

samp. TUNG 12A -1.47 -78.44 58.2 4.7 41 690 14 49.29 0.059 
samp. CAY 9C 0.02 -77.98 61.1 3.5 47 518 11 49.33 0.091 

samp. CAY 168A 0.02 -77.98 63.7 2.3 58 528 11 49.35 0.109 
samp. CAY 115 0.02 -77.98 62.6 3.2 67 520 11 49.52 0.129 

samp. PICH 134A -0.17 -78.60 63.0 2.7 42 457 9 49.67 0.092 
samp. PICH 23A -0.17 -78.60 62.4 2.8 42 512 10 49.71 0.081 
samp. PICH 21B -0.17 -78.60 63.0 2.6 23 418 8 49.76 0.054 

samp. PICH 124B2 -0.17 -78.60 60.8 2.9 36 488 10 49.80 0.073 
samp. PICH 29A -0.17 -78.60 62.5 2.8 46 488 10 49.80 0.093 
samp. PICH 20B -0.17 -78.60 60.3 3.9 27 510 10 50.00 0.052 
samp. CH DB 24 -1.47 -78.82 59.9 2.7 35 650 13 50.00 0.053 
samp. CAY 136 0.02 -77.97 60.2 2.8 39 640 13 50.00 0.061 

samp. PICH 33-1 -0.17 -78.60 62.0 3.0 39 500 10 50.00 0.077 
samp. PICH 134B -0.17 -78.60 63.3 2.6 42 460 9 50.00 0.091 
samp. CH DB 56A -1.47 -78.82 65.3 2.5 53 497 10 50.20 0.107 
samp. PICH 114 -0.17 -78.60 62.0 3.2 30 482 10 50.21 0.061 

samp. PICH 113A -0.17 -78.60 61.2 3.5 28 479 10 50.42 0.058 
samp. CAY 183 0.02 -77.98 62.5 3.6 54 535 11 50.47 0.101 
samp. PICH 62B -0.17 -78.60 61.5 3.0 28 530 11 50.48 0.052 

samp. PICH 78B2 -0.17 -78.60 62.4 2.7 40 500 10 50.51 0.080 
samp. PICH 40B -0.17 -78.60 63.2 2.4 46 495 10 50.51 0.093 

samp. PICH 130A -0.17 -78.60 62.2 2.4 38 480 10 50.53 0.079 
samp. SOC 5E 0.55 -77.57 58.1 3.6 46 785 16 50.65 0.059 

samp. CAY 123 0.02 -77.98 63.5 2.8 55 532 11 50.67 0.102 
samp. PICH 76 -0.17 -78.60 61.8 3.5 26 488 10 50.83 0.053 
samp. PICH 5 -0.17 -78.60 61.8 3.7 28 473 9 50.86 0.059 
samp. CAY 2A 0.02 -77.97 62.4 2.3 51 570 11 50.89 0.089 
samp. PICH 9A -0.17 -78.60 61.0 3.3 38 510 10 51.00 0.074 

samp. PICH 44C -0.17 -78.60 62.7 2.8 42 505 10 51.01 0.082 
samp. PICH 39A -0.17 -78.60 62.8 3.5 34 500 10 51.02 0.068 
samp. E05017 0.24 -78.60 63.0 3.2 45 506 10 51.11 0.089 

samp. PICH 112 -0.17 -78.60 62.5 2.8 41 502 10 51.22 0.082 
samp. CAY 44A 0.02 -77.97 58.9 3.7 35 600 12 51.28 0.058 
samp. CAY 9E 0.02 -77.97 61.6 2.3 50 580 11 51.33 0.086 

samp. PICH 141C -0.17 -78.60 61.6 3.3 42 515 10 51.50 0.082 
samp. PICH 6 -0.17 -78.60 62.5 3.6 28 485 9 51.60 0.058 

samp. CAY 127 0.02 -77.97 63.0 2.3 48 558 11 51.67 0.085 
samp. ALS 72C -0.65 -78.65 63.5 2.2 27 540 10 51.92 0.051 
samp. RIO 13B 0.00 -78.00 58.3 4.7 34 655 13 51.98 0.051 
samp. CAY 188 0.02 -77.98 63.0 3.3 69 520 10 52.00 0.133 
samp. PICH 66F -0.17 -78.60 61.3 3.4 37 500 10 52.08 0.074 
samp. ILI 37A -0.66 -78.71 59.8 4.5 33 620 12 52.10 0.053 
samp. E05137 -0.30 -78.20 62.0 3.3 64 579 11 52.16 0.111 
samp. PICH 54 -0.17 -78.60 62.6 3.4 29 470 9 52.22 0.061 
samp. RIO 13A 0.00 -78.00 58.5 4.7 33 653 13 52.24 0.051 
samp. PICH 22 -0.17 -78.60 61.8 2.8 41 512 10 52.24 0.079 
samp. CAY 125 0.02 -77.97 62.8 2.3 47 565 11 52.31 0.083 

samp. PICH 33-2 -0.17 -78.60 62.2 2.7 40 508 10 52.37 0.079 
samp. CAY 79A 0.06 -78.02 63.4 2.1 72 592 11 52.39 0.122 

samp. CH-6 -0.30 -78.20 62.4 2.7 61 609 12 52.50 0.101 
samp. PICH 142A -0.17 -78.60 62.0 3.0 44 515 10 52.55 0.085 

samp. PICH 9B -0.17 -78.60 61.5 3.3 38 505 10 52.60 0.075 
samp. AN15 -0.05 -78.15 60.7 3.0 64 632 12 52.67 0.101 

samp. CAY 42C 0.02 -77.98 61.7 3.5 56 570 11 52.78 0.098 
samp. CAY 13B 0.02 -77.98 62.5 2.7 56 565 11 52.80 0.099 
samp. CAY 3F 0.02 -77.97 63.5 2.0 57 555 11 52.86 0.103 
samp. E05021 -0.30 -78.20 61.7 3.7 57 610 12 53.04 0.093 

samp. CH DB 44 -1.47 -78.82 59.0 4.0 37 632 12 53.11 0.058 
samp. E05012 -0.17 -78.60 61.3 2.7 44 526 10 53.13 0.084 
samp. RIO 95 0.00 -78.00 61.0 4.2 35 590 11 53.64 0.059 
samp. 3DAAN -0.05 -78.15 56.3 5.3 86 1245 23 53.66 0.069 
samp. RIO 2A -1.40 -78.70 57.7 5.4 32 612 11 53.68 0.052 
samp. PICH 1 -0.17 -78.60 63.4 2.5 41 505 9 53.72 0.081 

samp. CAY 13E 0.02 -77.98 62.0 2.7 55 570 11 53.77 0.096 
 

Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. PICH 154B -0.17 -78.60 57.6 3.1 31 506 9 53.83 0.060 

samp. RIO 1B -1.40 -78.70 58.8 5.3 41 582 11 53.89 0.070 
samp. CAY 126B 0.02 -77.97 64.5 2.1 55 562 10 54.04 0.098 

samp. PICH 141A1 -0.17 -78.60 62.8 2.5 42 515 10 54.21 0.082 
samp. CAY 13A 0.02 -77.98 62.5 2.6 56 570 11 54.29 0.098 
samp. PICH 41A -0.17 -78.60 62.0 2.4 47 522 10 54.38 0.090 

samp. PICH 98A1 -0.17 -78.60 63.0 2.4 43 506 9 54.41 0.084 
samp. PICH4A -0.17 -78.60 63.8 2.5 43 518 10 54.53 0.082 
samp. PICH 4A -0.17 -78.60 63.8 2.5 43 518 10 54.53 0.082 
samp. CAY 41B 0.02 -77.97 62.7 2.8 46 540 10 54.55 0.085 
samp. CAY 41A 0.02 -77.97 63.2 2.8 52 540 10 54.55 0.096 
samp. RIO 12C 0.00 -78.00 60.0 4.6 33 590 11 54.63 0.055 
samp. RIO 1A -1.40 -78.70 59.0 5.2 41 585 11 54.67 0.069 

samp. CAY 3E2 0.02 -77.97 61.8 2.6 51 585 11 54.67 0.087 
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samp. PICH 30A -0.17 -78.60 63.0 2.4 45 509 9 54.73 0.088 
samp. RIO 12D 0.00 -78.00 60.0 4.5 32 592 11 54.81 0.054 
samp. E05015 -0.19 -78.59 62.3 3.8 28 495 9 55.00 0.057 

samp. PICH 66G -0.17 -78.60 59.7 2.6 41 495 9 55.00 0.083 
samp. PICH 90-1 -0.17 -78.60 63.2 2.4 42 506 9 55.00 0.083 
samp. PICH 98D2 -0.17 -78.60 62.4 2.4 42 512 9 55.05 0.082 

samp. E05016 0.24 -78.60 62.6 2.9 45 524 10 55.16 0.085 
samp. CAY 61 0.02 -77.98 62.5 3.2 52 563 10 55.20 0.091 

samp. PICH 30E -0.17 -78.60 62.9 2.5 43 514 9 55.27 0.083 
samp. ANT28 -0.05 -78.15 62.6 2.8 96 597 11 55.28 0.161 

samp. SOC 01B 0.55 -77.57 63.9 2.4 60 565 10 55.39 0.105 
samp. PICH 100B -0.17 -78.60 61.7 3.0 42 510 9 55.43 0.081 

samp. E05036 -0.30 -78.20 62.4 3.5 61 638 12 55.48 0.096 
samp. PICH 30B -0.17 -78.60 63.2 2.4 43 509 9 55.63 0.083 
samp. CAY 44C 0.02 -77.97 61.1 2.6 44 585 11 55.71 0.075 
samp. PICH 66E -0.17 -78.60 62.2 2.7 43 524 9 55.74 0.082 
samp. CAY 77B 0.06 -78.02 65.0 2.0 78 520 9 55.91 0.150 

samp. PICH 32A1 -0.17 -78.60 63.5 2.5 43 504 9 56.00 0.084 
samp. PICH 30F -0.17 -78.60 63.0 2.5 42 510 9 56.04 0.082 

samp. PICH 32D2 -0.17 -78.60 63.5 2.5 41 505 9 56.11 0.081 
samp. PICH 32D1 -0.17 -78.60 63.5 2.5 42 505 9 56.11 0.082 
samp. PICH 98A2 -0.17 -78.60 62.8 2.4 43 505 9 56.11 0.085 
samp. PICH 36B1 -0.17 -78.60 63.2 2.2 44 505 9 56.11 0.087 
samp. PICH 90-2 -0.17 -78.60 63.5 2.3 43 500 9 56.18 0.086 
samp. PICH 39B2 -0.17 -78.60 63.4 2.3 41 506 9 56.22 0.081 
samp. PICH 98D1 -0.17 -78.60 63.0 2.5 42 501 9 56.29 0.083 

samp. PICH 51 -0.17 -78.60 62.6 3.2 29 473 8 56.31 0.061 
samp. CAY 28C 0.06 -78.02 62.6 2.5 74 620 11 56.36 0.119 
samp. PICH 4B -0.17 -78.60 63.4 2.5 43 525 9 56.45 0.081 
samp. REV 2 -0.08 -77.66 57.8 3.3 49 875 16 56.45 0.055 

samp. CAY 170 0.02 -77.98 63.5 2.6 51 565 10 56.50 0.090 
samp. CAY 1A 0.02 -77.98 63.1 2.4 60 565 10 56.50 0.106 
samp. PICH 46 -0.17 -78.60 61.8 2.7 41 520 9 56.52 0.078 

samp. PICH 126A2 -0.17 -78.60 61.8 2.8 41 520 9 56.52 0.079 
samp. CAY 42B 0.02 -77.98 61.7 2.9 62 605 11 56.54 0.102 
samp. RIO 12N 0.00 -78.00 60.2 4.5 33 600 11 56.60 0.054 
samp. PICH 34B -0.17 -78.60 63.8 2.7 40 510 9 56.67 0.078 
samp. PICH 32H -0.17 -78.60 63.0 2.7 41 510 9 56.67 0.080 

samp. PICH 2 -0.17 -78.60 63.3 2.3 43 510 9 56.67 0.084 
samp. PICH 66D -0.17 -78.60 62.0 2.6 43 522 9 56.74 0.082 

samp. CAY 85 0.02 -77.98 64.0 2.3 65 568 10 56.80 0.114 
samp. PICH 35A2 -0.17 -78.60 63.1 2.2 42 512 9 56.89 0.082 
samp. PICH 37D2 -0.17 -78.60 61.3 2.6 43 518 9 56.92 0.083 
samp. PICH 28A -0.17 -78.60 63.0 2.8 41 507 9 56.97 0.081 
samp. PICH 30C -0.17 -78.60 63.2 2.4 42 514 9 57.11 0.082 
samp. 3D1AN -0.05 -78.15 56.3 5.3 87 1257 22 57.14 0.069 

samp. PICH 58E1 -0.17 -78.60 62.6 2.6 42 480 8 57.14 0.086 
samp. CAY 44B 0.02 -77.97 61.5 3.0 40 595 10 57.21 0.067 
samp. PICH 32E -0.17 -78.60 63.0 2.5 41 515 9 57.22 0.080 
samp. PICH 14 -0.17 -78.60 63.4 2.3 45 504 9 57.27 0.089 

samp. PICH 97A1 -0.17 -78.60 63.1 2.2 45 510 9 57.30 0.087 
samp. SG-13 -2.00 -78.34 63.8 2.6 97 894 16 57.31 0.108 

samp. CAY 135B 0.02 -77.98 64.6 2.3 65 545 10 57.37 0.118 
samp. CH DB 59 -1.47 -78.82 62.0 3.4 44 580 10 57.43 0.076 
samp. SAN 19A -2.00 -78.34 58.9 3.7 53 816 14 57.46 0.065 
samp. E05035 -0.39 -78.15 61.7 2.7 68 645 11 57.59 0.105 
samp. CAY 79B 0.06 -78.02 63.5 2.0 64 576 10 57.60 0.111 

samp. PICH 78B1 -0.17 -78.60 63.0 2.3 43 513 9 57.64 0.083 
samp. PICH9C -0.17 -78.60 61.5 2.9 36 490 9 57.65 0.072 
samp. PICH 9C -0.17 -78.60 61.5 2.9 36 490 9 57.65 0.072 

samp. PICH 55A -0.17 -78.60 60.0 2.7 39 525 9 57.69 0.074 
samp. PICH 47 -0.17 -78.60 63.1 2.6 44 525 9 57.69 0.084 

samp. PICH 69B -0.17 -78.60 62.5 2.2 42 508 9 57.73 0.082 
samp. PICH 32G -0.17 -78.60 63.0 2.6 40 520 9 57.78 0.077 
samp. PICH 72F -0.17 -78.60 63.4 2.3 45 498 9 57.91 0.090 

samp. PICH 58A3 -0.17 -78.60 62.8 2.6 42 475 8 57.93 0.088 
samp. PICH 36B2 -0.17 -78.60 63.0 2.2 42 510 9 57.95 0.082 

samp. E05014 -0.17 -78.60 62.0 3.7 28 487 8 57.98 0.058 
samp. GP-1 -0.17 -78.60 64.3 2.6 40 534 9 58.04 0.075 

samp. PICH 142B -0.17 -78.60 63.4 2.5 50 525 9 58.33 0.095 
samp. CAY 64 0.02 -77.98 62.5 2.8 62 595 10 58.33 0.104 

samp. CAY 42A 0.02 -77.98 61.8 2.7 62 620 11 58.49 0.100 
samp. PICH 55C -0.17 -78.60 60.8 2.5 41 515 9 58.52 0.080 

samp. PICH 32A2 -0.17 -78.60 63.4 2.5 41 515 9 58.52 0.080 
 

Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. CAY 181 0.02 -77.98 63.4 2.6 52 574 10 58.57 0.091 
samp. E05013 -0.17 -78.60 62.0 2.8 46 492 8 58.57 0.094 

samp. PICH 97A3 -0.17 -78.60 63.7 2.2 44 510 9 58.62 0.085 
samp. PICH 58A2 -0.17 -78.60 62.9 2.5 42 481 8 58.66 0.087 
samp. RIO 12M 0.00 -78.00 58.4 4.8 32 640 11 58.72 0.050 
samp. PICH 125 -0.17 -78.60 64.8 2.3 38 535 9 58.79 0.071 
samp. PICH 69A -0.17 -78.60 63.6 2.2 45 500 9 58.82 0.090 
samp. PICH 58E2 -0.17 -78.60 62.6 2.6 42 483 8 58.90 0.086 

samp. CAY 95 0.02 -77.98 60.8 3.5 57 560 10 58.95 0.102 
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samp. PICH 37C1B -0.17 -78.60 62.2 2.4 49 513 9 58.97 0.096 
samp. SAN 63 -2.00 -78.34 58.3 4.1 53 856 15 59.03 0.062 

samp. PICH 126B2 -0.17 -78.60 62.0 2.4 47 520 9 59.09 0.090 
samp. CAY 23 0.02 -77.98 63.1 2.5 66 585 10 59.09 0.113 

samp. CAY 105A 0.06 -78.02 63.3 2.1 71 562 10 59.16 0.125 
samp. PICH 92A -0.17 -78.60 62.6 2.2 42 515 9 59.20 0.081 
samp. PICH 61 -0.17 -78.60 62.2 3.0 28 468 8 59.24 0.060 
samp. CAY 11A 0.02 -77.98 61.4 2.5 50 575 10 59.28 0.087 
samp. CAY 14 0.02 -77.98 63.4 2.4 60 575 10 59.28 0.104 
samp. REV 3 -0.08 -77.66 57.3 3.4 48 860 15 59.31 0.056 

samp. CAY 43B 0.02 -77.98 63.8 2.2 79 558 9 59.36 0.142 
samp. PICH 37C1A -0.17 -78.60 62.8 2.3 51 505 9 59.41 0.101 

samp. CAY 29 0.02 -77.98 62.5 2.7 61 595 10 59.50 0.103 
samp. PICH 30D -0.17 -78.60 63.2 2.3 46 512 9 59.53 0.090 
samp. PICH 41C -0.17 -78.60 62.5 2.4 49 518 9 59.54 0.094 
samp. PICH 91D -0.17 -78.60 60.5 2.5 47 530 9 59.55 0.089 
samp. CAY 44E 0.02 -77.97 64.0 2.4 65 560 9 59.57 0.116 

samp. REV 1976 -0.08 -77.66 57.6 3.4 48 865 15 59.66 0.055 
samp. PICH 89 -0.17 -78.60 63.9 2.5 40 525 9 59.66 0.076 
samp. PICH 73 -0.17 -78.60 62.1 3.5 26 490 8 59.76 0.053 

samp. PICH 100A -0.17 -78.60 62.8 2.5 47 520 9 59.77 0.090 
samp. PICH 78A -0.17 -78.60 63.2 2.4 42 515 9 59.88 0.082 
samp. CAY 180 0.02 -77.98 62.2 2.8 55 618 10 60.00 0.089 
samp. RIO 94I 0.00 -78.00 60.6 4.0 33 630 11 60.00 0.052 

samp. PICH 41B -0.17 -78.60 62.9 2.3 49 510 9 60.00 0.095 
samp. CAY 119 0.02 -77.97 65.0 2.1 66 540 9 60.00 0.122 

samp. QL-12 -0.95 -78.90 66.0 2.0 31 533 9 60.09 0.058 
samp. RIO 94E 0.00 -78.00 60.5 3.9 33 625 10 60.10 0.053 

samp. PICH 35A1 -0.17 -78.60 63.3 2.2 42 517 9 60.12 0.081 
samp. PICH 126B1 -0.17 -78.60 62.2 2.4 46 512 9 60.24 0.089 

samp. CAY 182 0.02 -77.98 63.4 2.6 66 603 10 60.30 0.109 
samp. CAY 11B 0.02 -77.98 62.6 2.4 52 555 9 60.33 0.094 

samp. PICH 126A1 -0.17 -78.60 62.0 2.5 44 525 9 60.34 0.083 
samp. PICH 32B2 -0.17 -78.60 63.5 2.5 40 520 9 60.47 0.077 
samp. PICH 37-1 -0.17 -78.60 62.8 2.4 50 508 8 60.48 0.098 
samp. CAY 120B 0.02 -77.97 65.4 2.0 66 539 9 60.56 0.122 

samp. AN1 -0.05 -78.15 61.7 2.7 60 788 13 60.62 0.076 
samp. CAY 3A 0.02 -77.98 62.4 2.4 51 570 9 60.64 0.089 
samp. CAY 8 0.02 -77.98 61.9 2.5 51 565 9 60.75 0.090 

samp. CAY 185 0.02 -77.98 61.9 2.8 52 638 11 60.76 0.082 
samp. CAY 98 0.02 -77.98 61.3 3.7 50 675 11 60.81 0.074 

samp. CAY 97A 0.02 -77.98 63.0 2.5 65 566 9 60.86 0.115 
samp. PICH 97A2 -0.17 -78.60 63.7 2.1 44 520 9 61.18 0.085 

samp. PICH 132C1 -0.17 -78.60 63.7 2.2 45 508 8 61.20 0.088 
samp. CAY 27 0.02 -77.98 64.0 2.1 64 545 9 61.24 0.117 
samp. E05142 -0.30 -78.20 61.4 3.3 50 625 10 61.27 0.080 

samp. PICH 35B -0.17 -78.60 63.8 2.4 41 515 8 61.31 0.079 
samp. PICH 91A1 -0.17 -78.60 62.6 2.2 53 515 8 61.31 0.103 

samp. RIO 96 0.00 -78.00 59.7 4.0 33 650 11 61.32 0.051 
samp. ANT26 -0.05 -78.15 63.0 2.8 98 638 10 61.35 0.154 
samp. ANT26 -0.05 -78.15 63.0 2.8 98 638 10 61.35 0.154 

samp. PICH 32B1 -0.17 -78.60 64.0 2.3 43 510 8 61.45 0.084 
samp. CAY 83A 0.02 -77.98 64.0 2.3 67 590 10 61.46 0.113 
samp. RIO 94D 0.00 -78.00 60.5 4.0 32 635 10 61.65 0.050 

samp. PICH 38A -0.17 -78.60 64.4 2.1 43 518 8 61.67 0.082 
samp. PICH-10-5 -0.17 -78.60 63.4 2.4 40 543 9 61.70 0.074 

samp. PICH 93 -0.17 -78.60 64.9 2.3 42 525 9 61.76 0.080 
samp. PICH 58A1 -0.17 -78.60 63.0 2.4 42 488 8 61.77 0.085 
samp. CAY 163 0.02 -77.98 63.6 2.1 59 550 9 61.80 0.107 
samp. RIO 94F 0.00 -78.00 60.6 3.9 34 632 10 61.96 0.053 
samp. CAY 24 0.02 -77.98 64.6 2.1 68 540 9 62.07 0.126 

samp. CAY 167 0.02 -77.98 65.0 2.1 72 547 9 62.16 0.132 
samp. ANT37 -0.05 -78.15 59.0 3.3 67 790 13 62.20 0.085 

samp. CAY 162A 0.02 -77.98 63.6 2.0 61 560 9 62.22 0.109 
samp. PICH 78E2 -0.17 -78.60 64.0 2.2 45 505 8 62.35 0.088 
samp. PICH 78B3 -0.17 -78.60 64.1 2.5 43 512 8 62.44 0.083 

samp. CAY 84 0.02 -77.98 65.3 2.3 65 562 9 62.44 0.115 
samp. PICH 66C1 -0.17 -78.60 60.2 2.5 45 525 8 62.50 0.085 

samp. PICH 99 -0.17 -78.60 63.6 2.2 53 525 8 62.50 0.100 
samp. PICH 101B -0.17 -78.60 60.7 2.6 40 526 8 62.62 0.077 
samp. PICH 28B -0.17 -78.60 64.3 2.2 43 520 8 62.65 0.083 
samp. CAY 160 0.02 -77.98 64.9 2.3 70 535 9 62.94 0.131 
samp. CAY 75 0.02 -77.98 62.4 2.7 62 630 10 63.00 0.098 

samp. CAY 58A 0.02 -77.98 63.0 2.6 57 605 10 63.02 0.094 
samp. PICH 79B -0.17 -78.60 64.8 2.3 42 530 8 63.10 0.079 
samp. CAY 177A 0.02 -77.97 63.4 2.3 52 644 10 63.14 0.081 

samp. CH-7 -0.30 -78.20 62.2 3.1 62 777 12 63.17 0.079 
samp. PICH 36A1 -0.17 -78.60 64.0 2.2 43 518 8 63.17 0.082 
samp. CAY 96A 0.02 -77.98 60.6 3.0 51 664 11 63.24 0.077 

 
Table DR4: Geochemical data f 
Arc: Andes, North Volcanic Zone (NVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. PICH 38C -0.17 -78.60 64.7 2.1 43 525 8 63.25 0.082 
samp. CAY 172 0.02 -77.98 63.6 2.4 56 583 9 63.37 0.096 
samp. CAY 15C 0.02 -77.98 62.7 2.2 69 564 9 63.37 0.122 

samp. PICH 36A2 -0.17 -78.60 64.4 2.1 44 520 8 63.41 0.084 
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samp. PICH 37-2 -0.17 -78.60 62.7 2.3 48 520 8 63.41 0.092 
samp. CAY 173 0.02 -77.98 65.6 2.2 73 560 9 63.64 0.130 

samp. PICH-10-7 -0.17 -78.60 64.0 2.2 41 548 9 63.72 0.075 
samp. CAY 25 0.02 -77.98 60.6 2.8 46 625 10 63.78 0.074 

samp. CAY 40A 0.02 -77.98 62.5 2.4 65 625 10 63.78 0.104 
samp. CAY 26 0.02 -77.98 62.5 2.7 60 600 9 63.83 0.100 

samp. CAY 175B 0.02 -77.98 64.3 2.3 55 590 9 64.13 0.092 
samp. E05019 -0.30 -78.20 62.1 3.4 52 644 10 64.40 0.081 

samp. PICH 79A -0.17 -78.60 64.8 2.2 42 535 8 64.46 0.078 
samp. SAN 68 -2.00 -78.34 59.3 2.9 57 930 14 64.58 0.061 

samp. PICH 101C -0.17 -78.60 63.8 2.0 44 517 8 64.63 0.085 
samp. CAY 92 0.02 -77.98 61.8 2.9 54 610 9 64.89 0.089 

samp. CAY 154 0.02 -77.98 63.5 2.4 60 623 10 64.90 0.096 
samp. PICH 39B1 -0.17 -78.60 63.4 2.1 41 520 8 65.00 0.079 
samp. PICH 35C -0.17 -78.60 64.7 2.1 43 520 8 65.00 0.083 

samp. PICH 34A1 -0.17 -78.60 64.0 2.1 44 520 8 65.00 0.084 
samp. PICH 11 -0.17 -78.60 62.8 2.2 52 520 8 65.00 0.100 
samp. ANT61 -0.05 -78.15 62.3 2.9 78 722 11 65.05 0.107 
samp. CH-8 -0.30 -78.20 63.1 2.7 60 749 12 65.13 0.080 

samp. PICH 78C2 -0.17 -78.60 64.7 2.0 46 515 8 65.19 0.089 
samp. PICH 38D -0.17 -78.60 64.8 2.1 43 522 8 65.25 0.082 
samp. SAN $73 -2.00 -78.34 57.9 4.3 47 914 14 65.29 0.051 
samp. CAY 10 0.02 -77.98 62.0 2.4 53 575 9 65.34 0.092 
samp. PICH 64 -0.17 -78.60 64.2 2.3 41 525 8 65.63 0.078 

samp. PICH 38B -0.17 -78.60 64.2 2.1 43 512 8 65.64 0.084 
samp. AN17 -0.05 -78.15 61.9 2.7 60 788 12 65.67 0.076 

samp. E94008 -0.30 -78.23 62.0 3.8 65 657 10 65.70 0.099 
samp. PICH8E -0.17 -78.60 61.4 3.1 42 513 8 65.77 0.081 

samp. PICH 91A2 -0.17 -78.60 63.0 2.2 52 520 8 65.82 0.100 
samp. CAY 158 0.02 -77.98 63.5 2.4 56 606 9 65.87 0.092 
samp. E05143 -0.30 -78.20 59.6 4.1 44 719 11 65.96 0.061 

samp. PICH 78E1 -0.17 -78.60 64.4 2.0 45 515 8 66.03 0.087 
samp. PICH 78C1 -0.17 -78.60 64.5 2.0 45 517 8 66.28 0.087 

samp. ANT8 -0.05 -78.15 61.7 3.0 63 776 12 66.32 0.081 
samp. PICH-9-26 -0.17 -78.60 64.5 2.3 42 544 8 66.34 0.076 
samp. PICH 96A -0.17 -78.60 64.2 2.2 41 531 8 66.38 0.077 
samp. CAY 179A 0.02 -77.98 65.2 2.2 72 555 8 66.87 0.130 
samp. CAY 28B 0.06 -78.02 62.7 2.4 86 625 9 67.20 0.138 
samp. CAY 178 0.02 -77.98 64.6 2.4 63 580 9 67.44 0.109 
samp. E05138 -0.30 -78.20 61.7 2.9 65 779 12 67.74 0.083 

samp. PICH 34A2 -0.17 -78.60 64.0 2.1 45 522 8 67.79 0.086 
 

Arc: Andes, Northern Central Volcanic Zone (NCVZ) 
Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 

samp. AJO 174 -18.25 -69.22 61.7 2.3 70 456 20 22.80 0.154 
samp. PAR 201 -18.20 -69.19 59.3 3.3 52 298 13 22.92 0.174 
samp. ACM-12 -18.83 -69.30 56.9 2.6 86 463 20 23.14 0.185 

samp. DBF112_PAR112 -18.20 -69.27 57.6 3.1 51 302 13 23.23 0.169 
samp. PIG-00-14 -16.25 -71.60 59.7 2.2 65 506 21 24.10 0.128 
samp. LAU-005 -18.33 -69.38 58.7 2.8 53 534 22 24.27 0.099 
samp. LAU005 -18.33 -69.38 58.0 2.8 50 526 21 25.05 0.095 
samp. LAU005 -18.33 -69.38 58.0 2.8 50 526 21 25.05 0.095 

samp. BAR-00-28 -15.70 -72.63 56.5 4.4 63 486 19 25.58 0.130 
samp. BAR-01-59 -15.63 -71.82 58.6 3.5 93 517 20 25.85 0.180 
samp. YUC-00-05 -17.20 -70.17 55.8 4.0 95 678 26 26.08 0.140 
samp. PIP-01-42 -16.48 -71.20 62.1 2.4 53 631 24 26.29 0.084 
samp. LAU-102 -18.26 -69.39 61.5 2.1 74 503 19 26.47 0.147 

samp. TAP 97-02 -18.13 -69.54 61.6 2.4 49 614 23 26.70 0.080 
samp. CHA_04_06 -16.27 -71.51 63.4 2.5 146 748 27 27.44 0.194 

samp. LAU102 -18.26 -69.39 60.8 2.1 72 496 18 27.56 0.145 
samp. CHA_04_07 -16.12 -71.64 59.1 3.1 70 554 20 27.70 0.126 
samp. PIG-00-13 -16.25 -71.60 56.4 3.3 59 499 18 27.72 0.118 
samp. BAR-00-24 -16.17 -71.18 56.5 3.1 112 612 22 27.82 0.183 

samp. DBF 113 -18.21 -69.22 58.4 3.7 59 753 27 27.89 0.078 
samp. PAR 120 -18.22 -69.14 59.9 2.9 61 561 20 28.05 0.109 

samp. SAR-00-05 -15.34 -73.36 55.2 3.6 84 563 20 28.15 0.149 
samp. PAR 075 -18.23 -69.15 60.1 2.9 58 567 20 28.35 0.102 

samp. PIP-01-029 -16.38 -71.30 56.2 3.6 82 573 20 28.65 0.143 
samp. COTA-05-06 -15.37 -73.02 59.5 2.5 54 651 22 29.59 0.083 
samp. CHA_02_24 -16.13 -71.46 60.2 3.2 77 537 18 29.83 0.143 
samp. OCO-03-01 -16.08 -73.17 57.1 4.1 71 573 19 30.16 0.124 

samp. AJO177 -18.25 -69.22 60.1 2.4 68 556 18 30.89 0.122 
samp. AJO177 -18.25 -69.22 60.1 2.4 68 556 18 30.89 0.122 

samp. BAR-00-43 -17.58 -69.77 59.2 2.7 90 526 17 30.94 0.171 
samp. PAR 229 -18.23 -69.15 56.5 4.2 44 565 18 31.39 0.078 
samp. PAR 074 -18.23 -69.15 59.3 3.0 115 629 20 31.45 0.183 
samp. CAQ002 -18.08 -69.25 55.9 3.6 77 575 18 31.94 0.134 
samp. CAQ002 -18.08 -69.25 55.9 3.6 77 575 18 31.94 0.134 

samp. BAR-02-13 -15.88 -71.39 58.8 3.1 104 639 20 31.95 0.163 
samp. CHA_02_07 -16.27 -71.62 58.1 2.8 106 672 21 32.00 0.158 
samp. BAR-01-43 -16.49 -71.20 60.1 2.4 70 677 21 32.24 0.103 

samp. PAR 235 -18.20 -69.17 59.1 3.2 32 558 17 32.82 0.057 
samp. BAR-00-35 -15.25 -72.88 55.4 3.2 56 605 18 33.61 0.093 

samp. 5 -15.62 -72.73 59.0 2.7 52 640 19 33.68 0.081 
 

Table DR4: Geochemical data f 
Arc: Andes, Northern Central Volcanic Zone (NCVZ) (continued) 
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Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. YUC-00-04 B -17.15 -70.17 61.1 2.2 37 689 20 34.45 0.054 

samp. PAR 227 -18.22 -69.15 56.6 4.1 54 672 19 35.37 0.080 
samp. PAR 012 -18.21 -69.15 56.5 4.0 65 579 16 35.50 0.113 
samp. PAR 119 -18.23 -69.15 59.7 3.0 101 646 18 35.89 0.156 
samp. PAR 029 -18.18 -69.17 58.7 2.9 75 556 15 37.07 0.135 
samp. TAC-005 -17.72 -69.77 60.2 2.7 56 633 17 37.24 0.088 
samp. PAR 221 -18.22 -69.16 56.7 4.0 39 634 17 37.29 0.062 
samp. TAC-001 -17.72 -69.77 60.3 2.8 54 634 17 37.29 0.085 
samp. PAR 233 -18.19 -69.17 58.9 3.2 66 527 14 37.64 0.125 
samp. VOL77 -15.17 -72.00 59.1 3.1 83 650 17 38.24 0.128 

samp. TAC-003 -17.72 -69.77 59.1 2.6 48 698 18 38.78 0.069 
samp. TAC-006 -17.72 -69.77 55.7 4.4 46 739 19 38.89 0.062 

samp. CHA_02_09 -16.27 -71.62 58.0 2.1 51 680 17 39.95 0.075 
samp. EL MISTI FLOW2 -16.43 -71.47 59.0 3.0 118 999 25 39.96 0.118 

samp. PAR 219 -18.20 -69.19 56.7 4.2 60 802 20 40.10 0.075 
samp. MIS-99-04 -16.43 -71.47 60.5 2.7 116 963 24 40.13 0.120 
samp. DBF 088 -18.22 -69.19 58.4 3.8 64 523 13 40.23 0.122 

samp. PIG-00-12 -16.25 -71.60 57.2 3.8 57 685 17 40.29 0.083 
samp. 211 -18.50 -70.10 61.2 2.0 30 488 12 40.67 0.061 

samp. VOL70 -15.17 -72.00 58.7 3.0 81 693 17 40.76 0.117 
samp. EL MISTI FLOW1 -16.43 -71.47 60.7 2.4 121 981 24 40.88 0.123 

samp. UBI06-05-1 -16.36 -70.90 57.1 3.3 56 901 22 40.95 0.062 
samp. 1 -15.67 -72.73 55.5 2.5 43 826 20 41.30 0.052 

samp. PIP-01-026 -16.39 -71.34 60.2 2.7 78 748 18 41.56 0.104 
samp. 11 -15.57 -72.72 63.7 2.0 110 727 17 42.76 0.151 

samp. PIP-01-48 -16.55 -71.34 58.0 3.6 75 771 18 42.83 0.097 
samp. OCO-05-11 -15.82 -73.06 57.1 4.1 107 864 20 43.20 0.124 
samp. UBI06-05-2 -16.36 -70.90 57.3 3.8 51 871 20 43.55 0.059 

samp. PAR 165 -18.15 -69.18 56.4 4.2 79 619 14 44.21 0.128 
samp. GUL-004 -18.42 -69.25 61.6 2.2 76 759 17 44.65 0.100 
samp. TAP-007 -18.08 -69.50 62.1 2.4 101 536 12 44.67 0.188 

samp. 13 -15.57 -72.72 63.8 2.2 109 720 16 45.00 0.151 
samp. SUA-006 -18.78 -69.07 61.7 2.3 78 815 18 45.28 0.096 

samp. SAB2 -15.78 -71.85 63.1 2.3 87 678 15 45.52 0.128 
samp. UBI06-04 -16.36 -70.90 56.8 3.2 62 912 20 45.60 0.068 
samp. FIR-00-01 -15.34 -72.67 58.3 2.8 62 596 13 45.85 0.104 

samp. 3 -15.60 -72.73 62.1 2.0 75 597 13 45.92 0.126 
samp. BAR-01-41 -16.43 -71.17 60.2 2.1 71 923 20 46.15 0.077 
samp. UBI06-05-3 -16.36 -70.90 56.7 3.3 57 889 19 46.79 0.064 
samp. ANT-00-02 -15.39 -72.69 57.7 3.0 42 711 15 47.40 0.059 
samp. UBI-10-20 -16.36 -70.90 56.2 3.3 54 899 19 47.57 0.060 
samp. TAC-004 -18.72 -69.73 61.3 2.4 66 686 14 49.00 0.096 

samp. UBI-10-18B -16.36 -70.90 56.5 3.2 62 922 19 49.04 0.067 
samp. BAR-00-27 -16.20 -71.27 56.4 3.0 51 933 19 49.11 0.055 
samp. YUC-00-07 -17.20 -70.18 55.2 4.3 65 797 16 49.81 0.082 

samp. CHA_02_21 -16.12 -71.63 60.0 3.2 92 601 12 50.08 0.153 
samp. UBI-10-18A -16.36 -70.90 56.8 3.3 65 885 18 50.28 0.073 

samp. 9 -15.57 -72.72 61.8 2.2 84 859 17 50.53 0.098 
samp. UBI-10-18C -16.36 -70.90 55.4 3.5 58 941 19 50.59 0.062 
samp. COTA-05-15 -15.34 -73.00 58.9 2.9 37 661 13 50.85 0.056 

samp. SAB9719 -15.78 -71.85 62.0 2.5 81 714 14 50.97 0.114 
samp. SAB9718 -15.78 -71.85 61.6 2.6 79 741 15 51.10 0.106 
samp. UBI-0618 -16.36 -70.90 56.8 3.3 59 923 18 51.28 0.063 
samp. GUL-002 -18.42 -69.25 62.7 2.2 87 718 14 51.29 0.121 
samp. UBI-0614 -16.36 -70.90 55.9 3.3 60 910 18 51.41 0.066 
samp. SAB969 -15.80 -71.85 61.9 2.5 79 722 14 51.54 0.110 

samp. GUL-015 -18.42 -69.25 62.4 2.4 93 777 15 51.80 0.120 
samp. TAC-002 -17.72 -69.77 60.8 2.4 61 726 14 51.86 0.084 
samp. GUL-016 -18.42 -69.25 62.5 2.5 95 781 15 52.07 0.122 
samp. VOL37 -15.17 -72.00 59.2 2.3 75 941 18 52.28 0.080 

samp. MI02-117 -16.28 -71.46 59.1 3.1 42 787 15 52.47 0.053 
samp. PAR162 -18.18 -69.18 60.4 2.2 86 853 16 53.31 0.101 
samp. PAR162 -18.18 -69.18 60.4 2.2 86 853 16 53.31 0.101 

samp. C10 -15.67 -72.52 61.4 2.2 93 806 15 53.73 0.115 
samp. TAP-97-22 -18.15 -69.48 62.4 2.5 69 679 13 53.89 0.102 
samp. UBI-0613 -16.36 -70.90 56.5 3.3 55 907 17 54.64 0.061 
samp. SAB953 -15.78 -71.85 62.3 2.5 71 777 14 54.75 0.092 

samp. PAR 04-12 -18.20 -69.14 59.8 2.9 51 942 17 55.41 0.054 
samp. BAR-00-40 -17.40 -70.14 60.0 2.2 59 722 13 55.54 0.082 

samp. PAR 169 -18.16 -69.18 56.5 4.2 86 642 12 55.83 0.134 
samp. GUL-017 -18.42 -69.25 57.4 3.6 60 1007 18 55.94 0.060 
samp. SAB942 -15.78 -71.85 61.8 2.5 78 746 13 56.06 0.104 

samp. 15 -15.52 -72.72 63.1 2.3 93 730 13 56.15 0.127 
samp. PAR-04-13 -18.20 -69.14 58.6 2.8 61 955 17 56.18 0.064 

samp. SAB943 -15.78 -71.85 62.3 2.6 77 760 14 56.33 0.101 
samp. YUC-00-15 -17.18 -70.20 58.4 3.1 82 789 14 56.36 0.104 

samp. 121-133 -15.53 -72.32 58.3 2.7 69 893 16 56.88 0.077 
samp. MIS-02-102 -16.27 -71.42 60.2 2.8 43 797 14 56.93 0.054 
samp. AND-99-07 -15.43 -72.35 59.3 2.6 69 627 11 57.00 0.110 

samp. 14 -15.52 -72.72 62.4 2.5 97 800 14 57.14 0.121 
samp. SAB941A -15.78 -71.85 62.4 2.7 75 763 13 57.39 0.099 

samp. VOL15 -15.17 -72.00 59.0 2.6 48 861 15 57.40 0.056 
samp. TIT-00-03 -17.26 -69.82 56.8 2.7 74 749 13 57.62 0.099 
samp. SAB944 -15.80 -71.85 61.9 2.6 71 779 14 57.67 0.091 

samp. CAS-00-02 -17.50 -69.78 59.6 4.0 86 808 14 57.71 0.106 
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samp. BAR-00-39 -17.15 -70.28 61.1 2.1 49 751 13 57.77 0.065 
samp. SAB3 -15.80 -71.85 61.0 2.8 66 799 14 57.88 0.082 

samp. 7 -15.60 -72.73 62.2 2.2 103 815 14 58.21 0.126 
 

Table DR4: Geochemical data f 
Arc: Andes, Northern Central Volcanic Zone (NCVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. C7 -15.50 -72.55 63.3 2.0 91 878 15 58.53 0.104 

samp. SAB9215 -15.80 -71.85 60.8 2.8 70 787 13 58.71 0.089 
samp. 10 -15.57 -72.72 63.7 2.1 106 770 13 59.23 0.138 
samp. 8 -15.58 -72.72 58.6 3.4 61 711 12 59.25 0.086 

samp. GUL-014 -18.42 -69.25 60.6 2.8 81 830 14 59.29 0.098 
samp. 121-034 -15.53 -72.32 59.0 3.2 53 932 16 59.36 0.057 

samp. MIS-02-113 -16.29 -71.41 58.3 3.3 53 894 15 59.60 0.059 
samp. DBF 03-01 -18.22 -69.26 62.3 2.0 90 839 14 59.93 0.107 

samp. PAR165 -18.15 -69.18 56.1 4.1 54 960 16 60.00 0.056 
samp. YUC-00-01 -17.21 -70.17 55.5 4.2 73 901 15 60.07 0.081 
samp. YUC-00-19 -17.33 -70.20 58.3 2.5 86 843 14 60.21 0.102 

samp. A99-10 -15.17 -72.00 61.4 2.1 106 845 14 60.36 0.125 
samp. MI02-116 -16.28 -71.46 58.3 3.3 40 785 13 60.38 0.051 
samp. VOL54A -15.17 -72.00 58.9 2.9 66 849 14 60.64 0.078 

samp. PAR 03-20 -18.19 -69.16 58.5 3.2 73 974 16 60.88 0.075 
samp. PAR 129 -18.14 -69.14 60.1 2.4 85 1098 18 61.00 0.077 
samp. H99-03 -15.87 -72.12 59.0 2.8 64 917 15 61.13 0.070 
samp. 121-051 -15.53 -72.32 58.1 3.2 53 968 16 61.27 0.055 

samp. PAR 03-25 -18.20 -69.19 58.7 3.2 74 981 16 61.31 0.075 
samp. VOL54B -15.17 -72.00 58.5 3.1 60 859 14 61.36 0.070 
samp. VOL54C -15.17 -72.00 59.1 3.0 63 861 14 61.50 0.073 
samp. SUP-015 -18.67 -69.00 57.7 3.8 67 1054 17 62.00 0.064 
samp. TC-12A -16.75 -70.60 59.7 2.5 97 744 12 62.00 0.130 

samp. PAR 074 -18.20 -69.15 59.3 3.0 82 1117 18 62.06 0.073 
samp. TAP-02-02-B -18.13 -69.52 56.8 3.5 95 745 12 62.08 0.128 
samp. YUC-00-04 A -17.15 -70.17 61.5 2.2 88 808 13 62.15 0.109 

samp. VOL5 -15.17 -72.00 60.3 2.4 64 873 14 62.36 0.073 
samp. CAS-00-01 -17.50 -69.78 60.3 3.6 95 749 12 62.42 0.127 

samp. MIS-02-101 -16.27 -71.42 61.5 2.7 48 752 12 62.67 0.064 
samp. PAR 03-38 -18.18 -69.15 58.0 2.9 70 1067 17 62.76 0.066 
samp. BAR-01-36 -16.26 -71.08 57.4 3.6 84 950 15 63.33 0.088 
samp. MIS-02-105 -16.26 -71.41 58.3 3.1 47 826 13 63.54 0.057 

samp. P7 -15.25 -73.48 55.4 4.9 62 1069 17 63.61 0.058 
samp. PAR 082 -18.20 -69.18 60.5 3.1 78 1147 18 63.72 0.068 

samp. DBF 03-03 -18.22 -69.23 57.9 3.6 69 1084 17 63.76 0.064 
samp. YUC-00-18 -17.33 -70.20 58.6 3.8 60 1022 16 63.88 0.059 

samp. PAR160 -18.14 -69.17 62.7 2.4 95 963 15 64.20 0.099 
samp. PAR086 -18.18 -69.17 58.2 3.3 70 969 15 64.60 0.072 

samp. DBF 03-04 -18.21 -69.23 58.1 3.5 73 1103 17 64.88 0.066 
samp. PAR163 -18.18 -69.18 59.1 3.2 74 974 15 64.93 0.076 

samp. PAR 04-10 -18.19 -69.14 58.0 3.2 65 1108 17 65.18 0.059 
samp. DBF 03-05 -18.20 -69.25 61.8 2.6 87 1053 16 65.81 0.083 

samp. MIS-02-111 -16.29 -71.41 59.2 2.9 44 860 13 66.15 0.051 
samp. PAR 03-19 -18.19 -69.16 58.5 3.3 69 995 15 66.33 0.069 
samp. SUP-019 -18.67 -69.00 60.6 2.2 65 1130 17 66.47 0.058 

samp. PAR 03-36 -18.20 -69.14 61.7 2.3 79 999 15 66.60 0.079 
samp. POM145 -18.15 -69.15 60.8 2.6 105 1018 15 67.87 0.103 
samp. VOL22A -15.17 -72.00 58.2 2.1 80 952 14 68.00 0.084 

samp. PAR 03-10 -18.14 -69.16 62.2 2.3 97 953 14 68.07 0.102 
samp. SUP-021 -18.67 -69.00 60.5 2.4 65 1164 17 68.47 0.056 

samp. TAP-97-06 -18.14 -69.50 61.5 2.6 64 963 14 68.79 0.066 
samp. PAR 03-09 -18.14 -69.17 58.7 3.2 58 1105 16 69.06 0.052 
samp. PAR 03-28 -18.21 -69.19 59.9 3.1 83 1111 16 69.44 0.075 
samp. PAR 04-09 -18.19 -69.13 57.9 3.1 60 1113 16 69.56 0.054 
samp. 121-095 -15.53 -72.32 60.3 2.5 68 895 13 69.92 0.076 

samp. PAR 03-31 -18.23 -69.18 57.3 3.4 78 1119 16 69.94 0.070 
samp. EM 0401 -16.30 -71.41 60.0 3.3 44 840 12 70.41 0.053 
samp. SUP-020 -18.67 -69.00 60.5 2.5 64 1145 16 71.56 0.056 

samp. PAR 03-15 -18.19 -69.14 57.5 3.2 67 1145 16 71.56 0.059 
samp. PAR 03-11 -18.13 -69.16 59.7 3.0 86 1087 15 72.47 0.079 
samp. 121-090 -15.53 -72.32 60.3 2.3 70 886 12 72.62 0.079 
samp. 121-099 -15.53 -72.32 60.3 2.4 69 904 12 72.90 0.076 

samp. PAR 03-14 -18.18 -69.14 59.1 3.2 72 1024 14 73.14 0.070 
samp. 12 -15.57 -72.72 60.4 2.7 70 954 13 73.38 0.073 

samp. 121-087 -15.53 -72.31 60.5 2.4 55 911 12 73.47 0.060 
samp. PAR 03 43 -18.19 -69.16 58.6 3.1 63 1108 15 73.87 0.057 
samp. OCO-05-08 -15.81 -72.98 56.3 4.2 66 816 11 74.18 0.081 

samp. SUA-007 -18.66 -69.00 60.8 2.6 79 1113 15 74.20 0.071 
samp. POM116 -18.15 -69.15 60.9 2.7 96 966 13 74.31 0.099 
samp. POM116 -18.15 -69.15 60.9 2.7 96 966 13 74.31 0.099 
samp. PAR121 -18.20 -69.15 58.3 3.0 84 1046 14 74.71 0.080 
samp. EM 085 -16.30 -71.41 61.2 2.5 42 829 11 75.99 0.051 
samp. 121-098 -15.53 -72.32 59.4 2.6 62 982 13 76.12 0.063 

samp. PAR 03 39 -18.17 -69.15 59.2 3.1 75 990 13 76.15 0.076 
samp. VOL65 -15.17 -72.00 60.7 2.3 72 915 12 76.25 0.079 

samp. PAR 03-12 -18.18 -69.14 58.4 3.1 71 993 13 76.38 0.072 
samp. PAR118 -18.22 -69.14 59.1 2.9 84 1075 14 76.79 0.078 
samp. PAR118 -18.22 -69.14 59.1 2.9 84 1075 14 76.79 0.078 
samp. 121-146 -15.53 -72.31 59.8 2.6 53 985 13 76.95 0.054 
samp. VOL25 -15.17 -72.00 62.4 2.0 83 847 11 77.00 0.098 
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samp. VOL64 -15.17 -72.00 58.8 2.8 63 925 12 77.08 0.068 
samp. MIS-02-04 -16.34 -71.49 58.4 2.9 42 772 10 77.20 0.054 

samp. 121-114 -15.53 -72.32 59.6 2.4 63 1016 13 77.56 0.062 
samp. 121-019 -15.53 -72.32 58.4 2.7 78 1178 15 79.59 0.066 
samp. A99-17 -15.48 -72.42 59.0 2.5 58 1116 14 79.71 0.052 
samp. PAR082 -18.20 -69.18 60.2 3.1 75 1117 14 79.79 0.067 
samp. PAR082 -18.20 -69.18 60.2 3.1 75 1117 14 79.79 0.067 

samp. PAR 03-22 -18.23 -69.15 59.5 2.9 85 1045 13 80.38 0.081 
 

Table DR4: Geochemical data f 
Arc: Andes, Northern Central Volcanic Zone (NCVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. MIS-02-103 -16.26 -71.41 60.0 2.8 46 806 10 80.60 0.057 
samp. PAR 03-30 -18.23 -69.18 59.0 3.0 79 1090 13 83.85 0.072 

 
Arc: Andes, Southern Central Volcanic Zone (SCVZ) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. JC005 -26.18 -67.40 56.7 4.8 58 469 22 21.32 0.124 
samp. 1717 -26.80 -68.73 56.1 4.3 79 488 21 23.24 0.162 
samp. JC010 -26.18 -67.40 59.5 3.5 68 477 20 23.85 0.143 
samp. JC025 -26.18 -67.40 55.9 5.5 72 618 25 24.72 0.117 

samp. OLA-99-3 -26.50 -69.00 58.9 2.2 45 573 21 27.29 0.079 
samp. 1719 -26.82 -68.52 58.4 2.6 64 562 20 28.10 0.114 
samp. 1672 -26.95 -68.52 58.0 2.4 58 593 20 29.65 0.098 
samp. 1722 -26.80 -68.73 63.1 2.2 99 532 17 31.29 0.186 
samp. 1670 -27.00 -68.50 57.5 2.1 49 645 20 32.25 0.076 
samp. 1680 -27.10 -68.53 56.2 5.4 48 858 26 33.00 0.056 
samp. 1664 -27.10 -68.53 62.7 2.1 111 627 19 33.00 0.177 

samp. CC101 -27.36 -68.92 55.5 5.7 35 612 18 33.44 0.057 
samp. 1702 -27.10 -68.53 60.2 3.8 92 810 22 36.82 0.114 

samp. CO 146 -28.14 -68.70 57.5 4.5 50 828 22 37.64 0.060 
samp. 1654 -27.17 -69.23 59.5 2.7 68 640 17 37.65 0.106 

samp. CO 149 -28.08 -68.75 60.8 3.6 104 610 16 38.13 0.170 
samp. CO159 -28.27 -68.87 62.2 2.4 80 665 17 39.12 0.120 
samp. CO160 -28.31 -68.80 59.2 4.3 77 699 17 41.12 0.110 
samp. CO173 -28.24 -69.19 58.9 4.1 54 626 15 41.73 0.086 
samp. 1648 -27.22 -69.35 58.8 2.5 46 567 13 43.62 0.081 

samp. CO 135 -27.92 -68.82 63.5 2.2 114 646 14 46.14 0.176 
samp. CO 170 -28.39 -69.13 57.4 4.8 48 848 17 49.88 0.057 
samp. CO 39 -27.69 -68.78 62.8 2.5 104 604 12 50.33 0.172 
samp. CO161 -28.27 -68.75 63.8 2.0 74 732 14 52.29 0.101 
samp. CO176 -28.10 -69.16 63.4 2.3 95 737 14 52.64 0.129 
samp. CO 412 -28.07 -69.30 57.4 4.7 47 912 17 53.65 0.052 
samp. CO 332 -28.42 -69.04 59.3 3.7 71 991 18 55.06 0.072 
samp. CO 329 -28.40 -69.16 59.0 4.2 61 882 16 55.13 0.069 
samp. CO 180 -27.76 -69.03 62.7 2.3 103 688 12 57.33 0.150 
samp. CO 507 -27.94 -69.05 63.0 2.4 81 901 15 60.07 0.090 
samp. CO 331 -28.41 -69.10 61.5 2.6 78 789 13 60.69 0.099 
samp. CO 163 -28.04 -69.16 62.8 2.1 62 835 14 60.95 0.074 
samp. CO 504 -27.95 -69.12 60.2 3.5 51 932 15 62.13 0.055 
samp. CO 333 -28.41 -68.93 62.0 2.5 87 831 13 63.44 0.105 
samp. CO414 -28.01 -69.30 62.0 2.7 57 705 11 64.09 0.081 
samp. CO 427 -27.77 -69.17 59.3 3.5 47 934 14 66.71 0.050 
samp. CC17 -27.73 -69.20 58.4 3.5 55 740 11 67.27 0.074 

samp. CO 416 -27.86 -69.27 58.9 2.8 55 850 12 70.83 0.065 
samp. CO413 -28.06 -69.31 58.9 3.7 52 995 14 71.07 0.052 
samp. CO 312 -27.99 -69.15 60.9 2.4 68 863 12 71.92 0.079 
samp. CO 310 -28.11 -69.18 59.1 3.2 61 820 11 74.55 0.074 

samp. CO 296A -26.99 -68.77 62.9 2.2 93 821 11 74.64 0.113 
samp. CO 140 -27.96 -68.82 63.0 2.2 85 759 10 75.90 0.112 
samp. CO 151 -28.15 -68.85 64.0 2.1 98 765 10 76.50 0.128 
samp. CO 313 -27.91 -69.09 62.2 2.2 76 921 12 76.75 0.083 
samp. CO175 -28.11 -69.21 60.6 2.6 56 897 11 81.55 0.062 
samp. CO 309 -28.10 -69.22 61.7 2.6 60 899 11 81.73 0.067 

 
Arc: Andes, Central Central Volcanic Zone (CCVZ) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. IRU-15 -20.77 -68.62 64.6 2.1 33 532 26 20.46 0.062 
samp. AR215 -25.51 -68.09 59.4 2.4 65 422 20 20.61 0.154 

samp. OLC-22_1 -20.93 -68.50 58.9 2.7 49 497 24 20.71 0.099 
samp. LAS 07-11 -23.40 -67.75 56.9 4.3 68 500 24 20.83 0.136 

samp. LA-133 -23.37 -67.73 60.5 2.6 53 521 25 20.84 0.102 
samp. NEG-98-16 -24.14 -68.32 63.7 2.2 92 480 23 20.87 0.192 

samp. LA-130 -23.37 -67.73 60.3 3.6 85 480 23 20.87 0.177 
samp. AN-109 -25.33 -67.98 61.0 3.6 89 481 23 20.91 0.185 
samp. LA-102 -23.37 -67.73 58.3 4.8 61 462 22 21.00 0.132 
samp. SS-G6 -24.37 -69.47 61.7 2.2 73 506 24 21.08 0.144 
samp. LAS53 -23.37 -67.73 62.5 2.9 88 446 21 21.24 0.197 

samp. AGUI-38 -23.18 -66.85 60.5 2.4 92 681 32 21.28 0.135 
samp. LA-135 -23.37 -67.73 60.6 2.4 70 512 24 21.33 0.137 
samp. 95/043 -23.37 -67.73 58.9 4.0 64 567 26 21.81 0.113 
samp. AN-103 -25.37 -67.95 58.3 4.9 81 422 19 22.21 0.192 

samp. AR88 -24.67 -68.17 60.3 2.9 83 467 21 22.24 0.178 
samp. LASTARRIA-21 -25.17 -68.52 59.1 4.3 101 513 23 22.30 0.197 

samp. FG-III-130D -25.17 -68.52 59.4 4.3 101 513 23 22.30 0.197 
samp. LAS 07-05 -23.35 -67.81 60.4 2.5 63 558 25 22.32 0.113 

samp. LAS30 -23.37 -67.73 59.2 4.2 59 469 21 22.33 0.126 
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samp. OLA9026I -21.17 -68.00 57.1 4.0 59 520 23 22.61 0.113 
samp. LA-140 -23.37 -67.73 63.4 2.8 90 453 20 22.65 0.199 

samp. LASTARRIA-19 -25.17 -68.52 59.3 4.0 101 524 23 22.78 0.193 
samp. FG-II-214C -25.17 -68.52 59.8 4.1 101 524 23 22.78 0.193 

samp. RIN 41B -24.01 -67.35 59.2 2.7 57 614 27 22.84 0.093 
samp. AR29 -24.67 -68.17 60.9 2.8 40 320 14 22.86 0.125 

samp. OLA9024 -21.28 -68.00 61.4 2.6 87 505 22 22.95 0.172 
samp. LAS101 -23.37 -67.73 62.5 2.9 94 486 21 23.14 0.193 
samp. RIN 41 -24.01 -67.35 62.4 2.4 81 544 23 23.23 0.150 

samp. LASTARRIA-11 -25.17 -68.52 59.1 4.0 100 516 22 23.45 0.194 
samp. FG-II-113C -25.17 -68.52 59.7 4.0 100 516 22 23.45 0.194 

samp. RIN 13 -24.07 -67.34 65.5 2.1 89 472 20 23.60 0.189 
samp. OLA-029 -21.30 -68.18 61.7 2.8 82 496 21 23.62 0.165 

 
Table DR4: Geochemical data f 
Arc: Andes, Central Central Volcanic Zone (CCVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. OLA9030 -21.28 -68.00 61.2 2.6 83 520 22 23.64 0.160 

samp. LAS61 -23.37 -67.73 60.9 3.1 77 546 23 23.74 0.141 
samp. OLA9031 -21.28 -68.00 58.6 3.5 69 547 23 23.78 0.126 

samp. L-A1 -22.51 -69.02 56.6 3.5 62 479 20 23.95 0.129 
samp. OLA-023 -21.31 -68.19 60.4 3.6 83 479 20 23.95 0.173 
samp. OLA9023 -21.28 -68.00 63.0 2.4 91 527 22 23.95 0.173 
samp. LAS79-1 -23.37 -67.73 59.2 4.2 70 480 20 24.00 0.146 

samp. LASTARRIA-9 -25.17 -68.52 60.9 3.2 96 529 22 24.05 0.181 
samp. D-143 -25.17 -68.52 61.2 3.2 96 529 22 24.05 0.181 

samp. LAS191 -23.37 -67.73 62.4 2.7 84 530 22 24.09 0.158 
samp. LASTARRIA-27 -25.17 -68.52 58.8 3.9 99 531 22 24.14 0.186 

samp. FG-IV-224C -25.17 -68.52 59.4 3.9 99 531 22 24.14 0.186 
samp. OLA9026 -21.20 -68.00 60.1 2.9 89 485 20 24.25 0.184 
samp. FP-214B1 -25.17 -68.52 57.2 4.7 108 558 23 24.26 0.194 

samp. LASTARRIA-34 -25.17 -68.52 57.8 4.7 108 558 23 24.26 0.194 
samp. NN-P2 -22.11 -68.97 60.5 2.1 69 631 26 24.27 0.109 

samp. 0100-COLO-1-38 -25.37 -68.93 59.7 2.3 57 534 22 24.27 0.107 
samp. OLA9053 -21.25 -68.17 61.0 2.7 90 510 21 24.29 0.176 

samp. FG-II-214A1 -25.17 -68.52 58.6 4.6 89 535 22 24.32 0.166 
samp. LASTARRIA-17 -25.17 -68.52 58.8 4.6 89 535 22 24.32 0.166 
samp. LASTARRIA-14 -25.17 -68.52 59.0 3.8 100 535 22 24.32 0.187 

samp. FG-II-158F -25.17 -68.52 59.6 3.9 100 535 22 24.32 0.187 
samp. 059-CDA-1-4 -25.30 -68.52 58.1 3.6 91 539 22 24.50 0.169 

samp. 090-COLO-1-29 -25.37 -68.93 58.1 2.9 55 515 21 24.52 0.107 
samp. LAS145B -23.37 -67.73 61.1 3.3 73 466 19 24.53 0.157 
samp. 88068B -22.12 -68.15 60.3 3.8 78 493 20 24.65 0.158 

samp. LAS145D -23.37 -67.73 61.0 3.4 73 470 19 24.74 0.155 
samp. 074-COLO-1-14 -25.37 -68.93 60.7 2.2 71 571 23 24.83 0.124 

samp. RIN 28 -24.07 -67.33 63.1 2.9 95 500 20 24.87 0.189 
samp. LASTARRIA-15 -25.17 -68.52 57.9 4.6 83 548 22 24.91 0.151 

samp. FG-II-210A1 -25.17 -68.52 58.3 4.6 83 548 22 24.91 0.151 
samp. RIN 11 -24.07 -67.34 64.8 2.0 87 500 20 25.00 0.174 

samp. LASTARRIA-13 -25.17 -68.52 59.1 4.3 98 526 21 25.05 0.186 
samp. FG-II-113H -25.17 -68.52 59.4 4.3 98 526 21 25.05 0.186 

samp. AR262 -25.42 -67.90 57.1 5.8 78 430 17 25.07 0.181 
samp. OLA9050 -21.25 -68.17 60.8 3.2 85 502 20 25.10 0.169 

samp. 41559 -25.49 -68.11 58.5 2.5 58 434 17 25.23 0.134 
samp. OLA9014 -21.28 -68.00 60.9 2.6 77 530 21 25.24 0.145 

samp. FG-II-300A -25.17 -68.52 59.9 4.2 101 531 21 25.29 0.190 
samp. AR43 -24.67 -68.17 60.6 2.9 61 431 17 25.35 0.142 

samp. RIN 25 -24.11 -67.33 63.8 2.6 89 482 19 25.37 0.185 
samp. AP-07-26 -21.35 -68.38 62.5 2.7 94 473 19 25.44 0.199 

samp. LAS62 -23.37 -67.73 61.4 3.0 78 537 21 25.57 0.145 
samp. LAS95A -23.37 -67.73 61.3 3.3 72 464 18 25.78 0.155 
samp. RIN 27 -24.11 -67.33 64.2 2.7 84 490 19 25.79 0.171 

samp. OLA9047 -21.25 -68.17 60.5 3.1 89 491 19 25.84 0.181 
samp. LAS149 -23.37 -67.73 62.5 3.0 84 441 17 25.94 0.190 
samp. AR273 -25.50 -68.14 58.7 2.7 92 489 19 25.94 0.188 

samp. 094-COLO-1-32 -25.37 -68.93 55.2 4.1 41 493 19 25.95 0.083 
samp. LAS109 -23.37 -67.73 59.0 4.3 61 494 19 26.00 0.123 

samp. LAS7 -23.37 -67.73 62.5 3.1 77 443 17 26.06 0.174 
samp. 95/042 -23.37 -67.73 56.7 5.2 38 549 21 26.14 0.069 
samp. RAN11B -25.87 -67.42 56.5 5.2 66 522 20 26.23 0.126 
samp. LAS58E -23.37 -67.73 58.1 4.5 56 525 20 26.25 0.107 

samp. OLA9015I -21.17 -68.00 56.2 3.3 63 610 23 26.52 0.103 
samp. AN-132 -25.27 -67.68 61.4 2.9 82 531 20 26.55 0.154 
samp. AN-18 -25.87 -67.67 58.0 5.2 83 425 16 26.56 0.195 
samp. SS-H1 -24.24 -69.35 61.2 3.2 76 559 21 26.62 0.136 

samp. 072-COLO-1-12 -25.37 -68.93 55.5 3.4 43 533 20 26.65 0.081 
samp. LAS58F -23.37 -67.73 59.9 4.0 70 480 18 26.67 0.146 

samp. LASTARRIA-23 -25.17 -68.52 58.8 4.4 96 535 20 26.75 0.179 
samp. FG-IV-224A -25.17 -68.52 59.3 4.4 96 535 20 26.75 0.179 

samp. OLA-021 -21.30 -68.18 62.1 2.4 93 535 20 26.75 0.174 
samp. BC9011 -21.20 -68.00 60.9 2.8 95 535 20 26.75 0.178 
samp. BC9008 -21.20 -68.00 58.2 2.6 86 616 23 26.78 0.140 
samp. L-A4/2 -22.51 -69.03 55.8 4.5 47 484 18 26.89 0.097 

samp. LAS 07-26 -23.40 -67.72 58.5 4.7 112 592 22 26.91 0.189 
samp. AR168 -25.53 -67.66 56.2 4.5 65 630 23 27.07 0.103 
samp. LAS108 -23.37 -67.73 59.2 4.1 62 516 19 27.16 0.120 
samp. AR266 -25.50 -67.85 57.1 3.2 81 734 27 27.31 0.110 
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samp. OLA9048 -21.25 -68.17 61.5 2.9 79 519 19 27.32 0.152 
samp. LAS50 -23.37 -67.73 62.0 3.2 79 466 17 27.41 0.170 
samp. LAS57 -23.37 -67.73 58.3 4.2 63 494 18 27.44 0.128 

samp. LASTARRIA-24 -25.17 -68.52 58.2 4.4 83 552 20 27.60 0.150 
samp. FG-IV-224B1 -25.17 -68.52 58.9 4.5 83 552 20 27.60 0.150 

samp. FN2-10 -25.37 -68.93 57.4 2.9 51 497 18 27.61 0.103 
samp. AN-136 -25.23 -67.67 60.5 3.3 77 533 19 27.62 0.144 

samp. FG-IV-224B3 -25.17 -68.52 59.0 3.8 104 528 19 27.79 0.197 
samp. LASTARRIA-26 -25.17 -68.52 59.3 3.8 104 528 19 27.79 0.197 

samp. 070-COLO-1-10 -25.37 -68.93 58.4 2.5 61 584 21 27.81 0.104 
samp. NN-Q2(1) -22.34 -68.97 63.2 2.2 94 612 22 27.82 0.154 
samp. AN-133 -25.25 -67.68 61.4 2.7 88 557 20 27.85 0.158 

samp. LAS 07-14 -23.34 -67.76 57.4 4.7 57 559 20 27.95 0.102 
samp. AR152 -25.62 -67.79 57.2 4.0 74 506 18 28.00 0.146 
samp. VLM1 -21.28 -68.00 61.1 2.6 79 507 18 28.01 0.156 

samp. AN-136 -25.23 -67.67 60.5 3.3 77 533 19 28.05 0.144 
samp. LAS110 -23.37 -67.73 59.1 4.2 61 535 19 28.16 0.114 

samp. OLA9037 -21.25 -68.17 62.6 2.3 93 507 18 28.17 0.183 
 

Table DR4: Geochemical data f 
Arc: Andes, Central Central Volcanic Zone (CCVZ) (continued) 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. OLC-001 -20.94 -68.54 60.9 2.6 90 621 22 28.23 0.145 

samp. 086-COLO-1-25 -25.37 -68.93 60.9 2.5 70 537 19 28.26 0.130 
samp. BC9007 -21.20 -68.00 59.5 2.8 92 599 21 28.52 0.154 
samp. 95/026 -23.37 -67.73 62.4 3.1 74 514 18 28.56 0.144 

samp. OLA-013 -21.31 -68.18 62.2 2.4 93 515 18 28.61 0.181 
samp. OLA-003 -21.30 -68.18 61.6 2.2 75 487 17 28.65 0.154 

samp. COLORADO-8 -25.37 -68.93 55.3 3.3 40 602 21 28.67 0.066 
samp. OLA9021 -21.20 -68.00 63.5 2.1 94 488 17 28.71 0.193 
samp. OLA-014 -21.30 -68.18 56.4 3.9 55 603 21 28.71 0.091 

samp. PN11 -24.22 -66.92 60.7 3.0 103 576 20 28.94 0.179 
samp. LA-136 -23.37 -67.73 58.0 3.8 57 616 21 29.33 0.093 

samp. NN-Q1A -22.30 -69.10 56.2 4.1 92 646 22 29.36 0.142 
samp. COR-98-87-2 -22.64 -67.90 56.4 3.9 59 647 22 29.41 0.091 

samp. LTA-98-83 -25.14 -68.52 58.7 4.2 50 618 21 29.43 0.081 
samp. SS-L1 -22.55 -69.00 62.5 2.5 100 620 21 29.52 0.161 

samp. OLA9027I -21.17 -68.00 57.1 3.8 43 650 22 29.55 0.066 
samp. LTA-98-81-2 -25.13 -68.52 59.5 3.6 65 563 19 29.63 0.115 

samp. AN-50 -25.75 -67.92 60.4 3.0 88 534 18 29.67 0.165 
samp. AP-00-52 -21.21 -68.57 62.0 2.4 82 554 19 29.80 0.148 
samp. AN-112 -25.77 -68.02 60.8 3.7 88 477 16 29.81 0.184 
samp. OLA-001 -21.30 -68.18 62.4 2.2 94 507 17 29.82 0.185 

samp. OLA9025I -21.17 -68.00 59.2 3.5 54 600 20 30.00 0.090 
samp. AZU-002 -21.78 -68.23 60.1 3.8 71 573 19 30.16 0.124 

samp. AR258 -25.45 -67.97 57.8 3.7 48 573 19 30.17 0.084 
samp. GLA-101 -23.37 -67.73 60.1 3.3 73 575 19 30.26 0.127 
samp. AR122 -25.65 -67.88 61.4 2.3 93 541 18 30.31 0.172 
samp. SP-001 -21.88 -68.50 56.4 5.7 37 576 19 30.32 0.064 

samp. LAS 07-08 -23.32 -67.78 57.4 3.7 75 789 26 30.35 0.095 
samp. AN-51 -25.77 -67.90 59.9 3.2 82 549 18 30.50 0.149 

samp. LAS78B -23.37 -67.73 60.6 3.4 69 489 16 30.56 0.141 
samp. AR129 -25.67 -67.80 63.1 3.0 92 564 18 30.57 0.163 
samp. AR205 -25.56 -68.10 57.0 3.4 59 545 18 30.62 0.108 
samp. AN-16 -25.85 -67.65 60.0 3.2 83 591 19 30.65 0.140 
samp. AR237 -25.51 -68.04 55.8 3.1 70 751 24 30.78 0.093 

samp. GLA-201 -23.37 -67.73 61.6 2.9 78 585 19 30.79 0.133 
samp. 081-COLO-1-20 -25.37 -68.93 57.9 2.2 53 556 18 30.89 0.095 
samp. 069-COLO-1-9 -25.37 -68.93 58.8 2.4 62 588 19 30.95 0.105 

samp. AR230 -25.62 -68.06 60.4 3.7 59 516 17 31.03 0.114 
samp. COLORADO-3 -25.37 -68.93 56.3 2.4 32 559 18 31.06 0.057 

samp. AR136 -25.55 -67.69 58.4 2.4 88 700 23 31.07 0.126 
samp. AN-16 -25.85 -67.65 60.0 3.2 83 591 19 31.11 0.140 

samp. OLC-006 -20.92 -68.48 59.1 3.7 71 654 21 31.14 0.109 
samp. AR231 -25.61 -68.05 59.8 3.2 80 601 19 31.19 0.133 
samp. LA-141 -23.37 -67.73 57.2 4.8 49 625 20 31.25 0.078 

samp. OLA9022 -21.28 -68.00 61.2 2.1 74 563 18 31.28 0.131 
samp. AP-00-37 -21.17 -68.58 63.4 2.6 94 490 16 31.42 0.193 

samp. AR163 -25.38 -67.72 60.2 4.6 65 525 17 31.53 0.124 
samp. COLORADO-7 -25.37 -68.93 56.5 2.6 50 603 19 31.74 0.083 

samp. AR134 -25.66 -67.80 64.0 2.0 78 403 13 31.88 0.194 
samp. LPO1 -21.32 -68.29 56.0 4.9 43 587 18 32.08 0.072 

samp. LA-143 -23.37 -67.73 55.5 5.5 38 643 20 32.15 0.059 
samp. COLO-2-5 -25.75 -68.55 57.1 2.7 50 611 19 32.16 0.082 
samp. CEB-005 -21.62 -68.47 61.6 2.2 86 549 17 32.29 0.157 

samp. LAS47 -23.37 -67.73 56.1 5.7 41 550 17 32.35 0.075 
samp. AR121 -25.65 -67.89 60.4 2.5 87 514 16 32.66 0.169 
samp. PN15 -24.22 -66.92 60.0 3.4 94 557 17 32.76 0.169 

samp. 091-COLO-1-30 -25.37 -68.93 55.7 3.0 43 623 19 32.79 0.069 
samp. M8 -24.18 -67.07 60.6 3.0 63 680 21 32.85 0.093 

samp. AR146 -25.57 -67.73 60.0 2.0 89 707 21 32.90 0.126 
samp. AN-85 -25.28 -67.97 56.8 4.9 52 626 19 32.95 0.083 
samp. AZU1 -21.78 -68.23 61.6 3.1 37 629 19 33.11 0.059 
samp. PUS-1 -20.48 -68.58 55.7 4.1 37 629 19 33.11 0.059 
samp. AN-83 -25.25 -67.82 61.5 2.0 70 631 19 33.21 0.111 

samp. SPP-98-56 -21.82 -68.46 62.9 2.3 62 667 20 33.35 0.093 
samp. OLC-007 -20.92 -68.48 60.6 2.4 95 667 20 33.35 0.142 
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samp. AR103 -25.60 -67.69 59.7 2.1 108 699 21 33.38 0.155 
samp. 88085 -21.80 -68.30 64.3 2.1 90 502 15 33.47 0.179 

samp. SAT-1-1 -25.37 -68.85 59.3 3.5 71 537 16 33.56 0.132 
samp. LA-124 -23.37 -67.73 56.2 5.8 34 571 17 33.59 0.060 
samp. LA124 -23.37 -67.73 56.2 5.8 34 571 17 33.59 0.060 

samp. CHE-007 -21.43 -68.43 60.0 2.3 56 605 18 33.61 0.093 
samp. AUC-003 -21.20 -68.47 63.2 2.5 97 605 18 33.61 0.160 

samp. AR165 -25.30 -67.77 57.8 4.2 70 574 17 33.74 0.122 
samp. AP-07-08 -21.12 -68.36 62.5 3.0 94 519 15 33.89 0.181 

samp. M35 -24.23 -67.02 59.1 3.7 48 717 21 33.97 0.067 
samp. AR139 -25.58 -67.69 60.3 2.5 94 701 20 34.26 0.134 

samp. OLC-005 -20.93 -68.50 62.3 2.4 100 585 17 34.41 0.171 
samp. RIN 32 -24.07 -67.34 58.4 4.0 48 622 18 34.56 0.077 

samp. AP-07-27 -21.35 -68.40 62.3 2.9 84 522 15 34.59 0.160 
samp. OPC1 -21.30 -68.15 60.1 3.0 67 517 15 34.70 0.129 
samp. AR147 -25.57 -67.72 59.9 2.3 94 735 21 34.74 0.128 

samp. LIC-98-11 -22.86 -67.88 60.9 2.5 96 592 17 34.82 0.162 
samp. LAS 07-16 -23.39 -67.79 56.9 4.0 135 957 27 34.93 0.141 

samp. SAF212 -25.51 -67.22 60.5 4.5 106 645 18 35.05 0.164 

Table DR4: Geochemical data for Quaternary rock 
analyses (continued) Arc: Tonga 

Sample Latitude Longitude SiO2 (wt. %) MgO (wt. %) Rb (ppm) Sr (ppm) Y (ppm) Sr/Y Rb/Sr 
samp. MG14 -20.33 -174.88 59.0 2.9 20 168 36 4.67 0.119 

samp. L1 -18.82 -174.67 56.6 3.7 10 130 24 5.42 0.077 
samp. F30 -17.70 -174.33 60.9 2.4 14 130 21 6.19 0.108 
samp. L20 -18.82 -174.67 56.8 4.4 12 225 26 8.65 0.053 

samp. MG98 -20.33 -174.88 59.5 3.2 27 284 30 9.47 0.095 
samp. 1 -18.78 -175.00 63.7 5.1 14 215 21 10.24 0.065 

samp. IV3-40 -14.97 -173.39 56.7 4.6 9 118 11 10.73 0.076 
samp. 34.1 -16.95 -174.53 55.9 4.9 8 150 12 12.40 0.055 
samp. T053 -15.95 -173.97 61.2 2.3 11 210 15 14.01 0.051 

samp. VI3-32 -14.97 -173.39 60.0 3.4 20 385 13 29.62 0.052 
samp. VI3-30 -14.97 -173.39 60.8 3.1 21 379 12 31.58 0.055 
samp. VI3-29 -14.97 -173.39 60.2 3.3 21 389 12 32.42 0.054 

 
  



497 
 

Supplementary Table DR5: Compiled data for individual arcs 
 
Compiled data for individual arcs, used to construct Figure 2.  Sr/Y is calculated from data 
presented in Table DR4.  Moho depth data is reported from the “Moho source” column.  Zellmer 
(2008) is the same source of data that was used by Chiaradia (2015) for his correlation between 
Sr/Y and crustal thickness. References for Moho data: Brown, S., and H. Gurrola, 2002, 
Receiver function analysis of the crust and upper mantle beneath Puerto Rico: Eos Transactions, 
AGU, 83(46), Fall Meet. Suppl., F957.  
 
Chamot-Rooke, N., Gaulier, J.M., and Jestin, F., 1999, Constraints on Moho depth and crustal 

thickness in the Liguro-Provençal basin from 3D gravity inversion: geodynamic 
implications: in: Derand, B., et al., eds., The Mediterranean Basins: Tertiary Extension 
within the Alpine Orogen. - Geological Society of London Special Publication 156, p. 37-
62. 

Chiaradia, M., 2015, Crustal thickness control on Sr/Y signatures of recent arc magmas: an Earth 
scale perspective: Scientific Reports, v. 5, doi:10.1038/srep08115. 

Dimalanta, C., Taira, A., Yumul Jr., G.P., Tokuyama, H., and Mochizuki, K., 2002, New rates of 
western Pacific island arc magmatism from seismic and gravity data: Earth and Planetary 
Science Letters, v. 202, p. 105 ‐115. 

Eberhart-Phillips, D., Christensen, D.H.,  Brocher, T.M., Hansen, R., Ruppert, N.A., Haeussler, 
P.J., and Abers, G.A., 2006, Imaging the transition from Aleutian subduction to Yakutat 
collision in central Alaska, with local earthquakes and active source data: Journal of 
Geophysical Research, v. 111, B11303, doi:10.1029/2005JB004240. 

Guillier, B., Chatelain, J.-L., Jaillard, É., Yepes, H., Poupinet, G., and Fels, J.-F., 2001, 
Seismological evidence on the geometry of the Orogenic System in central-northern 
Ecuador (South America): Geophysical Researc Letters, v. 28, p. 3749–3752, 
doi:10.1029/2001GL013257. 

Janik, T., Grad, M., Guterch, A., Środa, P., 2014, The deep seismic structure of the Earth's crust 
along the Antarctic Peninsula—A summary of the results from Polish geodynamical 
expeditions: Global and Planetary Change, v. 123, p. 213-222, 
doi.org/10.1016/j.gloplacha.2014.08.018. 

Lucke, O.H., 2014, Moho structure of Central America based on three-dimensional lithospheric 
density modelling of satellite-derived gravity data: International Journal of Earth Science, 
v. 103, p. 1733-1745, DOI 10.1007/s00531-012-0787-y. 

Yuan, X., Asch, G., Bataille, K., Bock, G., Bohm, M., Echtler, H., Kind, R., Oncken, O., and 
Wölbern, I., 2006, Deep seismic images of the Southern Andes, in Kay, S.M., and 
Ramos, V.A., eds., Evolution of an Andean margin: A tectonic and magmatic view from 
the Andes to the Neuquén Basin (35°–39°S lat): Geological Society of America Special 
Paper 407, p. 61–72, doi: 10.1130/2006.2407(03). 

Zellmer, G.F., 2008, Some first-order observations on magma transfer from mantle wedge to 
upper crust at volcanic arcs: Geological Society of London Special Publication 304, p. 
15–31. 

  



498 
 

Table DR5: Compiled data for individual arcs 
Arc median Sr/Y Sr/Y uncertainty Moho depth (km) Moho uncertainty Moho Source 

Aegean 14.0 1.1 28.2 0.6 Zellmer, 2008 
Aeolian 26.0 6.6 24.9 1.0 Zellmer, 2008 
Aleutian 11.4 2.3 18.9 4.4 Zellmer, 2008 

C. America 15.6 2.6 28.0 7.0 Zellmer, 2008 
Cascades 24.8 9.4 38.0 1.9 Zellmer, 2008 

G. Antilles 12.8 3.3 25 5 Brown and Gurrola, 2002 
Guatamala 31.4 5.1 44 3 Lucke, 2014 

Honshu 11.7 4.0 26.9 4.0 Zellmer, 2008 
Izu-Bonin 8.7 1.3 20.5 2.7 Zellmer, 2008 

Kamchatka 15.5 4.7 24.6 5.4 Zellmer, 2008 
Kurile 9.9 1.6 18.3 0.9 Zellmer, 2008 

L. Antilles 11.8 1.4 24.7 0.7 Zellmer, 2008 
Liguria 16.2 6.3 30 3 Chamot-Rooke  et al., 1999 
Luzon 24.0 10.3 27.8 4.5 Zellmer, 2008 

Marianas 9.4 0.3 14.5 1.0 Zellmer, 2008 
Mexican 21.6 4.5 30.3 5.5 Zellmer, 2008 

NE Aluetian 29.6 0.6 40 3 Eberhart-Phillips  et al., 2006 
New Britain 9.5 1.0 22.5 6.5 Zellmer, 2008 

New Hebrides 20.1 5.6 25 3 Dimalanta et al., 2002 
Ryukyu 18.2 3.5 24.5 3.4 Zellmer, 2008 

S. Sandwich 4.5 0.3 11.8 0.1 Zellmer, 2008 
S. Shetland 17.9 4.8 31 3 Janik et al., 2014 

Sulawesi 11.9 2.8 27.4 2.2 Zellmer, 2008 
Sunda 15.7 2.9 27.8 1.8 Zellmer, 2008 

SVZ 20.7 7.7 40 5 Yuan et al., 2006 
Tonga 10.5 10.4 20.0 3.0 Zellmer, 2008 

NVZ 45.0 11.2 60 8 Guillier et al., 2001 
N_CVZ 55.7 16.1 65.0 0.7 Zellmer, 2008 
S_CVZ 52.3 18.0 65.0 0.7 Zellmer, 2008 
C_CVZ 27.3 3.9 65.0 0.7 Zellmer, 2008 
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Abstract 

 Zircon/bulk rock REE partition coefficients from natural samples correlate with REE 

concentration in zircon.  The correlation is the strongest for the LREE and diminishes with 

decreasing ionic radius.  The relationship between partition coefficient and REE concentration in 

zircon can be modeled as a power law and the coefficient (α) and exponent (β) terms for each of 

the REE are empirically determined using new and previously published data.  A series of 

independent tests show that using variable partition coefficients based on the reported α and β 

terms commonly results in more accurate estimates of bulk rock REE concentrations than 

average partition coefficients, particularly for the LREE that have previously been difficult to 

constrain.  These results provide a way to account for highly variable REE concentrations in 

zircon, which may be controlled by numerous processes such as surface enrichment, complex 

substitution mechanisms, or accidental sampling of sub-microscopic inclusions.  The proposed 
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method for estimating bulk rock REE concentrations is especially well-suited to detrital zircon 

investigations where there is no information available on the parent rock composition.   

 

Introduction 

 Zircon is the most commonly analyzed accessory mineral and is routinely employed in 

U-Th-Pb geochronology, U-Th/He and fission track thermochronology (Reiners, 2005), 

radiogenic (Hf) and stable (O) isotopic studies (Kinny and Maas, 2003; Valley et al., 1994), 

crystallization thermometry (Watson and Harrison, 2005), and trace element geochemistry 

(Belousova et al., 2002).  Zircon is also resistant to weathering and alteration, which makes it an 

ideal mineral for detrital studies.  A critical presumption in detrital mineral studies is that data 

obtained from zircon is a proxy for the parent igneous rock rather than the sedimentary host rock.  

This is demonstrably true for most types of analyses, however, relating trace element and rare 

earth element (REE) concentrations in zircon to bulk rock or melt concentrations has proven 

difficult (Hoskin and Ireland, 2000; Coogan and Hinton, 2006).  The incentive to establish more 

accurate estimates of parental bulk rock concentrations using in-situ zircon measurements is 

significant as it would link zircon to a large body of whole rock geochemical literature with 

numerous possible applications including studies of provenance, crustal thickness, mineral 

exploration, crustal evolution, metamorphism, and petrogenesis (e.g. Belousova et al., 2002; 

Grimes et al., 2015; Profeta et al., 2015; Nardi et al., 2013; Wilde et al., 2001; Rubatto, 2002).  

 The primary obstacle in using zircon chemistry to determine trace element concentrations 

in the parent rock is that trace element partition coefficients (𝐷𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑧𝑧𝑧𝑧𝑧𝑒/𝑏𝑏𝑒𝑏 𝑧𝑧𝑧𝑏) vary by up to 

several orders of magnitude, especially among the light rare earth elements (LREE) such as La 

(Hanchar and van Westrenen, 2007).  There are many variables that affect partition coefficients 
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including temperature, pressure, and oxidation state (Watson, 1985; Hoskin and Schaltegger, 

2003; Rubatto and Hermann, 2007; Burnham and Berry, 2012; Trail et al., 2012; Taylor et al., 

2015).  Despite these variables, most researchers still use a single set of constant partition 

coefficients for relating zircon composition to bulk rock composition, which introduces 

significant uncertainty and inaccuracy into their conclusions.  For example, Wilde et al. (2001) 

and Peck et al. (2001) converted trace element concentrations in Hadean zircons from the Jack 

Hills Quartzite into hypothetical bulk rock concentrations using the partition coefficients of 

Hinton and Upton (1991). They argued that the parental bulk rock was enriched in LREE and 

suggested that this might represent the earliest evidence of continental crust formation.  

However, these studies could have used other sets of partition coefficients (e.g. Bea et al., 1994) 

that would have indicated weak to no LREE enrichment in the parent rock.  Several additional 

studies have highlighted the unreliability of zircon/bulk rock (or zircon/melt) partition 

coefficients and of REE concentrations in zircon themselves, emphasizing the need for a more 

comprehensive understanding of trace element partitioning in zircon (Whitehouse and Kamber, 

2002; Cavosie et al., 2005; Hoskin, 2005; Coogan and Hinton, 2006; Trail et al., 2007; Harrison, 

2009).  While zircon/bulk rock partition coefficients, determined from natural studies, and 

zircon/melt partition coefficients, determined from experimental studies, are similar for LREE, 

there are potential differences for HREE (Fig. 1).  This study exclusively examines zircon/bulk 

rock partition coefficients. 

 REE partition coefficients between zircon and bulk rock can vary by several orders of 

magnitude, but the range of REE concentrations in crustal rocks is often relatively narrow, 

commonly less than two orders of magnitude (Fig. 2A).  In contrast, there is relatively large 

variability in REE concentrations in zircon, even for carefully selected samples (Fig. 2B).  This 
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suggests that REE concentrations in zircon are disproportionately responsible for the range of 

partition coefficients.  The relationship can be explored using a power law relating partition 

coefficient and REE concentration in zircon, 

 𝐷𝑅𝑅𝑅
𝑧𝑧/𝑏𝑧 =

𝑋𝑅𝑅𝑅𝑧𝑧

𝑋𝑅𝑅𝑅𝑏𝑧 = 𝛼(𝑋𝑅𝑅𝑅𝑧𝑧 )𝛽 (1) 

where 𝑋𝑅𝑅𝑅𝑧𝑧 and 𝑋𝑅𝑅𝑅𝑏𝑧 are the concentration of an individual REE in zircon and bulk rock 

respectively and α and β are theoretical variables.  First, consider the classic scenario of constant 

partition coefficients that are independent of REE concentration in zircon (i.e. Henry’s Law).  In 

this scenario, REE concentration in zircon is linearly related to bulk rock REE concentration, 

which requires that β=0 so that the partition coefficient = α.  Next, consider an opposite scenario 

where the REE concentration in zircon is completely independent of the bulk rock concentration.  

In this scenario, β=1 and the bulk rock concentration = α-1.  We envision a continuum between 

these two end-member scenarios such that 0≤β≤1 for REE in zircon.  When 0<β<1 the 

concentration in zircon increases exponentially with increasing concentration in the parent rock.  

Larger β values are indicative of zircon REE enrichment (or depletion) processes besides 

equilibrium partitioning.   

 To estimate α and β, trace element concentrations in zircon were analyzed from a series 

of samples from the Coast Mountains Batholith of coastal British Columbia by laser ablation-

inductively coupled plasma-mass spectroscopy (LA-ICP-MS).   Zircon/bulk rock partition 

coefficients were calculated using previously published whole rock trace element data from the 

same samples (Giardi et al., 2012) (Table 1).  The results were combined with partition 

coefficients from several previous studies that analyzed natural zircons with a large range of 

REE concentrations (Nagasawa, 1970; Fugimaki, 1986; Sano et al., 2002; Thomas et al., 2002; 

Claiborne et al., 2010; Nardi et al., 2013) and fit with Eq. 1 to empirically determine α and β for 
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each REE, Y, and Nb (Table 2, Fig. 3).  Although not examined here, a similar method could 

potentially be applied to other trace elements in zircon (e.g. Sc, Ta).  Eq. 1 can be applied as an 

alternate method for estimating bulk rock REE concentrations from in-situ measurements of 

zircon using the estimated values of α and β. 

 To illustrate the utility of this method, several examples from independent data sets are 

presented where bulk rock REE data and REE concentrations in zircon were acquired from the 

same sample.  The bulk rock REE concentrations predicted by Eq. 1 can frequently approximate 

the measured bulk rock REE values and in some cases are more accurate than using any constant 

set of partition coefficients.  This is particularly true for the LREE, whose partition coefficients 

have historically been the most difficult to constrain or model (Hanchar and van Westrenen, 

2007; Rubatto and Hermann, 2007).   

 

Samples and Methods 

 Zircon crystals were analyzed from 18 individual granitoid samples from the Coast 

Mountains batholith, a Mesozoic continental magmatic arc (Gehrels et al., 2009).  The whole 

rock major and trace element composition of the samples was determined by X-ray fluorescence 

and solution ICP-MS respectively and is reported in Giardi et al. (2012).  SiO2 concentrations in 

the analyzed samples ranged from 51 to 76 wt. % (Table 3).  Approximately 20 zircons were 

analyzed from each sample with a total of 359 analyses.  Sample zircon crystals along with 

natural and synthetic reference materials were mounted in a 22 mm inner-diameter epoxied ring-

form and sanded to expose the interior of the grains, identical to the procedures for the initial U-

Pb investigation (Gehrels et al., 2008).  Previous U-Pb analysis of this suite of zircon crystals 

showed limited inherited components or Pb loss (Gehrels et al., 2009).  Given these observations 
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and previous examination by optical and electron microscopy as well as cathodoluminescence 

(CL) imaging to identify inclusions, cracks, zoning, and metamict textures (Gehrels et al., 2009), 

ablation locations were selected using a combination of reflected light and CL imaging.   

 

Instrumentation and Analytical Routine 

 Trace element data and U-Pb isotope ratios were collected at the Arizona LaserChron 

Center (laserchron.org) at the University of Arizona using a Teledyne Photon Machines G2™ 

solid state NeF excimer laser-ablation (LA) system coupled to a Thermo Fisher Scientific 

ELEMENT 2™ single collector inductively coupled plasma mass spectrometer (ICP-MS).  The 

output energy of the laser was fixed at 7 mJ and attenuated ~4% before ablation.  The laser 

fluence was 7 J/cm2.  The 193 nm laser was operated at 480 bursts at 8 Hz for 60 s of ablation 

during the initial suite of analyses.  Following method refinement, data were collected with a 

thyratron ArF excimer laser with 400 bursts at 7 Hz.  All analyses were preceded by n=3 pre-

ablation “cleaning” laser bursts with a spot diameter of 50 μm.  Analysis spot diameter was 40 

μm with an estimated pit depth of ~20 μm based on a drill rate of 0.053 μm/pulse (Ibañez-Mejia 

et al., 2015).  Samples were ablated in a rapid washout HeLex™ cell and the aerosolized analyte 

was extracted in a He carrier gas through teflon-lined tubing to a 25 mL mixing bulb where it 

was mixed with Ar before introduction to the plasma torch.  Cool, auxiliary, and sample gas flow 

were 16, 0.8, and 1.25 L/min. respectively. 

 A total of 30 masses were measured ranging from 29Si to 238U.  Masses analyzed included 

the REE (-Pm) and masses for U-Pb age determinations (Gehrels et al., 2008).  Specifically 

measured masses included 31P, 49Ti, 177Hf, and 232Th to help identify REE-rich titanite and 

phosphate (e.g. apatite, monazite) inclusions within zircon.  Because P is usually present at lower 
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concentrations than predicted by the xenotime substitution (REE3+ + P5+ = Zr4+ + Si4+ ) (Reid et 

al., 2011), zircon analyses with P molar equivalents > 0.1 REE+Y molar equivalents were 

discarded (27 analyses).  Zircon analyses with Th > 1000 ppm (1 analysis) and Ti > 50 ppm (5 

analyses) were also discarded.  Element intensities during ablation were monitored for intensity 

spikes that may result from sampling inclusions.  The P > REE+Y molar equivalents filter was 

able to isolate analyses with large P intensity spikes.  A complete table of the measured masses is 

located in the supplementary material as Appendix 1.  Intensities for 142Nd were not corrected for 

the minor isobaric interference of 142Ce.  Future analyses will measure 146Nd.  The analytical 

routine uses both the magnetic and electric sector to separate and focus the ions and contained 7 

magnet jumps.  Magnet settling time was set at 0.25 s for the initial jump to the lowest measured 

mass (28.976 Da) and 21 ms for subsequent jumps to incrementally larger masses (App. 1).  

Within each magnet setting, post-electrostatic analyzer deflector voltages were automatically 

adjusted to change the mass arriving at the detector with 1 ms settling time between voltage 

changes. 

 Each individual analysis consists of a ~11 s gas baseline measurement with the laser off, 

~60 s of ablation, and ~8 s of washout time for intensities to return to baseline levels after the 

laser stops firing.  Each analysis contains a total of 73 scans, with 9 scans on backgrounds, 2 

scans for signal ramp-up, 52 scans on peak intensities, and 10 scans on signal wash-out.  Dwell 

time per isotope was initially adjusted based on count rates observed for the 91500 zircon 

reference material and further refined to optimize precision of elemental measurements.  Dwell 

times ranged from 2 to 100 ms with 1 integration per peak per scan for the REE and 4 

integrations per peak per scan for U, Th, Pb, and Hg isotopes (App. 1).   
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Data Processing and Standards 

 Elemental and isotopic abundances along with their uncertainties were calculated and 

fractionation corrected by analyzing reference materials interspersed between sample zircon 

crystals.  U-Pb isotope ratio and trace element data was reduced separately.  A complete table of 

U-Pb data and trace element data is located in the supplementary material as Appendix 2 and 3 

respectively.   

 U-Pb isotopic data was reduced following Gehrels and Pecha (2014) and Ibañez-Mejia et 

al. (2015) with the in-house reduction program “AgeCalc.”  FC-1, SL, and R33 zircon reference 

materials were used to correct for isotope fraction and calculate systematic errors during U-Pb 

data reduction.  FC is the primary standard (1098.8 ± 0.25 Ma; Hoaglund, 2010; Mattinson, 

2010), SL (563.5 ± 3.2 Ma; Gehrels et al., 2008) and R33 (419.4 ± 1.3 Ma; Gehrels and Pecha., 

2014) are the secondary standards (all uncertainties are 2σ).  The new U-Pb isotopic 

measurements and previously published data for these samples (Gehrels et al., 2009) overlap 

within error (generally < 2%) for most samples (App. 2).  One of the benefits of measuring U-Pb 

data and trace element data simultaneously is that the geochronology can help identify older 

inherited cores or complex zonation that may have different trace element concentrations.  For 

example, in the study by Gehrels et al. (2009), sample 04GJP-09 contained older inherited cores, 

which were ~100 Ma older than domains along the rims of the crystals.  As a test, this same 

sample was measured “blind” and 3 analyses were identified with older ages that were consistent 

with the inherited core ages.  Despite the different U-Pb ages, the REE patterns were relatively 

similar, however, without the U-Pb age information it would not necessarily be obvious to treat 

this data separately.  As always, it is important to carefully select analysis locations whenever 

possible. 
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 Trace element data was reduced using the software program Iolite (Woodhead et al., 

2007; Paton et al., 2010).  Internal errors include uncertainties associated with background 

intensities, downhole fractionation, and scatter of measured intensities between repeat analyses 

of a sample.  External errors include fractionation corrections for standards and uncertainty of 

standard concentrations.  91500 was used as the primary standard along with an internal Si 

standard to calculate all elemental concentrations except Ti, which is not reported for 91500 

(Wiedenbeck et al., 2004).  Ti data was reduced using NIST612 as the primary standard.  64 total 

measurements of Ti were made on 91500 with a concentration of 5.4 ± 0.5 ppm (1σ), which 

could potentially be used as a standard value.  Appendix 4 in the supplementary material shows 

trace element concentrations of NIST612 calculated using 91500 as the primary standard.   

 

Results 

 For each sample the median value of REE concentration in zircon was calculated from 

individual analyses of zircon from that sample and the median absolute deviation was calculated 

as a measure of uncertainty (Fig. 4A; App. 3).  There is considerable variation in REE 

concentrations between zircons from the same sample (Fig. 4B) and the median absolute 

deviation of element concentration for each sample diverges by up to ~50% from the median.  

There is less median absolute deviation for the HREE and there is a weak to moderate positive 

correlation between median absolute deviation in concentration and wt. % SiO2 in the bulk rock 

suggesting greater intra-sample variability in more felsic rocks (Appendix 5 in the supplementary 

material).  There are several possible explanations for the wide range of REE concentrations in 

zircon and intra-sample variability including: mineral or melt inclusions (Hanchar and van 

Westrenen, 2007), fluid-modified zircon (Hoskin, 2005), complex substitution mechanisms 
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(Finch et al., 2001), and disequilibrium partitioning related to zonation (Hoffman et al., 2009), 

sector domains (Reid et al., 2011; Chamberlain et al., 2013), boundary-layer effects (Watson and 

Liang, 1995; Watson, 1996; Hoskin, 2000), and a wide range of zircon crystallization 

temperatures (Hoskin and Schaltegger, 2003).  These possibilities will be examined further in the 

discussion section below. 

 Calculated partition coefficients include propagated uncertainties for each sample using 

the median REE concentration in zircon and the bulk rock REE values from Girardi et al. (2012) 

(Table 1).  The median partition coefficient from all of the samples in the Coast Mountains 

Batholith dataset are plotted in Fig. 1 against previously reported partition coefficients from 

natural and experimental studies.   

 

Partition Coefficients and Element Concentration 

 In Figure 3A, several REE partition coefficients are plotted against median REE 

concentration in zircon from the Coast Mountains Batholith.  For most elements, the positive 

correlation between partition coefficient and REE concentration in zircon can be modeled by the 

power law relationship in Eq. 1.  To help constrain this relationship, the results are augmented 

with data from studies similar to this one that measured REE concentrations in natural bulk rock 

samples and in zircon extracted from the same bulk rock sample.  The studies were chosen for 

the range of REE concentration in zircon and include concentrations determined by sensitive 

high resolution ion microprobe (SHRIMP) (Sano et al., 2002; Claiborne et al., 2010), laser-

ablation ICP-MS (Nardi et al., 2013), and solution mass spectrometry (Nagasawa, 1970; 

Fujimaki, 1986).  For the LREE, measurements by Thomas et al. (2002) were also included.  

Thomas et al. (2002) used secondary ion mass spectrometry (SIMS) to measure REE 
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concentrations in zircon and in melt inclusions within zircon.  Although the measurements by 

Thomas et al. (2002) are not strictly whole rock measurements, they were included for the LREE 

because they fill a data gap for moderately enriched zircons and the LREE partition coefficients 

from this study are considered reliable (Hanchar and van Westrenen, 2007).   

 For each REE, a least squares fit of Eq. 1 was used to estimate α and β (Table 2, Fig. 3B, 

3C).  As predicted, β for most REE is < 1 and > 0.  Only Eu, whose concentration is affected by 

valence, early plagioclase crystallization, and oxidation state (Hoskin and Schaltegger, 2003; 

Trail et al., 2012) has β > 1.  Overall, β is larger and α is smaller for the LREE compared the 

HREE (Fig. 3B-D).  The uncertainty for β is the smallest for the LREE and increases for the 

HREE, consistent with a decrease in the influence of equilibrium partitioning (Fig. 3D).  This 

relationship is perhaps not surprising considering that most crustal rocks are relatively enriched 

in LREE whereas zircon is LREE depleted (Bea et al., 1994).  Even strong partitioning of LREE 

into zircon is unlikely to exert a significant influence on the bulk rock concentration, leading to β 

values closer to 1.  Conversely, crustal rocks are relatively depleted in HREE and zircons are 

relatively enriched in HREE.  Partitioning of HREE in zircon may have a more direct 

relationship to bulk rock concentration, with β values closer to 0.   

 In addition to the trivalent REE+Y, an estimate of α and β for Nb5+ is presented in Table 

2.  We expect a similar empirical relationship for other elements in 8-fold coordination (e.g. 

Ta5+), but for many elements there is currently not enough data available at different 

concentration levels to make robust correlations (e.g. Sc). 

 

Effect of Temperature on Partition Coefficients 
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 Previous experimental studies demonstrated that REE partition coefficients are dependent 

on crystallization temperature (Rubatto and Hermann; 2007; Burnham and Berry. 2012).  These 

studies showed that for the HREE, increases in temperature result in a decrease in partition 

coefficient.  The relationship between temperature and partition coefficients for the middle REE 

and LREE is less clear (Rubatto and Hermann, 2007). Crystallization temperature for the Coast 

Mountain Batholith samples was calculated using the median Ti concentration in zircon for each 

sample using the method of Ferry and Watson (2007) (Table 3; Fig. 5).  Major element analyses, 

abundant sphene, and common Ti oxides in the samples from the Coast Mountains Batholith 

(Girardi et al., 2012) suggest that rutile is at or close to saturation.  The activation energy of TiO2 

(αTiO2) was held constant at 0.9 and αSiO2 was held constant at 1.  The results indicate that 

crystallization temperatures ranged from 638-785 °C for the Coast Mountains Batholith samples, 

with average errors of ~ 50°C (Table 3; Fig. 5).  Across the range of temperatures calculated, 

there is no clear correlation between temperature and partition coefficient (Fig. 5A).  The results 

support previously proposed correlations for the HREE that include experimental and natural 

data representing a larger range of temperatures (Burnham and Berry, 2012) (Fig. 5B).  While 

crystallization temperature may potentially help constrain partition coefficient estimates, its 

utility is currently limited to the HREE, which already have relatively well-constrained average 

partition coefficients (low β), and for zircon populations with a large range in crystallization 

temperatures. 

 

Testing the Empirical Relationship 

 To test if Eq. 1 can be used to estimate zircon/bulk rock partition coefficients and 

ultimately to estimate bulk rock REE concentrations, a series of examples are presented in the 
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following sections from studies that report bulk rock REE concentrations as well as REE 

concentrations in zircon derived from the same bulk rock sample.  Based only on the REE 

concentrations in zircon, zircon/bulk rock REE partition coefficients are calculated using Eq. 1 

and the values of α and β from Table 2.  Next, bulk rock REE concentrations are estimated and 

compared against the measured bulk rock REE concentrations.   

 

Intra-sample zircon variation 

 One of the problems in relating trace element concentrations in zircons to bulk rock 

concentrations is that there is significant scatter in the REE concentration in zircons from a 

single sample (Fig. 4B) (Chamberlain et al., 2013). Regardless of which partition coefficient is 

most appropriate, this suggests that for a given (constant) partition coefficient, many zircons 

from each parent rock need to be analyzed to average out intra-sample variation.  For detrital 

studies, however, there is no way to know a priori which zircons should be grouped together so 

researchers have relied on techniques like grouping similar age populations together (e.g. Barth 

et al., 2013).  In theory, using a variable partition coefficient, as proposed by Eq. 1, may be able 

to reduce the need to average out intra-sample variation.  The zircon/bulk rock partition 

coefficient estimate from with Eq. 1 changes along with changes in individual REE 

concentration in zircon. 

 To illustrate this possibility, bulk rock REE concentration estimates based on individual 

zircon analyses from a single sample using the median (constant) partition coefficients derived 

from the entire Coast Mountains Batholith dataset (Table 1) are plotted in Fig. 6A.  Because 

these median partition coefficients come from only the Coast Mountains Batholith and include 

partition coefficients for the sample (04-GJP-39) shown in Fig. 6, they likely represent the most 
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accurate possible set of (constant) partition coefficients available to use.  However, even when 

using these “calibrated” partition coefficients, the range in estimated bulk rock REE 

concentrations are still prone to high errors for individual zircon analyses, particularly for the 

LREE (Fig. 6A).  In contrast, using Eq. 1 with the values of α and β from Table 2 results in a 

more precise estimate of bulk rock REE concentrations (Fig. 6B) compared to constant partition 

coefficients (Fig. 6A).   

 

Independent Tests 

 In this section the accuracy of zircon/bulk rock partition coefficients estimated from Eq. 1 

is tested with independent data sets (Fig. 7).  In each data set examined, the median value of 

multiple individual analyses of REE in zircon is used along with median absolute deviation as a 

measure of uncertainty.  This uncertainty is propagated into the calculation of bulk rock REE 

composition along with uncertainties related to α and β (Table 2).  Uncertainty increases 

significantly for HREE estimates in accordance with the large uncertainties associated with α and 

β for the HREE (Fig. 3D).  In addition to the estimate of bulk rock REE concentrations 

calculated from Eq. 1, estimates of bulk rock REE concentrations using the partition coefficients 

of Hinton and Upton (1991), Sano et al. (2002), and Nardi et al., (2013) are presented for each 

example. These partition coefficients are representative of the range of naturally determined 

partition coefficients (Fig. 1).  The examples in Figure 7 become increasingly complicated with 

samples that have more complex tectonic histories and varied geologic environments. 

 To start, Yang et al. (2011) present trace element data from a Permian andesitic tuff 

(sample TB065-1, SiO2 = 57 wt. %) from central Tibet that was deposited in a continental arc 

setting (Fig. 7A).  REE concentrations in zircon were measured by LA-ICP-MS and median 
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absolute deviation is generally <50% of the median values.  The partition coefficients of Sano et 

al. (2002) and those derived from Eq. 1 yield the closest approximations to the measured bulk 

rock concentrations (solution ICP-MS) (Fig. 7A).  In the next example, Long et al. (2012) 

reported REE concentrations in zircon (LA-ICP-MS) from a Paleoproterzoic granite (sample 

T514; SiO2 = ~76 wt. %) from the northern Tarim craton (Fig. 7B).  The median absolute 

deviation is generally < 60% of the median REE concentrations in zircon.  In this case, the 

partition coefficients of Nardi et al. (2013) and those derived from Eq. 1 closely approximate the 

measured bulk rock concentrations (solution ICP-MS) (Fig. 7B).  These paired examples (Fig. 

7A and 7B) show that while a single set of constant partition coefficients may result in an 

accurate estimate of REE concentration in the bulk rock in a particular study, it cannot do so 

consistently across multiple studies.  In contrast, using variable partition coefficients calculated 

from Eq. 1 can approximate bulk rock REE concentrations for both examples.  

 Figure 7 illustrates that most partition coefficients, including partition coefficients 

estimated from Eq. 1, produce similar predictions of HREE concentrations in the parent rock.  

However, estimates of bulk rock LREE concentrations are much more variable and include large 

deviations from the measured values.  Overestimation of the LREE in the parent rock is a 

common shortcoming of trace element studies of Hadean zircons (Whitehouse and Kamber, 

2002; Coogan and Hinton, 2006; Cavosie et al., 2006).  Whitehouse and Kamber (2002) present 

trace element zircon (ion microprobe) and bulk rock (solution ICP-MS) data from a relatively 

low-strain Archean gneiss in Greenland (sample SM/GR/98-2) (Fig. 7C).  The median absolute 

deviation is generally < 50% of the median REE concentrations in zircon.  Whitehouse and 

Kamber (2002)  show that the partition coefficients of Hinton and Upton (1991), which were 

previously used to estimate bulk rock concentrations from Hadean zircons (Wilde et al., 2001, 
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Peck et al., 2001), overestimate LREE in the Greenland gneiss.  The partition coefficients 

derived from Eq. 1 can approximate the LREE concentrations in the bulk rock sample (Fig. 7C).   

 Figure 7D presents an example from the Pleistocene Bishop Tuff in California.  REE 

concentrations in zircon were measured by ion microprobe by Reid et al. (2011) and reported for 

both zircon rims and cores (samples 24-6, LV57, LV58, RPI).  The median absolute deviation is 

generally < 20% of the median REE concentrations in zircon rims and < 30% in zircon cores.  

These samples are part of the early eruption phase of the Bishop Tuff recognized by Wilson and 

Hildreth (1997).  REE concentrations of the bulk rock were estimated by Anderson et al. (2000) 

by analyzing melt inclusions in the same ignimbrite and ash fall layers that the zircon samples 

were extracted from.  The median absolute deviation for REE concentrations in the melt 

inclusions is < 15% of the median.  Bulk rock estimates using the constant partition coefficients 

of Hinton and Upton (1991), Sano et al. (2002), and Nardi et al. (2013) are based on the REE 

concentrations in zircon rims.  Bulk rock estimates using the partition coefficients from Eq. 1 

produce similar results using either rim or core data (Fig. 7D).  There is a pronounced Eu 

anomaly that is not well characterized by the partition coefficients calculated from Eq. 1, which 

further suggests that this method may be unreliable for Eu and Ce, which occur in multiple 

valence states and have more complex partitioning behavior (Trail et al., 2012).   

 The next two examples come from more complex geologic environments.  Figure 7E is a 

leucosome (sample NW10-36D; SiO2 = 71 wt. %) in a migmatitic gneiss from an ultra-high 

pressure (UHP) terrane in Norway (Gordon et al., 2013).  REE concentrations in zircon were 

determined by LA-ICP-MS and have large median absolute deviation of up to 90% of the 

median value.  All of the partition coefficients (constant or variable method from Eq. 1) result in 

poor estimates of the REE concentrations in the parent leucosome (measured by solution ICP-
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MS) as well as the shape of the REE curve, showing a relative enrichment in HREE (Fig. 7E).  

These results indicate that metamorphic zircon and/or zircon from crustal melting in UHP 

terranes may pose problems for reproducing bulk rock concentrations.   

 Figure 7F is a gabbro (sample JR31-22-1; SiO2 = 51 wt. %) recovered from the 

Southwest Indian Ridge, an ultra-slow oceanic spreading center (Coogan et al., 2001).  Bulk rock 

REE concentrations were determined by solution ICP-MS and REE concentrations in zircon 

were determined by SIMS (Grimes et al., 2007).  The median absolute deviation of REE 

concentrations in zircon is generally < 40% of the median.  These zircons are a classic example 

of “oceanic zircon” that are known to have distinct trace element signatures (Grimes et al., 

2015).  In this example, the partition coefficients of Hinton and Upton (1991), originally 

calculated from a basanitic diatreme, most closely approximate the bulk rock REE composition 

whereas the partition coefficients calculated from Eq. 1 overestimate the bulk rock LREE 

concentrations.  The results indicate that Eq. 1 may not be applicable to zircon derived from 

oceanic lithosphere. 

 In all of these examples, the partition coefficients derived from Eq. 1 do not result in 

perfect estimates of REE concentrations in the parent rock.  Nonetheless, in the examples from 

igneous zircon associated with non-metamorphosed continental crust, they can provide 

approximations for REE concentration in the parent bulk rock that are more accurate than 

estimates from constant partition coefficients.  This is particularly important for analyses where 

the provenance of the analyzed zircon is unknown or in question (e.g. detrital studies).   
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Discussion 

 These results suggest that no single set of fixed zircon/bulk rock partition coefficients can 

consistently provide accurate estimates on bulk rock REE concentrations from either a single 

sample or between samples from different geologic environments.  The results also suggest that 

for most REE, concentration in zircon increases exponentially with increases in the bulk rock 

concentration (0<β<1).  A counterargument to this idea is that there are “true” constant zircon 

partition coefficients, but they are obscured by natural REE variability within zircon or systemic 

measurement errors.  Below, this possibility is addressed at length, but ultimately we argue that 

the empirical observation indicating a relationship between REE concentration in zircon and 

partition coefficient is significant and may be useful tool to estimate bulk rock concentrations.  A 

strength of the proposed method for estimating zircon/bulk rock partition coefficients (and hence 

bulk rock concentrations) is that it can account for REE variation in zircon regardless of the 

exact mechanisms responsible for that variation.   

 

Variable LREE Enrichment in Zircon 

 A common explanation for variation of REE in zircon is accidental sampling of REE 

bearing mineral inclusions, including monazite, apatite, and titanite, which are all relatively 

enriched in LREE compared to zircon (Bea et al., 1994; Cavosie et al., 2006; Hanchar and van 

Westrenen, 2007).  We are skeptical that inclusions are solely responsible for LREE variability.  

Careful selection of laser ablation spots by optical and electron microscopy and monitoring of P, 

Th, Ti, and Si intensities during ablation should be able to identify and filter out inclusions.  If 

elevated concentrations of the mineral-forming elements (e.g. P) cannot be detected, it is unlikely 

that the trace element concentrations are large enough to significantly affect the zircon trace 
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element concentrations.  Still, it is possible that sub-microscopic inclusions are pervasive in 

natural zircon and could result in an overestimate of LREE partition coefficients (Hanchar and 

van Westrenen, 2007) or overestimate of bulk rock LREE concentration, depending on which 

zircon analyses were in error.  In this case, the increase in β for the LREE (Fig. 3) could reflect 

studies that sampled variably LREE enriched zircon and Eq. 1 could help correct for this 

inadvertent sampling. 

 Elevated LREE concentrations in zircon may also be related to fluid-modified zircon or 

hydrothermal zircon that Hoskin (2005) proposed could be identified on (Sm/La)N vs. La plots.  

The Coast Mountains Batholith data generally plot outside of the hydrothermal zircon field, 

although there are several data points that could be considered hydrothermal (Fig. 8A).  

Ultimately, it is difficult to identify hydrothermal zircon by REE concentrations alone (Cavosie 

et al., 2006).  Another possible mechanism for elevated LREE concentrations could be 

substitution into lattice defect sites related to U and Th decay (Whitehouse and Kamber, 2002).  

Following Whitehouse and Kamber (2002), (La/Gd)N vs. Th+U is plotted, where actinide 

concentration is a proxy for radiation induced lattice damage (Fig. 8B).  LREE enrichment does 

not appear to correlate with lattice damage for the Coast Mountains Batholith data and in general 

it is unclear why the relatively large LREE would be preferentially incorporated into these sites 

over the other REE.  In either scenario, the use of Eq. 1 could help to choose a partition 

coefficient more appropriate for LREE enriched zircon.  

 Another possible explanation for elevated LREE concentration in zircon is complex 

substitution mechanisms.  Substitution of the trivalent REE is thought to occur primarily by the 

xenotime substitution, REE3+ + P5+ = Zr4+ + Si4+ (Hoskin and Schaltegger, 2003).  Because the 

ionic radii of the REE in 8-fold coordination (Table 2) are larger than ionic radius of 8-fold 
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coordination Zr (0.84 Å), substitution into the Zr site introduces strain into the crystal lattice.  

This explains the greater incompatibility of the larger radius LREE compared to the HREE in 

zircon.  Experimental studies have shown that with increasing REE concentration in the melt and 

increased REE substitution into zircon, the Si-O bond distance decreases and the Zr-O bond 

distance increases as the lattice is strained (Hanchar et al., 2001).  This suggests that REE may 

become more compatible in zircon with increasing REE concentration in the melt.  LREE, which 

are too large to substitute in high concentrations, may disproportionately substitute into the 

lattice because the parental melt is enriched in LREE.  Because the Si-O bond-distance 

decreases, eventually P cannot easily substitute for Si, which may limit REE substitution.  

Concentrations of P in most natural zircons and some experimental studies suggest that there is 

excess HREE in relation to P and that other charge balancing substitutions besides the xenotime 

substitution must be operating (Hanchar et al., 2001; Reid et al., 2011).  Interestingly, these 

studies have also reported that P may be in excess of the LREE when considering the xenotime 

substitution (Finch et al., 2001; Hanchar et al., 2001).  This may indicate that substitution of 

LREE are not P limited and may be influenced by other substitution mechanisms, perhaps related 

to REE concentration.   

 Variable REE concentrations in zircon may also be related to zonation or chemical 

domains.  Chamberlain et al. (2013) showed that dark cathodoluminescent sectors contain molar 

equivalent REE+Y in excess of P whereas light cathodoluminescent sectors have REE+Y close 

to unity with P.  These sector domains crystallized contemporaneously from the same melt 

suggesting that there was no difference in magmatic composition.  Likewise, sub-micron scale 

zoning of REE concentration correlates with cathodoluminescent oscillatory banding within a 

single sector domain in zircon crystals (Hofmann et al., 2009).  These observations have been 
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linked to boundary layer effects and dynamics at the zircon/melt interface (Watson and Liang, 

1995; Watson, 1996; Hoskin, 2000).  Partitioning of REE between crystal and melt is related to 

the crystal growth rate and rate of diffusion, which can vary between different growth surfaces 

(Watson, 1996).  Although in-situ analyses of REE in zircon can be carefully selected to avoid 

inner domains (e.g. inherited cores), sampling below the scale of zonation is generally not 

possible by LA-ICP-MS.  In Figure 7D, bulk rock REE concentrations were estimated using 

REE concentrations in both zircon rims and cores as reported in Reid et al. (2011).  Because 

REE concentrations in zircon differed between the rim and core domains in this suite of samples, 

the partition coefficient calculated using Eq. 1 also differed.  As a result, the bulk rock REE 

concentration prediction from both zircon rim and core analysis is similar.   

 Finally, REE variability in zircon may result from temporal changes in the magma 

composition.  Zircon is ordinarily not the only REE-bearing phase in a bulk rock sample and it 

competes with these other phases (e.g. apatite, titanite) for the REE (Hoskin et al., 2000).  Zircon 

has a relatively large range of crystallization temperatures and it is commonly found as 

inclusions in a range of other minerals or interstitial phases suggesting a prolonged 

crystallization period (Watson and Harrison, 1983).  As a result, REE concentrations in zircon 

may only represent the local REE environment (Hoskin and Schaltegger, 2003).  Early 

crystallization of HREE-enriched (relative to the bulk rock) minerals like hornblende or late 

crystallization of zircon may result in LREE enrichment in zircon (Whitehouse and Kamber, 

2002).  It is possible that zircons from the same bulk rock sample record different magmatic 

compositions.  Variable partition coefficient estimates from Eq. 1 may help to mitigate the 

effects that variable REE concentrations in zircon have on bulk rock REE concentration 

estimates. 
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Comparison to Lattice Strain Model 

 Partition coefficients for REE in zircon can be approximated by lattice strain modeling 

based on the elastic properties of the Zr4+ substitution site (Blundy and Wood, 1994; 2003).  A 

complication to lattice strain modeling is that experimental and naturally determined LREE 

partition coefficients are commonly larger than predicted (Hanchar and vanWestrenen, 2007).  

Under the assumption that the larger-than-expected LREE partition coefficients are in error as a 

result of inclusions or melt composition uncertainty, LREE partition coefficients can be 

“corrected” by fitting lattice strain models to the HREE and middle REE partition coefficients 

(Hanchar and vanWestrenen, 2007; Draper and van Westrenen, 2007; Taylor et al., 2015).  There 

are several difficulties in using lattice strain modeling to determine appropriate partition 

coefficients.  First, for single zircon analyses there is no constraint on which HREE partition 

coefficients to begin modeling with.  Second, lattice strain modeling can provide acceptable fits 

to different sets of partition coefficients.  For example, Hanchar and van Westrenen (2007) show 

that the partition coefficients of Sano et al. (2002) and Thomas et al. (2002) are both well-

approximated by lattice strain modeling, however, the REE zircon/bulk rock partition 

coefficients from these studies vary by more than an order of magnitude, even though the errors 

associated with the studies are of the same magnitude or less than the reported partition 

coefficients.  It is not clear which set of partition coefficients may be more appropriate to use.  

Third, for many sets of partition coefficients, lattice strain modeling suggests very small LREE 

partition coefficients.  In some examples presented in Fig. 7, the partition coefficients of Hinton 

and Upton (1991) already overestimate LREE concentrations.  Fitting the LREE partition 
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coefficients of Hinton and Upton (1991) to a lattice strain model will result in even larger bulk 

rock concentration overestimates.   

 

Improvements to Method 

 Irrespective of the processes that lead to variable REE concentrations in zircon, the 

empirically determined values for α and β in Eq. 1 can help constrain which partition coefficient 

may be most appropriate and lead to more consistently accurate estimates of bulk rock 

concentrations.  However, there are some inherent weaknesses to this method.  First, although α 

and β were estimated from partition coefficients calculated from bulk rock analyses with a range 

SiO2 contents (51 to 77 wt. %) and crystallization temperatures (650 to 900 °C), these analyses 

skewed toward intermediate to felsic compositions and moderate crystallization temperatures.  

The example presented in Figure 7F shows that this method may not be applicable for zircon 

from very mafic parent rocks, including oceanic lithosphere (e.g. Grimes et al., 2007).  When β = 

1, α is constant, and the bulk rock concentration is independent of REE concentration in zircon.  

For the LREE, with large β (Table 2), the determination of α is accordingly critical.  α-1 was 

empirically determined to be 28.6 for La, which is similar to the average abundance of La in the 

continental crust (18-30 ppm) (Rudnick and Fountain, 1995; Wedepohl, 1995) (Fig. 2).  This 

suggests that this value of α is broadly appropriate for rocks associated with the continental crust, 

but highlights the limitations of this method for studying zircon from oceanic crust that has low 

average LREE abundances (e.g. La < 10 ppm; Arevalo and McDonough, 2010).  With prior 

knowledge about a geologic province, we speculate that refinements to α and β could be made 

that could improve bulk rock concentration estimates. 
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 Another weakness of this method is that the correlation between REE concentration in 

zircon and partition coefficient is weak to poor for the HREE, resulting in large uncertainties 

(Table 2).  Fortunately, β is small for the HREE and there is little change in the estimated 

partition coefficients with changes in REE concentration in zircon, but it is still uncertain if the 

bulk rock REE concentration predictions from Eq. 1 are any better than average partition 

coefficients from other studies, which already show relatively little variation for the HREE.  If 

there is an underlying, systematic physical process responsible for variation in REE in zircon 

concentrations (e.g. substitution mechanisms) as opposed to a semi-random process (e.g. 

inclusions), then the observed decrease in β with decreasing ionic radii (Fig. 3D) may be 

reflective of this processes and application of Eq. 1 is appropriate for all REE, even when β is 

small.   

 

Conclusions 

 New zircon trace element data and zircon/bulk rock partition coefficients are presented 

for granitoid samples from the Coast Mountains Batholith and combined with data from other 

studies that also present natural zircon/bulk rock partition coefficients.  These data indicate that 

REE partition coefficients are positively correlated with REE concentration in zircon over 

several orders of magnitude.  This relationship can be modeled using a power law relationship 

(Eq. 1) and the empirically determined coefficient α and exponent β for the REE (Table 2).  

Using the proposed values for α and β, Eq. 1 yields estimates of bulk rock REE concentrations 

and REE patterns that in some cases are more accurate than bulk rock REE concentrations 

estimated from constant partition coefficients alone, particularly for the LREE (Fig. 7).  A series 

of independent tests of this method for estimating bulk rock REE concentrations show that it 
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may be broadly applicable to igneous zircon associated with the continental crust (e.g. 

continental arc magmatism).  

 Variable REE enrichment in zircon is likely the primary cause of the large range of 

naturally determined zircon/bulk rock partition coefficients.  Although the method proposed here 

for estimating bulk rock REE concentrations from REE concentrations in zircon cannot 

distinguish between the many possible mechanisms for REE enrichment in zircon, it nonetheless 

appears to encompass the variation in constant zircon/bulk partition coefficients observed across 

multiple studies and may be a useful new tool to estimate bulk rock REE concentrations.  This 

method may be most applicable for detrital zircon investigations when there is no constraint on 

which set of partition coefficients to apply. 
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Figures and Tables 
 
Table 1: Median Zircon/Bulk Rock Partition Coefficients 

Element 
Median 

Dzr/br 
MAD 

La 0.002 0.001 
Ce 0.26 0.10 
Pr 0.02 0.01 
Nd 0.06 0.02 
Sm 1.3 0.4 
Eu 0.7 0.2 
Gd 3.8 1.1 
Tb 9.9 2.3 
Dy 20 4 
Y 47 10 
Ho 44 11 
Er 77 24 
Tm 154 46 
Yb 219 73 
Lu 331 105 

 
  

Nb 0.15 0.05 
 
 
Table 1: 
Median zircon/bulk rock partition coefficients and median absolute deviation (MAD) calculated 
from the Coast Mountains Batholith samples analyzed in this study.  The complete zircon data 
set is located in Appendix 3 in the Supplementary Material. 
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Table 2: Empirically Determined α and β Terms 

Element α ±1σ  β 1σ ionic radius  Charge 
La 0.035 0.004 

0.003 
 0.945 0.029 1.16 3+ 

Ce 0.085 0.024 
0.019 

 0.630 0.065 1.143 3+ 

Pr 0.147 0.018 
0.016 

 0.889 0.045 1.126 3+ 

Nd 0.059 0.006 
0.006 

 0.926 0.038 1.109 3+ 

Sm 0.431 0.091 
0.075 

 0.824 0.076 1.079 3+ 

Eu 1.24 0.12 
0.11 

 1.012 0.083 1.066 3+ 

Gd 0.484 0.179 
0.131 

 0.858 0.092 1.053 3+ 

Tb 4.20 1.50 
1.10 

 0.671 0.129 1.04 3+ 

Dy 3.93 3.14 
1.75 

 0.542 0.122 1.027 3+ 

Y 2.41 9.16 
1.91 

 0.487 0.221 1.019 3+ 

Ho 8.00 9.82 
4.41 

 0.544 0.212 1.015 3+ 

Er 6.56 7.97 
3.60 

 0.545 0.150 1.004 3+ 

Tm 25.18 26.96 
13.02 

 0.534 0.192 0.994 3+ 

Yb 20.18 33.15 
12.54 

 0.433 0.161 0.985 3+ 

Lu 53.05 68.26 
29.85 

 0.434 0.187 0.977 3+ 

        
Nb 0.136 0.017 

0.015 
 0.911 0.037 0.74 5+ 

 
 
Table 2: 
Empirically determined α and β terms calculated by regressing Equation 1 through plots of 
zircon/bulk rock partition coefficients vs. elemental concentration in zircon.  The uncertainties 
reported for α and β include propagated errors associated with REE concentration for zircon 
measurements as well as errors associated with the regression. Ionic radii are reported in Å for 8-
fold coordination (Shannon, 1976).   
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Table 3: SiO2 and Calculated Zircon Crystallization Temperatures 

Sample 
SiO2 

wt. % 

Median 
Ti 

(ppm) 

Ti MAD 
(ppm) Temp 

(°C) 

1σ (°C) 

04GJP_43 51 18.8 0.9 785 40 

04GJP_60 57.3 18.2 2.6 782 50 

04GJP_62 58.8 5.4 0.4 671 36 

04-GJP-01 57.5 11.8 1.2 740 42 

04-GJP-09 66.4 7.2 2.2 696 57 

04-GJP-16 72.7 3.5 0.9 638 47 

04-GJP-22 63.1 3.8 0.8 644 45 

04-GJP-23 75.9 6.1 2.3 681 62 

04-GJP-24 63.5 12.4 1.6 745 46 

04-GJP-29 54.5 4.2 0.8 653 43 

04-GJP-32 71.4 5.8 1.7 678 55 

04-GJP-37 59.7 15.0 2.5 763 50 

04-GJP-39 70.9 13.0 2.2 749 50 
04-GJP-40 65 4.8 0.7 662 41 
MT05_102 59.2 11.7 1.8 739 48 
MT05_106 63.2 5.0 1.2 665 49 
MT05_98 68.9 9.2 1.4 717 46 
MT05_99 62.2 18.9 1.5 785 44 

 
 
Table 3: 
Data on each of the Coast Mountain Batholith samples including; bulk rock SiO2 contents 
(weight %), median Ti concentrations in zircon (ppm), the median absolute deviation (MAD) of 
those Ti concentrations, zircon crystallization temperature estimated using the Ti-in-zircon 
thermometer of Ferry and Watson (2007) with αTiO2= 0.9 and αSiO2 =1, and propagated 
uncertainties for the crystallization temperature including errors associated with Ti 
measurements in zircon and uncertainties for the thermometer calculation (Ferry and Waton, 
2007). 
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Figure 1: 
Previously published zircon/bulk rock (natural data; Nardi et al., 2013; Reid et al., 2011; 
Clairborne et al., 2010; Marshall et al., 2009; Sano et al., 2002; Thomas et al., 2002; Bea et al., 
1994; Hinton and Upton, 1991; Fujimaki, 1986; Nagasawa, 1970) and zircon/melt (experimental 
data; Taylor et al., 2015; Burnham and Berry, 2012; Luo and Ayers, 2009; Rubatto and 
Hermann, 2007; Watson, 1980) partition coefficients.  An identical plot with each data source 
separated by symbol and color is presented in Appendix 6 in the Supplementary Material.  The 
zircon/bulk rock partition coefficient shown for this study is averaged from each of the median 
partition coefficients presented in Table 1 and the uncertainty is related to the scatter in those 
values (1σ). 
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Figure 2: 
A) Histograms of Yb and La concentrations (red bars) of ~40,000 plutonic and volcanic rocks 
from global convergent margins.  Data is from the Geochemistry of Rocks of the Oceans and 
Continents (GEOROC; http://georoc.mpch-mainz.gwdg.de) database.  Crustal abundances, 
plotted in blue, are from Rudnick and Fountain (1995).  REE concentrations in crustal rocks 
commonly vary by less than 2 orders of magnitude. B) Histograms of Yb and La concentrations 
in individual zircons measured in this study after the removal of spurious data that may have 
been affected by the accidental sampling of inclusions (321 measurements), see text for details 
on the filtering method.  Note that even after the careful selection of data, there is still large 
variability in zircon analyses.  
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Figure 3: 
A) Zircon/bulk rock partition coefficients for select REE calculated in this study from the Coast 
Mountains Batholith.  There is a correlation between zircon concentration and partition 
coefficient that can be modeled by a power law relationship (Eq. 1).  The Coast Mountains 
Batholith data is combined with data from other studies to estimate α and β for the REE (Table 
2).  Examples of REE data fit with Eq. 1 to estimate α and β are shown for B) Yb and C) La.  
Other data sources include: Nardi et al. (2013); Sano et al. (2002); Fujimaki (1986); Nagasawa 
(1970), Clairborne et al. (2010); and Thomas et al. (2002).  Identical plots of La and Yb with 
each data source separated by symbol and color is presented in Appendix 7 in the Supplementary 
Material.  D) β is large for the LREE and decreases with decreasing ionic radius.  The 
uncertainty associated with β increases for the HREE, which is related to the poor fit of the 
regression of Eq. 1 to the data as exemplified by Yb in part B of the figure. 
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Figure 4: 
A) plot of the median REE concentrations in zircon from four representative samples of the 
Coast Mountains Batholith data.  For two of the samples, the median absolute deviation 
(uncertainty) is shown by the shaded area.  These samples include the extremes in median 
concentrations.  A full data table is presented in App. 3.  B) plot of REE concentrations in 
individual zircons (20 total analyses) measured from sample MT05_106.  Note the large range of 
La concentrations. Chondrite normalization values are from McDonough and Sun (1995).   
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Figure 5: 
A) Zircon/bulk rock partition coefficients determined for the Coast Mountains Batholith samples 
(Table 1) plotted against zircon crystallization temperature calculated using the Ti-in-zircon 
thermometer of Ferry and Watson (2007).  There is no clear relationship between temperature 
and partition coefficient over the range of temperatures observed in the Coast Mountains data.  
B) Combining the Coast Mountains Batholith data with natural and experimental data on zircon 
partition coefficients over a larger range of temperatures (Thomas et al., 2002; Rubatto and 
Hermann, 2007; Luo and Ayers, 2009; Burnham and Berry, 2012) suggests that there may be a 
broader temperature dependence on partition coefficient.  The temperature dependence is more 
well-defined for the HREE (e.g. Yb).  The zircon crystallization temperature uncertainties for all 
samples analyzed in this study are ~±50 °C (Table 3).  
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Figure 6: 
Bulk rock REE concentration estimates for the Coast Mountains Batholith sample 04GJP-39 
determined from individual zircon analyses using: A) median partition coefficients determined 
for the Coast Mountains Batholith (Table 1) and B) partition coefficients calculated with Eq. 1.  
Light red lines are predictions based on single zircon analyses and the thick black line is the 
actual (measured) bulk rock REE concentration.  Uncertainties are not shown for each separate 
analysis, however, Fig. 7 shows representative uncertainties from estimated bulk rock REE 
concentrations.  Chondrite normalization values are from McDonough and Sun (1995). 
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Figure 7: 
Independent tests of bulk rock REE concentration predictions using Eq. 1 and the values of α and 
β presented in Table 2 (thick green line).  For each example the median REE concentrations in 
zircon and median absolute deviation were calculated from individual zircon analyses of the 
same sample.  Uncertainty associated these predictions includes errors in REE concentrations in 
zircon from the samples as well as errors related to α and β.  The results of the bulk rock 
predictions from Eq. 1 are compared against bulk rock REE concentration prediction using 
constant partition coefficients (Sano02 = Sano et al., 2002; Nardi13 = Nardi et al., 2013; H&U91 
= Hinton and Upton, 1991).  The thick black line is the reported REE concentrations of the 
whole rock (WR) sample from which the zircons were extracted. A) Sample TB065-1 from Yang 
et al. (2011).  B) Sample T514 from Long et al. (2012).  C) Sample SM/GR/98/02 from 
Whitehouse and Kamber (2002).  D) Zircon data from the early eruption phase of the Bishop 
Tuff (samples 24-6, LV57, LV58, RPI) that are separated by zircon rim and core analyses (Reid 
et al., 2011).  The bulk rock REE composition comes from Anderson et al. (2000).  E) Sample 
NW10-36D from Gordon et al. (2013).  F) Sample JR31-22-1 with REE concentrations in zircon 
from Grimes et al. (2007) and bulk rock REE concentrations from Coogan et al. (2001). 
Chondrite normalization values are from McDonough and Sun (1995). 
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Figure 8: 
A) Individual zircon analyses from the Coast Mountains Batholith data plotted on a (Sm/La)N vs. 
La discrimination diagram used by Hoskin (2005) to distinguish hydrothermal and magmatic 
zircon.  Positively identifying hydrothermal zircon is difficult, but there may be several zircons 
affected by fluid interactions.  B) Coast Mountains Batholith data plotted on a (La/Gd)N vs. 
Th+U diagram where actinide concentration is a proxy for radiation induced lattice damage 
(Whitehouse and Kamber, 2002).  There is no evident increase in LREE fractionation with 
increasing Th+U.   
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Supplementary Material 
 
Appendix 1: LA-ICP-MS method 
 
ICP-MS method including masses measured, settling times, dwell times, and segment duration 
times.  Dwell times varied slightly between sample analyses as we refined the method.  The 
reported method is the latest iteration.   
 

 
  

Appendix 1: ICP-MS Acquisition settings for measured elements
Isotope Settling Time (s) Dwell Time (s) Samples /Peak Integration Segment Dur. (s)

29Si 0.25 0.002 15 1 0.03
31P 0.001 0.007 15 1 0.105

45Sc 0.021 0.042 15 1 0.63
49Ti 0.001 0.1 15 1 1.5
89Y 0.021 0.002 15 1 0.03

93Nb 0.001 0.025 15 1 0.375
139La 0.001 0.1 15 1 1.5
140Ce 0.001 0.006 15 1 0.09
141Pr 0.001 0.042 15 1 0.63

142Nd 0.001 0.038 15 1 0.57
152Sm 0.001 0.042 15 1 0.63
152Eu 0.001 0.042 15 1 0.63
157Gd 0.001 0.042 15 1 0.63
159Tb 0.021 0.019 15 1 0.285
164Dy 0.001 0.005 15 1 0.075
165Ho 0.001 0.003 15 1 0.045
166Er 0.001 0.002 15 1 0.03

169Tm 0.001 0.002 16 1 0.032
174Yb 0.001 0.002 15 1 0.03
175Lu 0.001 0.002 15 1 0.03
177Hf 0.001 0.002 15 1 0.03
181Ta 0.001 0.035 15 1 0.525
202Hg 0.021 0.002 80 5 0.032
204Pb 0.001 0.004 80 5 0.064
206Pb 0.001 0.007 80 5 0.112
207Pb 0.001 0.007 80 5 0.112
208Pb 0.001 0.002 80 5 0.032
232Th 0.001 0.002 80 5 0.032
235U 0.021 0.005 80 5 0.08
238U 0.001 0.003 80 5 0.048
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Appendix 2: zircon U-Pb data 
 
U-Pb isotope ratios and apparent ages for the Coast Mountains Batholith samples and the 91500 
zircon standard. 
 

 
  

Appendix 2: Measured U-Th-Pb isotope ratios and apparent zircon age
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

91500-1 72 19835 2.8 13.2113 0.7 1.7777 2.0 0.1703 1.9 0.93 1014.0 17.4 1037.3 12.9 1086.9 14.2 1086.9 14.2 93.3
91500-2 85 20290 2.8 13.3448 0.7 1.8204 2.5 0.1762 2.4 0.95 1046.1 22.8 1052.8 16.2 1066.8 15.0 1066.8 15.0 98.1
91500-3 65 23087 2.9 13.2312 0.8 1.7766 2.2 0.1705 2.0 0.94 1014.8 19.2 1036.9 14.2 1083.9 15.3 1083.9 15.3 93.6
91500-4 76 24827 2.9 13.3438 0.6 1.7351 2.0 0.1679 1.9 0.95 1000.6 17.6 1021.7 12.9 1066.9 12.3 1066.9 12.3 93.8
91500-5 77 25930 2.8 13.2703 1.0 1.7539 2.4 0.1688 2.2 0.92 1005.5 20.8 1028.6 15.7 1078.0 19.4 1078.0 19.4 93.3
91500-6 82 38471 2.8 13.1750 0.4 1.7177 2.3 0.1641 2.2 0.98 979.7 20.1 1015.2 14.5 1092.4 9.0 1092.4 9.0 89.7
91500-7 68 183073 2.9 13.0596 0.6 1.7679 2.2 0.1674 2.2 0.96 998.0 19.9 1033.7 14.5 1110.0 12.0 1110.0 12.0 89.9
91500-8 61 42824 2.9 13.3843 0.8 1.7569 2.0 0.1705 1.8 0.91 1015.1 16.7 1029.7 12.7 1060.8 16.6 1060.8 16.6 95.7
91500-9 76 22933 2.8 13.3369 0.9 1.7043 1.8 0.1649 1.6 0.87 983.7 14.6 1010.2 11.8 1068.0 18.3 1068.0 18.3 92.1

91500-10 64 40571 2.9 13.3448 0.7 1.7387 2.2 0.1683 2.1 0.95 1002.7 19.4 1023.0 14.2 1066.8 13.6 1066.8 13.6 94.0
91500-11 57 29698 3.1 13.2791 0.8 1.6385 2.5 0.1578 2.3 0.95 944.5 20.4 985.1 15.5 1076.7 15.6 1076.7 15.6 87.7
91500-12 67 21241 2.9 13.2175 0.9 1.7884 3.6 0.1714 3.5 0.97 1020.1 33.2 1041.3 23.6 1086.0 17.9 1086.0 17.9 93.9
91500-13 80 45793 2.8 13.2192 0.7 1.7453 1.9 0.1673 1.7 0.92 997.4 16.2 1025.4 12.3 1085.7 15.0 1085.7 15.0 91.9
91500-14 80 35595 2.8 13.2781 0.8 1.7546 2.5 0.1690 2.3 0.95 1006.5 21.8 1028.9 15.9 1076.9 15.1 1076.9 15.1 93.5
91500-15 60 36401 3.0 13.3555 0.8 1.7772 2.3 0.1721 2.1 0.94 1023.9 20.3 1037.2 14.9 1065.2 16.1 1065.2 16.1 96.1
91500-16 68 20216 2.9 13.3653 0.8 1.7773 2.5 0.1723 2.4 0.94 1024.7 22.5 1037.2 16.3 1063.7 16.6 1063.7 16.6 96.3
91500-17 74 91870 2.8 13.2009 0.6 1.7465 1.4 0.1672 1.3 0.92 996.7 12.1 1025.9 9.2 1088.5 11.1 1088.5 11.1 91.6
91500-18 77 21043 2.9 13.3648 0.8 1.7619 2.6 0.1708 2.5 0.96 1016.4 23.6 1031.6 17.0 1063.8 15.3 1063.8 15.3 95.5
91500-19 74 51714 2.8 13.2596 0.8 1.8070 2.0 0.1738 1.9 0.93 1032.9 17.7 1048.0 13.1 1079.6 15.2 1079.6 15.2 95.7
91500-20 73 41738 2.9 13.1919 0.8 1.7836 2.5 0.1706 2.4 0.95 1015.7 22.3 1039.5 16.3 1089.9 15.9 1089.9 15.9 93.2
91500-21 76 43620 2.8 13.3245 0.8 1.7814 2.4 0.1722 2.3 0.95 1024.0 21.5 1038.7 15.6 1069.9 15.3 1069.9 15.3 95.7
91500-22 66 26765 2.9 13.3558 0.7 1.7804 1.9 0.1725 1.7 0.93 1025.6 16.5 1038.3 12.2 1065.1 14.2 1065.1 14.2 96.3
91500-23 68 21444 3.0 13.3856 0.7 1.7595 2.0 0.1708 1.8 0.94 1016.6 17.2 1030.7 12.6 1060.6 13.6 1060.6 13.6 95.8
91500-24 79 27823 2.8 13.3555 0.9 1.7561 3.1 0.1701 2.9 0.96 1012.7 27.6 1029.4 20.0 1065.2 18.2 1065.2 18.2 95.1
91500-25 68 44035 2.9 13.3040 0.8 1.7105 2.0 0.1650 1.9 0.91 984.7 16.9 1012.5 13.0 1072.9 16.9 1072.9 16.9 91.8
91500-26 58 35979 3.1 13.3087 0.8 1.7771 3.0 0.1715 2.9 0.96 1020.5 27.3 1037.1 19.5 1072.2 16.2 1072.2 16.2 95.2
91500-27 80 23614 2.8 13.2681 0.8 1.7009 2.3 0.1637 2.2 0.94 977.2 19.8 1008.9 14.8 1078.3 15.4 1078.3 15.4 90.6
91500-28 62 123389 3.0 13.3847 0.8 1.7446 2.4 0.1694 2.3 0.95 1008.5 21.6 1025.2 15.8 1060.8 16.0 1060.8 16.0 95.1
91500-29 107 22155 2.7 13.4248 0.5 1.8144 2.1 0.1767 2.0 0.97 1048.7 19.2 1050.7 13.5 1054.8 10.7 1054.8 10.7 99.4
91500-30 126 56006 2.6 13.3471 0.6 1.8539 2.5 0.1795 2.5 0.97 1064.0 24.3 1064.8 16.8 1066.5 11.8 1066.5 11.8 99.8
91500-31 109 15411 2.7 13.5014 0.7 1.8044 2.2 0.1767 2.0 0.95 1048.9 19.8 1047.0 14.2 1043.3 14.3 1043.3 14.3 100.5
91500-32 96 18587 2.7 13.5613 0.6 1.7982 2.8 0.1769 2.8 0.98 1049.8 26.9 1044.8 18.5 1034.3 11.6 1034.3 11.6 101.5
91500-33 90 12657 2.8 13.5432 0.6 1.8195 1.9 0.1787 1.8 0.95 1060.0 17.4 1052.5 12.3 1037.0 11.6 1037.0 11.6 102.2
91500-34 86 47585 3.0 13.3130 0.7 1.7984 2.5 0.1736 2.4 0.96 1032.2 22.7 1044.9 16.2 1071.6 14.1 1071.6 14.1 96.3
91500-35 98 44518 2.7 13.3358 0.6 1.8486 2.5 0.1788 2.5 0.97 1060.4 24.0 1062.9 16.6 1068.1 11.4 1068.1 11.4 99.3
91500-36 104 23395 2.8 13.4642 0.6 1.7796 2.4 0.1738 2.3 0.96 1032.9 22.0 1038.0 15.5 1048.9 12.7 1048.9 12.7 98.5
91500-37 87 30930 2.7 13.4998 0.6 1.7834 2.3 0.1746 2.2 0.97 1037.5 21.5 1039.4 15.2 1043.5 12.3 1043.5 12.3 99.4
91500-38 119 22812 2.7 13.5164 0.6 1.7900 1.9 0.1755 1.8 0.95 1042.2 17.2 1041.8 12.2 1041.0 11.3 1041.0 11.3 100.1
91500-39 107 15441 2.8 13.5351 0.7 1.7497 2.9 0.1718 2.8 0.97 1021.8 26.7 1027.0 18.8 1038.2 13.2 1038.2 13.2 98.4
91500-40 116 34587 2.7 13.4286 0.6 1.7860 2.2 0.1739 2.1 0.96 1033.8 20.2 1040.4 14.4 1054.2 12.5 1054.2 12.5 98.1
91500-41 118 39496 2.7 13.5544 0.6 1.7641 2.7 0.1734 2.6 0.98 1031.0 25.2 1032.4 17.6 1035.3 11.7 1035.3 11.7 99.6
91500-42 110 38397 2.7 13.4730 0.7 1.7980 2.3 0.1757 2.1 0.95 1043.4 20.7 1044.7 14.8 1047.5 14.4 1047.5 14.4 99.6
91500-43 93 20703 2.8 13.6326 0.8 1.7440 2.3 0.1724 2.2 0.93 1025.5 20.6 1024.9 15.0 1023.7 17.0 1023.7 17.0 100.2
91500-44 87 12325 2.8 13.6920 0.7 1.7945 2.6 0.1782 2.5 0.97 1057.1 24.6 1043.5 17.0 1014.9 13.6 1014.9 13.6 104.2
91500-45 99 22649 2.8 13.5430 0.7 1.7556 2.2 0.1724 2.1 0.95 1025.5 20.1 1029.2 14.4 1037.0 13.6 1037.0 13.6 98.9
91500-46 96 12006 2.8 13.6467 0.6 1.7395 2.3 0.1722 2.2 0.96 1024.1 20.7 1023.3 14.6 1021.6 12.6 1021.6 12.6 100.2
91500-47 99 24623 2.7 13.4567 0.5 1.8162 2.3 0.1773 2.3 0.97 1051.9 21.9 1051.3 15.2 1050.0 10.8 1050.0 10.8 100.2
91500-48 77 56562 2.9 13.5921 0.8 1.7666 2.2 0.1741 2.1 0.94 1034.9 19.8 1033.3 14.3 1029.7 15.4 1029.7 15.4 100.5
91500-49 84 31175 2.8 13.4904 0.8 1.8441 2.9 0.1804 2.8 0.96 1069.3 27.5 1061.3 19.1 1044.9 15.4 1044.9 15.4 102.3
91500-50 84 34128 2.9 13.5460 0.6 1.7900 2.0 0.1759 1.9 0.95 1044.3 18.0 1041.8 12.8 1036.6 12.6 1036.6 12.6 100.7
91500-51 102 59949 2.8 13.3617 0.5 1.8072 2.6 0.1751 2.6 0.98 1040.3 24.7 1048.1 17.1 1064.2 10.4 1064.2 10.4 97.8
91500-52 90 19481 2.8 13.5108 0.6 1.7779 2.8 0.1742 2.7 0.98 1035.3 26.3 1037.4 18.3 1041.9 12.2 1041.9 12.2 99.4
91500-53 92 22514 2.8 13.5752 0.6 1.8079 2.3 0.1780 2.2 0.96 1056.0 21.7 1048.3 15.1 1032.2 12.3 1032.2 12.3 102.3
91500-54 84 32720 2.9 13.4592 0.6 1.7760 2.5 0.1734 2.4 0.97 1030.6 23.1 1036.7 16.3 1049.6 13.0 1049.6 13.0 98.2
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

91500-55 103 16444 2.7 13.6441 0.4 1.7948 2.5 0.1776 2.5 0.99 1053.9 24.3 1043.6 16.5 1022.0 8.2 1022.0 8.2 103.1
91500-56 86 72038 2.8 13.4072 0.8 1.8173 2.5 0.1767 2.4 0.94 1049.0 23.0 1051.7 16.5 1057.4 16.7 1057.4 16.7 99.2
91500-57 76 23066 3.0 13.5526 0.7 1.7990 2.5 0.1768 2.3 0.96 1049.6 22.7 1045.1 16.0 1035.6 14.3 1035.6 14.3 101.4
91500-58 80 54799 2.8 13.5387 0.5 1.7823 2.2 0.1750 2.2 0.98 1039.6 20.9 1039.0 14.5 1037.7 9.4 1037.7 9.4 100.2
91500-59 80 17587 2.9 13.4726 0.8 1.7951 2.3 0.1754 2.2 0.94 1041.8 20.9 1043.7 15.0 1047.6 15.7 1047.6 15.7 99.4
91500-60 68 38907 2.9 13.4835 0.8 1.8248 3.3 0.1785 3.2 0.97 1058.5 31.6 1054.4 21.8 1046.0 16.0 1046.0 16.0 101.2
91500-61 82 37627 2.8 13.5257 0.7 1.7765 2.4 0.1743 2.3 0.96 1035.6 21.6 1036.9 15.4 1039.6 13.9 1039.6 13.9 99.6
91500-62 108 20057 2.7 13.5951 0.5 1.7599 2.3 0.1735 2.2 0.97 1031.5 21.4 1030.8 14.9 1029.3 10.5 1029.3 10.5 100.2
91500-63 76 16929 2.8 13.5540 0.7 1.7693 2.9 0.1739 2.8 0.97 1033.7 26.8 1034.3 18.8 1035.4 14.8 1035.4 14.8 99.8
91500-64 83 70086 2.8 13.4312 0.6 1.7817 3.6 0.1736 3.5 0.99 1031.7 33.8 1038.8 23.4 1053.8 12.3 1053.8 12.3 97.9
91500-65 63 15494 3.0 13.4856 0.6 1.8310 3.7 0.1791 3.6 0.99 1062.0 35.7 1056.6 24.3 1045.7 12.3 1045.7 12.3 101.6
91500-66 89 41973 2.8 13.4424 0.7 1.8026 2.6 0.1757 2.6 0.97 1043.7 24.7 1046.4 17.3 1052.1 13.2 1052.1 13.2 99.2
91500-67 78 19707 2.9 13.5420 0.7 1.7834 3.4 0.1752 3.4 0.98 1040.5 32.2 1039.4 22.3 1037.2 14.3 1037.2 14.3 100.3
91500-68 67 20838 2.9 13.4086 1.0 1.7982 3.3 0.1749 3.1 0.96 1038.9 30.1 1044.8 21.4 1057.2 19.3 1057.2 19.3 98.3
91500-69 82 27827 2.9 13.3388 0.9 1.7846 2.6 0.1726 2.5 0.94 1026.7 23.4 1039.9 17.0 1067.7 17.7 1067.7 17.7 96.2
91500-70 65 20524 3.3 13.4213 0.7 1.8007 4.2 0.1753 4.1 0.99 1041.1 39.7 1045.7 27.3 1055.3 14.3 1055.3 14.3 98.7
91500-71 82 8517 2.9 13.7144 0.8 1.7122 3.1 0.1703 3.0 0.96 1013.8 28.1 1013.1 19.9 1011.6 16.6 1011.6 16.6 100.2
91500-72 73 21105 2.9 13.5851 1.0 1.7933 4.6 0.1767 4.5 0.98 1048.9 43.5 1043.0 30.0 1030.8 20.1 1030.8 20.1 101.8
91500-73 52 14800 3.1 13.6788 1.1 1.8043 4.7 0.1790 4.6 0.97 1061.5 44.7 1047.0 30.7 1016.9 22.7 1016.9 22.7 104.4
91500-74 61 25688 2.9 13.5710 1.2 1.8092 4.3 0.1781 4.1 0.96 1056.4 40.3 1048.8 28.1 1032.9 23.3 1032.9 23.3 102.3
91500-75 81 13514 2.9 13.6538 1.0 1.7676 3.9 0.1750 3.8 0.96 1039.8 36.1 1033.6 25.3 1020.6 20.7 1020.6 20.7 101.9
91500-76 74 156565 2.8 13.4897 0.8 1.7820 2.9 0.1743 2.8 0.96 1036.0 26.5 1038.9 18.8 1045.0 16.1 1045.0 16.1 99.1
91500-77 72 41782 2.9 13.7289 1.0 1.7861 3.8 0.1778 3.6 0.96 1055.2 35.3 1040.4 24.5 1009.5 20.5 1009.5 20.5 104.5
91500-78 54 15344 2.9 13.7071 0.9 1.7705 4.4 0.1760 4.3 0.98 1045.2 41.2 1034.7 28.3 1012.7 18.4 1012.7 18.4 103.2

04-GJP-23-1 4322 156096 5.3 20.6803 0.6 0.0872 2.1 0.0131 2.0 0.96 83.8 1.7 84.9 1.7 116.7 14.2 83.8 1.7 NA
04-GJP-23-2 166 16312 1.9 20.8624 2.4 0.0952 3.2 0.0144 2.1 0.65 92.2 1.9 92.3 2.8 96.0 57.6 92.2 1.9 NA
04-GJP-23-3 1352 27618 3.4 20.9654 0.8 0.0840 1.8 0.0128 1.6 0.90 81.8 1.3 81.9 1.4 84.3 19.4 81.8 1.3 NA
04-GJP-23-4 2025 21836 2.5 21.1972 0.6 0.0885 2.7 0.0136 2.6 0.97 87.1 2.3 86.1 2.2 58.1 15.0 87.1 2.3 NA
04-GJP-23-5 893 31148 2.1 20.9724 1.1 0.0962 2.0 0.0146 1.7 0.85 93.7 1.6 93.3 1.8 83.5 25.2 93.7 1.6 NA
04-GJP-23-6 2279 127495 4.4 20.8939 0.7 0.0871 1.9 0.0132 1.7 0.92 84.5 1.5 84.8 1.5 92.4 17.3 84.5 1.5 NA
04-GJP-23-7 324 7543 5.0 9.5253 10.8 0.2587 11.3 0.0179 3.3 0.29 114.2 3.7 233.6 23.6 1714.0 198.9 114.2 3.7 NA
04-GJP-23-8 1753 39345 14.0 20.6105 0.8 0.0892 1.9 0.0133 1.8 0.91 85.4 1.5 86.7 1.6 124.6 18.9 85.4 1.5 NA
04-GJP-23-9 235 7824 1.5 16.0058 3.3 0.1075 4.3 0.0125 2.7 0.63 79.9 2.1 103.6 4.2 690.5 70.7 79.9 2.1 NA
04-GJP-23-10 844 29137 7.3 20.7375 1.0 0.0879 2.0 0.0132 1.7 0.87 84.6 1.5 85.5 1.6 110.2 23.5 84.6 1.5 NA
04-GJP-23-11 2746 42161 8.3 20.5544 0.6 0.0871 1.4 0.0130 1.2 0.89 83.1 1.0 84.8 1.1 131.1 14.8 83.1 1.0 NA
04-GJP-23-12 450 15487 2.8 21.0655 1.1 0.0956 2.2 0.0146 2.0 0.88 93.5 1.8 92.7 2.0 73.0 25.6 93.5 1.8 NA
04-GJP-23-13 4673 36575 4.0 20.8334 0.8 0.0829 2.3 0.0125 2.1 0.94 80.3 1.7 80.9 1.8 99.3 18.8 80.3 1.7 NA
04-GJP-23-14 1324 40287 1.1 19.9074 0.9 0.0945 2.3 0.0137 2.1 0.92 87.4 1.8 91.7 2.0 205.8 20.4 87.4 1.8 NA
04-GJP-23-15 808 9446 1.9 18.6506 2.0 0.0805 2.6 0.0109 1.6 0.63 69.8 1.1 78.6 2.0 355.0 45.7 69.8 1.1 NA
04-GJP-23-16 936 8692 2.0 21.2680 0.9 0.0939 1.5 0.0145 1.2 0.82 92.7 1.1 91.1 1.3 50.2 20.6 92.7 1.1 NA
04-GJP-23-17 1012 30760 3.6 20.8158 0.8 0.0846 1.6 0.0128 1.4 0.87 81.8 1.1 82.5 1.2 101.3 18.1 81.8 1.1 NA
04-GJP-23-18 2366 54241 6.5 20.7238 0.6 0.0878 1.9 0.0132 1.8 0.95 84.5 1.5 85.5 1.5 111.7 13.6 84.5 1.5 NA
04-GJP-23-19 1058 21176 3.7 20.9905 0.9 0.0909 2.1 0.0138 1.9 0.91 88.6 1.7 88.3 1.8 81.4 20.3 88.6 1.7 NA

04-GJP-16-1 217 14585 3.8 21.7745 1.9 0.0727 2.6 0.0115 1.7 0.65 73.6 1.2 71.2 1.8 6.3 47.0 73.6 1.2 NA
04-GJP-16-2 164 4389 4.2 20.5949 1.9 0.0748 3.0 0.0112 2.4 0.78 71.6 1.7 73.2 2.1 126.5 44.6 71.6 1.7 NA
04-GJP-16-3 1016 22443 5.2 21.5178 0.9 0.0522 1.6 0.0082 1.2 0.80 52.3 0.6 51.7 0.8 22.2 22.4 52.3 0.6 NA
04-GJP-16-4 318 6135 4.0 22.1037 1.5 0.0548 2.1 0.0088 1.5 0.72 56.4 0.9 54.1 1.1 42.6 36.1 56.4 0.9 NA
04-GJP-16-5 844 248608 6.4 21.4687 1.0 0.0525 1.6 0.0082 1.3 0.78 52.5 0.7 52.0 0.8 27.7 24.7 52.5 0.7 NA
04-GJP-16-6 924 34366 3.6 21.3301 0.9 0.0530 1.8 0.0082 1.5 0.86 52.7 0.8 52.5 0.9 43.2 22.1 52.7 0.8 NA
04-GJP-16-7 582 4967 5.5 22.4806 2.0 0.0589 2.5 0.0096 1.6 0.62 61.6 1.0 58.1 1.4 83.9 48.3 61.6 1.0 NA
04-GJP-16-8 801 57358 6.4 20.6209 1.2 0.0747 3.1 0.0112 2.8 0.92 71.6 2.0 73.1 2.2 123.4 27.8 71.6 2.0 NA
04-GJP-16-9 261 26093 3.6 20.9285 1.6 0.0625 2.3 0.0095 1.7 0.72 60.9 1.0 61.6 1.4 88.5 38.3 60.9 1.0 NA
04-GJP-16-10 1825 21342 2.7 21.6066 0.8 0.0508 1.5 0.0080 1.2 0.84 51.1 0.6 50.3 0.7 12.3 19.5 51.1 0.6 NA
04-GJP-16-11 172 4077 6.1 22.2985 2.1 0.0742 3.4 0.0120 2.7 0.79 76.9 2.1 72.7 2.4 64.0 51.6 76.9 2.1 NA
04-GJP-16-12 1198 26299 5.4 20.7048 1.2 0.0536 1.8 0.0080 1.3 0.75 51.7 0.7 53.0 0.9 113.9 27.8 51.7 0.7 NA
04-GJP-16-13 817 14473 4.2 21.5937 1.3 0.0520 2.0 0.0081 1.5 0.74 52.3 0.8 51.5 1.0 13.8 32.0 52.3 0.8 NA
04-GJP-16-14 67 10771 3.9 21.2540 2.1 0.1165 3.0 0.0180 2.2 0.73 114.7 2.5 111.9 3.2 51.7 49.2 114.7 2.5 NA
04-GJP-16-15 352 10798 4.1 22.1426 1.3 0.0524 2.2 0.0084 1.7 0.80 54.0 0.9 51.9 1.1 46.9 31.5 54.0 0.9 NA
04-GJP-16-16 985 30332 3.6 21.5511 0.9 0.0532 1.3 0.0083 0.9 0.71 53.4 0.5 52.6 0.7 18.5 21.7 53.4 0.5 NA
04-GJP-16-17 1436 30744 5.5 21.3166 0.7 0.0529 1.7 0.0082 1.5 0.89 52.5 0.8 52.3 0.8 44.7 17.7 52.5 0.8 NA
04-GJP-16-18 454 13384 3.4 18.8748 3.4 0.0820 4.2 0.0112 2.4 0.58 71.9 1.7 80.0 3.2 328.0 77.5 71.9 1.7 NA
04-GJP-16-19 1442 33758 10.6 21.2650 0.8 0.0511 1.8 0.0079 1.6 0.90 50.6 0.8 50.6 0.9 50.5 17.9 50.6 0.8 NA
04-GJP-16-20 784 7969 5.8 22.0169 0.9 0.0502 2.1 0.0080 1.8 0.90 51.5 0.9 49.7 1.0 33.1 22.0 51.5 0.9 NA
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

04-GJP-24-1 1156 260493 35.8 20.3919 0.5 0.1558 1.4 0.0230 1.3 0.93 146.9 1.8 147.1 1.9 149.7 11.9 146.9 1.8 NA
04-GJP-24-2 145 11089 2.2 21.2713 1.5 0.1503 2.5 0.0232 2.0 0.79 147.7 2.9 142.1 3.3 49.8 36.7 147.7 2.9 NA
04-GJP-24-3 94 4442 2.7 22.0505 1.5 0.1442 2.5 0.0231 2.0 0.80 147.0 2.9 136.8 3.2 36.8 36.9 147.0 2.9 NA
04-GJP-24-4 67 20717 3.5 12.6101 3.3 0.2560 4.3 0.0234 2.8 0.65 149.2 4.1 231.5 8.9 1179.7 64.4 149.2 4.1 NA
04-GJP-24-5 99 163005 2.1 19.2256 2.0 0.1710 2.9 0.0238 2.1 0.72 151.9 3.1 160.3 4.3 286.0 46.4 151.9 3.1 NA
04-GJP-24-6 184 275041 1.7 20.5369 1.0 0.1614 1.7 0.0240 1.4 0.81 153.2 2.1 152.0 2.5 133.1 24.0 153.2 2.1 NA
04-GJP-24-7 141 23832 1.8 20.7260 1.1 0.1560 2.1 0.0234 1.8 0.85 149.4 2.6 147.2 2.8 111.5 25.4 149.4 2.6 NA
04-GJP-24-8 110 14441 2.3 20.8554 1.8 0.1520 3.2 0.0230 2.7 0.83 146.6 3.9 143.7 4.3 96.7 42.6 146.6 3.9 NA
04-GJP-24-9 64 7561 2.4 21.4741 2.1 0.1476 3.8 0.0230 3.2 0.83 146.5 4.6 139.8 5.0 27.1 51.5 146.5 4.6 NA
04-GJP-24-10 131 4916 1.9 21.1961 1.6 0.1481 3.4 0.0228 3.0 0.89 145.2 4.3 140.3 4.5 58.2 37.2 145.2 4.3 NA
04-GJP-24-11 126 6043 4.9 21.8484 2.1 0.1416 3.7 0.0224 3.1 0.83 143.1 4.3 134.5 4.6 14.5 49.9 143.1 4.3 NA
04-GJP-24-12 77 8570 2.5 21.1783 1.7 0.1520 3.6 0.0233 3.2 0.88 148.8 4.7 143.7 4.8 60.3 40.2 148.8 4.7 NA
04-GJP-24-13 84 4398 2.1 21.8676 2.7 0.1447 3.6 0.0229 2.3 0.65 146.3 3.3 137.2 4.6 16.6 65.8 146.3 3.3 NA
04-GJP-24-14 83 6265 3.0 21.6963 2.0 0.1488 3.7 0.0234 3.1 0.84 149.2 4.6 140.9 4.9 2.4 48.8 149.2 4.6 NA
04-GJP-24-15 107 12207 2.1 21.0485 1.6 0.1510 2.7 0.0230 2.2 0.81 146.9 3.2 142.8 3.6 74.9 37.4 146.9 3.2 NA
04-GJP-24-16 615 33210 1.2 20.5321 0.8 0.1536 1.8 0.0229 1.6 0.90 145.8 2.3 145.1 2.4 133.6 17.9 145.8 2.3 NA
04-GJP-24-17 63 13897 3.2 21.0296 1.4 0.1529 3.5 0.0233 3.2 0.91 148.6 4.7 144.4 4.7 77.0 33.7 148.6 4.7 NA
04-GJP-24-18 98 6722 2.9 20.4109 1.5 0.1530 2.8 0.0226 2.4 0.86 144.4 3.5 144.6 3.8 147.5 34.3 144.4 3.5 NA
04-GJP-24-19 78 13199 3.0 14.4633 7.0 0.2248 8.4 0.0236 4.7 0.56 150.2 6.9 205.9 15.6 902.9 144.0 150.2 6.9 NA
04-GJP-24-20 78 15521 2.4 20.9222 1.8 0.1547 3.0 0.0235 2.4 0.80 149.6 3.5 146.1 4.1 89.2 42.4 149.6 3.5 NA

04-GJP-22-1 111 18717 4.9 21.2492 2.2 0.0571 3.0 0.0088 2.1 0.69 56.4 1.2 56.4 1.6 52.3 51.5 56.4 1.2 NA
04-GJP-22-2 512 69108 4.1 21.2918 1.1 0.0580 2.1 0.0090 1.8 0.84 57.5 1.0 57.2 1.2 47.5 27.2 57.5 1.0 NA
04-GJP-22-3 395 18722 3.2 21.7862 1.6 0.0556 2.0 0.0088 1.2 0.62 56.4 0.7 55.0 1.1 7.6 37.4 56.4 0.7 NA
04-GJP-22-4 460 19287 2.6 21.6443 1.0 0.0557 1.9 0.0087 1.6 0.83 56.1 0.9 55.0 1.0 8.1 25.2 56.1 0.9 NA
04-GJP-22-5 599 12130 3.3 21.3772 0.8 0.0595 1.7 0.0092 1.5 0.87 59.2 0.9 58.7 1.0 37.9 20.1 59.2 0.9 NA
04-GJP-22-6 137 7275 4.0 20.4439 2.9 0.0603 3.7 0.0089 2.4 0.64 57.4 1.4 59.4 2.2 143.7 67.0 57.4 1.4 NA
04-GJP-22-7 112 11030 5.2 21.4187 2.3 0.0580 3.6 0.0090 2.9 0.78 57.8 1.6 57.3 2.0 33.3 54.3 57.8 1.6 NA
04-GJP-22-8 142 37782 3.5 22.0115 2.0 0.0562 2.7 0.0090 1.8 0.68 57.6 1.0 55.6 1.4 32.5 47.5 57.6 1.0 NA
04-GJP-22-9 89 7498 3.8 15.1105 4.5 0.0866 5.1 0.0095 2.4 0.48 60.9 1.5 84.4 4.1 812.1 94.3 60.9 1.5 NA
04-GJP-22-10 112 14405 4.1 20.9484 2.2 0.0594 2.8 0.0090 1.8 0.63 57.9 1.0 58.6 1.6 86.2 51.6 57.9 1.0 NA
04-GJP-22-11 404 10053 3.2 22.1250 1.7 0.0555 2.2 0.0089 1.4 0.63 57.1 0.8 54.8 1.2 45.0 41.2 57.1 0.8 NA
04-GJP-22-12 829 8404 2.0 21.9523 1.6 0.0593 2.8 0.0094 2.3 0.83 60.6 1.4 58.5 1.6 25.9 38.3 60.6 1.4 NA
04-GJP-22-13 221 40713 4.2 21.7741 1.8 0.0575 3.0 0.0091 2.4 0.80 58.3 1.4 56.8 1.7 6.2 43.8 58.3 1.4 NA
04-GJP-22-14 265 14062 5.1 15.1978 3.4 0.0835 3.9 0.0092 1.9 0.48 59.0 1.1 81.4 3.1 800.0 72.0 59.0 1.1 NA
04-GJP-22-15 169 5984 4.6 22.3130 2.4 0.0554 3.4 0.0090 2.3 0.69 57.5 1.3 54.7 1.8 65.6 59.6 57.5 1.3 NA
04-GJP-22-16 218 6950 4.2 21.2153 1.8 0.0604 2.5 0.0093 1.8 0.71 59.7 1.1 59.6 1.5 56.1 42.3 59.7 1.1 NA
04-GJP-22-17 291 11052 4.3 21.5656 1.8 0.0587 2.9 0.0092 2.3 0.78 59.0 1.3 58.0 1.6 16.9 44.0 59.0 1.3 NA
04-GJP-22-18 83 5184 3.7 21.5848 3.0 0.0569 3.9 0.0089 2.5 0.65 57.1 1.4 56.2 2.1 14.8 71.4 57.1 1.4 NA
04-GJP-22-19 393 23060 2.8 21.3675 1.3 0.0589 2.6 0.0091 2.3 0.87 58.6 1.3 58.1 1.5 39.1 30.5 58.6 1.3 NA
04-GJP-22-20 583 14678 2.6 19.5784 2.6 0.0650 3.3 0.0092 2.0 0.61 59.2 1.2 63.9 2.1 244.3 60.5 59.2 1.2 NA

04-GJP-29-1 375 19080 2.1 21.1131 1.2 0.0758 2.7 0.0116 2.3 0.88 74.4 1.7 74.2 1.9 67.6 29.5 74.4 1.7 NA
04-GJP-29-2 302 16928 1.5 21.7290 1.5 0.0756 2.3 0.0119 1.8 0.78 76.3 1.4 74.0 1.7 1.2 35.2 76.3 1.4 NA
04-GJP-29-3 145 4786 3.1 22.2174 3.9 0.0724 4.7 0.0117 2.5 0.54 74.8 1.9 71.0 3.2 55.1 95.9 74.8 1.9 NA
04-GJP-29-4 146 6135 2.3 21.8937 1.7 0.0762 2.7 0.0121 2.2 0.79 77.5 1.7 74.5 2.0 19.5 40.4 77.5 1.7 NA
04-GJP-29-5 298 4407 1.3 22.5250 1.7 0.0732 2.3 0.0120 1.5 0.67 76.6 1.2 71.7 1.6 88.7 41.5 76.6 1.2 NA
04-GJP-29-6 376 69417 1.7 21.2540 0.9 0.0795 1.8 0.0123 1.5 0.85 78.5 1.2 77.7 1.3 51.7 22.5 78.5 1.2 NA
04-GJP-29-7 227 11094 2.5 21.4427 1.4 0.0766 2.5 0.0119 2.1 0.83 76.3 1.6 74.9 1.8 30.6 34.0 76.3 1.6 NA
04-GJP-29-8 443 6868 1.3 21.9410 1.3 0.0747 2.2 0.0119 1.8 0.81 76.2 1.4 73.2 1.6 24.7 31.8 76.2 1.4 NA
04-GJP-29-9 360 54281 1.3 21.2091 1.3 0.0860 2.3 0.0132 1.9 0.84 84.7 1.6 83.8 1.9 56.8 30.5 84.7 1.6 NA
04-GJP-29-10 647 7019 1.4 20.5239 1.6 0.0817 2.1 0.0122 1.3 0.61 77.9 1.0 79.7 1.6 134.5 38.5 77.9 1.0 NA
04-GJP-29-11 344 25009 1.8 20.9622 1.3 0.0770 2.1 0.0117 1.6 0.76 75.0 1.2 75.3 1.5 84.6 31.9 75.0 1.2 NA
04-GJP-29-12 276 5979 2.5 21.9587 1.6 0.0746 2.4 0.0119 1.7 0.73 76.2 1.3 73.1 1.7 26.7 39.9 76.2 1.3 NA
04-GJP-29-13 563 8723 2.0 22.0419 1.0 0.0762 2.1 0.0122 1.8 0.88 78.1 1.4 74.6 1.5 35.8 24.2 78.1 1.4 NA
04-GJP-29-14 195 4712 2.5 22.8766 4.0 0.0716 4.4 0.0119 1.9 0.42 76.2 1.4 70.2 3.0 126.8 99.5 76.2 1.4 NA
04-GJP-29-15 436 4979 1.1 23.0100 1.2 0.0738 2.5 0.0123 2.2 0.88 79.0 1.7 72.3 1.7 141.2 28.8 79.0 1.7 NA
04-GJP-29-16 144 4166 2.7 22.8795 2.1 0.0709 3.8 0.0118 3.2 0.84 75.4 2.4 69.5 2.6 127.1 50.9 75.4 2.4 NA
04-GJP-29-17 467 9925 2.4 21.6218 1.7 0.0764 2.3 0.0120 1.5 0.66 76.8 1.2 74.7 1.7 10.7 41.6 76.8 1.2 NA
04-GJP-29-18 259 20948 1.4 21.4629 1.6 0.0778 2.5 0.0121 1.9 0.77 77.6 1.5 76.1 1.8 28.4 38.6 77.6 1.5 NA
04-GJP-29-19 583 38942 1.7 21.3480 0.9 0.0793 2.1 0.0123 1.9 0.91 78.6 1.5 77.5 1.5 41.2 20.6 78.6 1.5 NA
04-GJP-29-20 441 11298 1.4 21.7619 1.1 0.0767 2.5 0.0121 2.2 0.89 77.5 1.7 75.0 1.8 4.9 27.2 77.5 1.7 NA
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

04-GJP-37-1 109 6796 2.5 21.4389 2.2 0.1089 3.3 0.0169 2.4 0.73 108.2 2.6 104.9 3.2 31.0 52.9 108.2 2.6 NA
04-GJP-37-2 153 4652 1.9 20.6610 2.0 0.1107 3.0 0.0166 2.3 0.76 106.1 2.4 106.6 3.1 118.9 46.6 106.1 2.4 NA
04-GJP-37-3 442 24765 2.3 19.7750 1.5 0.1342 2.9 0.0192 2.4 0.85 122.9 3.0 127.9 3.4 221.2 34.8 122.9 3.0 NA
04-GJP-37-4 191 5752 1.8 13.7014 3.0 0.1778 3.7 0.0177 2.1 0.59 112.9 2.4 166.2 5.6 1013.5 60.3 112.9 2.4 NA
04-GJP-37-5 124 10412 1.9 21.9375 1.4 0.1037 2.2 0.0165 1.7 0.76 105.5 1.7 100.2 2.1 24.3 34.0 105.5 1.7 NA
04-GJP-37-6 122 29604 1.9 21.0079 1.4 0.1087 2.8 0.0166 2.5 0.88 105.9 2.6 104.8 2.8 79.5 32.1 105.9 2.6 NA
04-GJP-37-7 140 148906 2.5 20.6851 1.4 0.1106 2.2 0.0166 1.8 0.79 106.1 1.8 106.6 2.2 116.1 31.9 106.1 1.8 NA
04-GJP-37-8 113 7032 2.7 21.4483 1.9 0.1070 2.8 0.0167 2.0 0.73 106.5 2.1 103.3 2.7 30.0 45.5 106.5 2.1 NA
04-GJP-37-9 137 4223 2.3 22.2821 1.8 0.1052 2.6 0.0170 1.9 0.74 108.7 2.1 101.6 2.5 62.2 42.7 108.7 2.1 NA
04-GJP-37-10 130 17892 2.6 20.4884 1.8 0.1102 2.8 0.0164 2.1 0.77 104.7 2.2 106.1 2.8 138.6 41.5 104.7 2.2 NA
04-GJP-37-11 63 2746 2.1 23.8518 2.1 0.0952 3.2 0.0165 2.4 0.74 105.4 2.5 92.4 2.8 231.0 54.0 105.4 2.5 NA
04-GJP-37-12 112 17276 2.3 21.1174 1.3 0.1101 3.0 0.0169 2.7 0.90 107.8 2.9 106.1 3.0 67.1 31.1 107.8 2.9 NA
04-GJP-37-13 198 10234 1.5 21.6814 1.4 0.1067 2.2 0.0168 1.6 0.75 107.3 1.7 102.9 2.1 4.0 34.8 107.3 1.7 NA
04-GJP-37-14 457 30858 1.3 21.0706 1.2 0.1053 1.8 0.0161 1.4 0.77 103.0 1.4 101.7 1.8 72.4 27.7 103.0 1.4 NA
04-GJP-37-15 153 4043 1.6 22.2496 4.3 0.1005 4.7 0.0162 2.0 0.43 103.7 2.1 97.3 4.4 58.6 104.3 103.7 2.1 NA
04-GJP-37-16 79 5587 1.8 21.7827 1.6 0.1063 2.8 0.0168 2.3 0.83 107.4 2.5 102.6 2.7 7.2 37.7 107.4 2.5 NA
04-GJP-37-17 798 66377 36.3 20.9743 0.7 0.1106 2.1 0.0168 2.0 0.94 107.6 2.1 106.5 2.1 83.3 16.9 107.6 2.1 NA
04-GJP-37-18 468 26552 1.0 21.1286 1.0 0.1068 2.0 0.0164 1.7 0.86 104.6 1.7 103.0 1.9 65.8 24.1 104.6 1.7 NA
04-GJP-37-19 110 7663 2.3 17.7856 4.0 0.1330 4.7 0.0172 2.4 0.52 109.7 2.6 126.8 5.5 461.3 88.4 109.7 2.6 NA
04-GJP-37-20 87 5634 2.0 21.6866 3.3 0.1016 5.4 0.0160 4.3 0.79 102.2 4.4 98.3 5.1 3.5 79.5 102.2 4.4 NA

04-GJP-32-1 440 7765 2.1 21.5900 1.1 0.0859 2.3 0.0135 2.0 0.87 86.1 1.7 83.7 1.9 14.2 27.5 86.1 1.7 NA
04-GJP-32-2 2109 28238 5.1 21.0296 0.7 0.0890 1.7 0.0136 1.6 0.92 86.9 1.3 86.5 1.4 77.0 16.1 86.9 1.3 NA
04-GJP-32-3 189 5906 3.0 20.3710 2.7 0.0930 4.1 0.0137 3.1 0.75 88.0 2.7 90.3 3.5 152.1 63.1 88.0 2.7 NA
04-GJP-32-4 134 14496 2.8 20.8689 2.0 0.1009 3.3 0.0153 2.7 0.81 97.7 2.6 97.6 3.1 95.2 46.6 97.7 2.6 NA
04-GJP-32-5 326 15264 2.4 21.2944 1.1 0.0886 2.2 0.0137 1.9 0.86 87.7 1.6 86.2 1.8 47.2 26.7 87.7 1.6 NA
04-GJP-32-6 202 4791 1.9 18.3845 3.3 0.1000 5.2 0.0133 3.9 0.76 85.4 3.3 96.7 4.8 387.4 75.0 85.4 3.3 NA
04-GJP-32-7 582 16879 1.4 21.4129 1.0 0.0910 2.3 0.0141 2.1 0.90 90.5 1.9 88.4 2.0 34.0 24.2 90.5 1.9 NA
04-GJP-32-8 370 82901 4.7 20.6276 1.0 0.0936 1.8 0.0140 1.5 0.83 89.7 1.4 90.9 1.6 122.7 24.0 89.7 1.4 NA
04-GJP-32-9 334 58394 2.9 20.9539 0.8 0.0967 2.4 0.0147 2.3 0.94 94.0 2.1 93.7 2.2 85.6 19.0 94.0 2.1 NA
04-GJP-32-10 105 7058 3.6 22.3156 1.8 0.0872 3.4 0.0141 2.9 0.84 90.3 2.6 84.9 2.8 65.9 45.1 90.3 2.6 NA
04-GJP-32-11 916 35154 2.2 21.2721 0.7 0.0949 2.1 0.0146 2.0 0.95 93.7 1.8 92.0 1.8 49.8 16.0 93.7 1.8 NA
04-GJP-32-12 105 4378 2.1 22.2796 4.0 0.0910 4.8 0.0147 2.7 0.55 94.0 2.5 88.4 4.1 61.9 97.6 94.0 2.5 NA
04-GJP-32-13 96 8281 2.6 21.6205 2.3 0.0882 3.4 0.0138 2.6 0.74 88.6 2.2 85.8 2.8 10.8 55.7 88.6 2.2 NA
04-GJP-32-14 108 8635 3.2 19.7505 2.1 0.1023 3.8 0.0147 3.1 0.83 93.8 2.9 98.9 3.6 224.1 48.5 93.8 2.9 NA
04-GJP-32-15 190 16079 2.3 11.3670 7.5 0.1822 8.0 0.0150 2.7 0.34 96.1 2.6 169.9 12.5 1381.9 144.7 96.1 2.6 NA
04-GJP-32-16 222 8617 2.6 22.2565 1.6 0.0890 3.7 0.0144 3.3 0.90 92.0 3.0 86.6 3.0 59.4 39.0 92.0 3.0 NA
04-GJP-32-17 925 100361 1.1 21.0195 0.6 0.0916 2.0 0.0140 2.0 0.96 89.4 1.7 89.0 1.7 78.2 14.2 89.4 1.7 NA
04-GJP-32-18 177 4891 3.6 22.0453 2.5 0.0843 3.3 0.0135 2.2 0.65 86.3 1.9 82.2 2.6 36.2 61.6 86.3 1.9 NA
04-GJP-32-19 117 21514 2.6 20.7845 1.8 0.1007 3.0 0.0152 2.4 0.79 97.1 2.3 97.4 2.8 104.8 43.4 97.1 2.3 NA
04-GJP-32-20 188 16991 2.3 21.4013 1.6 0.0903 2.8 0.0140 2.3 0.83 89.7 2.0 87.8 2.3 35.2 37.2 89.7 2.0 NA

04-GJP-40-1 127 13025 2.8 21.3393 1.7 0.1063 2.8 0.0165 2.2 0.79 105.2 2.3 102.6 2.8 42.2 41.8 105.2 2.3 NA
04-GJP-40-2 95 10556 4.3 21.0324 2.0 0.1011 2.9 0.0154 2.1 0.74 98.7 2.1 97.8 2.7 76.7 46.5 98.7 2.1 NA
04-GJP-40-3 133 8248 4.4 12.8346 5.5 0.1818 6.1 0.0169 2.7 0.44 108.2 2.9 169.6 9.6 1144.7 109.9 108.2 2.9 NA
04-GJP-40-4 132 10411 4.2 21.1379 2.3 0.0998 3.2 0.0153 2.2 0.68 97.8 2.1 96.6 2.9 64.8 55.6 97.8 2.1 NA
04-GJP-40-5 136 14630 4.1 21.7928 1.8 0.0995 2.7 0.0157 2.1 0.76 100.6 2.1 96.3 2.5 8.3 42.7 100.6 2.1 NA
04-GJP-40-6 131 11108 4.0 21.5003 1.8 0.1004 2.6 0.0157 1.9 0.71 100.1 1.8 97.1 2.4 24.2 43.7 100.1 1.8 NA
04-GJP-40-7 162 5168 4.2 22.4104 2.2 0.0960 2.9 0.0156 1.9 0.65 99.8 1.9 93.1 2.6 76.2 53.8 99.8 1.9 NA
04-GJP-40-8 147 4136 5.7 22.5081 3.1 0.0923 3.7 0.0151 2.0 0.54 96.4 1.9 89.6 3.2 86.9 76.7 96.4 1.9 NA
04-GJP-40-9 175 4724 4.7 22.1033 2.0 0.0979 3.1 0.0157 2.4 0.77 100.4 2.4 94.9 2.8 42.6 47.9 100.4 2.4 NA
04-GJP-40-10 142 8184 4.9 21.1375 1.5 0.0990 2.8 0.0152 2.4 0.85 97.1 2.3 95.9 2.6 64.9 35.1 97.1 2.3 NA
04-GJP-40-11 140 11753 3.2 19.4212 2.0 0.1100 3.3 0.0155 2.7 0.80 99.1 2.6 106.0 3.3 262.8 45.5 99.1 2.6 NA
04-GJP-40-12 187 4186 3.5 20.5458 1.9 0.1020 3.1 0.0152 2.5 0.79 97.2 2.4 98.6 3.0 132.0 45.6 97.2 2.4 NA
04-GJP-40-13 164 6617 4.1 21.6312 2.9 0.0994 3.7 0.0156 2.3 0.63 99.7 2.3 96.2 3.4 9.6 68.6 99.7 2.3 NA
04-GJP-40-14 139 39492 4.4 21.1276 1.6 0.1011 3.1 0.0155 2.6 0.85 99.1 2.6 97.8 2.9 66.0 38.7 99.1 2.6 NA
04-GJP-40-15 196 8180 3.6 21.9210 1.5 0.0973 2.8 0.0155 2.4 0.85 98.9 2.4 94.3 2.6 22.5 36.8 98.9 2.4 NA
04-GJP-40-16 235 7523 3.5 21.5340 1.6 0.0987 2.8 0.0154 2.3 0.83 98.6 2.3 95.6 2.6 20.4 37.5 98.6 2.3 NA
04-GJP-40-17 146 26720 4.3 21.3343 1.6 0.0991 2.9 0.0153 2.4 0.84 98.1 2.4 95.9 2.6 42.8 37.6 98.1 2.4 NA
04-GJP-40-18 105 5390 4.2 8.4422 15.2 0.2792 15.6 0.0171 3.4 0.22 109.3 3.7 250.0 34.7 1933.0 274.7 109.3 3.7 NA
04-GJP-40-19 229 4038 3.8 16.1655 5.3 0.1315 5.6 0.0154 1.7 0.31 98.6 1.7 125.4 6.6 669.3 114.0 98.6 1.7 NA
04-GJP-40-20 121 10350 4.7 21.2921 2.3 0.0989 3.2 0.0153 2.2 0.70 97.7 2.2 95.7 2.9 47.5 54.3 97.7 2.2 NA

04-GJP-09-1 208 8837 4.3 21.9594 1.1 0.0780 2.1 0.0124 1.8 0.86 79.6 1.4 76.3 1.6 26.7 26.5 79.6 1.4 NA
04-GJP-09-2 67 41729 5.8 20.6470 2.4 0.0820 4.0 0.0123 3.1 0.79 78.7 2.5 80.1 3.1 120.5 57.2 78.7 2.5 NA
04-GJP-09-3 78 9900 3.6 21.2326 2.3 0.0795 3.5 0.0122 2.7 0.75 78.5 2.1 77.7 2.6 54.2 55.8 78.5 2.1 NA
04-GJP-09-4 88 4586 3.4 22.2665 2.7 0.0768 3.6 0.0124 2.4 0.68 79.5 1.9 75.2 2.6 60.5 64.7 79.5 1.9 NA
04-GJP-09-5 85 5494 5.2 21.4553 2.4 0.0764 3.7 0.0119 2.8 0.75 76.2 2.1 74.8 2.6 29.2 57.9 76.2 2.1 NA
04-GJP-09-6 210 14113 2.0 21.6528 1.4 0.0762 2.5 0.0120 2.1 0.84 76.7 1.6 74.6 1.8 7.2 33.0 76.7 1.6 NA
04-GJP-09-7 69 16188 3.1 20.9537 3.0 0.0812 4.0 0.0123 2.7 0.66 79.1 2.1 79.3 3.1 85.6 71.9 79.1 2.1 NA
04-GJP-09-8 71 19464 5.4 19.6972 2.2 0.2000 3.2 0.0286 2.3 0.73 181.6 4.2 185.1 5.4 230.3 50.9 181.6 4.2 NA
04-GJP-09-9 113 8637 2.4 21.8567 1.7 0.0813 3.2 0.0129 2.7 0.85 82.6 2.2 79.4 2.4 15.4 40.3 82.6 2.2 NA
04-GJP-09-10 73 11579 4.6 18.2407 3.9 0.0925 4.6 0.0122 2.5 0.54 78.4 1.9 89.8 4.0 405.0 86.8 78.4 1.9 NA
04-GJP-09-11 297 13762 1.4 21.5225 1.8 0.0765 2.5 0.0119 1.7 0.68 76.6 1.3 74.9 1.8 21.7 43.4 76.6 1.3 NA
04-GJP-09-12 269 9492 3.9 20.8282 1.1 0.1962 1.9 0.0296 1.6 0.83 188.3 3.0 181.9 3.2 99.9 25.7 188.3 3.0 NA
04-GJP-09-13 732 40497 1.4 21.1117 0.9 0.0817 2.1 0.0125 1.9 0.91 80.1 1.5 79.7 1.6 67.8 21.6 80.1 1.5 NA
04-GJP-09-14 71 6166 3.5 22.3570 2.8 0.0748 4.1 0.0121 3.0 0.74 77.7 2.3 73.2 2.9 70.4 67.3 77.7 2.3 NA
04-GJP-09-15 109 7464 3.6 21.8473 2.7 0.0789 3.6 0.0125 2.3 0.63 80.1 1.8 77.1 2.6 14.3 66.5 80.1 1.8 NA
04-GJP-09-16 218 21066 2.1 20.1116 1.1 0.1835 2.0 0.0268 1.6 0.83 170.3 2.7 171.1 3.1 182.0 25.3 170.3 2.7 NA
04-GJP-09-17 73 4383 4.7 22.8696 4.4 0.0732 5.6 0.0121 3.4 0.62 77.8 2.7 71.8 3.9 126.1 108.2 77.8 2.7 NA
04-GJP-09-18 96 4489 2.2 23.1004 2.5 0.0755 4.1 0.0126 3.2 0.78 81.0 2.6 73.9 2.9 150.9 62.6 81.0 2.6 NA
04-GJP-09-19 271 4189 2.5 22.3143 3.0 0.0754 3.3 0.0122 1.4 0.42 78.2 1.1 73.8 2.4 65.7 73.5 78.2 1.1 NA
04-GJP-09-20 236 13335 2.6 21.8196 1.4 0.0730 2.1 0.0116 1.6 0.75 74.1 1.2 71.6 1.5 11.3 34.1 74.1 1.2 NA
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

04-GJP-01-1 105 4621 1.7 21.5036 3.7 0.1449 4.5 0.0226 2.6 0.57 144.0 3.6 137.4 5.8 23.8 88.7 144.0 3.6 NA
04-GJP-01-2 100 12341 1.9 20.8893 1.9 0.1492 3.6 0.0226 3.0 0.85 144.1 4.3 141.2 4.7 92.9 44.1 144.1 4.3 NA
04-GJP-01-3 135 16804 1.7 21.1283 1.1 0.1424 2.4 0.0218 2.1 0.88 139.2 2.9 135.2 3.0 65.9 26.7 139.2 2.9 NA
04-GJP-01-4 76 7752 2.4 21.2823 2.4 0.1479 4.1 0.0228 3.4 0.81 145.5 4.8 140.1 5.4 48.6 57.8 145.5 4.8 NA
04-GJP-01-5 68 11459 2.4 21.4716 1.8 0.1442 3.3 0.0225 2.8 0.84 143.2 4.0 136.8 4.3 27.4 43.9 143.2 4.0 NA
04-GJP-01-6 97 4664 1.7 21.5764 2.5 0.1387 3.8 0.0217 2.9 0.75 138.5 4.0 131.9 4.7 15.7 60.6 138.5 4.0 NA
04-GJP-01-7 101 6536 2.1 21.5583 2.8 0.1431 3.7 0.0224 2.4 0.65 142.7 3.4 135.8 4.7 17.7 67.9 142.7 3.4 NA
04-GJP-01-8 66 13555 2.2 20.3624 1.7 0.1544 3.7 0.0228 3.3 0.89 145.3 4.7 145.8 5.0 153.1 40.1 145.3 4.7 NA
04-GJP-01-9 95 5947 2.3 21.3782 2.4 0.1383 3.1 0.0214 2.0 0.65 136.8 2.7 131.6 3.8 37.8 56.4 136.8 2.7 NA
04-GJP-01-10 127 12591 1.7 21.2559 1.4 0.1453 2.6 0.0224 2.2 0.83 142.8 3.1 137.8 3.4 51.5 34.6 142.8 3.1 NA
04-GJP-01-11 67 15792 2.3 21.3385 1.5 0.1451 2.9 0.0225 2.5 0.85 143.1 3.5 137.6 3.7 42.3 36.8 143.1 3.5 NA
04-GJP-01-12 186 6533 1.4 21.6833 1.4 0.1454 2.6 0.0229 2.2 0.85 145.7 3.2 137.8 3.4 3.8 32.7 145.7 3.2 NA
04-GJP-01-13 100 16999 2.3 21.1977 1.8 0.1465 3.1 0.0225 2.5 0.80 143.6 3.5 138.8 4.0 58.1 43.5 143.6 3.5 NA
04-GJP-01-14 77 17695 2.3 20.7753 1.9 0.1506 3.2 0.0227 2.6 0.80 144.6 3.7 142.4 4.2 105.8 44.8 144.6 3.7 NA
04-GJP-01-15 64 8360 2.1 19.3658 2.5 0.1535 3.5 0.0216 2.5 0.72 137.5 3.5 145.0 4.8 269.4 56.4 137.5 3.5 NA
04-GJP-01-16 59 6274 2.0 19.2463 3.0 0.1573 4.0 0.0220 2.6 0.66 140.0 3.6 148.3 5.5 283.6 67.9 140.0 3.6 NA
04-GJP-01-17 78 17795 2.1 20.8774 2.0 0.1497 3.3 0.0227 2.6 0.78 144.5 3.7 141.6 4.3 94.3 48.3 144.5 3.7 NA
04-GJP-01-18 95 11935 1.9 20.2680 1.8 0.1524 3.4 0.0224 2.9 0.84 142.8 4.0 144.0 4.6 163.9 43.1 142.8 4.0 NA
04-GJP-01-19 114 19216 2.5 20.9337 1.4 0.1442 2.7 0.0219 2.3 0.85 139.6 3.2 136.7 3.5 87.9 33.4 139.6 3.2 NA
04-GJP-01-20 101 22657 2.4 20.9676 2.1 0.1477 3.7 0.0225 3.0 0.82 143.2 4.2 139.8 4.8 84.0 50.2 143.2 4.2 NA

04-GJP-39-1 126 5324 2.7 21.9219 2.4 0.1158 3.2 0.0184 2.1 0.66 117.6 2.5 111.2 3.4 22.6 57.6 117.6 2.5 NA
04-GJP-39-2 193 8142 2.6 19.8088 2.4 0.1246 3.3 0.0179 2.2 0.67 114.3 2.5 119.2 3.7 217.3 56.4 114.3 2.5 NA
04-GJP-39-3 118 13399 3.2 15.0244 2.9 0.1681 3.9 0.0183 2.6 0.68 117.0 3.1 157.8 5.7 824.0 60.1 117.0 3.1 NA
04-GJP-39-4 102 9012 4.2 20.8334 1.9 0.1156 3.2 0.0175 2.6 0.81 111.7 2.9 111.1 3.4 99.3 44.2 111.7 2.9 NA
04-GJP-39-5 177 6357 2.3 21.2321 2.7 0.1260 3.5 0.0194 2.2 0.63 123.9 2.7 120.5 4.0 54.2 65.5 123.9 2.7 NA
04-GJP-39-6 133 8111 3.4 19.0384 2.6 0.1310 4.5 0.0181 3.6 0.81 115.6 4.1 125.0 5.3 308.3 60.2 115.6 4.1 NA
04-GJP-39-7 183 4322 3.4 20.1605 2.9 0.1258 3.5 0.0184 2.0 0.58 117.5 2.3 120.3 4.0 176.4 66.5 117.5 2.3 NA
04-GJP-39-8 125 6339 3.0 21.9110 1.9 0.1111 3.0 0.0177 2.4 0.79 112.8 2.7 107.0 3.1 21.4 45.2 112.8 2.7 NA
04-GJP-39-9 176 7921 2.6 21.0260 1.4 0.1219 2.4 0.0186 2.0 0.82 118.7 2.3 116.8 2.7 77.4 32.8 118.7 2.3 NA
04-GJP-39-10 175 20946 2.7 20.8984 1.2 0.1184 2.7 0.0179 2.4 0.89 114.6 2.7 113.6 2.9 91.9 28.6 114.6 2.7 NA
04-GJP-39-11 151 5760 3.2 20.8491 2.3 0.1133 3.2 0.0171 2.2 0.70 109.5 2.4 108.9 3.3 97.5 54.1 109.5 2.4 NA
04-GJP-39-12 133 7252 2.1 21.0335 1.7 0.1143 2.7 0.0174 2.1 0.79 111.4 2.4 109.9 2.8 76.6 39.9 111.4 2.4 NA
04-GJP-39-13 167 10234 2.9 9.6249 6.4 0.2659 6.7 0.0186 1.9 0.29 118.6 2.3 239.4 14.2 1694.9 117.4 118.6 2.3 NA
04-GJP-39-14 261 15945 2.6 18.1097 1.8 0.1312 2.9 0.0172 2.2 0.78 110.2 2.4 125.2 3.4 421.1 40.4 110.2 2.4 NA
04-GJP-39-15 322 15284 1.8 20.7260 1.4 0.1157 2.7 0.0174 2.3 0.85 111.1 2.5 111.1 2.8 111.5 33.6 111.1 2.5 NA
04-GJP-39-16 309 11374 10.3 20.8528 1.6 0.1207 3.6 0.0183 3.2 0.89 116.7 3.7 115.7 3.9 97.0 38.5 116.7 3.7 NA

MT05_106-1 470 31521 2.8 20.2613 0.7 0.1033 2.0 0.0152 1.9 0.94 97.1 1.9 99.8 1.9 164.7 16.7 97.1 1.9 97.3
MT05_106-2 391 22627 2.2 20.6320 1.0 0.0988 2.8 0.0148 2.7 0.94 94.6 2.5 95.7 2.6 122.2 22.5 94.6 2.5 98.9
MT05_106-3 268 14830 3.0 20.2036 1.6 0.1031 2.9 0.0151 2.4 0.83 96.6 2.3 99.6 2.8 171.4 38.3 96.6 2.3 97.0
MT05_106-4 530 16484 2.0 21.0542 0.9 0.1036 3.1 0.0158 2.9 0.95 101.2 2.9 100.1 2.9 74.3 21.9 101.2 2.9 101.1
MT05_106-5 318 13763 2.0 20.4109 1.3 0.1074 3.0 0.0159 2.7 0.90 101.7 2.8 103.6 3.0 147.5 30.8 101.7 2.8 98.2
MT05_106-6 383 20458 3.0 20.3293 1.4 0.1056 3.7 0.0156 3.4 0.93 99.6 3.4 101.9 3.6 156.9 32.6 99.6 3.4 97.7
MT05_106-7 360 13891 3.1 21.2023 1.0 0.1018 3.5 0.0157 3.3 0.96 100.1 3.3 98.4 3.3 57.5 23.8 100.1 3.3 101.7
MT05_106-8 609 17432 1.6 20.3554 0.9 0.1091 2.1 0.0161 1.9 0.91 103.0 2.0 105.1 2.1 153.9 21.1 103.0 2.0 98.0
MT05_106-9 339 43801 3.5 20.4551 1.1 0.1065 2.8 0.0158 2.6 0.93 101.0 2.6 102.7 2.8 142.4 24.7 101.0 2.6 98.3
MT05_106-10 180 5193 2.7 21.7672 1.2 0.0973 3.3 0.0154 3.1 0.93 98.2 3.0 94.2 3.0 5.5 30.0 98.2 3.0 104.2
MT05_106-11 332 144041 3.4 20.4463 1.2 0.1007 2.6 0.0149 2.3 0.88 95.5 2.2 97.4 2.4 143.5 28.6 95.5 2.2 98.1
MT05_106-12 201 9809 4.4 20.5673 1.4 0.1002 2.7 0.0149 2.3 0.86 95.6 2.2 96.9 2.5 129.6 32.7 95.6 2.2 98.6
MT05_106-13 204 7266 4.6 17.8968 1.8 0.1206 3.2 0.0157 2.6 0.82 100.1 2.6 115.6 3.5 447.4 40.8 100.1 2.6 86.6
MT05_106-14 292 27728 3.1 20.2103 1.0 0.1085 2.4 0.0159 2.2 0.91 101.7 2.2 104.6 2.4 170.6 22.4 101.7 2.2 97.2
MT05_106-15 453 27458 2.3 20.4212 1.1 0.1040 3.1 0.0154 2.9 0.93 98.5 2.8 100.5 3.0 146.4 26.1 98.5 2.8 98.1
MT05_106-16 333 13526 2.1 21.0036 1.5 0.0981 3.2 0.0149 2.8 0.88 95.6 2.7 95.0 2.9 79.9 35.9 95.6 2.7 100.6
MT05_106-17 250 26810 4.0 20.9929 1.2 0.1006 2.5 0.0153 2.2 0.88 98.0 2.1 97.3 2.3 81.2 28.6 98.0 2.1 100.7
MT05_106-18 221 16331 3.1 20.9728 1.2 0.1026 2.7 0.0156 2.4 0.89 99.9 2.4 99.2 2.5 83.4 29.5 99.9 2.4 100.7
MT05_106-19 305 11569 2.7 21.0423 1.3 0.0976 2.6 0.0149 2.2 0.87 95.3 2.1 94.5 2.3 75.6 30.1 95.3 2.1 100.8
MT05_106-20 214 7019 3.1 21.2335 1.5 0.0947 3.0 0.0146 2.6 0.86 93.4 2.4 91.9 2.6 54.1 36.0 93.4 2.4 101.6

MT05_102-1 181 33737 2.0 21.0482 1.6 0.0987 3.1 0.0151 2.7 0.85 96.4 2.5 95.6 2.8 74.9 38.6 96.4 2.5 100.9
MT05_102-2 454 196059 2.6 19.2089 1.3 0.1032 3.0 0.0144 2.7 0.90 92.1 2.5 99.8 2.9 288.0 30.4 92.1 2.5 92.3
MT05_102-3 118 7872 2.5 17.6359 4.0 0.1040 4.9 0.0133 2.9 0.60 85.2 2.5 100.5 4.7 480.0 87.5 85.2 2.5 84.8
MT05_102-4 199 9315 1.6 21.4942 2.9 0.0972 3.9 0.0151 2.5 0.66 96.9 2.4 94.2 3.5 24.8 69.6 96.9 2.4 102.9
MT05_102-5 125 9593 2.4 21.3614 1.9 0.0859 3.4 0.0133 2.8 0.83 85.2 2.4 83.7 2.7 39.7 44.9 85.2 2.4 101.8
MT05_102-6 440 27804 3.1 20.3123 1.4 0.0942 3.4 0.0139 3.1 0.91 88.8 2.7 91.4 2.9 158.9 33.3 88.8 2.7 97.2
MT05_102-7 175 10827 2.3 21.5342 1.8 0.0924 3.1 0.0144 2.5 0.81 92.4 2.3 89.7 2.7 20.4 44.1 92.4 2.3 102.9
MT05_102-8 145 12744 2.9 21.0673 2.1 0.0884 2.6 0.0135 1.5 0.58 86.5 1.3 86.0 2.1 72.8 49.9 86.5 1.3 100.6
MT05_102-9 179 9419 2.2 19.9813 2.7 0.0987 3.5 0.0143 2.2 0.64 91.6 2.0 95.6 3.2 197.2 62.6 91.6 2.0 95.8
MT05_102-10 136 32625 2.0 20.4915 1.6 0.0879 2.3 0.0131 1.7 0.73 83.6 1.4 85.5 1.9 138.3 36.5 83.6 1.4 97.8
MT05_102-11 994 66229 0.8 20.7158 1.2 0.0966 3.8 0.0145 3.7 0.95 92.9 3.4 93.6 3.4 112.6 28.0 92.9 3.4 99.2
MT05_102-12 115 7964 2.4 21.1528 1.5 0.0889 2.9 0.0136 2.5 0.85 87.3 2.1 86.5 2.4 63.1 35.9 87.3 2.1 101.0
MT05_102-13 602 37600 2.4 20.0828 1.3 0.0953 2.1 0.0139 1.6 0.76 88.9 1.4 92.5 1.8 185.4 31.2 88.9 1.4 96.1
MT05_102-14 116 8467 2.4 21.6568 2.6 0.0844 4.0 0.0133 3.1 0.77 84.9 2.6 82.3 3.2 6.7 62.1 84.9 2.6 103.2
MT05_102-15 126 7456 2.2 21.9950 1.9 0.0840 3.1 0.0134 2.4 0.79 85.8 2.1 81.9 2.4 30.7 46.0 85.8 2.1 104.8
MT05_102-16 246 10474 2.2 21.2706 1.4 0.0903 2.6 0.0139 2.2 0.85 89.2 2.0 87.8 2.2 49.9 33.4 89.2 2.0 101.6
MT05_102-17 325 7075 2.9 17.1323 3.7 0.1197 4.4 0.0149 2.3 0.53 95.2 2.2 114.8 4.7 543.7 81.2 95.2 2.2 82.9
MT05_102-18 1126 47350 4.6 20.9766 1.0 0.0953 2.8 0.0145 2.6 0.94 92.8 2.4 92.5 2.5 83.0 23.1 92.8 2.4 100.4
MT05_102-19 182 6788 2.3 21.3602 2.0 0.0948 3.0 0.0147 2.2 0.73 94.0 2.0 91.9 2.6 39.9 48.4 94.0 2.0 102.2
MT05_102-20 133 8822 2.6 21.5907 2.5 0.0834 3.5 0.0131 2.5 0.70 83.6 2.0 81.3 2.7 14.1 59.4 83.6 2.0 102.8
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

MT05_98-1 439 9462 0.8 16.7990 1.4 0.1092 3.4 0.0133 3.1 0.92 85.2 2.7 105.2 3.4 586.5 29.8 85.2 2.7 81.0
MT05_98-2 112 8860 1.7 21.8030 1.7 0.0750 3.8 0.0119 3.4 0.90 76.0 2.6 73.4 2.7 9.4 40.0 76.0 2.6 103.5
MT05_98-3 187 10726 1.1 20.7286 1.6 0.0911 3.9 0.0137 3.5 0.91 87.7 3.1 88.5 3.3 111.2 38.7 87.7 3.1 99.1
MT05_98-4 187 7232 1.3 21.4598 1.4 0.0852 2.5 0.0133 2.1 0.82 84.9 1.8 83.0 2.0 28.7 34.6 84.9 1.8 102.3
MT05_98-5 274 20207 5.3 21.3466 1.6 0.0884 2.6 0.0137 2.1 0.80 87.6 1.8 86.0 2.2 41.4 37.6 87.6 1.8 101.9
MT05_98-6 234 27946 0.8 21.1860 1.6 0.0824 3.3 0.0127 2.9 0.87 81.1 2.3 80.4 2.6 59.4 39.2 81.1 2.3 100.9
MT05_98-7 271 26254 1.8 20.8958 1.6 0.0856 2.9 0.0130 2.4 0.84 83.1 2.0 83.4 2.3 92.2 36.9 83.1 2.0 99.6
MT05_98-8 258 13481 1.4 20.9846 1.7 0.0886 3.4 0.0135 2.9 0.86 86.3 2.5 86.2 2.8 82.1 41.1 86.3 2.5 100.2
MT05_98-9 142 33611 1.2 20.4671 2.1 0.0798 3.6 0.0118 2.9 0.81 75.9 2.2 77.9 2.7 141.1 49.6 75.9 2.2 97.4

MT05_98-10 382 9380 1.3 21.8804 1.5 0.0808 2.9 0.0128 2.5 0.85 82.1 2.0 78.9 2.2 18.0 36.7 82.1 2.0 104.1
MT05_98-11 280 27032 1.0 20.6808 1.1 0.0863 1.8 0.0129 1.5 0.80 82.9 1.2 84.0 1.5 116.6 25.7 82.9 1.2 98.6
MT05_98-13 246 6858 1.0 21.2999 1.3 0.0787 3.7 0.0122 3.5 0.93 77.9 2.7 76.9 2.8 46.6 31.9 77.9 2.7 101.3
MT05_98-14 294 11360 1.9 21.4714 1.0 0.0837 1.7 0.0130 1.4 0.79 83.4 1.1 81.6 1.3 27.4 25.0 83.4 1.1 102.3
MT05_98-15 170 15351 1.7 21.2688 1.7 0.0859 3.1 0.0132 2.6 0.84 84.8 2.2 83.6 2.5 50.1 40.3 84.8 2.2 101.4
MT05_98-16 269 11133 1.0 20.7662 2.0 0.0844 3.4 0.0127 2.8 0.81 81.4 2.3 82.3 2.7 106.9 47.4 81.4 2.3 99.0
MT05_98-17 166 5150 1.7 21.4897 1.6 0.0833 3.0 0.0130 2.6 0.86 83.2 2.2 81.3 2.4 25.4 37.6 83.2 2.2 102.4
MT05_98-18 302 27629 0.9 21.0757 1.2 0.0864 2.6 0.0132 2.3 0.89 84.6 1.9 84.2 2.1 71.9 28.7 84.6 1.9 100.5
MT05_98-19 327 9672 1.0 21.2921 1.5 0.0867 2.7 0.0134 2.2 0.83 85.7 1.9 84.4 2.2 47.5 35.2 85.7 1.9 101.6
MT05_98-20 198 22900 1.3 21.2907 2.0 0.0882 3.9 0.0136 3.3 0.85 87.2 2.9 85.9 3.2 47.6 48.4 87.2 2.9 101.6

MT05_99-1 99 10192 1.9 21.8747 3.0 0.0816 3.7 0.0130 2.2 0.59 83.0 1.8 79.7 2.8 17.4 72.3 83.0 1.8 104.1
MT05_99-2 141 5761 2.4 21.2127 3.2 0.0829 3.9 0.0127 2.2 0.56 81.7 1.8 80.8 3.0 56.4 77.2 81.7 1.8 101.0
MT05_99-3 209 10748 1.5 21.5913 2.0 0.0948 3.8 0.0149 3.3 0.85 95.0 3.1 92.0 3.4 14.0 47.7 95.0 3.1 103.3
MT05_99-4 140 9149 1.8 21.4681 2.5 0.0812 3.8 0.0126 2.8 0.75 81.0 2.3 79.3 2.9 27.8 59.3 81.0 2.3 102.2
MT05_99-5 114 15968 1.8 20.6168 2.1 0.0872 3.1 0.0130 2.3 0.72 83.6 1.9 84.9 2.5 123.9 50.5 83.6 1.9 98.4
MT05_99-6 265 29101 1.3 20.7145 1.1 0.0959 2.5 0.0144 2.2 0.90 92.2 2.0 93.0 2.2 112.8 25.9 92.2 2.0 99.2
MT05_99-7 146 7245 1.8 21.8520 1.6 0.0885 2.4 0.0140 1.8 0.75 89.8 1.6 86.1 2.0 14.9 37.9 89.8 1.6 104.3
MT05_99-8 268 8099 1.3 21.5640 1.0 0.0913 2.7 0.0143 2.5 0.92 91.4 2.3 88.7 2.3 17.1 25.2 91.4 2.3 103.0
MT05_99-9 224 9535 2.3 18.4626 3.0 0.1119 4.4 0.0150 3.3 0.74 95.8 3.1 107.7 4.5 377.8 66.7 95.8 3.1 89.0

MT05_99-10 191 101846 1.4 21.5437 1.3 0.0903 3.1 0.0141 2.9 0.91 90.3 2.6 87.7 2.6 19.4 30.5 90.3 2.6 102.9
MT05_99-11 200 19939 1.6 20.9089 1.6 0.0934 2.6 0.0142 2.1 0.80 90.7 1.9 90.7 2.3 90.7 37.6 90.7 1.9 100.0
MT05_99-12 213 12207 1.3 21.5827 2.4 0.0913 2.9 0.0143 1.6 0.55 91.4 1.4 88.7 2.4 15.0 57.7 91.4 1.4 103.1
MT05_99-13 139 10004 1.6 21.0123 1.9 0.0869 2.9 0.0132 2.3 0.77 84.8 1.9 84.6 2.4 79.0 44.0 84.8 1.9 100.2
MT05_99-14 81 1500 2.5 17.2935 18.8 0.0914 26.3 0.0115 18.4 0.70 73.5 13.4 88.8 22.3 523.1 415.1 73.5 13.4 82.7
MT05_99-15 152 10457 1.5 19.8465 1.8 0.0898 2.9 0.0129 2.2 0.77 82.8 1.8 87.3 2.4 212.9 42.7 82.8 1.8 94.8
MT05_99-16 168 16805 1.5 20.4500 1.4 0.0942 2.9 0.0140 2.5 0.87 89.4 2.2 91.4 2.5 143.0 33.6 89.4 2.2 97.8
MT05_99-17 154 25789 1.6 21.0184 2.1 0.0890 3.2 0.0136 2.4 0.75 86.9 2.1 86.6 2.6 78.3 49.6 86.9 2.1 100.3
MT05_99-18 135 17747 1.8 20.8266 1.7 0.0861 3.5 0.0130 3.0 0.88 83.3 2.5 83.9 2.8 100.0 39.6 83.3 2.5 99.3
MT05_99-19 177 281532 1.4 17.2624 5.3 0.1134 5.8 0.0142 2.5 0.43 90.9 2.2 109.1 6.0 527.1 115.7 90.9 2.2 83.3
MT05_99-20 122 5384 2.1 17.8768 3.6 0.1037 4.5 0.0134 2.6 0.58 86.1 2.2 100.2 4.3 449.9 81.1 86.1 2.2 85.9

04GJP_43-1 71 7021 2.3 21.5729 2.5 0.0907 3.5 0.0142 2.4 0.70 90.8 2.2 88.1 2.9 16.1 59.6 90.8 2.2 103.0
04GJP_43-2 119 10707 1.8 21.2897 1.7 0.0947 3.0 0.0146 2.4 0.82 93.6 2.3 91.9 2.6 47.8 40.0 93.6 2.3 101.9
04GJP_43-4 180 11297 1.7 21.2470 1.7 0.1020 2.5 0.0157 1.9 0.74 100.6 1.9 98.6 2.4 52.6 40.3 100.6 1.9 101.9
04GJP_43-6 157 7045 1.6 21.8405 1.4 0.0960 2.9 0.0152 2.5 0.87 97.3 2.4 93.1 2.5 13.6 33.7 97.3 2.4 104.5
04GJP_43-8 112 6756 2.0 21.4317 3.4 0.0927 3.9 0.0144 2.0 0.50 92.2 1.8 90.0 3.4 31.9 81.8 92.2 1.8 102.5
04GJP_43-9 136 31218 1.9 20.4951 1.1 0.0998 2.3 0.0148 2.0 0.86 94.9 1.8 96.6 2.1 137.8 26.9 94.9 1.8 98.3

04GJP_43-10 189 17774 1.7 21.1042 1.5 0.1060 3.2 0.0162 2.8 0.88 103.8 2.9 102.3 3.1 68.6 35.8 103.8 2.9 101.4
04GJP_43-11 156 29768 1.8 20.9488 1.3 0.0997 2.5 0.0151 2.1 0.84 96.9 2.0 96.5 2.3 86.2 32.0 96.9 2.0 100.4
04GJP_43-12 144 27051 1.7 21.1600 1.8 0.0952 3.0 0.0146 2.4 0.79 93.5 2.2 92.3 2.7 62.4 44.0 93.5 2.2 101.3
04GJP_43-13 59 5266 2.7 20.9326 2.9 0.0964 4.4 0.0146 3.3 0.75 93.6 3.1 93.4 4.0 88.0 69.1 93.6 3.1 100.2
04GJP_43-14 77 7472 2.1 21.6606 2.2 0.0935 3.2 0.0147 2.3 0.71 94.0 2.1 90.8 2.8 6.3 53.9 94.0 2.1 103.6
04GJP_43-15 177 8097 1.7 21.7426 1.8 0.1013 2.5 0.0160 1.8 0.71 102.2 1.8 98.0 2.3 2.7 42.8 102.2 1.8 104.3
04GJP_43-16 104 29738 3.4 20.9515 2.0 0.0982 3.2 0.0149 2.4 0.77 95.5 2.3 95.1 2.9 85.9 47.3 95.5 2.3 100.4
04GJP_43-17 93 27549 1.9 20.2279 2.5 0.0983 3.4 0.0144 2.3 0.68 92.3 2.1 95.2 3.1 168.6 57.8 92.3 2.1 97.0
04GJP_43-18 147 32179 1.7 20.9800 1.7 0.0944 2.6 0.0144 1.9 0.75 91.9 1.8 91.6 2.2 82.6 40.2 91.9 1.8 100.4
04GJP_43-19 64 7107 2.7 21.3049 2.4 0.0885 7.1 0.0137 6.7 0.94 87.6 5.8 86.1 5.9 46.0 56.9 87.6 5.8 101.7
04GJP_43-20 134 17040 1.9 21.0788 2.1 0.0978 3.0 0.0149 2.1 0.72 95.6 2.0 94.7 2.7 71.5 48.9 95.6 2.0 101.0

04GJP_60-2 110 7731 2.3 21.1624 1.2 0.1524 2.6 0.0234 2.3 0.89 149.0 3.4 144.0 3.5 62.1 28.2 149.0 3.4 103.5
04GJP_60-3 162 20548 1.8 20.5406 1.6 0.1631 2.6 0.0243 2.0 0.78 154.7 3.1 153.4 3.7 132.6 38.4 154.7 3.1 100.9
04GJP_60-4 124 8142 1.9 20.6314 1.2 0.1589 2.3 0.0238 2.0 0.85 151.5 2.9 149.7 3.2 122.3 28.3 151.5 2.9 101.2
04GJP_60-6 136 129214 2.3 19.9461 1.4 0.1641 2.4 0.0237 1.9 0.81 151.2 2.9 154.3 3.4 201.2 32.7 151.2 2.9 98.0
04GJP_60-7 104 9429 2.6 20.4713 1.3 0.1528 2.6 0.0227 2.2 0.87 144.6 3.2 144.4 3.5 140.6 30.2 144.6 3.2 100.2
04GJP_60-8 66 5065 2.2 21.2915 5.0 0.1467 5.7 0.0226 2.7 0.47 144.4 3.9 139.0 7.4 47.5 120.5 144.4 3.9 103.9
04GJP_60-9 97 25849 2.5 19.8968 1.0 0.1497 2.6 0.0216 2.4 0.92 137.8 3.2 141.7 3.4 207.0 22.8 137.8 3.2 97.3

04GJP_60-10 181 25019 1.9 20.2247 1.5 0.1771 3.2 0.0260 2.9 0.89 165.4 4.7 165.6 4.9 168.9 34.3 165.4 4.7 99.9
04GJP_60-12 99 146381 1.7 21.0752 1.5 0.1512 2.6 0.0231 2.2 0.83 147.3 3.2 143.0 3.5 71.9 35.4 147.3 3.2 103.0
04GJP_60-13 61 18153 3.1 20.5266 2.2 0.1505 3.3 0.0224 2.4 0.75 142.8 3.4 142.4 4.3 134.3 51.3 142.8 3.4 100.3
04GJP_60-14 113 5315 2.4 21.3836 1.1 0.1503 1.9 0.0233 1.6 0.81 148.5 2.3 142.2 2.6 37.2 27.3 148.5 2.3 104.5
04GJP_60-15 172 9071 1.7 20.6606 1.0 0.1645 3.2 0.0246 3.0 0.95 156.9 4.7 154.6 4.6 118.9 24.5 156.9 4.7 101.5
04GJP_60-16 84 6518 2.3 21.1405 2.0 0.1459 2.9 0.0224 2.1 0.73 142.6 2.9 138.3 3.7 64.5 46.5 142.6 2.9 103.1
04GJP_60-17 70 5070 2.2 21.4597 2.2 0.1472 3.5 0.0229 2.8 0.78 146.0 4.0 139.4 4.6 28.7 53.0 146.0 4.0 104.7
04GJP_60-18 170 7042 1.7 17.9239 3.8 0.1928 4.2 0.0251 1.8 0.43 159.5 2.9 179.0 7.0 444.1 85.2 159.5 2.9 89.1
04GJP_60-19 141 137941 1.8 20.1460 0.8 0.1641 2.3 0.0240 2.2 0.93 152.8 3.3 154.3 3.3 178.0 19.5 152.8 3.3 99.0
04GJP_60-20 89 5714 2.8 20.8842 1.3 0.1561 2.5 0.0236 2.1 0.84 150.6 3.1 147.3 3.4 93.5 31.7 150.6 3.1 102.3



552 
 

 
 
1. Analyses with >10% uncertainty (1-sigma) in 206Pb/238U age are not included. 
2. Analyses with >10% uncertainty (1-sigma) in 206Pb/207Pb age are not included, unless 
206Pb/238U age is <400 Ma. 
3. Best age is determined from 206Pb/238U age for analyses with 206Pb/238U age <900 Ma and 
from 206Pb/207Pb age for analyses with 206Pb/238Uage >900 Ma. 
4. Concordance is based on 206Pb/238U age / 206Pb/207Pb age.  Value is not reported for 
206Pb/238U ages <400 Ma because of large uncertainty in 206Pb/207Pb age. 
5. Analyses with 206Pb/238U age >400 Ma and with >20% discordance (<80% concordance) 
are not included. 
6. Analyses with 206Pb/238U age >400 Ma and with >5% reverse discordance (<105% 
concordance) are not included. 
7. All uncertainties are reported at the 1-sigma level, and include only measurement errors. 
8. Systematic errors are as follows (at 2-sigma level): [sample 1: xxx% (206Pb/238U) & xxx% 
(206Pb/207Pb)] These values are reported on cells U1 and W1 of E2agecalc. 
9. Analyses conducted by LA-ICPMS, as described by Gehrels et al. (2008) and Gehrels and 
Pecha (2014). 
10. U concentration and U/Th are calibrated relative to FC-1 zircon standard and are accurate to 
~20%. 
11. Common Pb correction is from measured 204Pb with common Pb composition interpreted 
from Stacey and Kramers (1975). 
12. Common Pb composition assigned uncertainties of 1.5 for 206Pb/204Pb, 0.3 for 
207Pb/204Pb, and 2.0 for 208Pb/204Pb. 
13. U/Pb and 206Pb/207Pb fractionation is calibrated relative to fragments of large Sri Lanka 
zircons and individual crystals of FC-1, and R33.    
14. U decay constants and composition as follows: 238U = 9.8485 x 10-10, 235U = 1.55125 x 
10-10, 238U/235U = 137.88. 
15. Weighted mean and concordia plots determined with Isoplot (Ludwig, 2008). 
  

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ± Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

04GJP_62-1 154 6746 2.7 20.8563 1.2 0.1218 2.4 0.0184 2.1 0.87 117.7 2.5 116.7 2.7 96.7 28.8 117.7 2.5 100.8
04GJP_62-2 147 6999 2.7 20.4980 4.0 0.1235 4.7 0.0184 2.4 0.51 117.3 2.8 118.3 5.2 137.5 94.6 117.3 2.8 99.2
04GJP_62-3 171 29754 2.5 20.7233 1.3 0.1317 3.8 0.0198 3.5 0.94 126.3 4.4 125.6 4.4 111.8 29.8 126.3 4.4 100.6
04GJP_62-4 147 5839 1.6 20.3779 1.5 0.1568 2.8 0.0232 2.4 0.84 147.6 3.4 147.9 3.9 151.3 35.8 147.6 3.4 99.9
04GJP_62-5 155 11903 3.1 20.8105 1.6 0.1299 2.5 0.0196 1.9 0.76 125.2 2.3 124.1 2.9 101.9 37.9 125.2 2.3 100.9
04GJP_62-6 162 7996 2.4 21.5236 1.3 0.1246 2.2 0.0194 1.8 0.80 124.1 2.2 119.2 2.5 21.6 32.2 124.1 2.2 104.1
04GJP_62-7 144 17600 2.4 20.2763 1.8 0.1257 2.6 0.0185 2.0 0.74 118.1 2.3 120.2 3.0 163.0 41.7 118.1 2.3 98.2
04GJP_62-8 139 9303 3.0 20.9088 2.1 0.1160 4.3 0.0176 3.7 0.87 112.4 4.1 111.4 4.5 90.7 50.3 112.4 4.1 100.9
04GJP_62-9 139 11127 3.0 20.7480 1.5 0.1217 2.8 0.0183 2.4 0.85 117.0 2.8 116.7 3.1 109.0 34.3 117.0 2.8 100.3

04GJP_62-10 177 20222 2.2 20.8231 1.2 0.1295 2.3 0.0196 2.0 0.85 124.9 2.4 123.6 2.7 100.4 29.0 124.9 2.4 101.0
04GJP_62-11 200 45495 2.0 20.0145 1.1 0.1386 2.1 0.0201 1.9 0.87 128.4 2.4 131.8 2.6 193.3 24.6 128.4 2.4 97.4
04GJP_62-12 166 8864 3.0 21.5130 2.8 0.1239 4.0 0.0193 2.8 0.71 123.4 3.4 118.6 4.4 22.7 67.0 123.4 3.4 104.1
04GJP_62-13 156 8460 2.0 21.4973 2.6 0.1233 3.8 0.0192 2.7 0.72 122.8 3.3 118.1 4.2 24.5 62.8 122.8 3.3 104.0
04GJP_62-14 197 6586 1.9 21.3478 1.1 0.1327 2.3 0.0206 2.0 0.87 131.2 2.6 126.6 2.7 41.3 27.2 131.2 2.6 103.6
04GJP_62-15 343 8242 1.3 19.9490 2.4 0.1311 3.0 0.0190 1.8 0.59 121.2 2.1 125.1 3.5 200.9 55.3 121.2 2.1 96.8
04GJP_62-16 139 74538 2.8 20.1867 1.6 0.1221 3.8 0.0179 3.5 0.91 114.2 3.9 117.0 4.2 173.3 37.8 114.2 3.9 97.6
04GJP_62-17 175 15456 2.6 20.6968 1.0 0.1313 2.2 0.0197 2.0 0.89 125.8 2.5 125.3 2.6 114.8 23.5 125.8 2.5 100.4
04GJP_62-18 218 7107 1.8 21.1328 0.9 0.1247 2.3 0.0191 2.1 0.91 122.1 2.6 119.3 2.6 65.4 22.4 122.1 2.6 102.3
04GJP_62-19 158 40345 2.5 20.3836 1.2 0.1241 2.2 0.0184 1.8 0.84 117.2 2.1 118.8 2.4 150.7 27.1 117.2 2.1 98.7
04GJP_62-20 226 42436 1.9 20.5574 0.9 0.1317 2.2 0.0196 2.0 0.90 125.4 2.5 125.7 2.6 130.7 22.1 125.4 2.5 99.8
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Appendix 3: Trace element concentration and median REE concentrations 
 
Sheet1) Trace element concentration data for the Coast Mountains Batholith samples.  Values 
highlighted in red are suspected to be related to inclusions and these analyses were not included 
in later calculations of median values or partition coefficients.  See text for detail of data 
processing.  Sheet 2) Median REE concentrations in zircon for each of the samples.  Sheet 3) 
Median absolute deviation of the median for each of the samples. 
 

 
  

Appendix 3: Element concentrations measured in individual zircon analyses (ppm)
Sample P Y Nb La Ce Pr Nd* Sm Gd Eu Tb Dy Er Ho Tm Yb Hf Lu Ta Ti Th

04-GJP-23-1 1647 5870 32 0.1 40.6 0.215 3.66 23.75 82.1 3.25 34.93 455 745 166.3 175.6 1390 15950 278 12.77 6.55 687
04-GJP-23-2 274.2 1685 0.975 0.0205 10.94 0.33 1.502 11.99 27.49 2.11 9.5 121.8 227.4 47.1 57.7 499 8320 113.4 0.643 12.37 66.8
04-GJP-23-3 986 4370 8.15 0.0171 45.8 0.161 4.06 18.26 61.1 3.31 25.27 331.3 558 122.5 135 1094 12140 229.8 2.89 6.05 281
04-GJP-23-4 634 3410 9.94 0.0157 38.2 0.211 3.6 22.7 67.7 3.74 25.4 291 417 101 93 750 12440 154 4.03 4.68 753
04-GJP-23-5 580 1415 2.81 1.19 28.4 0.5 2.77 8.2 20.6 1.68 7.95 105.1 198 40.6 50.5 457 10720 104.4 1.66 4.43 305
04-GJP-23-6 1603 6890 7.89 0.037 36.8 0.249 3.62 30.2 101.5 4.82 42.5 550 876 197.7 203.3 1556 13490 330 4.71 4.19 385
04-GJP-23-7 17400 1310 1.287 159 255 55 46 58 38.6 4.41 9.4 101.7 181.3 37.4 45.7 399.4 9160 94.9 1.11 22.8 59.2
04-GJP-23-8 1499 4500 9.69 0.081 7.6 0.29 0.99 12.5 48.3 1 23 326 584 125.2 141.4 1190 19740 238.4 6.62 3.09 104
04-GJP-23-9 299 1610 1.2 0.043 20.2 0.267 2.24 17 37.6 4.18 12.1 135 211 47.3 50.9 430 7630 98 0.58 18.4 104
04-GJP-23-10 702 2820 5.6 0.0099 11.91 0.085 1.114 8.81 35 1.51 15.6 211 362 80 87 718 14870 151 3.21 2.43 101
04-GJP-23-11 1678 7740 28.6 0.036 32.2 0.119 2.92 18.83 82.9 2.67 40.44 571 986 216.1 231.9 1848 16310 375 10.37 6.39 258.7
04-GJP-23-12 189 900 1.07 0.0111 13.2 0.115 1.29 6.1 15.2 1.37 5.34 67.6 127 25.8 32.9 319 10860 72.7 0.83 3.62 119
04-GJP-23-13 1507 6350 29.6 0.0217 44.5 0.138 4 24.4 86.8 3.69 38.07 498 812 182 188.4 1482 16190 299 11.03 5.52 700
04-GJP-23-14 974 5740 13.34 1.09 93 1.32 9.8 53 137 9.2 44.1 495 714 168 157.6 1179 11200 248 4.62 11.1 950
04-GJP-23-15 681 6550 9.23 2.7 88.1 1.7 9.85 72.8 175.4 15.56 54.9 580 782 192 171 1288 7750 277 2.51 12.35 426
04-GJP-23-16 363 2250 1.53 0.06 32.9 0.479 3.61 22.8 50.8 5.6 16.3 181 273 63 66.5 568 9150 124 0.63 7.7 206
04-GJP-23-17 214 1510 4.08 0.06 32.3 0.262 3 10.5 24.5 1.87 8.48 107.9 207 42 54.9 509 10450 120.9 2.56 29.9 449
04-GJP-23-18 1122 3930 3.7 0.0216 29.7 0.146 2.76 16.5 54.6 3.02 22.4 293 515 111 124.5 1021 12410 221 1.91 3.78 239
04-GJP-23-19 1940 7610 13.34 0.141 30.4 0.328 3.01 25.84 96.7 3.72 44.3 589 943 216 215 1630 15390 339 19.1 7.3 315
04-GJP-23-20 1089 3950 4.29 0.0159 33.8 0.171 3.11 18.18 57.1 3.27 23.2 303 519 111.9 125.4 1039 11570 227 2.39 3.43 286

04-GJP-16-1 139.8 315.9 0.692 0.0066 6.91 0.0473 0.606 1.92 5.2 0.322 1.939 24.56 48.7 9.7 13.1 149.4 12460 29.88 0.82 6.37 45.2
04-GJP-16-2 334 1510 1.415 0.05 11.43 0.269 1.423 12.06 31.7 3.26 10.67 126.6 206 46.6 47.5 392 8280 86.8 1.12 5.37 35.7
04-GJP-16-3 386 1337 3.28 0.037 19.82 0.0498 1.674 6.8 22.25 0.611 8.52 105.4 170.9 37.9 39.9 346.7 15340 64 2.31 2.01 167.4
04-GJP-16-4 89.8 320 0.953 0.0065 13.74 0.0344 1.138 2.69 7.13 0.612 2.38 28.2 45.6 10.03 11.23 125.8 12330 22.9 0.8 2.55 67.5
04-GJP-16-5 121.8 522 1.85 0.0118 10.7 0.0276 0.89 3.03 8.49 0.576 3.2 42.6 81.4 16.6 21.4 213 11480 43.9 1.85 2.86 89
04-GJP-16-6 372 2610 3.76 0.072 58.5 0.126 4.82 16 52.1 1.64 18.7 220 329 76.7 74.5 577 13020 110.9 1.75 4.02 203
04-GJP-16-7 120.8 337 0.844 0.0271 8.25 0.0438 0.712 1.84 5.24 0.292 2.05 27.2 51.8 10.31 13.7 159.6 14530 29.7 0.97 3.24 98.2
04-GJP-16-8 390 1910 4.42 0.0086 21.58 0.051 1.817 7.41 25.7 0.759 10.72 142 254 54.3 63.1 534 14010 111.6 3.67 3.22 114
04-GJP-16-9 154 507 0.916 0.0305 10.24 0.196 1.121 6.23 12.8 0.653 4.26 48.5 75.9 17.1 17.7 167.4 11680 30.6 0.73 6.25 65.6
04-GJP-16-10 344.5 2046 5.69 0.0152 76.7 0.142 6.28 20.1 51.4 1.551 16.73 181.5 253.4 61.5 56.2 447 13810 81.5 2.99 3.61 637
04-GJP-16-11 173 450.5 0.687 0.0173 3.98 0.07 0.417 2.73 6.8 0.633 2.519 34.6 75.1 13.96 21.04 219.5 9770 52.4 0.542 4.4 21.8
04-GJP-16-12 520 2630 5.97 0.0124 36 0.082 2.95 12.72 41.2 0.955 16.06 204 337 75.3 78.9 633 14460 121.7 2.93 7.6 187
04-GJP-16-13 517 1982 1.81 0.017 39.2 0.089 3.28 12.28 36.5 1.173 13.18 158.1 251.9 57.5 58.5 473 12420 92.6 0.876 2.78 175.2
04-GJP-16-14 274.4 638 0.591 0.0111 4.433 0.052 0.438 2.82 7.56 0.621 3.12 46.6 107.5 19.53 29.79 305.8 8570 77.1 0.385 6.98 16.15
04-GJP-16-15 200 805 1.7 0.0092 18.66 0.0476 1.554 4.97 16.22 0.525 5.99 74 117.2 26.7 26.9 237.1 12900 42.4 1.07 3.41 81.1
04-GJP-16-16 224.8 1071 2.57 0.025 40.35 0.09 3.171 9.71 26.59 1.024 8.89 98.5 145.9 34.07 32.53 274.7 12970 49.49 1.58 139 244.4
04-GJP-16-17 459.9 1809 5.75 0.0108 34.2 0.0583 2.8 10.33 31.8 0.713 12.22 148.8 230.8 52.3 54 455 14930 85.6 3.44 2.79 225
04-GJP-16-18 640 1870 2 0.201 10.52 0.209 1.05 8.28 25.5 1.09 10.9 145 242 54 56 492 14050 105 1.09 5.34 121
04-GJP-16-19 724 2428 5.33 0.0342 14.06 0.0446 1.128 7.66 30.3 0.51 13.93 183.8 317.6 69.3 75.6 630 18090 121.1 3.79 2.61 112.9
04-GJP-16-20 307 1933 5.26 0.0178 39 0.075 3.11 9.79 30.2 0.822 11.65 148.3 254.3 55.3 60.7 505 13850 98.6 2.42 3.47 122

04-GJP-24-1 32.3 74 0.35 0.0086 2.53 0.0044 0.189 0.236 0.64 0.051 0.268 4.7 12.9 2.14 4.28 85.7 16110 14.54 0.254 1.14 25.3
04-GJP-24-2 255.5 1472 0.789 0.0305 10.29 0.455 1.509 14.52 30.2 1.594 10.25 120.6 192.7 43.8 43.7 356.3 9520 72.9 0.629 17.58 64.2
04-GJP-24-3 166.3 480.3 0.661 0.0084 7.61 0.0386 0.678 3.33 9.12 0.451 3.35 41.82 74.4 15.84 18.05 172.4 10510 33.51 0.585 11.56 30.77
04-GJP-24-4 121.2 298 0.514 0.057 6.14 0.0316 0.521 1.81 4.86 0.211 1.8 24.5 46.4 9.4 11.7 124 10930 22.6 0.516 9.58 17.3
04-GJP-24-5 173 1020 0.619 0.0141 8.38 0.225 1.037 9.5 20.9 0.96 7.25 86.9 142 31.9 32.3 274 10290 54.4 0.395 17.8 53.1
04-GJP-24-6 289 2300 1.02 0.042 12.72 0.549 1.774 19.25 45.2 2.13 15.5 187 299 67.7 66 511 9480 105.6 0.79 15.55 122
04-GJP-24-7 259.6 1518 0.744 0.042 10.16 0.524 1.499 15.3 30.4 1.609 10.33 122.2 195.4 44.7 43.8 351 9750 71.4 0.559 16.84 69.4
04-GJP-24-8 216.3 849 0.763 0.0152 8.84 0.147 0.96 7.42 17.4 0.915 6.06 73.9 125.3 27.22 29.52 259.8 9800 53 0.603 15.38 43.4
04-GJP-24-9 133.6 498 0.48 0.009 7.49 0.06 0.685 4.33 10.63 0.532 3.59 44.2 75.8 16.55 17.77 167.6 10220 31.6 0.293 11.01 24.9
04-GJP-24-10 298.8 1142 0.679 0.0268 8.74 0.29 1.084 9.67 23.1 1.177 7.92 96.3 157.5 35.5 36.7 304 9920 61.3 0.406 13.16 59.8
04-GJP-24-11 125.5 413 0.463 0.0066 6.48 0.05 0.566 3.64 8.67 0.42 3.07 37.4 62.1 13.68 14.84 145.1 10770 26.82 0.299 11.12 23.2
04-GJP-24-12 222.3 658 0.631 0.0147 7.64 0.126 0.795 6.37 14.17 0.719 4.92 59.8 98.5 21.69 23.48 208.3 10350 40.1 0.435 12.61 28.98
04-GJP-24-13 240.1 916 0.589 0.0133 8.6 0.268 1.125 11.63 22.7 1.277 7.23 83.1 128.8 29.26 29.43 249.8 9980 48.9 0.461 14.24 37.27
04-GJP-24-14 228.3 663 0.733 0.0069 8.09 0.06 0.691 4.71 12.26 0.592 4.59 57.5 101.6 21.88 24.6 226 9860 46.2 0.83 11.97 26.01
04-GJP-24-15 228.9 1234 0.663 0.0215 9.71 0.307 1.261 13.36 28.3 1.58 9.29 106.2 164 37.9 36.7 302.8 9800 59.5 0.404 14.23 51
04-GJP-24-16 392 4310 2.57 0.092 30.9 0.882 3.71 31.4 87.6 3.52 30.2 354 545 126.9 118.9 901 9830 182 1.49 11.6 411
04-GJP-24-17 141.4 331 0.54 0.0109 6.39 0.0348 0.519 2.1 5.71 0.252 2.13 28.1 51.7 10.87 12.65 130.4 10870 23.7 0.292 11.02 16.8
04-GJP-24-18 198.6 671 0.657 0.025 7.39 0.164 0.8 6.52 14.7 0.763 5 59.8 99.5 22.2 23.3 208.3 9790 41.7 0.412 42 28
04-GJP-24-19 186 373.7 0.646 0.033 7.78 0.048 0.663 2.65 6.84 0.32 2.558 32.9 57.9 12.19 13.96 139.1 11030 25.09 0.451 11.32 23.6
04-GJP-24-20 208.2 651 0.713 0.0099 8.43 0.095 0.816 5.58 13.5 0.656 4.78 58.6 99.5 21.86 23.56 212.1 10120 42.34 0.62 12.26 29.76
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04-GJP-22-1 112.8 190.1 0.488 0.011 5.06 0.0134 0.416 1.06 2.99 0.287 1.151 14.88 28.9 5.72 7.84 100.4 11610 18.57 0.385 3.57 20.1
04-GJP-22-2 123.6 570 1.516 0.0122 19.14 0.063 1.533 4.18 10.85 0.918 3.98 48.2 84.4 17.8 21.52 217 12180 45.8 1.5 2.75 136.4
04-GJP-22-3 116.8 469.6 1.228 0.0081 17.65 0.042 1.34 2.95 8.03 0.606 2.952 38.9 72.4 14.81 18.66 196.8 13060 40.2 1.2 2.26 113.4
04-GJP-22-4 142.6 643 1.897 0.0063 23.81 0.064 1.878 4.7 12.53 0.914 4.29 54.2 95.9 20.21 24.42 241.1 12220 52.2 1.54 3.95 182.6
04-GJP-22-5 128.4 541 1.639 0.0173 17.59 0.049 1.446 3.57 10 0.786 3.71 46.4 82 17.08 20.61 207.7 12790 43.24 1.49 2.66 172.1
04-GJP-22-6 970 465 0.797 0.101 7.12 0.15 0.722 3.19 7.66 0.721 2.787 36.1 70.8 14.25 18.39 189.8 10130 42 0.66 6.93 39.8
04-GJP-22-7 94.5 234 0.514 0.0054 5.62 0.0216 0.475 1.51 3.79 0.344 1.401 18.24 35.75 6.99 9.95 121.8 11880 23.86 0.33 3.21 20.3
04-GJP-22-8 191.7 449 0.731 0.0068 7.26 0.06 0.658 2.92 7.08 0.676 2.67 35 68.6 13.84 17.97 186.3 9930 41.4 0.53 6.81 43.1
04-GJP-22-9 4800 227.6 0.477 19.3 38 8.9 6.8 8.5 6.5 0.82 1.69 19.48 33.76 7.07 8.61 101.4 10330 19.1 0.301 6.62 23.52
04-GJP-22-10 139.7 248 0.519 0.0063 4.84 0.0362 0.446 1.66 4.37 0.412 1.57 20.2 37.4 7.79 9.56 112.8 10450 21.9 0.341 5.08 25.1
04-GJP-22-11 137.7 878 1.93 0.0096 20.12 0.067 1.663 5.37 14.93 1.061 5.52 70.1 128.1 26.57 32.1 307.8 12220 68.4 1.41 3.65 116.4
04-GJP-22-12 181.5 1395 4.21 0.036 38.4 0.264 3.42 13.26 29.8 2.34 10.1 115.5 186.2 40.7 45 404 12690 86.9 2.79 4.39 449
04-GJP-22-13 128.5 233 0.741 0.0071 7.82 0.0247 0.644 1.68 4.1 0.37 1.497 19 35 7.18 8.96 109.7 12010 19.5 0.66 3.23 45.9
04-GJP-22-14 10700 403 0.921 59 117 27 20 24.1 14.7 2.02 3.34 35.1 59.6 12.61 15.29 165.6 12910 34 0.83 2.28 57.7
04-GJP-22-15 162.1 410 0.78 0.0183 6.9 0.045 0.638 2.42 6.61 0.609 2.48 32.7 62.5 12.49 16.14 171.8 10600 37.5 0.553 5.34 34.7
04-GJP-22-16 296 266.7 0.659 0.6 9.1 0.23 0.86 1.9 4.66 0.364 1.738 22.08 40.1 8.23 10.4 121.7 12000 23.05 0.62 3.97 47.5
04-GJP-22-17 107.1 243 0.668 0.0053 8.87 0.0154 0.699 1.28 3.84 0.295 1.449 19.57 37.2 7.58 9.85 119.9 12630 22.4 0.6 2.83 58.7
04-GJP-22-18 158 322.3 0.575 0.0071 5.15 0.0326 0.479 2.1 5.39 0.502 1.911 25.34 51.3 10.1 13.82 151.2 10340 32.69 0.4 6.63 22.08
04-GJP-22-19 152.7 469.4 1.09 0.044 14.37 0.052 1.159 2.87 8.51 0.677 3.13 40 70.2 14.83 17.52 182.8 12340 38.04 1 4.14 133.6
04-GJP-22-20 1130 691 2.127 5.6 28.8 1.95 3.07 6.29 13.88 1.185 4.93 60.6 104.9 22.57 25.71 248.3 12070 54.1 1.57 3.75 227.6

04-GJP-29-1 99.1 1050 2.7 0.0121 45.6 0.142 3.7 8.45 20.8 1.71 7.28 84.3 138.1 30.2 33.6 303 10640 64.1 1.25 4.68 165
04-GJP-29-2 115.1 657 1.61 0.0103 32.1 0.137 2.71 7.07 15.52 1.505 5.15 58.3 89.9 20.21 21.28 200.8 9970 40 1.02 5.03 202.2
04-GJP-29-3 80.4 452 1.028 0.0071 16.75 0.078 1.445 3.99 9.57 0.837 3.18 38.5 66 13.87 16.67 168.5 10670 34.1 0.76 3.98 43.8
04-GJP-29-4 79.2 292.4 0.736 0.0128 16.61 0.065 1.336 2.87 6.83 0.658 2.257 26.06 41.4 9.14 10.16 111.9 10790 19.92 0.56 3.72 67.4
04-GJP-29-5 123.9 540 1.312 0.015 30.3 0.15 2.573 7.38 16.85 1.683 5.1 52.6 73.6 17.28 17.36 166.5 9840 32.7 0.78 6.37 234.5
04-GJP-29-6 89.5 538 1.771 0.0054 38.3 0.092 3.113 6.75 15.24 1.36 4.74 51.8 75.1 17.35 17.79 173.2 11140 32 1.19 3.48 242.2
04-GJP-29-7 83 419.1 0.997 0.0115 25.7 0.062 2.12 4.34 10.31 0.906 3.26 37.36 58.8 13.21 14.48 148.2 11250 28.4 0.68 3.4 95.5
04-GJP-29-8 95.8 616 1.88 0.0193 45.79 0.146 3.82 7.91 17.91 1.634 5.5 58.1 84.4 19.31 19.85 183.7 10790 36 1.24 4.05 367
04-GJP-29-9 101.7 496 1.79 0.0143 38.3 0.101 3.19 6.51 14.65 1.299 4.64 47.7 68.8 16.07 16.03 154.5 10540 28.3 0.93 4.36 248
04-GJP-29-10 132.7 1631 4.82 0.066 88.7 0.281 7.41 15.89 37 3.16 12.3 136.7 202.2 47 46.66 384.2 10300 77.7 2.27 5 472
04-GJP-29-11 83 490 1.413 0.0152 32.6 0.123 2.67 5.53 12.91 1.188 4.12 45.9 68.2 15.62 16.65 165.6 11380 31.36 0.93 2.82 185.2
04-GJP-29-12 102.1 992 2.523 0.0111 40.67 0.136 3.35 7.73 19.36 1.634 6.88 82.3 135.9 30.04 33.66 301.8 10740 63.3 1.33 4.85 113
04-GJP-29-13 92.9 665 2.068 0.0141 40.7 0.1 3.29 6.89 16.95 1.501 5.6 61.5 93.8 21.11 22.42 213 11620 41.7 1.49 2.55 258
04-GJP-29-14 108.8 634 1.407 0.0224 24.17 0.116 2.029 5.75 13.52 1.234 4.5 54.1 90.8 19.55 22.59 216.4 10180 44.66 1.07 5.76 81.6
04-GJP-29-15 119.5 610 1.737 0.0143 42.03 0.154 3.45 8.22 18.83 1.761 5.65 58.8 83.4 19.79 19.62 182.2 10020 34.69 1.2 5.61 424
04-GJP-29-16 122 450 0.747 0.022 15.7 0.072 1.36 3.95 9.83 0.897 3.14 37.8 64 13.8 16.3 171 10650 34.2 0.51 3.23 44.1
04-GJP-29-17 118.8 1561 4.5 0.0095 67.7 0.196 5.58 11.83 30.9 2.62 11.13 128.8 201.8 45.8 47.4 392 10680 80.7 2.22 5.38 188.3
04-GJP-29-18 102 401 1.009 0.0078 23.3 0.091 1.947 4.7 10.85 1.018 3.4 37.1 55.8 12.77 13.36 133.7 10270 24.82 0.62 4.4 156
04-GJP-29-19 112.6 1031 3.14 0.02 61.8 0.17 5 10.4 25.41 2.199 8.44 91 136.9 31.5 32.3 287 11350 56.6 1.91 4.09 387
04-GJP-29-20 91.2 512 1.425 0.0181 35.67 0.118 2.953 5.87 13.22 1.219 4.23 47 71.7 15.99 17.34 172.3 11000 34 0.98 3.89 345
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04-GJP-37-1 229.2 625 1.109 0.0107 7.1 0.068 0.708 4.44 11 0.492 4.17 55.2 101.8 21.14 25.06 230.9 9900 46.8 1.08 12.6 43.3
04-GJP-37-2 316.7 1509 1.97 0.0229 10.5 0.284 1.259 10.47 24.98 1.343 8.92 115.1 214.5 44.8 51.6 438.9 8620 94.7 1.5 19.8 84
04-GJP-37-3 232 800 2.9 0.27 15.5 0.142 1.39 4.1 11 0.267 4.57 62.9 122 24.8 30.2 271 10290 53.1 2.39 15.1 153
04-GJP-37-4 36000 1602 3.35 530 840 171 119 102 57.9 8.2 12.07 132.1 237.8 49.3 59.1 511 9240 120.2 2.27 15.5 139.9
04-GJP-37-5 224 1368 1.111 0.0169 8.39 0.237 1.139 12.3 26 1.221 9.04 111 190.1 41.4 44.5 366 9940 76.1 0.94 12.92 70.9
04-GJP-37-6 220.2 1204 1.103 0.0107 7.56 0.193 0.966 10.13 22.58 1.117 7.9 98.4 168.7 36.88 40.15 338 9760 69.3 1.33 13.4 60.6
04-GJP-37-7 293.8 830 1.315 0.0111 8.2 0.127 0.896 6 14.92 0.732 5.47 70.7 132.3 27.48 32.82 294.1 9250 62.6 1.23 17.36 54.9
04-GJP-37-8 271.2 762 1.239 0.0129 6.82 0.088 0.733 5.53 13.74 0.636 5.09 65.3 123.9 25.23 30.74 276.9 9330 59.3 1.31 15.81 42.55
04-GJP-37-9 252.3 970 1.239 0.0143 7.99 0.163 0.942 7.62 18.37 0.8 6.62 82.9 150.5 31.9 36.25 316.7 9630 67 1.31 14.93 65.5
04-GJP-37-10 223.3 646 1.186 0.0052 7.59 0.075 0.717 4.27 11.2 0.479 4.13 55.2 104.8 21.76 26.16 241.8 10360 48.7 1.25 12.26 48.89
04-GJP-37-11 255 641 0.954 0.0097 7.2 0.118 0.763 4.79 11.2 0.621 4.19 53.7 100.8 20.8 25 230 9580 47.2 0.89 17.5 29.5
04-GJP-37-12 265.8 689 1.102 0.0032 7.85 0.105 0.821 5.32 13.04 0.597 4.56 61.4 112.1 23.27 27.26 243.1 9690 50 0.99 16.13 52.3
04-GJP-37-13 276 2236 1.55 0.055 10.92 0.619 1.871 18.22 39.4 1.882 13.75 174.7 308 66.7 70.2 561 9390 118.6 1.64 19.7 146.2
04-GJP-37-14 274.7 2750 3.57 0.068 35.2 0.86 4.11 27 53.1 4.63 17.7 211 368 77.8 90.3 788 8660 179 2.52 6.26 291
04-GJP-37-15 236.4 850 0.921 0.0172 9.33 0.252 1.13 7.8 15.3 1.67 5.25 66.1 126 25.2 33.6 324 8210 72.8 1.03 10.66 86
04-GJP-37-16 274.1 931 0.978 0.0246 8.6 0.28 1.076 8.72 18.68 1.015 6.61 82.4 143 30.65 34.72 297.3 9200 62.6 1.13 19.8 46.8
04-GJP-37-17 120.6 367 1.064 0.0074 3.06 0.044 0.324 2.19 5.24 0.282 2.067 28.68 62 11.65 17.23 195.7 12570 46 3.52 6.37 23.33
04-GJP-37-18 289.2 3124 3.12 0.129 42.1 1.456 5.39 36.1 62.4 6.9 20.19 237 411 87.4 105 897 8510 205.6 1.92 9.5 450
04-GJP-37-19 4000 740 1.256 45 70 17.4 12.8 20.6 18.8 1.35 5.39 64.6 116.9 24.32 28.4 255.2 9430 53.4 1.23 17.7 51.4
04-GJP-37-20 213.6 721 1.065 0.0075 9.91 0.123 1.017 6.4 14.61 0.768 5.18 64.8 114.4 24.51 27.78 249.4 9500 51.27 0.85 16.24 43.9

04-GJP-32-1 143.9 1029 2.92 0.0092 36.3 0.127 3.01 6.46 15.73 1.245 5.75 75.9 148.2 29.54 39 366 11040 84.5 1.91 5.79 188
04-GJP-32-2 99.8 592 1.418 0.0163 16.2 0.051 1.28 2.39 7.22 0.417 2.91 41.8 94.4 17.8 26.4 290 15400 74.9 0.77 3.93 321
04-GJP-32-3 1890 374.9 0.986 17.2 31 5.3 4.33 5.59 7.14 0.657 2.273 29.85 57.8 11.56 15.18 164.4 11200 34.84 1.06 4.91 68
04-GJP-32-4 208.7 620 1.065 0.0116 10.86 0.082 0.981 5.08 12.19 0.639 4.36 55.2 97.5 20.54 23.72 219.9 9710 45.1 1.25 8.11 59.8
04-GJP-32-5 177.8 563.2 1.377 0.0139 14 0.076 1.223 3.7 10.04 0.815 3.647 45.9 83.8 17.61 21.69 214.8 10830 47.32 1.34 5.08 133.3
04-GJP-32-6 7600 970 0.97 80 121 27 19.7 26.4 25.9 2.98 7.21 80.5 134 28.9 33.6 311 9750 68.5 0.8 11.1 95
04-GJP-32-7 503.3 3185 4 0.065 27.42 0.502 3.01 32.1 77.9 6.6 24.64 268.3 377 89.8 84.8 679 7620 142.9 1.76 13.6 478
04-GJP-32-8 171 539 1.13 0.028 9.36 0.053 0.798 2.69 7.37 0.557 2.9 40.2 84.5 16.2 23 243 11450 55.7 1.06 3.2 71.3
04-GJP-32-9 271 1053 2.41 0.0225 18.61 0.082 1.596 5.65 15.62 0.328 6.21 84.2 159.3 33.3 38.54 343.8 13220 69.8 2.69 5 124.7
04-GJP-32-10 146.9 278 0.646 0.0047 6.6 0.0419 0.59 1.99 4.24 0.399 1.573 21.7 43.7 8.49 11.68 133.2 10090 27.7 0.56 7.02 28.6
04-GJP-32-11 328 1685 6.89 0.345 34.9 0.218 3 9.41 26.1 1.009 9.68 127.4 234 49 57.6 494 11140 105.3 4.9 10.13 520
04-GJP-32-12 311.7 794 1.092 0.0142 11.09 0.126 1.059 6.62 15.47 0.456 5.67 71.8 123.2 26.84 29.19 252.3 10530 49.11 0.99 25.9 52.8
04-GJP-32-13 315 450 1.041 1.2 12.08 0.441 1.156 3.33 7.39 0.544 2.878 36.9 70.3 14.5 17.96 183 10340 38.2 0.99 7.53 45.9
04-GJP-32-14 183 466 0.979 0.37 10.31 0.164 0.958 2.91 7.29 0.6 2.73 36.2 71.5 14.1 18.9 191.4 10440 43.2 0.84 5.79 49.7
04-GJP-32-15 11100 630 1.348 139 192 44 30.7 31.6 20.4 2.62 5 54.5 96.3 20.1 24.4 235.8 10290 54.5 1.16 7.2 94.9
04-GJP-32-16 176.3 533 1.42 0.0159 12.7 0.089 1.11 3.71 9.06 0.724 3.27 42.4 80.6 16.3 21 210 10360 46.2 1.18 4.52 91
04-GJP-32-17 906 5671 5.17 0.692 72.2 7.38 15.27 139.6 201.1 20.84 55.5 540 662 167.9 143.9 1094 8390 233 2.02 11.46 946
04-GJP-32-18 131.5 274.1 0.773 0.0035 8.16 0.0314 0.671 1.76 4.51 0.372 1.609 21.99 42.3 8.53 11.04 128.6 11370 25.93 0.75 4.05 52.9
04-GJP-32-19 299 824 1.166 0.0139 8.44 0.109 0.86 6.1 14.16 0.434 5.51 70.5 128.1 27.31 31.1 265.2 10250 52.7 0.99 15.6 49.3
04-GJP-32-20 170.4 454 0.96 0.0116 10.39 0.086 0.911 3.17 7.23 0.583 2.74 35.2 70.3 13.7 18.6 195 10790 42.6 0.75 5.78 75.2

04-GJP-40-1 175.4 416 0.947 0.031 4.67 0.044 0.41 1.95 5.13 0.28 2.11 31.2 71.5 13.06 19.96 211.1 11190 49 1.02 4.78 50.3
04-GJP-40-2 1500 413 0.978 9.3 17.1 3.3 2.6 4.3 6.38 0.551 2.32 31.7 69.1 13.16 18.66 197 10770 43.7 0.75 4.88 23.9
04-GJP-40-3 7100 619 1.478 55 83 20.1 14.4 18.8 13.7 1.29 3.62 46.4 104.6 19.22 27.81 277.9 10100 68.2 1.22 31 37.9
04-GJP-40-4 194.2 562 1.14 0.0145 4.63 0.05 0.443 2.36 6.68 0.395 2.67 40.3 92.8 17.4 25.9 269 10920 64.2 1.09 4.24 31
04-GJP-40-5 270.1 674 0.991 0.0151 4.87 0.074 0.497 3.1 8.61 0.549 3.46 50.2 112.6 21.2 31.2 315 11030 76.8 1.02 3.78 31.2
04-GJP-40-6 197.6 601 1.23 0.01 5.34 0.046 0.5 2.41 6.99 0.398 2.88 44.2 102 18.67 28.3 289 10790 69.7 1.07 4.83 30.8
04-GJP-40-7 233.1 658 1.432 0.008 5.97 0.051 0.547 2.77 7.51 0.43 3.12 47.3 111.2 20.36 30.89 307.1 10780 75.6 1.39 5.37 39.4
04-GJP-40-8 138.9 243.6 0.761 0.0056 3.77 0.0151 0.311 0.78 2.55 0.172 1.072 16.98 40.5 7.11 11.54 143.1 12060 31.22 0.85 2.77 25.25
04-GJP-40-9 1960 784 1.78 13.4 20.6 4.8 3.9 6.6 10.21 0.65 3.87 56.5 125.9 23.91 35.2 353 10870 87.4 1.63 4.35 35.4
04-GJP-40-10 356 605 1.326 1.27 6.74 0.48 0.77 2.74 7.02 0.395 2.9 43.2 103.3 18.65 28.8 297.9 11070 73 1.36 4 29.49
04-GJP-40-11 246 1061 0.98 0.068 6.26 0.193 0.787 7.3 16.53 1.086 5.99 81.5 160.7 32.22 42.5 392 10350 92.1 0.97 5.21 46.9
04-GJP-40-12 1210 864 1.827 6.3 18.6 3.07 3.11 7.59 12.01 1.54 4.42 64.7 142 26.52 38.4 364 9950 90.3 1.7 7.3 61.4
04-GJP-40-13 256.8 882 1.97 0.027 7.53 0.052 0.665 3.17 9.17 0.591 3.92 61.2 145.5 27.13 40.5 395 10500 99 1.59 6.08 47.1
04-GJP-40-14 214.1 557 1.191 0.0076 5.47 0.048 0.512 2.23 6.51 0.407 2.669 40.2 94.9 17.41 26.49 270.9 10500 65.5 1.26 4.29 34.84
04-GJP-40-15 331.4 1107 2.12 0.0081 7.92 0.066 0.733 3.83 11.63 0.649 4.9 75.7 174 32.5 47.1 446 10160 108.5 1.56 5.67 54.3
04-GJP-40-16 295.6 932 2.07 0.0172 8.65 0.069 0.807 3.81 10.2 0.606 4.24 64.3 152.5 27.8 41.3 400 9600 99.2 1.86 5.63 69
04-GJP-40-17 217.6 542 1.25 0.0054 5.5 0.0371 0.518 2.32 6.84 0.406 2.67 39.3 91.7 16.63 25.3 262 10700 63.9 1.18 4.79 43.6
04-GJP-40-18 209.6 558.6 2.15 4.4 8.4 0.86 1.01 2.87 6.68 0.537 2.669 39.1 94 16.86 26.66 275 9810 69.5 1.22 65 26.2
04-GJP-40-19 204.4 701 1.8 0.44 7.85 0.176 0.71 2.69 7.77 0.401 3.18 49.6 118.2 21.46 31.8 323 10710 77.8 1.77 9.4 62.2
04-GJP-40-20 2200 542 1.069 15.8 24 5.7 4.5 6.6 7.96 0.6 2.83 40.2 92.8 17.12 25.9 268 10720 64.9 0.98 4.2 25.7
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04-GJP-09-1 209 355 0.604 0.0055 5.34 0.059 0.51 2.82 6.35 0.723 2.36 31 56.5 11.6 13.9 142.8 8680 32 0.42 7.31 60.9
04-GJP-09-2 109.3 128.7 0.33 0.0063 2.77 0.0126 0.259 0.8 1.99 0.213 0.7 9.8 20.62 3.81 5.68 79.6 10050 15.2 0.185 4.52 12.85
04-GJP-09-3 115.4 182.5 0.413 0.0065 4.05 0.058 0.409 1.86 3.09 0.483 1.057 13.55 29.7 5.37 8.62 107.5 8350 24.7 0.37 8.08 24.8
04-GJP-09-4 209.5 402.7 0.515 0.0135 4.69 0.071 0.506 2.87 6.4 0.789 2.43 31.19 63.8 12.48 16.37 163.6 8090 36.86 0.359 9.86 28.97
04-GJP-09-5 100.3 180.5 0.365 0.0077 2.63 0.0338 0.281 1.4 3.24 0.387 1.08 14.26 27.8 5.61 7.39 91.3 8910 18.74 0.33 4.74 16.7
04-GJP-09-6 149.6 737 0.583 0.056 8.11 0.54 1.296 9.68 17.65 2.501 5.63 64.5 109 22.81 26.99 261.1 9010 60.3 0.49 9.62 110.1
04-GJP-09-7 123.5 202 0.36 0.0043 3.74 0.057 0.371 1.74 3.61 0.491 1.256 15.6 31.1 6.2 8.17 96.6 8260 19.8 0.27 8.99 22.3
04-GJP-09-8 129.5 402 0.453 0.0043 3.41 0.019 0.322 1.52 4.96 0.196 2.195 32 67.8 13.27 17.44 177.9 11950 34.56 0.35 7.06 13.41
04-GJP-09-9 154 378 0.54 0.041 6.09 0.134 0.653 3.24 6.6 0.85 2.31 29.1 58.2 11.3 16 172.7 9090 39.5 0.45 8.09 61
04-GJP-09-10 126 194.8 0.42 0.082 3.587 0.036 0.342 1.35 3.37 0.358 1.157 15.42 30.18 5.94 8.32 104.1 10460 21.66 0.34 4.32 17.11
04-GJP-09-11 320 1640 1.49 0.037 21.2 0.219 2.04 9.96 29 2.47 10.25 124.5 219 46 53.5 457 8180 103.9 0.77 14.7 198
04-GJP-09-12 133.9 901 0.461 0.074 4.32 0.111 0.551 6.06 15.3 0.702 5.6 73.4 133.9 27.9 32.7 298 11620 63.2 0.26 6.4 76.3
04-GJP-09-13 425.2 2653 3.7 0.0268 36.4 0.297 3.274 10.38 38.8 3.2 14.69 188.9 342.2 72.3 86.1 749 9180 174.4 1.65 17.7 671
04-GJP-09-14 130.5 102 0.314 0.007 2.604 0.0198 0.256 1.04 2.44 0.297 0.786 8.72 15.05 3.15 3.87 58.4 9380 9.26 0.207 5.24 21.24
04-GJP-09-15 181.9 457 0.778 0.0052 6.51 0.097 0.677 2.86 5.8 0.716 2.15 31.03 74.8 13.36 21.29 221.6 8740 54.3 0.73 9.63 39.4
04-GJP-09-16 299.1 1830 0.83 0.049 8.57 0.473 1.443 16.55 35.3 0.977 12.46 147.7 235 53.2 53 417 11030 81.8 0.95 21.1 117.2
04-GJP-09-17 144.1 382 0.609 0.026 4.98 0.058 0.476 2.63 5.91 0.729 2.126 29.2 59.3 11.8 15.82 166 8810 37.6 0.4 4.79 20.9
04-GJP-09-18 171.6 647 0.48 0.025 6.8 0.286 0.98 9 17.2 2.07 5.21 57.8 94.6 20.5 23 218 9200 47.4 0.25 5.92 43.1
04-GJP-09-19 212 1097 1.364 0.0241 18.23 0.251 1.869 9.4 19.9 1.99 6.76 85.3 154.5 32.2 38.5 349 10250 79.9 1.03 6.74 110.4
04-GJP-09-20 170.5 703 1.02 0.0155 11 0.078 1.06 3.86 10.6 0.93 4.01 54 104 20.8 27 260 9890 57.8 0.75 7.09 80

04-GJP-01-1 191.5 1240 0.447 0.0096 8.94 0.215 1.158 11.98 25.8 1.381 8.79 106.1 177 39.4 41.2 347 10860 69.3 0.34 11.88 68.2
04-GJP-01-2 217.7 961 0.528 0.0084 8.18 0.18 1.023 8.9 19.15 1.005 6.34 80.9 145.7 30.24 35.35 310.2 10590 64.6 0.46 11.74 57.5
04-GJP-01-3 228.4 1376 0.485 0.0222 8.82 0.357 1.324 13.05 27.5 1.429 9.4 114 197.4 42.7 45.8 382 10870 78.8 0.33 13.02 80.2
04-GJP-01-4 270.1 735 0.503 0.0168 6.95 0.134 0.802 5.87 13.18 0.675 4.76 60.6 116.1 23.97 28.69 260.5 10200 54.1 0.47 10.4 42.8
04-GJP-01-5 194.6 580 0.511 0.0087 6.63 0.067 0.63 3.98 9.43 0.519 3.584 48.3 91.8 18.53 23.57 223.5 10670 46.4 0.399 12.19 32.33
04-GJP-01-6 213 1209 0.489 0.0063 8.22 0.237 1.083 11.86 24.2 1.34 8.37 101.9 171.1 37.2 39.4 335 10680 67.4 0.228 13.61 57.9
04-GJP-01-7 201.7 829 0.47 0.0096 7.67 0.206 0.994 8.49 17.74 0.991 5.85 74 132.3 27.79 32.06 285.9 10700 60.3 0.43 10.37 58.8
04-GJP-01-8 267.7 748 0.44 0.0098 6.42 0.136 0.76 6.13 14.48 0.686 5 64.4 117 24.8 28.3 252 10200 51.1 0.32 12.9 38.1
04-GJP-01-9 209.3 703 0.494 0.0099 7.33 0.088 0.753 4.95 11.89 0.634 4.53 58.2 111.9 22.89 27.92 260.3 11650 52.6 0.32 10.09 43.8
04-GJP-01-10 267.3 1568 0.522 0.0315 9.02 0.375 1.37 14.3 29.6 1.502 10.53 129.7 220.4 48.3 51.2 411 9900 84.9 0.39 15.1 90.3
04-GJP-01-11 205.3 600 0.497 0.0116 6.57 0.081 0.683 4.63 10.9 0.534 3.89 50.3 95.9 19.47 23.5 219.1 10350 45.05 0.4 12.7 30.5
04-GJP-01-12 248 1950 0.718 0.042 10.23 0.434 1.526 16.34 36.2 1.725 12.44 154.8 271 58.9 61.6 494 10090 103.2 0.47 14.5 129
04-GJP-01-13 203.6 562.7 0.552 0.0065 7.36 0.059 0.713 3.75 9.24 0.486 3.396 46.6 90.4 18.25 23.55 227.3 11540 47.6 0.52 8.69 47.9
04-GJP-01-14 204.9 673 0.493 0.0073 7.37 0.105 0.794 5.86 12.89 0.66 4.59 58.3 107.3 22.4 26 239.7 10550 48.3 0.43 10.8 44.9
04-GJP-01-15 166.4 667 0.419 0.0158 6.14 0.127 0.705 5.49 12.7 0.696 4.38 55.6 103.7 21.9 25.4 228 10720 46.4 0.3 42.4 30.5
04-GJP-01-16 157.8 813 0.381 0.0137 6.79 0.066 0.681 5.23 14.4 0.648 5.31 67.6 123.3 25.9 29.1 257 10490 50.9 0.226 12.42 31.7
04-GJP-01-17 240.8 872 0.472 0.0176 7.21 0.177 0.904 7.85 16.63 0.872 5.77 72.6 130.8 27.5 31.8 281 10240 58 0.25 11.55 42.4
04-GJP-01-18 243.9 1080 0.496 0.042 8.12 0.27 1.065 10.63 21.5 1.176 7.44 93.4 163.8 34.8 38.9 330 10260 65.7 0.34 11.66 62.8
04-GJP-01-19 180.7 495 0.551 0.0186 8.88 0.034 0.737 2.99 7.96 0.404 2.984 40.41 79 15.82 20.07 198.8 11820 39.69 0.31 10.23 50.1
04-GJP-01-20 191.4 516 0.573 0.0048 8.74 0.046 0.77 3.33 8.61 0.422 3.15 43.4 81.6 16.49 20.66 202 11440 39.29 0.382 11.14 45.8

04-GJP-39-1 274.1 856 1.42 0.0101 10.32 0.114 1.002 5.9 14.7 0.417 5.53 74 133.3 28.35 32.08 269.7 9780 53.2 1.26 13.13 54.4
04-GJP-39-2 2520 1377 1.75 27 43 10.4 8.1 20.1 29.7 1.11 9.63 118.6 198 43.3 46.1 380 9260 75.9 1.55 23.5 76.8
04-GJP-39-3 196.5 529 1.179 0.064 8.03 0.091 0.727 3.46 7.84 0.415 3.18 44.2 86.2 17.19 22.17 211.4 9450 43.5 1.03 47.6 46.5
04-GJP-39-4 139.9 316 2.51 0.048 4.8 0.035 0.417 1.57 4.07 0.206 1.62 24.2 52.6 9.79 13.94 146.2 8810 29.8 1.55 240 26.9
04-GJP-39-5 670 1540 2.59 3.8 19.5 1.56 2.38 10.7 23.7 1.36 9.02 120 233 47.6 59.1 507 9500 112.1 1.46 5.32 217
04-GJP-39-6 5400 1032 1.69 92 133 35 25.2 42 32.5 2.07 8.04 90 154 32.8 36.4 309 8430 65.8 1.51 22.7 48.6
04-GJP-39-7 516 821 2.1 8.3 20.1 3.29 3.05 8.46 14.18 0.384 5.29 70.1 133.4 27.57 33.17 287.8 10160 57 1.91 12.3 71.8
04-GJP-39-8 237.9 676 1.246 0.0134 6.08 0.085 0.639 4.74 11.82 0.425 4.51 59.3 109.9 22.92 26.36 232.1 9720 46.9 1.09 14.97 46.1
04-GJP-39-9 413 1004 1.703 4.1 11.8 1.14 1.5 8.17 17.87 0.588 6.54 84.7 154.9 32.6 36.51 314.9 9430 64.9 1.54 11.26 72.3
04-GJP-39-10 450 1205 1.608 1.4 8.5 0.76 1.29 10.12 21.96 0.747 8.14 101.4 174.5 38.1 41.33 345.3 9400 69.4 1.43 13.05 75.3
04-GJP-39-11 266 799 3.69 1.54 8.84 0.59 1.09 6.13 13.55 0.598 5.08 68.6 130.2 26.4 32.3 286.9 9960 59.7 1.44 700 53
04-GJP-39-12 187.4 1255 0.811 0.039 6.37 0.273 0.968 11.68 25.12 1.517 8.53 103.6 176.3 38.2 42.1 361 9300 74.4 0.66 9.11 72.7
04-GJP-39-13 233 634 1.013 0.078 7.27 0.134 0.72 4.6 11.04 0.671 4.2 55.1 105.5 21.9 25.3 226 8550 45.5 0.82 17.6 36.5
04-GJP-39-14 328 738 1.683 33 49 9.2 6.7 10.1 13.5 0.65 4.81 64.6 117.3 24.45 28.1 250 9830 51.4 1.32 13 80
04-GJP-39-15 231.1 1750 1.266 0.089 8.26 0.445 1.299 16.2 34 1.336 12.05 145 243 54.2 55.4 447 9900 92.6 0.96 10.2 106.2
04-GJP-39-16 430 2970 2.61 0.34 11.59 0.899 2.07 28.8 64.9 2.38 22 259 405 92.2 89.7 678 8850 137.9 1.95 15.2 200
04-GJP-39-17 157 441 3.42 0.042 5.99 0.046 0.519 1.71 4.81 0.261 2.13 31.7 75.4 13.51 21.34 223.7 11600 48.4 14.16 8.21 36.68

MT05_106_0 224.9 1077 2.85 0.092 27.1 0.111 2.287 5.71 15.18 1.54 5.76 74.2 146.3 29.84 37.2 350 9720 82.1 1.86 6.86 163.1
MT05_106_1 178.5 561 1.73 0.033 19.4 0.074 1.604 4 9.94 1.032 3.49 43.1 78.4 16.84 19.72 194.4 10250 41.9 1.04 4.02 148.5
MT05_106_2 229.2 632 1.22 0.86 13.54 0.119 1.23 4.42 10.11 1.103 3.6 45.4 90.9 18.28 23.8 240.7 9820 55.4 0.8 4.83 77.5
MT05_106_3 309.5 1040 2.57 0.128 25.91 0.134 2.24 7.26 18.17 2.119 6.2 75.6 138.7 29.46 35.5 324.4 8800 76.5 1.47 8.08 230
MT05_106_4 185 368 1.302 0.166 16.5 0.071 1.385 4.13 8.43 1.071 2.8 32 52.1 11.8 12.91 131.6 9630 26.1 0.92 4.19 177
MT05_106_5 250.6 1218 2.57 0.073 27 0.115 2.29 6.61 19.3 1.84 6.92 87.9 161.4 35 40.5 369 9820 85 1.52 6.98 141
MT05_106_6 221.9 1078 2.114 0.054 22.21 0.102 1.886 5.35 15.81 1.595 5.92 75.2 142.5 30.12 36.45 337 9820 78.6 1.19 6.78 113.6
MT05_106_7 272.7 1109 3.12 0.45 33.3 0.204 3.01 10.07 22.1 2.67 7.24 83.6 143.1 31.7 35.5 321 9330 72.4 1.64 10.3 388
MT05_106_8 199.6 954 2.24 0.066 20.54 0.081 1.752 4.74 13.58 1.321 5.06 65.9 129.3 26.82 33.4 317.9 10380 73.1 1.43 5.08 98.4
MT05_106_9 207.3 687 0.74 0.165 11.56 0.246 1.29 7.57 14.3 1.83 4.48 52.1 95.7 20 24.4 239 9390 55.2 0.47 4.34 72.9

MT05_106_10 195.4 946 2.15 0.188 21.57 0.109 1.848 4.76 14.23 1.392 5.3 66.1 128.5 26.73 33.01 310.9 10230 72.3 1.39 4.79 110.2
MT05_106_11 223 490 0.674 0.055 9.71 0.055 0.854 2.81 7.11 0.841 2.629 35.7 74.1 14.35 19.97 214 10110 49.7 0.66 3.02 49.1
MT05_106_12 161.3 367 1.34 0.24 10.2 0.07 0.861 2.34 5.78 0.628 2.14 27.9 57 11.15 15.21 167.7 10400 36.3 1.66 24 56.7
MT05_106_13 176.7 482 1.26 0.026 14.23 0.06 1.207 3.23 8.29 0.917 2.99 37.4 71.3 14.97 18.69 193 9950 42.5 1.1 3.96 98.7
MT05_106_14 186.8 701 2.11 0.062 22.47 0.08 1.872 4.58 11.76 1.228 4.12 51.3 96.5 20.1 24.72 242.7 10950 54.6 1.64 3.49 208.7
MT05_106_15 159.6 381 1.2 0.019 16.3 0.052 1.349 3.1 7.51 0.818 2.5 30.6 56.5 11.88 14.57 155.8 10890 32.8 1.08 3.57 171
MT05_106_16 166.5 684 1.62 0.02 14.48 0.069 1.223 3.52 9.22 0.965 3.44 47.8 97.7 19.38 25.88 258.4 10290 60.5 1.33 4.4 71.2
MT05_106_17 185 613 1.51 0.049 13.4 0.079 1.18 3.82 9.96 1.134 3.56 45.3 86.4 18.1 22.9 229 9390 53.4 1.26 5.3 78.2
MT05_106_18 223.8 1002 1.9 0.069 21.41 0.102 1.914 5.85 15.91 1.615 5.6 70.8 134.8 28.2 33.7 315.5 9600 73.7 1.19 7.01 149.9
MT05_106_19 170 606 1.485 0.093 14.9 0.089 1.31 4.16 10.05 1.12 3.57 44.9 88.1 18.12 22.75 226.3 9840 51.9 1.28 5.31 86.7
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MT05_102_0 317.2 989 1.924 0.056 15.49 0.177 1.522 8.42 17.73 0.647 6.23 76.2 134.1 29.63 32.7 291.7 12250 58.3 3.05 7.99 117.4
MT05_102_1 4600 1002 1.56 210 68 13 10.3 16.8 21.1 1.56 6.52 77.5 132.9 28.7 33.7 316 11110 68.4 2.24 3.99 252
MT05_102_2 238.9 500 0.985 0.54 9.13 0.122 0.855 4.03 10.04 0.556 3.63 43.3 74.1 16.39 17.6 169.2 10080 32.52 1.45 10.84 60.9
MT05_102_3 337.3 1854 1.31 0.209 9.74 0.57 1.598 17.2 40.4 2.202 13.44 155.8 247.9 57.2 56 453.6 9510 92.9 1.54 17.6 168.6
MT05_102_4 313.8 593 0.92 0.031 9.21 0.124 0.928 5.42 12.46 0.793 4.26 50.1 85.5 19.08 20.8 195.1 9850 39 1.52 12.09 67.3
MT05_102_5 2280 428.1 1.312 39 25.8 3.56 3.74 5.79 7.75 0.636 2.653 33.21 64 13.03 17.22 187.5 12410 38.2 2.32 4.24 183.6
MT05_102_6 255.9 481.3 1.215 0.035 12.83 0.075 1.16 3.91 9.45 0.523 3.394 42.4 71.7 15.81 17.66 169.6 10610 32.6 1.49 10.3 99
MT05_102_7 260 439 0.957 0.045 7.74 0.091 0.787 3.52 7.84 0.8 2.723 33.42 66.5 13.21 17.42 176.9 8030 40.3 0.89 11.67 61
MT05_102_8 246.7 671 1.4 0.27 11.61 0.145 1.103 5.43 12.17 0.741 4.42 54.3 96.6 20.61 24.13 227.4 10060 47.4 1.48 12.4 101.1
MT05_102_9 266.4 830 1.03 0.039 10.6 0.144 1.137 8.42 18.53 0.987 6.11 70.3 108.7 25.31 25.08 220.9 9770 43.5 1.49 11.12 86.7

MT05_102_10 623 3552 6.59 1.125 84 2.74 10.54 69.6 115.6 10.52 32.43 317.5 428 105.5 96 754 7730 156.4 4.22 14.21 1654
MT05_102_11 326.5 611 0.996 0.047 7.97 0.116 0.82 5.34 12.49 0.552 4.37 53 89.2 19.75 21.49 191.9 9290 38.12 1.23 19.9 63.9
MT05_102_12 2980 946 2.97 107 54 8.3 7.5 11.1 16.1 1.08 5.47 68.5 131.7 27.1 34.5 332 11390 74.9 3.16 3.67 377
MT05_102_13 283.4 509 1.091 0.017 10.7 0.062 0.959 3.79 10.07 0.534 3.69 45.1 75.7 17.02 17.99 170.1 9900 32.72 0.92 12.55 64.9
MT05_102_14 302 878 1.36 0.052 8.32 0.191 0.994 8.41 17.6 0.745 6 73.2 123 27.2 28.5 246 9220 48.4 1.23 13.49 68.7
MT05_102_15 227.8 796 1.55 0.03 11.25 0.154 1.163 5.79 13.08 0.866 4.61 57.6 109.8 22.63 27.55 265 10070 58.5 1.5 6.81 161
MT05_102_16 5210 390.3 1.286 84 42.8 8.3 7.15 9.8 9.38 0.903 2.669 31.37 58.7 12.18 15.38 164.4 11640 33.64 1.51 3.94 156.1
MT05_102_17 183.2 472.3 1.291 0.025 4.99 0.055 0.499 3.22 7.61 0.256 3.02 37.76 71.9 14.87 19.08 200.6 12790 41.75 2.64 2.13 308.1
MT05_102_18 264 488.5 1.181 2.1 12.65 0.25 1.16 3.86 9.23 0.539 3.28 40.95 72 15.59 17.72 171.9 10400 33.9 1.45 8.51 104.5
MT05_102_19 302.9 628 1.14 0.026 9.75 0.088 0.926 5 12.02 0.665 4.18 52.1 89.2 19.81 21.77 198.3 9330 40.9 1.18 14.13 70.8

MT05_98_0 723 3697 4.28 0.77 81 1.283 9.23 78.3 137.5 15.63 37.4 348.5 403 108.5 83.6 621 7550 125.4 1.85 20.7 701
MT05_98_1 192.7 614 0.831 0.129 16.05 0.324 1.8 10.5 18.9 2.16 5.56 58 83.1 19.9 19 171.9 8130 33.7 0.64 7.48 100.8
MT05_98_2 188.3 575 1.165 0.03 19.41 0.114 1.743 6.4 13.74 1.484 4.45 50.6 81.4 18.36 19.08 174.3 8410 35.15 0.92 8.4 214
MT05_98_3 216.9 762 1.52 0.049 21.5 0.155 1.95 7.39 17.62 1.756 5.66 62.9 100.1 22.96 23.74 213.3 8200 44.5 0.99 10.3 194.5
MT05_98_4 179.7 384 0.732 0.032 6.6 0.083 0.644 3.45 7.82 0.445 2.7 33.8 59 12.7 14.8 146.7 10130 30.6 0.72 7.54 68.5
MT05_98_5 266 1230 1.71 0.13 30.4 0.437 3.12 16.2 32.5 3.33 10 107 156 37 34.6 290 7780 60.3 1.07 10.28 316
MT05_98_6 195.4 1273 3.43 0.037 38 0.18 3.31 8.99 23.62 2.11 8.26 98.7 161.8 36.9 38 324 9040 67.9 2 8.79 194.9
MT05_98_7 212.4 1260 2.77 0.043 35.4 0.203 3.1 9.63 25.3 2.18 8.69 99.8 162 36.7 37.5 317 8400 65.7 1.59 10.04 231
MT05_98_8 201.2 972 1.29 0.52 23.5 0.719 2.93 19.5 32.7 3.77 9.01 89.1 117.9 29.4 25.6 214 7990 42.6 0.94 10.33 189
MT05_98_9 180.6 886 2.8 0.042 40.8 0.153 3.51 9 20.16 1.968 6.62 73.1 113 25.94 26.55 235.9 9850 47.4 2.11 6.1 443
MT05_98_10 229.7 938 1.83 0.032 27.66 0.181 2.543 8.92 21.18 2.197 6.66 75.2 120 27.6 27.6 238 8150 50.1 1.47 11.11 339
MT05_98_11 221 572 0.788 0.025 12.6 0.12 1.23 5.4 12 1.269 3.98 47 83.1 18.2 20.5 190.9 8180 40.4 0.45 7.3 74
MT05_98_12 440 1445 2.06 1.1 40.5 0.71 4.15 20.9 41.1 4.41 12.26 127.1 183 44.7 41.7 340 8300 70.8 1.4 9.22 377
MT05_98_13 262.1 1165 2.51 0.047 31.04 0.108 2.646 7.38 19.66 1.629 7.16 88 150.8 33.33 35.51 312.2 9580 66.4 1.95 3.85 224.9
MT05_98_14 216 943 1.43 0.101 19.84 0.211 1.91 7.84 17.4 1.78 5.99 70.9 120.6 26.7 28.2 247.5 8220 52.2 1.25 9.23 125.8
MT05_98_15 201.8 851 1.68 0.043 29.5 0.187 2.6 8.61 20.23 2.1 6.58 71.5 105.4 25.21 24.12 208.5 8520 41.5 1.47 11.43 384
MT05_98_16 221.2 987 1.67 0.195 21.7 0.201 2.01 8.44 21.2 2.04 6.88 78.5 127.7 28.8 30.3 265 8040 56.9 1.25 11.08 134
MT05_98_17 576 4185 3.99 0.112 73.1 0.921 8.06 70.2 143.9 14.34 40.9 402 473 127.7 95.2 668 8100 127.6 2.43 16.9 478
MT05_98_18 174.6 675 2.04 0.025 36.63 0.17 3.224 8.71 18.51 1.918 5.68 60.4 89.5 21.25 20.23 179.9 9230 35 2 8.06 503
MT05_98_19 242 1030 1.42 0.059 27.3 0.39 2.71 12.7 25.8 2.77 8 87 131 30.9 30.5 262 8210 54.2 1.4 8.6 187

MT05_99_0 245.5 753 0.753 0.019 9.33 0.084 0.879 5.87 15.3 0.658 5.4 64.4 103.3 23.7 23.63 206 10190 38.6 1.06 15.84 71.1
MT05_99_1 225 1110 0.98 0.097 7.91 0.415 1.28 13.8 28.1 1 8.9 99 149 35.6 33 268 9910 51.8 1.19 9.8 78.6
MT05_99_2 6600 1360 0.97 88 78 15 12.5 29 35.9 2.27 10.53 115.2 179.4 41.7 41.2 335 9620 67.2 1.27 12.5 187
MT05_99_3 279 1270 0.905 0.089 11.3 0.46 1.51 12.4 25.5 1.22 8.4 100 172 38.5 38.3 312 9480 63.8 1.28 18.1 161
MT05_99_4 280 1017 0.86 0.067 10.17 0.256 1.214 9.4 21.4 0.96 7.2 86.1 134 31 29.9 247 9830 47.2 1.2 17.4 103
MT05_99_5 364.9 2095 1.34 0.171 14.81 0.796 2.3 20.17 43.2 1.937 14.93 174.7 278.4 65.1 61.4 478.4 9340 96.6 1.89 21.83 280.1
MT05_99_6 443 926 0.98 0.053 11.95 0.304 1.442 10.6 21 1.003 6.87 78.6 124.2 28.5 28.5 238 9350 47.2 1.13 23 113.4
MT05_99_7 387 2226 1.49 0.228 15.29 0.912 2.499 21.61 46.5 2.056 16.13 184.3 289.9 68.1 63.4 489 9100 99.1 1.74 24.1 283.2
MT05_99_8 2120 366 0.988 26 23.9 3.2 3.2 4.7 6.73 0.56 2.19 28.7 56.6 11.54 15.35 163.8 10680 33.7 1.22 6.4 130.4
MT05_99_9 322 1654 1.04 0.109 13.77 0.732 2.188 19.62 38.7 1.791 12.58 138.9 211.2 50.1 46.7 367 9430 72.2 1.32 17.8 180
MT05_99_10 334.5 1528 1.36 2.9 14.34 0.672 2.028 16.46 31.3 1.451 10.56 124.6 203 46.4 45.6 365 10020 73.8 1.85 15.5 185
MT05_99_11 356.5 1888 1.25 0.18 14.5 0.744 2.316 20.76 42.6 1.896 13.93 159.4 245.7 58 53.5 419 9210 84.5 1.29 18 225
MT05_99_12 276.1 1176 0.97 0.035 12.22 0.162 1.33 11.3 26.2 1.1 8.49 99.5 150.7 35.7 33.4 272.7 10050 52.2 1.08 13.88 111.8
MT05_99_13 252.8 490 1.074 0.146 8.49 0.097 0.818 4 9.59 0.384 3.51 43 73.8 16.45 17.66 163.9 10530 30.07 1.06 50 47.3
MT05_99_14 305 1360 1.058 0.112 11.95 0.468 1.595 13.86 31.2 1.375 10.33 117.3 175.9 42.1 38.8 313 9550 61.4 1.31 19.9 149
MT05_99_15 332 1419 0.92 0.083 12.73 0.606 1.942 17.19 32.5 1.59 10.5 120.2 183.1 43.1 40.4 329.5 9740 64.5 1.36 19.4 149.3
MT05_99_16 347 1321 0.97 0.06 12.39 0.526 1.816 16.31 30.03 1.475 9.76 110.7 169.3 39.6 37.47 307.8 9790 59.6 1.51 19.1 134.8
MT05_99_17 365 1008 0.96 0.046 11.1 0.348 1.429 11.76 22.92 1.047 7.36 84.5 131.9 30.3 29.95 251 9720 48.9 1.39 18.9 104.8
MT05_99_18 325 1330 1.07 0.102 11.89 0.452 1.68 14.6 29.9 1.36 9.72 111.5 173 40.2 38.3 312 9110 62.2 1.31 20.3 155
MT05_99_19 1850 573 0.97 21.5 23.3 3.11 3.23 6.73 11.7 0.627 3.99 48.9 85.9 18.88 20.28 190.5 10030 36.08 1.12 14.9 89

X04GJP_43_0 378.9 973 0.7 0.0142 6.47 0.168 0.801 8.22 19.24 0.799 6.56 79.8 131.7 29.9 30.15 255.5 9650 48.78 0.83 16.11 41.5
X04GJP_43_1 349.4 1769 0.83 0.067 9.07 0.472 1.499 16.57 35.98 1.514 12.41 145.9 229.4 53.6 51 400.4 9260 79.4 0.94 18.96 90.5
X04GJP_43_2 309.4 650 0.631 0.009 5.59 0.063 0.57 4.4 11.32 0.463 4.29 53.8 95.4 20.7 22.47 200.6 9870 38.4 0.86 15.57 27.2
X04GJP_43_3 378.7 2206 1.12 0.111 9.99 0.675 1.802 17.7 41.4 1.676 14.4 175.1 297.9 66.2 65.9 518 9230 105.6 1.32 18.8 138.1
X04GJP_43_4 404.9 2311 1.22 0.143 10.47 0.655 1.831 19.42 45.2 1.877 15.82 188.5 309.4 71.2 67.8 533 9110 108.6 1.11 19.7 138.9
X04GJP_43_5 411.5 2231 1.11 0.09 9.78 0.689 1.778 19.59 47.1 1.867 16.16 187.4 294.2 68.5 64.8 496 8820 97.5 0.77 22.3 117.9
X04GJP_43_6 334 922 0.8 0.039 6.79 0.167 0.828 6.9 16.8 0.677 5.95 73.4 125.3 27.9 28.8 246 8980 48.4 0.74 18 40.3
X04GJP_43_7 318.5 1521 0.8 0.044 8.77 0.462 1.518 16.12 32.24 1.409 10.53 124.4 201.1 46.22 45.01 364.1 9540 71.8 0.77 17 70.7
X04GJP_43_8 346.3 1787 0.79 0.074 9.32 0.608 1.63 16.77 35.13 1.417 12.12 147.5 239.5 55.2 54 426.5 9310 84.5 0.81 18.8 93
X04GJP_43_9 384.7 2251 1.09 0.116 9.9 0.648 1.806 17.66 37.4 1.599 13.36 174.2 316 69.2 70.2 550 9060 113.3 1.34 19.22 132.2

X04GJP_43_10 381.1 2067 1.055 0.096 9.79 0.641 1.743 17.65 40.8 1.597 13.92 168.8 277.8 63.4 61.6 481 9090 95.9 0.99 19 106.1
X04GJP_43_11 378.1 1989 0.92 0.089 9.62 0.597 1.675 17.98 42.6 1.675 13.83 164.8 261.8 61.2 57.1 449 9300 89.2 0.72 20.29 97.2
X04GJP_43_12 296.6 466.6 0.7 0.246 6.3 0.111 0.645 3.36 8.48 0.339 3.2 39.75 72.5 15.49 17.07 157.4 9470 29.03 0.65 18.6 26.66
X04GJP_43_13 275.9 1095 0.82 0.0172 7.76 0.201 1.013 10.35 23.14 0.957 7.86 92.1 145 33.8 32.9 275.1 9710 52.5 0.52 15.02 47
X04GJP_43_14 396.4 2379 1.1 0.092 10.43 0.673 1.856 18.52 45.05 1.795 15.64 193.1 322 73.1 70.9 557 9110 110.6 1.09 19.1 133.1
X04GJP_43_15 433.9 974 1.23 0.0196 7.27 0.149 0.836 6.46 15.81 0.629 5.66 70.6 137.2 28.66 33.39 294.5 8690 62.2 1.03 20.04 35.84
X04GJP_43_16 309 1306 0.664 0.0167 7.91 0.242 1.106 12.02 28.1 1.21 9.3 108.5 170.2 39.6 38.3 314 9610 59.8 0.4 17.9 51.6
X04GJP_43_17 406 2133 1.07 0.087 10.24 0.647 1.839 20.09 45.8 1.941 15.34 178.6 280 64.9 61.7 481 9140 95.5 0.9 19.8 105.7
X04GJP_43_18 336.7 728 0.867 0.0034 6.16 0.088 0.657 5.25 12.96 0.486 4.592 59.1 101.6 22.2 23.75 212.2 9480 41.22 0.78 17.51 28.1
X04GJP_43_19 340.7 1778 0.83 0.057 9.05 0.574 1.641 17.06 34.15 1.503 11.49 141.2 238.8 53.75 52.8 418.4 9400 82.7 0.68 18.7 83.5
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Sample P Y Nb La Ce Pr Nd* Sm Gd Eu Tb Dy Er Ho Tm Yb Hf Lu Ta Ti Th
X04GJP_60_0 281 413.6 0.952 0.0163 5.52 0.078 0.523 2.92 7.33 0.292 2.734 34.93 64.3 13.55 15.77 152.8 10400 27.67 0.85 20.47 22.27
X04GJP_60_1 299.8 685 1.456 0.0081 8.92 0.056 0.829 4.06 11.29 0.387 4.25 54 97.5 21 22.88 205.8 10530 38.69 1.27 16.73 54.1
X04GJP_60_2 312.8 1363 1.13 0.0147 10.97 0.131 1.126 9.14 25.95 0.894 9.15 110.7 176.5 40.83 39.78 322.8 10770 61.1 0.94 16.3 103.3
X04GJP_60_3 306.8 1051 1.12 0.009 9.12 0.11 0.956 7.97 21.07 0.793 7.22 86.8 138.5 31.59 31.25 264.7 10590 49.1 0.87 17 73.4
X04GJP_60_4 328.3 431.1 0.852 0.0076 5.35 0.063 0.556 3.07 7.93 0.308 2.902 36.9 66.8 14.25 15.89 152.3 9890 27.65 0.88 23.5 21.17
X04GJP_60_5 283.2 857 1.27 0.0136 9.52 0.091 0.981 6.18 15.61 0.55 5.47 67.6 114.2 25.6 25.97 230.4 10890 43.44 1.1 15 67.4
X04GJP_60_6 273.5 529 1.212 0.0066 7.62 0.048 0.679 3.05 8.5 0.33 3.24 43.1 80.1 16.93 19.37 178.9 10420 33.3 1.18 17.95 41.7
X04GJP_60_7 258.5 669 0.747 0.0194 5.82 0.156 0.733 6.08 14.05 0.625 4.73 56.4 93.9 21.1 21.3 187.5 9620 34.33 0.68 26 33
X04GJP_60_8 304.1 622 1.41 0.0074 7.77 0.059 0.737 3.77 10.39 0.403 3.877 50.3 91.1 19.83 21.34 194.7 10010 36.42 1.22 19.32 43.8
X04GJP_60_9 285.3 1129 1.29 0.0124 11.52 0.064 1.056 5.25 16.99 0.515 6.5 85.4 153.3 33.94 35.42 299.5 10920 57 1.02 11.34 105.2

X04GJP_60_10 263.4 392.8 0.927 0.0089 6.13 0.047 0.559 2.58 7.02 0.281 2.589 33.17 60 12.92 14.38 141.5 10000 25.31 0.92 23.9 27.87
X04GJP_60_11 327.3 1206 0.8 0.0216 8.34 0.28 1.213 13.93 29.38 1.358 9.34 103.8 156.4 36.71 34.04 277.5 9440 51.5 0.71 24.9 65
X04GJP_60_12 312.2 437.8 1.015 0.0079 5.8 0.059 0.562 2.9 7.52 0.315 2.76 36.61 67.8 14.25 16.28 157.1 10460 28.53 1.11 20.54 23.28
X04GJP_60_13 293.4 689 1.564 0.008 8.69 0.053 0.805 3.48 10.89 0.349 4.105 53.21 96.4 20.84 22.78 208.5 10550 38.53 1.37 14.94 52.2
X04GJP_60_14 311 1356 1.14 0.0148 11.33 0.125 1.212 9.48 27.11 0.908 9.3 110.6 178.1 40.91 39.87 325.7 10650 61.43 1.08 14.48 110.7
X04GJP_60_15 304.4 660 1.088 0.0099 7.16 0.09 0.74 5.13 12.4 0.508 4.48 54.1 92.4 20.3 21.4 194 10020 35.7 1.12 21.1 38.9
X04GJP_60_16 302.7 700 1.07 0.0146 6.82 0.201 0.866 6.68 14.8 0.648 4.93 59.2 97.1 21.6 22.01 195.7 9740 36.2 0.85 22.9 40.3
X04GJP_60_17 324.8 1415 1.21 7.1 14 0.53 1.72 12.74 30.78 1.21 10.27 118 183.6 42.93 40.38 330.7 10660 62.3 1.04 16.33 110.9
X04GJP_60_18 312.4 1193 1.27 0.0101 10.26 0.173 1.191 10.72 24.95 0.974 8.39 98.1 156.3 36.14 34.53 286.7 10440 53.1 1.16 16.8 89.5
X04GJP_60_19 338 537 1.082 0.0086 7.07 0.062 0.666 3.41 8.41 0.308 3.28 42.7 79.8 16.9 18.96 182.7 11060 34.02 1.25 18.5 34.3

X04GJP_62_0 227.6 582 1.8 0.031 10.33 0.053 0.901 2.44 6.83 0.488 2.819 40.9 95 17.71 26.1 275.4 10250 65.2 1.82 5.9 70
X04GJP_62_1 1250 378 1.259 15.3 21 2.74 2.76 3.57 5.51 0.453 1.976 27.56 62.2 11.52 16.88 186.2 10670 41.4 1.38 6.36 67.4
X04GJP_62_2 300 404 1.499 0.75 10.51 0.085 0.899 1.99 5.22 0.364 2.045 29.1 66.5 12.35 18.17 198.4 10760 44.2 1.62 5.22 89
X04GJP_62_3 336 1408 0.95 0.166 10.93 1.014 2.293 21.21 36.7 1.306 11.22 122.2 177.6 42.5 37.9 302.4 9510 55.9 1.16 33.1 116.9
X04GJP_62_4 188 362.1 4.5 0.134 8.5 0.067 0.734 1.62 4.62 0.33 1.756 25.75 60 11.11 16.74 186.7 11030 42.19 1.75 1900 61
X04GJP_62_5 252.8 554 1.354 0.0116 8.78 0.066 0.826 2.68 7.34 0.491 2.69 38.2 85.4 16.38 23.4 244.6 10830 56.3 1.51 5.52 82.4
X04GJP_62_6 258 733 1.23 0.025 9.88 0.119 1.034 4.7 10.56 0.858 3.88 51.2 105.9 20.6 28 287 10520 64.8 1.25 4.85 88.4
X04GJP_62_7 257.5 561 1.73 0.0006 9.56 0.0416 0.844 2.19 6.52 0.463 2.63 38.2 91.1 16.7 25.45 268 10680 62.3 1.59 4.97 63
X04GJP_62_8 194.1 493 1.883 0.047 11.63 0.04 0.983 1.95 5.77 0.417 2.26 33.9 82.4 15.07 23.03 249.8 11330 57.3 2.01 5.81 61.5
X04GJP_62_9 212 671 1.37 0.0184 9.01 0.107 0.86 4 9.4 0.67 3.43 46.6 101.9 19.2 26.5 277 10780 63.5 1.5 5.48 87.7

X04GJP_62_10 820 585 1.936 4.3 14.6 1.04 1.57 3.11 7.2 0.538 2.76 40.9 93.6 17.26 25.43 268.1 10140 62.8 1.88 7.83 133.7
X04GJP_62_11 204.5 518 1.652 0.0144 9.07 0.034 0.792 1.98 6 0.387 2.404 35.47 86.8 15.59 24.09 259.6 10730 60.1 1.84 4.84 71.1
X04GJP_62_12 278 1010 1.35 2.8 15.1 0.62 1.78 8.3 17.3 1.46 5.72 72.1 140 28.5 36.2 344 10510 77.8 1.09 5.23 129
X04GJP_62_13 209 657 1.783 0.41 13.31 0.147 1.302 3.99 9.64 0.71 3.42 47.2 100.5 19.26 26.64 273.9 10890 62.4 1.43 4.86 127.1
X04GJP_62_14 452.2 1710 3.55 0.49 23.5 0.427 2.46 12 27.8 2.3 9.55 121 234 47.9 59.5 552 8640 128.5 2.14 10.7 290
X04GJP_62_15 830 549 1.489 6.5 14.8 1.34 1.78 3.36 7.63 0.6 2.77 39 86.3 16.28 23.71 250 10310 57.1 1.18 6.78 67.4
X04GJP_62_16 208.6 420.2 1.397 0.006 10.2 0.051 0.899 2.02 5.57 0.417 2.048 29.82 69.7 12.85 19.02 210.5 10600 46.7 1.3 5.5 82.6
X04GJP_62_17 290 1045 2.46 0.033 15.42 0.22 1.562 6.28 14.67 1.105 5.23 71 146 28.54 38.6 380 10460 87.7 1.84 5.8 142.3
X04GJP_62_18 251.5 681 2.21 0.0121 11.69 0.07 1.02 2.97 7.68 0.547 3.12 44.3 102.6 19.18 28.3 296 10630 69.3 1.59 5.15 83
X04GJP_62_19 193.5 478 1.89 0.0209 12.78 0.054 1.099 2.49 6.59 0.393 2.42 34.8 76.9 14.57 20.97 222.7 11200 48.7 1.9 4.96 137.7

* intensities for 142Nd were not corrected for the minor isobaric interference of 142Ce

Cells highlighted in pink designate values that triggered removal from the dataset
Numbers in red signify that the individual analysis was removed from the dataset due to some other element concentration

Median Zr Data P Y Nb La Ce Pr Nd Sm Gd Eu Tb Dy Er Ho Tm Yb Hf Lu Ta Ti Th
04GJP-23 974 3950 7.89 0.037 32.3 0.249 3.01 18.26 57.1 3.27 23.2 303 519 111.9 125.4 1039 12140 227 2.89 6.05 286
04GJP-16 334 1510 1.85 0.017 14.06 0.0583 1.423 7.41 25.5 0.653 10.67 126.6 206 46.6 47.5 392 13020 81.5 1.12 3.47 112.9
04GJP-24 212.25 667 0.659 0.01495 8.235 0.1365 0.808 6.445 14.435 0.741 4.96 59.8 100.55 22.04 24.08 219.05 10050 44.27 0.456 12.435 30.265
04GJP-22 138.7 429.5 0.7605 0.00885 8.985 0.047 0.7795 2.645 6.845 0.6075 2.575 33.85 65.55 13.165 16.83 177.3 12095 37.77 0.64 3.8 53.1
04GJP-29 101.85 575 1.6735 0.0142 36.985 0.1205 3.033 6.82 15.38 1.4305 4.92 53.35 79.25 18.33 18.705 177.7 10675 34.445 1.045 4.225 195.25
04GJP-37 253.65 840 1.1485 0.0136 8.295 0.1525 0.9915 7.01 15.11 0.784 5.36 68.4 129.15 26.355 33.21 295.7 9540 62.6 1.28 15.015 57.75
04GJP-32 183 592 1.166 0.0159 12.08 0.089 1.11 3.71 10.04 0.583 3.647 45.9 94.4 17.8 23.72 243 10530 49.11 1.06 5.79 75.2
04GJP-40 225.35 631.5 1.24 0.0148 5.735 0.0515 0.5325 2.715 7.265 0.4065 3.01 45.75 107.25 19.515 29.845 302.5 10745 74.3 1.22 4.81 41.5
04GJP-9 151.8 402.35 0.5275 0.0198 5.16 0.0745 0.5305 2.865 6.375 0.726 2.335 31.11 65.8 12.875 16.905 175.3 9135 38.55 0.385 7.2 41.25
04GJP-1 207.3 780.5 0.495 0.01075 7.52 0.135 0.798 6 14.44 0.691 5.155 66 120.15 25.35 28.895 260.4 10630 53.35 0.361 11.81 46.85

04GJP-39 274.1 856 1.608 0.089 8.5 0.445 1.29 8.46 14.7 0.65 5.53 74 133.4 28.35 33.17 287.8 9500 57 1.32 13 72.3
MT05_106 197.5 685.5 1.675 0.071 17.95 0.085 1.4945 4.5 10.935 1.181 3.86 49.55 96.1 19.69 24.56 241.7 9830 55.3 1.27 4.955 111.9
MT05_102 266.4 611 1.181 0.045 9.75 0.124 0.994 5.34 12.17 0.665 4.26 52.1 89.2 19.75 21.49 198.3 9900 40.9 1.48 11.67 86.7
MT05_98 216.45 957.5 1.695 0.048 28.58 0.194 2.678 8.955 20.705 2.105 6.77 76.85 120.3 28.2 27.9 242.75 8215 51.15 1.4 9.225 219.45
MT05_99 325 1321 0.98 0.097 11.95 0.46 1.595 13.86 29.9 1.36 9.72 110.7 172 39.6 38.3 312 9720 61.4 1.31 18.9 149
04GJP_43 363.75 1773.5 0.8485 0.0705 9.06 0.523 1.574 16.67 34.64 1.46 11.805 143.55 234.1 53.675 51.9 409.4 9280 81.05 0.82 18.8 87
04GJP_60 304.25 687 1.125 0.01 8.055 0.084 0.817 5.19 13.225 0.5115 4.605 55.25 96.75 21.05 22.395 200.75 10450 37.475 1.06 18.225 48
04GJP_62 252.15 619.5 1.691 0.028 10.72 0.0775 1.0015 2.825 7.51 0.519 2.9695 42.6 97.75 18.445 26.3 274.65 10655 62.35 1.59 5.355 88.05

Zr Uncertainty (MAD) P Y Nb La Ce Pr Nd Sm Gd Eu Tb Dy Er Ho Tm Yb Hf Lu Ta Ti Th
04GJP-23 533 2265 5.08 0.023 8.3 0.088 0.65 6.14 25.8 1.16 13.7 181.2 263 64.6 58.9 443 2730 76 1.82 2.27 163
04GJP-16 161 872 1.163 0.0084 7.15 0.0167 0.711 4.59 12.7 0.143 5.39 57.2 98.5 22.7 20.6 154.9 1340 29.4 0.63 0.86 54.5
04GJP-24 44.6 314.65 0.0795 0.0073 0.795 0.0998 0.259 3.51 7.93 0.4285 2.346 27 42.05 9.855 9.68 76.95 280 16.13 0.138 1.61 10.015
04GJP-22 20.6 172.15 0.2595 0.00295 4.035 0.0165 0.3485 0.975 2.875 0.2405 1.102 13.965 26.8 5.155 6.655 55.55 510 14.17 0.3045 0.78 32.9
04GJP-29 12.8 106.5 0.52 0.0039 8.71 0.029 0.727 1.345 3.715 0.266 1.16 11.5 13.9 3.62 3.195 26.35 390 6.095 0.275 0.76 91
04GJP-37 23.4 196.5 0.1285 0.00615 1.145 0.081 0.2435 2.655 4.01 0.319 1.24 14.25 25.85 5.38 6.995 53.25 350 13.05 0.27 2.45 14.825
04GJP-32 51.5 202 0.252 0.0067 3.64 0.038 0.25 1.72 4.12 0.166 1.863 23.91 28.8 9.04 5.76 51.6 510 10.91 0.29 1.74 29.3
04GJP-40 31.3 82 0.2545 0.0082 1.035 0.01445 0.1275 0.425 1.05 0.075 0.3955 6 15 2.5 4.245 37 265 10.25 0.2 0.69 10.4
04GJP-9 29.2 233.25 0.1385 0.0139 1.695 0.0477 0.229 1.49 3.61 0.295 1.4135 19.435 37.05 7.565 9.125 81.35 770 19 0.12 2.185 24.345
04GJP-1 18.5 190.5 0.026 0.00435 0.81 0.07 0.116 2.37 4.86 0.237 1.418 16.7 26.95 6.35 5.37 39.1 325 7.625 0.056 1.15 11.5

04GJP-39 86.7 327 0.429 0.0789 2.42 0.36 0.57 3.22 6.86 0.235 2.35 27.4 41.1 9.75 8.16 61.8 280 11.5 0.29 2.2 25.8
MT05_106 25.9 264.5 0.447 0.0415 4.335 0.0205 0.334 1.095 3.33 0.302 1.2155 16.45 32.8 7.085 8.645 71.5 410 17.05 0.215 1.19 38.5
MT05_102 35.6 129.7 0.179 0.015 1.5 0.036 0.166 1.48 2.72 0.128 0.866 9.7 17.3 3.94 3.77 28.2 500 7 0.06 1.82 21.8
MT05_98 24.65 277.5 0.4675 0.0205 8.395 0.077 0.698 1.57 3.95 0.4125 1.36 17.65 33.25 7.625 7.505 57.35 190 12.65 0.455 1.425 107.6
MT05_99 40 304 0.078 0.044 1.78 0.204 0.347 3.26 6.98 0.357 2.36 24.6 38 8.6 8.35 55 300 12.4 0.12 1.5 37.2
04GJP_43 31.2 472.5 0.1665 0.036 1.165 0.151 0.261 2.835 10.485 0.371 3.685 39.45 69.6 15.175 14.95 111.75 195 22.9 0.13 0.9 42.6
04GJP_60 14.9 252.55 0.145 0.0025 1.695 0.0295 0.2015 2.13 5.055 0.2 1.774 18.495 29.45 6.8 6.31 45.8 375 9.375 0.15 2.595 19.765
04GJP_62 41.65 120 0.3075 0.0177 1.405 0.0367 0.1495 0.86 1.915 0.1415 0.6375 8.2 13.85 3.115 3.085 26.3 160 6.25 0.25 0.42 21.55

MAD = median absolute deviation
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Appendix 4: Plots of known elemental abundances 
 
Plot of A) known elemental abundances in the NIST612 (glass) reference material compared to 
the measured values when the data was reduced using the 91500 zircon reference material and B) 
known elemental abundances in the 91500 zircon reference material compared to the measured 
values when the data was reduced using the NIST612 reference material. 
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Appendix 5: Median absolute deviation 
 
Median absolute deviation as a percent of the median concentration for representative elements 
Yb and Nd. 
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Appendix 6: Figure 1 with data labels 
A reproduction of Figure 1 with data sources identified by shape and color. 
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Appendix 7: Fig. 3 with data labels 
 
A reproduction of Figure 3B and 3C with data sources identified by shape and color. 
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Abstract 

 An intrinsic feature of Cordillera-style orogenic systems is a spatial trend in the 

radiogenic isotopic composition of subduction-related magmatism.  Magmatism is most 

isotopically juvenile near the trench and becomes increasingly evolved landward.  A compilation 

of radiogenic isotopic data from the central Andes, U.S. Cordillera, and Tibet (the most well-

studied examples of modern and ancient Cordilleran systems) demonstrate such spatial trends are 

long-lived and persist throughout the life of these continental subduction margins.  The 

consistency of the isotopic trend through time in magmatic products is surprising considering the 

plethora of orogenic processes that might be expected to alter them.  In addition to longevity, 

spatial isotopic trends encompass a broad spectrum of geochemical compositions that represent 

diverse petrogenetic and geodynamic processes.  The two end-members of the spatial isotopic 
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trends are represented by melts sourced within isotopically juvenile asthenospheric mantle and 

melts sourced from isotopically evolved continental lithospheric mantle and/or lower crust.  

Mantle lithosphere generally thins towards the magmatic arc and trench in Cordilleran orogens 

because sub-lithospheric processes such as delamination, subduction erosion, and subduction 

ablation, operate to thin or remove the continental mantle lithosphere.  With time, magmatic 

additions may impart the isotopic composition of the mantle source on the lower crust, giving 

rise to an isotopically homogenous deep lithosphere.  The results of this analysis have significant 

implications for interpreting temporal and spatial shifts in isotopic composition within 

Cordilleran orogens and suggest that the continental mantle lithosphere may be a significant 

source of magmatism in orogenic interiors. 

 

Introduction 

 Analysis of spatial and temporal changes in the radiogenic isotopic composition of 

magmatism is one of the primary tools available for studying the evolution of the deep 

continental lithosphere in convergent orogens (Ducea and Barton, 2007).  Isotopic changes 

through time have played a key role in interpreting diverse tectonic phenomena including 

continental subduction (Chu et al., 2011; Bouilhol et al., 2013), subduction erosion (Kay et al., 

2005), delamination (Kay et al., 1994), arc root foundering (Ducea, 2002), lithospheric extension 

(DePaolo and Daley, 2000), changes in crustal thickness (Haschke et al., 2002), and retroarc 

thrusting (DeCelles et al., 2009; 2015; DeCelles and Graham, 2015).  If systematic variations in 

the isotopic composition of igneous rocks are related to their location in an orogenic system, then 

these temporal isotopic shifts should be evaluated against concurrent spatial changes in 

magmatism.   
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 Subduction related (island arc and continental arc) orogenic systems may be divided into 

retreating and advancing end-members (Uyeda, 1982).  Retreating orogens are characterized by 

long-term subduction rollback and upper plate extension resulting in the formation of intra-arc 

and back-arc basins (Cawood et al., 2009).  These orogens characterize much of the western 

Pacific today and include numerous island-arc systems (Schellart et al., 2006).  This contribution 

focuses solely on Cordilleran-style orogens that are dominated by continental arc magmatism 

and large-scale horizontal crustal shortening.  The Cordilleran orogens examined here are: 1) the 

central Andes, an active Cordilleran margin, 2) the western United States (U.S.) Cordillera, an 

ancient Cordilleran system that has experienced collapse, extension, and marginal transform 

faulting, and 3) Tibet, a previous Cordilleran margin that has transitioned into a continental 

collisional orogen following India-Asia collision (Yin and Harrison, 2000).  The conclusions and 

inferences concerning isotopic trends in this paper may not be applicable to retreating 

accretionary margins (e.g., the Tasmanides of eastern Australia, and the Apennines).   

 Lu-Hf, Sm-Nd, Rb-Sr, and Pb isotopic data were compiled on magmatic rocks from the 

Andes, the U.S. Cordillera, and Tibet.  These three orogens have long-lived geologic histories 

and have experienced numerous tectonic processes that may influence the isotopic composition 

of magmatism.  Despite their differences, each of these orogens exhibits similar systematic 

spatial changes in the isotopic signature of upper-plate magmatism (Fig. 1).  Isotopic values 

become increasingly evolved landward of the (paleo) trench.  Magmatism closest to the trench is 

comparable to the depleted mantle in isotopic composition, and magmatism at the most landward 

portion of this trend is more isotopically evolved. 

 The spatial isotopic trends in these orogens share some characteristic traits.  First, the 

isotopic value of magmatism at any given location in the orogenic system varies within a limited 
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isotopic range throughout the life of the continental arc (Fig. 2).  A corollary to this observation 

is that contemporaneous magmatism will have different isotopic compositions when emplaced at 

different distances from the trench.  Another shared trait is that at a given location in the orogen 

there is limited variation of isotopic values in rocks that have experienced considerably different 

degrees of magmatic differentiation (Fig. 3).  Based on the observations that the isotopic trend is 

common to multiple orogens, is long-lived, and occurs across a range of geochemical 

compositions, we propose that the spatial isotopic trend is an inherent feature of Cordilleran 

orogenic systems. 

 The commonality in the spatial isotopic trends between the different orogens suggests 

that there may be a dominant petrogenetic or tectonic process controlling the trend.  Previous 

researchers have observed similar isotopic trends in individual orogens (Kistler and Peterman, 

1973; 1978; Zartman, 1974; Farmer and DePaolo, 1983; 1984; Rogers and Hawkesworth, 1989; 

Glazner and O’Neil, 1989; Stern, 1991; Ghosh, 1995; Kay et al., 2005; Mamani et al., 2010; Zhu 

et al., 2011; Boekhout et al., 2015; Jones et al., 2015).  Whereas these studies generally agree 

that the depleted asthenospheric mantle is the isotopically juvenile end-member in the isotopic 

trend, no consensus on the origin of the more isotopically evolved end-member has emerged.  By 

comparing the isotopic trend across multiple orogens, through geologic time, and from a range of 

compositions, the potential source region for the isotopically evolved end-member can be 

constrained.  We argue that the deep lithosphere, composed of an isotopically homogenized 

continental lithospheric mantle and lower crust, is the ultimate source region for the isotopically 

evolved end-member and that the spatial isotopic trend can provide information on the 

architecture and tectonic history of the mantle lithosphere in Cordilleran orogens. 
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Terminology and Data 

 The term “isotoptically evolved” is used throughout this paper to refer to unradiogenic or 

depleted 176Hf/177Hf and 143Nd/144Nd ratios (relatively low values) and radiogenic or enriched 

87Sr/86Sr and 206Pb/204Pb ratios (relatively high values).  Likewise, “isotopically juvenile” refers 

to radiogenic 176Hf/177Hf and 143Nd/144Nd or unradiogenic 87Sr/86Sr and 206Pb/204Pb.  In this 

context, “isotopically evolved” or “isotopically juvenile” loosely reflects the amount of time 

elapsed since the melt or melt source has been isolated from the convecting mantle, which is 

(continually) depleted in Hf/Lu, Nd/Sm, and Rb/Sr (Faure and Mensing, 2005).  Melts recently 

derived from the convecting, “depleted” mantle have more isotopically juvenile compositions 

than melts generated from the depleted mantle in the past.  For example, in an isotopically closed 

system, magmatic products generated by melting older continental crust will be more 

isotopically evolved than magmatic products generated by melting younger continental crust.  

The use of the terms “isotopically evolved” or “isotopically juvenile” do not necessarily reflect 

magmatic differentiation (i.e., the change from mafic to felsic bulk compositions) or how 

depleted versus enriched is the source region in their trace elements other than those whose 

isotopes are referred to.  Magmatic differentiation may be largely decoupled from isotopic 

evolution (e.g., pure fractional crystallization) or closely tied to isotopic evolution in the case of 

crustal or host rock assimilation (Faure, 2001).  

 The radiogenic isotopic systems most commonly employed to study orogenic magmatism 

are Hf, Nd, Pb, and Sr.  For historical reasons, different continents tend to be characterized by 

and associated with different isotopic systems.  South America, with metallic ore deposits 

exposed along the length of the Cordillera, has a preponderance of Pb isotopic data that have 

been used to map distinct basement isotopic domains (Macfarlane et al., 1990; Wörner et al., 
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1992; Aitcheson et al., 1995).  In North America, Sr isotopic data became widespread in the 

1960’s and 1970’s in conjunction with the advent of Rb-Sr geochronology.  The iconic 87Sr/86Sr 

= 0.706 isopleth (isotopic contour) is the most widely recognized isotopic feature of the U.S. 

Cordillera and is thought to approximately demark the western edge of cratonic basement 

(Kistler and Peterman, 1973; 1978) (Fig. 4).  In Tibet and throughout East Asia, abundant and 

rapidly increasing in-situ Hf isotopic data from zircon have been used to understand the structure 

of the lithosphere (e.g., Zhu et al., 2011).   

 Despite geographic idiosyncrasies in data abundance, the Lu/Hf, Sm/Nd, and Rb/Sr 

systems behave in a coherent manner with respect to fractionation between the crust and mantle.  

Global compilations of isotopic data from sedimentary systems show that εNd and εHf are 

positively correlated and that εNd and 87Sr/86Sr (which is more commonly used than εSr) are 

negatively correlated (Ben Othman et al., 1989; Vervoort et al., 1999) (Fig. 5).  Radiogenic 

208Pb/206Pb (daughter products of 232Th and 238U) shows moderate correlation with εNd; however 

206Pb/204Pb (with non-radiogenic 204Pb in the denominator) does not, which has been explained 

by an open Pb system in the mantle (Galer and O’Nions, 1985; White, 1993).  In general the 

mantle has a wide range of Pb isotopic compositions (White, 1985; Hart, 1988) and can be 

heterogeneous in Cordilleran orogenic systems (e.g., Chiaradia and Fontboté, 2002).  Early Pb 

isotope studies suggested that the lower crust may be less radiogenic than the mantle (Doe and 

Zartman, 1979; Zartman and Doe, 1981), but subsequent studies have shown that the Pb isotopic 

composition of the lower crust is variable and that unradiogenic Pb (e.g., low 206Pb/204Pb) is 

limited to cratonic areas that have not experienced recent orogenic activity (Rudnick and 

Goldstein, 1990).  Fluid circulation during orogenesis may be particularly important for 

regulating Pb isotope ratios in the crust (McCulloch and Woodhead, 1993).   
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 This contribution focuses primarily on the Hf and Nd isotopic systems, but also includes 

87Sr/86Sr data for the U.S. Cordillera (Fig. 4) and the Andes (Fig.6).  Hf and Nd isotope ratios are 

approximately linearly related, allowing for a direct comparison of data sets (Fig. 5) (Vervoort et 

al., 1999) and together, Hf and Nd comprise the largest shared isotopic dataset among the 

Cordilleran orogens examined in this study.  All εNd and 87Sr/86Sr values come from whole rock 

analyses, and εHf values come from both whole rock and in-situ zircon analyses.  There is little 

fractionation of Hf isotopes between zircon and associated whole rocks (Kinny and Mass, 2003).  

In-situ εHf values reported are averages of multiple single grain εHf analyses for a given sample.  

On plots showing both εHf and εNd data, the axes or data points are related by the terrestrial 

array of Vervoort et al. (1999) (Fig. 5).  In all instances in the text, 87Sr/86Sr refers to initial 

87Sr/86Sr and εHf and εNd refer to 176Hf/177Hf and 143Nd/144Nd relative to CHUR at the time of 

crystallization.   

 Nd and Sr isotopic data for the Andes come from the Central Andes Geochemical GPS 

Database (http://andes.gzg.geo.uni-goettingen.de) and the Geochemistry of Rocks of the Oceans 

and Continents database (GEOROC, http://georoc.mpch-mainz.gwdg.de).  Nd data for the Andes 

were analyzed between 27°S and 21°S latitude and between 71°W and 66°W longitude (Fig. 1).  

Sr data for the Andes were analyzed between 28°S and 22°S latitude and between 70.5°W and 

63°W longitude (Fig. 6).  Hf data for the Andes come from Jones et al. (2015).  Andean 

magmatism examined in this study ranges in age from Pleistocene to Jurassic.  The Jurassic to 

early Cretaceous Andean Cordilleran margin was characterized by subduction rollback and upper 

plate extension (Ramos, 2009), which raises the possibility that the magmatic products produced 

at this time are not equivalent to magmatism during later constructional phases.  However, 
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Mesozoic radiogenic isotopic data show similar spatial isotopic trends to data from Paleogene 

and Neogene magmatic rocks (Fig. 2B). 

 Hf and Nd isotopic data from Tibet are compiled from numerous literature sources 

(Supplementary Material File 1) and were analyzed between 84°E and 91.5°E longitude and 

between 29°N and 32°N latitude (Fig. 1).  Magmatism in our Tibetan dataset ranges in age from 

Late Miocene to Jurassic (Fig. 2D).  Nd and Sr isotopic data for the U.S. Cordillera comes from 

the western North American Volcanic and Intrusive Rock Database (NAVDAT, 

www.navdat.org).  Nd data for the U.S. Cordillera were analyzed between 31°N and 35°N 

latitude and from 120°W to 105°W longitude (Fig. 1).  Sr data for the U.S. Cordillera were 

analyzed between 38°N and 42.2°N latitude and from 123.4°W to 112.5°W longitude (Fig. 4).  

Limited Hf isotopic data come from Fornash et al. (2013).  U.S. Cordilleran data considered in 

this study range in age from late Miocene (~5 Ma) to Jurassic (Fig. 2A).  Most, but not all, 

magmatism < 5 Ma in the U.S. Cordillera is exceptionally isotopically juvenile (≥ +5 εNd) and is 

associated with advanced crustal extension that took place long after the Cordillera had 

transitioned away from its constructional phase (Farmer et al., 1995).  Data include both 

intrusive and extrusive magmatic products.  All data presented are compiled in Supplementary 

Material File 1.  

 

Results 

 The central Andes, U.S. Cordillera, and Tibet all exhibit a spatial trend in which 

magmatism becomes increasingly isotopically evolved landward of the trench or suture zone 

(Figs. 1, 4, 6).  This trend is consistent through time and includes a broad range of geochemical 
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compositions.  In the following section, we report on this common isotopic trend and the shared 

characteristics from each orogenic system. 

 

Isotopic variation in relation to the distance from the trench 

 In the transect of the U.S. Cordillera in Fig. 1 there is a trend from isotopically depleted 

values (+5 to +10 εNd) near the Coast Ranges and Southern Sierra Nevada (~119°W) to more 

evolved isotopic compositions (-10 to -15 εNd) in southern Arizona (~113°W) (Fig. 1).  Similar 

spatial trends in radiogenic isotopic data are present at other latitudes throughout the western 

U.S. (Kistler and Peterman, 1973; 1978; Farmer and DePaolo, 1983; 1984; Glazner and O’Neil, 

1989; Miller et al., 2000).  Examples of 87Sr/86Sr and 206Pb/204Pb isotopic trends for the northern 

Basin and Range are shown for comparison in Fig. 4.  The length of the trends in Fig. 1 and Fig. 

4 are ~600 km, but because the transect area has experienced up to ~100% extension during the 

Miocene (McQuarrie and Wernicke, 2005) the length of the isotopic trend prior to extension was 

likely significantly shorter, perhaps <300 km.   

 A comparable spatial isotopic trend is present in the Andes (Fig. 1).  Magmatism in the 

central Andes is most isotopically juvenile (~+5 εNd) closest to the trench and becomes 

increasingly isotopically evolved toward the craton, reaching εNd values of -10 in the Eastern 

Cordillera (Fig. 1).  An example of the 87Sr/86Sr spatial isotopic trend for the central Andes is 

presented in Figure 6.  This isotopic trend is present at other latitudes in the Andes as well 

(Rogers and Hawkesworth, 1989; Stern, 1991; Kay et al., 2005; Boekhout et al., 2015; Jones et 

al., 2015).  The length of the isotopic trend in Figure 1 is ~350 km, although up to ~250 km of 

subduction erosion since the Jurassic may have truncated this trend (Ziegler et al., 1981; Stern, 

1991; Scheuber and Reutter, 1992).  Much of the material proposed to have been removed by 
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subduction erosion in central Andes would be accretionary wedge and forearc crust (Kay et al. 

2005; Clift and Hartley, 2007).  Forearc crust and forearc magmatism are isotopically juvenile 

(Stern et al., 2012) and it is possible that the spatial isotopic trend in the central Andes had a 

longer isotopically juvenile “tail” that extended towards the trench.  Figure 4 from the U.S. 

Cordillera provides an example of what this isotopically juvenile tail may have looked like in the 

Andes prior to subduction erosion. 

 Like the U.S. Cordillera and the Andes, Tibet displays an isotopic trend that becomes 

increasingly evolved north of the Indus-Yarlung suture (Fig. 1), along which oceanic lithosphere 

was subducting northward beneath Asia prior to the subduction of the Indian plate (Yin and 

Harrison, 2000).  Isotopic ratios are most juvenile closest to the suture zone (+10 to +15 εHf) and 

decrease to more isotopically evolved values (-10 to -15 εHf) in as little as 75 km north of the 

suture in the Lhasa terrane.  Opposite to the western U.S., this isotopic trend may have been 

compressed by crustal shortening before and during the India-Asia collision (Burg and Chen, 

1984; Yin and Harrison, 2000; Kapp et al., 2007).  We speculate that the original length of the 

Tibetan spatial isotopic trend was ≥ 100 km.  Landward of the spatial isotopic trend, the isotopic 

composition of magmatism appears to remain relatively constant (Tibet) or trend toward more 

isotopically juvenile compositions (U.S. Cordillera, Andes) (Fig. 1).   

 

The Spatial Isotopic Trend through Time 

 The isotopic data for the central Andes, western U.S., and Tibet span the Mesozoic to the 

present.  Data for the central Andes include analyses from periods of low-angle subduction and 

steeper subduction as the magmatic arc swept back and forth across certain sectors of the orogen 

(Mamani et al., 2010).  The spatial isotopic trend is present in both Neogene (e.g., Kay et al., 
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2005) and Paleogene (Jones et al., 2015) magmatic rocks in the long-lived South American 

Cordillera (Fig. 2B).  Data for the U.S. Cordillera span a time period that includes Farallon slab 

flattening (Laramide orogeny), low-angle subduction, foundering, and ultimately crustal 

extension (Miller et al., 2000).  The timing for the start of Cenozoic continental extension in the 

U.S. Cordillera is diachronous, but widely distributed “Basin and Range” extension appears to 

have initiated at ~20 Ma (McQuarrie and Wernicke, 2005).  Magmatism younger than 20 Ma 

shows a 5 to 10 unit shift of εNd to more isotopically juvenile values, although the broad shape 

of the isotopic trend is still reasonably preserved (Fig. 2A).  The data compiled from the U.S. 

Cordillera do not include magmatic rocks <5 Ma, which display the strongest temporal shift to 

more juvenile isotopic compositions (e.g., Farmer et al., 1989), although there are many 

locations where Pliocene and younger basalts associated with extension do have isotopically 

evolved compositions (Ormerod et al., 1991; DePaolo and Daley, 2000).  Isotopic data from 

Tibet show a 5 to 10 unit shift of εHf to more isotopically evolved values for analyses of rocks 

younger than ~50 Ma (Fig. 2C), following the India-Asia collision (Yin and Harrison, 2000).  

Figure 2D shows interpretive trend lines drawn through subsets of the Tibetan magmatic data for 

several time periods, which are intended to represent the spatial isotopic trend at that time.  The 

exact isotopic values and slope of the spatial isotopic trend varies through time in Tibet, although 

it consistently shows more isotopically evolved values north of the suture zone (negative slope in 

Fig. 2D) and the range of isotopic values encompassed by the trend is generally on the order of 

20 to 30 εHf units. 

 Together, these results suggest that the spatial isotopic trend remains relatively constant 

(trend slope, isotopic range) throughout the life of a Cordilleran orogen.  During this time, 

numerous processes such as slab flattening, roll-back, and subduction erosion may shift the locus 
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of magmatism; however, the spatial isotopic trend persists.  Remarkably, it appears that the gross 

shape of the spatial isotopic trend may be preserved during a transition to a different tectonic 

environment.  In Tibet the spatial trend was shifted to more isotopically evolved values 

following continental collision (Fig. 2C) and in the U.S. Cordillera, the spatial trend was shifted 

to more isotopically juvenile values following orogenic collapse and continental extension 

starting in the Miocene (Fig. 2A).  Continued extension in the U.S. Cordillera since the Pliocene 

has resulted in widespread eruption of isotopically juvenile basalt (e.g., Farmer et al., 1989) that 

marks the end or disruption of the spatial isotopic trend.  Thus, for retreating collisional or 

retreating accretionary orogens that have experienced significant arc or back-arc extension, the 

spatial isotopic trend may be disrupted. 

 

Magmatic Differentiation and the Spatial Isotopic Trend 

 Another shared characteristic of the three Cordilleran orogenic belts examined is that the 

spatial trend toward more evolved isotopic compositions occurs despite large variations in bulk 

composition.  Figure 3 presents data from the U.S. Cordillera and the central Andes and 

distinguishes individual analyses by weight % SiO2 and weight % MgO as an indicator of 

magmatic differentiation.  Tibet is not considered here as most of the data come from in-situ Hf 

analyses of zircon and less whole rock major element data are available.  Magmatic 

differentiation appears to have an important, but second-order, effect on the isotopic trend.  

Isotopic data from the U.S. Cordillera show a 5 to 10 unit shift of εNd to more isotopically 

juvenile compositions for the most mafic samples (Fig. 3A).  This isotopic shift mirrors the shift 

in analyses < 20 Ma in the U.S. Cordillera that may be affected by lithospheric extension and 

crustal thinning (Fig. 2A).  In the central Andes, the relationship between magmatic 
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differentiation and isotopic composition is less clear, but there appears to be a similar shift (≤ 5 

εNd units) to more isotopically juvenile compositions for the most mafic analyses (Fig. 3B).   

 A key observation is that the spatial isotopic trend is present when considering only the 

most felsic or most mafic (e.g., < 55 wt. % SiO2) analyses (Fig. 3).  The range of isotopic values 

that can be attributed to magmatic differentiation (≤ 10 εNd units) is large, but the salient 

observation is that it is generally smaller than the overall range in isotopic values (15 to 25 εNd 

units) across the entire spatial isotopic trend. In some locations, however, the isotopic difference 

between the most mafic and most felsic samples can account for up to half of the spatial isotopic 

trend.  One way to constrain the deep lithospheric isotopic signature is to define mantle limit 

lines (e.g., Miller et al., 2000) or to examine the spatial isotopic trend for only the most mafic 

samples (dashed arrows, Fig. 3).  This approach suggests that; 1) the role of magmatic 

differentiation (distance between the dashed and solid arrows in Fig. 3) increases away from the 

(paleo) trench and 2) that the magnitude for the spatial isotopic trend may be smaller than 

observed when considering only the deep lithospheric components.  This magnitude is on the 

order of 10 εNd units for the U.S. Cordillera and the Andes (Fig. 3), which is similar to the 

maximum range in isotopic compositions for a given location.  As a result, if bulk rock 

compositions can be determined, they are important to help interpret possible isotopic trends.   

 

Discussion 

 The presence of a spatial trend in the radiogenic isotopic composition of magmatism in 

three distinct Cordilleran orogens with comparable dimensions (width of trend) and magnitudes 

(range of isotopic values) leads us to propose that this spatial trend is an inherent feature of 

Cordilleran orogens.  Reinforcing this view is the observation that the spatial trend has persisted 
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throughout geologic time and is present regardless of the degree of magmatic differentiation in 

each of the examined orogens.  This observation is perhaps surprising considering the numerous 

and diverse tectonic, petrologic, and geodynamic processes that have occurred in these orogenic 

systems throughout their existence.  Below, possible origins for the spatial isotopic trend are 

considered and some of the implications of the observations are discussed. 

 

Constraints on the Origin of Spatial Isotopic Trends 

 Although spatial isotopic trends have been recognized in many individual Cordilleran 

orogens no consensus exists concerning the mechanisms or processes that generate this trend 

(Kistler and Peterman, 1973; 1978; Farmer and DePaolo, 1983; 1984; Harris, 1988; Rogers and 

Hawkesworth, 1989; Glazner and O’Neil, 1989; Stern, 1991; Ghosh, 1995; Kay et al., 2005; 

Mamani et al., 2010; Zhu et al., 2011; Boekhout et al., 2015; Jones et al., 2015).  In general, 

three major end-member isotopic source regions exist for Cordilleran magmatism (Ducea, 2001): 

the depleted asthenospheric mantle (D), the deep lithosphere (L) including the mantle lithosphere 

and lower crust, and a sedimentary component (S) (Fig. 5).  The sedimentary component may be 

assimilated during magmatic differentiation and emplacement, could originate from subducted 

sediments or sedimentary rocks, or may be transported to the lower crust during shortening.  

Most petrogenetic models for Cordilleran magmatism agree that the asthenospheric mantle is the 

source region for the most isotopically juvenile magmatism (Grove et al., 2012).  Discerning the 

nature of the isotopically evolved end-member(s) in the spatial isotopic trend is more 

challenging.   

 The isotopic composition of mantle lithosphere can be heterogeneous, but many studies 

of upper-mantle xenoliths and mafic volcanism in Cordilleran orogens have shown that the 
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mantle lithosphere can be as isotopically evolved as the overlying crust (Menzies et al., 1983; 

Carlson and Irving, 1994; Lee et al., 2001; Ducea, 2002).  For example, mantle lithosphere 

xenocrysts erupted during the Miocene in the central Lhasa terrane in Tibet have isotopic values 

similar to those of their host rocks (≤ -10 εNd) (Miller et al., 1999).  Isotopically evolved 

signatures in mantle peridotites are generally linked to metasomatic events that enrich the mantle 

lithosphere in incompatible trace elements (e.g., Hf, Nd) (Hawkesworth et al., 1990; Carlson et 

al., 2005).  Presuming that most continental lithosphere was created at magmatic arcs, the 

elevated concentrations of incompatible elements in the mantle lithosphere likely originate from 

the subducting slab (Pearce, 1983; McCulloch and Gamble, 1991).  Incompatible element 

enrichment may be contemporaneous with original melt depletion (e.g., Pearson et al., 1995) or 

may reflect subsequent tectonomagmatic (and fluid enrichment) events (e.g., Gao et al., 2002).  

In either case, there appears to be long-term mechanical and isotopic coupling between the crust 

and the mantle lithosphere (Carlson et al., 2005).  Partial melts of either the continental mantle 

lithosphere or the mafic lower crust may have similar isotopic values that predominantly reflect 

the age of the lithosphere.  For lithosphere of sufficient age, the deep lithosphere (L) could 

potentially be the source region for the isotopically evolved end-member in the spatial isotopic 

trend (Fig. 5).  

 In addition to crust-mantle fractionation, the Rb/Sr system is sensitive to intracrustal 

fractionation.  Rb/Sr, and hence 87Sr/86Sr, increases exponentially for felsic melts > ~65 wt. % 

SiO2 (Faure, 2001).  Values of 87Sr/86Sr > ~0.712 have been linked to upper-crustal processes 

including crustal anatexis, advanced fractional crystallization in plagioclase-bearing systems, and 

weathering-erosion-sedimentation cycles (McCulloch and Chappell, 1982; McDermott and 

Hawkesworth et al., 1990).  The effect of intracrustal fractionation can be visualized by the 
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change in slope for global data trends above 87Sr/86Sr = 0.712 in plots of εNd versus 87Sr/86Sr 

(Fig. 5).  Because of these characteristics, 87Sr/86Sr data are a powerful tool to recognize 

sedimentary or upper crustal (S) components.  High values of 87Sr/86Sr are rare in spatial isotopic 

trends, with relatively few data points > 0.712 (Fig. 4, 6).  In some cases, like the central Andes, 

these high 87Sr/86Sr values are too large to be a credible end-member of the spatial isotopic trend 

(Fig. 6).  Instead, these high values likely represent a separate, intracrustal fractionation trend 

associated with crustal melting in the Altiplano (de Silva, 1989; Rogers and Hawkesworth, 

1989).  In other cases, like the U.S. Cordillera, this relationship is less clear and high 87Sr/86Sr 

values could be an end-member in a mixing trend with a depleted mantle end-member (Fig. 4).  

Distinguishing between a deep lithosphere (L) source region or mixing between upper crustal/ 

sedimentary (S) and depleted mantle (D) components presents a fundamental dilemma in 

interpreting isotopic data in Cordilleran magmatism, as these two options are often isotopically 

non-unique (Fig. 5).   

 

Evaluating Crustal Components in Cordilleran Magmatism  

 Two potential mechanisms can mix upper crustal or sedimentary components with 

depleted mantle components in Cordilleran magmatism: contamination of the melt region and 

assimilation during emplacement.  Contamination of a mantle source to generate more 

isotopically evolved magmatism can occur by melting sediment or crust that was subducted.  For 

example, in the central Andes, a shift to more evolved isotopic compositions during the Neogene 

is coincident with an eastward (landward) geographic shift in magmatism (Haschke et al., 2006; 

Mamani et al., 2010).  Some researchers have suggested that sediment subduction and 

subduction erosion could explain both the more isotopically evolved magmatism and the 
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landward geographic shift (Stern, 1991; Kay et al., 2005).  Sediment subduction and subduction 

erosion may be important processes throughout the history of the Andes or other Cordilleran 

orogens, but the persistence of the spatial isotopic trend through geologic time suggests that 

subduction of sediment/crust is not the dominant mechanism generating the isotopic trend.  A 

very specific set of subduction parameters would need to be met to always emplace magmatism 

with similar isotopic compositions in the same geographic location throughout geologic time 

(Rogers and Hawkesworth, 1989; 1990; Stern, 1990).  Sediment subduction and subduction 

erosion are episodic and volumetrically variable (von Huene and Scholl et al., 1991) and it is 

unlikely that mixing between the depleted mantle wedge and subducted continental material 

would consistently produce the same isotopic composition at the same position.  Moreover, 

much of the sediment delivered to the trench in Cordilleran systems is derived from relatively 

isotopically juvenile magmatic arcs with more limited volumes of sediment originating from the 

more isotopically evolved continental interior (Linn et al., 1992; Ghatak et al., 2013; Dumitru et 

al., 2015; Ducea et al., 2015b).   

 A similar set of arguments suggests that subducted continental lithosphere may not be 

responsible for the spatial isotopic trend.  Of the Cordilleran systems examined here, only Tibet 

is considered to have experienced widespread subduction of continental lithosphere.  Although a 

shift to more evolved isotopic compositions in magmatism follows the collision of India (Ji et al., 

2009; Xu et al., 2010; Jiang et al., 2014; Chen et al., 2015), the spatial isotopic trend in Tibet 

existed throughout the Mesozoic, prior to the collision of India, and its shape and range of values 

have remained relatively constant (Fig. 2B).  As in the case of the Andes, we find it improbable 

that the various petrologic processes have aligned in such a way as to consistently produce 

magmatism of similar isotopic values the same distance from the Indus-Yarlung suture 
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throughout geologic history (Fig. 2C).  It is also unclear why melting of subducted continental 

crust (i.e., India) or continentally-derived sediment would produce an isotopic trend that 

becomes more isotopically evolved away from the trench rather than towards the trench or 

consistently across the orogen (Fig. 1).  Subduction of continental lithosphere in the down-going 

plate is distinct from underthrusting in a retroarc thrust belt, which is a viable mechanism to 

introduce isotopically evolved deep lithospheric (lower crust and mantle lithosphere) 

components into a melt source region (Ducea, 2001).   

 Crustal assimilation is the other mechanism that could introduce sedimentary or crustal 

components into Cordilleran magmatism and produce the spatial isotopic trend (Farmer and 

DePaolo, 1983;1984; Mamani et al, 2010; Jones et al., 2015).  The majority of magmatic 

products in Cordilleran orogens are of intermediate composition and require at least a two-stage 

melt process that involves melting in the mafic lower crust (Ducea et al., 2015b).  Melting, 

assimilation, storage, and homogenization (MASH) processes in the lower crust and assimilation 

and fractional crystallization (AFC) processes all conspire to contaminate magmas with crustal 

material that may be more isotopically evolved than the original mantle source (DePaolo, 1981; 

Hildreth and Moorbath, 1988; Annen et al., 2006).  This suggests that the age of the crust could 

play an important role in determining the isotopic composition of intermediate magmatism.   

 Crustal contamination may produce the spatial isotopic trend by assimilating older, more 

isotopically evolved, continental crust farther away from the trench (Fig. 7A).  This model has 

been most successfully applied to the central U.S. Cordillera where changes in isotopic values 

spatially coincide with the transition between cratonic basement and younger accreted terranes 

(Farmer and DePaolo, 1983), commonly delimited by the 87Sr/86Sr = 0.706 line (Kistler and 

Peterman, 1973; 1978) (Fig. 4).  In contrast with the central U.S. Cordillera, the ages of 
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basement terranes generally decrease and become more isotopically juvenile landward of the 

paleo-trench in the southern U.S. Cordillera (Bowring and Karlstrom, 1990; Wooden et al., 

2013) (Fig. 3).  The oldest basement terrane in the southern U.S. Cordillera is the Mojave terrane 

with ~ 2.2 Ga Nd model ages (Wooden et al., 2013).  The western limit to the Mojave terrane is 

unknown, but Miller et al. (2000) suggests that Proterozoic crust extends at least to ~117°W and 

some studies suggest it may extend all the way to the San Andreas Fault (Martin and Walker, 

1992).  If assimilation of variably aged continental crust was the primary control on the spatial 

isotopic trend, compositions would be expected to become more isotopically evolved as they 

were emplaced into older terranes.  For example, this pattern is observed when considering 

magmatism between the Mazatzal terrane (~1.7 Ga crust) and Yavapai terrane (~1.8 Ga crust) 

(Fig. 3).  However, the isotopic compositions of magmatism in the older Mojave terrane are on 

average more isotopically juvenile than the adjacent Yavapai terrane (Fig. 3).  Furthermore, in 

the other Cordilleran orogens examined, there is no obvious correlation between the spatial 

isotopic trend and crustal basement provinces.  In Tibet, the spatial isotopic trend occurs entirely 

within the Lhasa terrane (Yin and Harrison, 2000) and in the central Andes, the isotopic trend 

occurs within the para-autochthonous Antofalla terrane (Ramos, 2009; Casquet et al., 2014) (Fig. 

3).  These Cordilleran orogens would require heretofore unrecognized crustal sub-provinces to 

account for the spatial isotopic trend.  For example, Zhu et al. (2011) have proposed southern, 

central, and northern Lhasa terrane sub-provinces to explain the existence of the spatial isotopic 

trend in Tibet. 

 Another way that crustal assimilation could account for the spatial isotopic trend is if the 

degree of contamination increases landward (Fig. 7B).  An increase in crustal thickness away 

from the trench could lead to more efficient assimilation (hotter lower crust) or prolonged crustal 
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assimilation during magma ascent that may lead to more evolved isotopic compositions (Farmer 

and DePaolo, 1983; Hildreth and Moorbath, 1988).  This concept has been proposed as a way to 

estimate crustal thicknesses by assuming that melts originate with depleted mantle isotopic 

compositions and become progressively enriched in thicker crust (De Paolo et al., 2013; Harrison 

et al., 2013).  Although crustal assimilation is an important process in determining the isotopic 

composition of magmatism, we suggest that the effect of assimilation is subordinate to and 

superimposed upon the Cordilleran spatial isotopic trend.  The spatial isotopic trends from the 

U.S. Cordillera and central Andes both show limited isotopic variation (< 10 εNd units) with 

changes in wt. % SiO2 and MgO (Fig. 3) that can be attributed to crustal assimilation.  The post 

~50 Ma shift (≤10 εHf units) to more evolved isotopic compositions at a given distance from the 

Indus-Yarlung suture in Tibet may also reflect increased crustal contamination, perhaps 

associated with the thickening of Tibetan crust (Liu et al., 2014) (Fig. 2).  The magnitude of the 

isotopic shift (≤ 10 εHf units) ascribed to crustal assimilation is relatively constant along the 

length of the isotopic trends (Fig. 3), which suggests that the distance from the trench may not 

significantly affect the degree of assimilation.   

 A hybrid mechanism to incorporate upper crust or sedimentary components into the melt 

region, involving both subduction and assimilation, is relamination (Hacker et al., 2011).  Like 

other subduction related processes discussed above, relamination is a sporadic process and is 

expected to generate temporally variable isotopic magmatism that reflects the amount of 

subducted sedimentary component (Vogt et al., 2013) and cannot explain the persistence of the 

spatial isotopic trend through time.  Like crustal assimilation processes discussed above, there is 

no explanation for why relamination would occur in a spatially consistent pattern through time or 
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why the amount of relaminated material in the lower crust would regularly increase landward of 

the trench and magmatic arc.   

 Magmatic suites that show a correlation between magmatic differentiation and radiogenic 

isotopic composition are commonly interpreted to have obtained their isotopically evolved 

character through crustal contamination (DePaolo, 1981).  A common method to work around or 

“see through” the potential influences of crustal contamination is to examine only the most mafic 

end-members in a magmatic suite (e.g., Coleman and Glazner, 1997).  It is difficult to 

contaminate a mafic melt with enough felsic crustal material to generate significantly evolved 

isotopic signatures (>~5 εNd unit shift) without changing the major and trace element 

composition of the melt (Rudnick, 1990; Reiners et al., 1995; Bohrson and Spera, 2001).  If the 

spatial isotopic trend represents a mixing line between isotopically juvenile basalt extracted from 

the mantle wedge and isotopically evolved crustal material, then the most mafic end-members in 

a magmatic suite should preserve relatively juvenile isotopic compositions that are independent 

of the composition of the overlying crust.  The results reveal that the isotopic composition of the 

most mafic magmatism in Cordilleran orogens mirrors the overall spatial isotopic trend and 

becomes increasingly isotopically evolved landward of the trench (Fig. 3), suggesting that the 

isotopically evolved mafic end-members were derived from a more isotopically evolved mantle 

lithosphere source.  This observation is supported by studies examining vertical changes in 

isotopic composition in Cordilleran batholiths.  Lower crustal xenoliths commonly show similar 

isotopic compositions to the upper crust (Domenick et al., 1983; Ducea and Saleeby, 1998; 

Vervoort et al., 2000) and vertical sections through extinct, exhumed Cordilleran arcs show 

limited changes in isotopic composition (<10 εNd units) with changes in depth as well as weight 

% SiO2 (Otamendi et al., 2009; Walker et al., 2015) (Fig. 8).  The lower crust in Cordilleran arcs 
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is dominated by mafic plutonic complexes that are transitional with and sourced by the mantle 

(Saleeby et al., 2003; Ducea et al., 2015b), supporting the isotopic association between the upper 

mantle and lower crust in Cordilleran arcs (Fig. 8). 

 

The Role of Continental Mantle Lithosphere 

 Seismic data from active Cordilleran margins, including the Andes and the northwest 

U.S. Cordillera (Cascades), show that the distribution of mantle lithosphere is highly irregular 

and that in many places mantle lithosphere has been removed or is in the process of being 

removed (Beck and Zandt, 2002; Levander and Miller, 2012).  The removal of mantle 

lithosphere beneath continental arcs is thought to be neither steady nor uniform in time (Beck et 

al., 2015).  Numerous tectonic processes serve to remove mantle lithosphere beneath Cordilleran 

orogens.  Cumulates in the root of continental magmatic arcs periodically founder into the 

asthenospheric mantle, removing lithospheric mantle in the upper plate (Ducea and Saleeby, 

1998; Ducea, 2002).  Crustal thickening can result in delamination of lower crust and mantle 

lithosphere (Molnar et al., 1993; Kay et al., 1994; Sobolev et al., 2006).  Tectonic ablation by the 

subducting plate may erode upper plate mantle lithosphere (Pope and Willet, 1998; Levander et 

al., 2014).  Convective removal may also intermittently destroy mantle lithosphere (Houseman et 

al., 1981; Molnar et al., 1993; Platt and England, 1994).  Besides removal, conductive cooling 

(McKenzie et al., 2005) and compositional changes associated with melt extraction are possible 

mechanisms to build or add mantle lithosphere (Lee et al., 2011), but these processes occur on 

time scales often exceeding the life of the orogen.  Another possible mechanism to add mantle 

lithosphere beneath a Cordilleran orogen is by underthrusting (upper plate) lower crust and 

mantle lithosphere in a retroarc thrust belt (Ducea, 2001).  If upper plate shortening in the retro-
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arc thrust belt and sub-lithospheric processes that remove or thin mantle lithosphere are linked in 

an orogenic cycle (DeCelles et al., 2009; 2015; DeCelles and Graham, 2015), then feedbacks 

could potentially converge on a steady-state or stable mantle lithosphere geometry on time scales 

equivalent with the periodicity of the cyclic processes (10s of Myr).  In contrast to the dynamic 

upper mantle beneath Cordilleran orogens, the mantle lithosphere in continental interiors is 

thought to be stable and thick (Yuan and Romanowicz, 2010).  Thus, a first-order feature of 

Cordilleran orogenic architecture is a transition from thick, stable mantle lithosphere far from the 

active margin to variably thinned or modified mantle lithosphere beneath the frontal arc.  

Tectonically undisturbed mantle lithosphere accounts for much of the strength of continental 

lithosphere (Burov and Watts, 2004) and the loss or modification of the mantle lithosphere in 

tectonically active regions is likely a critical factor in the reduction of lithospheric strength 

(Thatcher and Pollitz, 2008) and ultimately may explain the diffuse nature of deformation in 

continental convergent margins (Molnar, 1988).   

 Partial melting in the mantle is primarily controlled by temperature, pressure, and water 

content and occurs over a broad region (≥ 100 km horizontal distance) (Tatsumi, 1989).  

Inclusion of (potentially melt-fertile) mantle lithosphere in the melt region could result in the 

amalgamation of melt that includes both lithospheric and asthenospheric mantle.  Far from the 

magmatic arc, where mantle lithosphere is thick, the influence of asthenospheric melts may be 

small, producing more isotopically evolved magmatism (Fig. 9).  The influence of the depleted 

mantle grows as the volume or thickness of the mantle lithosphere decreases trenchward (Fig. 9).  

As magmatism sweeps back and forth across a Cordilleran orogen, melts originating in the 

mantle could impart an isotopic signature to the lower crust that reflects the variable mixing of 
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lithospheric and asthenospheric mantle at depth.  Small-scale foundering of mafic lower crustal 

cumulates may also result in isotopic mixing in the upper mantle (Ducea and Saleeby, 1998). 

 For example, consider the Gangdese magmatic arc in Tibet.  This arc records ~150 Myr 

of Cordilleran-style subduction and magmatism prior to the collision with India (Fig. 2C, 2D).  

During this time, there may never have been an isotopically evolved mantle lithosphere source 

beneath the southern margin of the Lhasa terrane, insofar as Lhasa terrane lower crust has been 

dominated by isotopically juvenile additions throughout the lifetime of the arc (Zhu et al., 2011).  

This scenario is similar to the western Sierra Nevada batholith (Wenner and Coleman, 2004).  In 

the central to northern Lhasa terrane, however, intact or mildly thinned mantle lithosphere likely 

existed prior to the collision of India (DeCelles et al., 2007; 2011) and could have influenced the 

isotopic composition of the lower crust.  Post-collisional magmatism in Tibet involving 

secondary melting in the lower crust or crustal anatexis may retain this isotopic signature, even if 

the original mantle lithosphere beneath the Lhasa terrane has been replaced by subducted Indian 

lithosphere (Owens and Zandt, 1997).  It is also possible that a thin Tibetan mantle wedge, 

preserved beneath the Lhasa terrane after subduction of India, continued to be the source region 

for orogenic magmatism into the Cenozoic (Lu et al., 2015).   

 An extension of the argument presented above, that the deep lithosphere (isotopically 

homogenized mantle lithosphere and lower crust) forms the isotopically evolved end-member 

farthest from the trench in the spatial isotopic trend, is that magmatism located landward of the 

spatial isotopic trend should also reflect the isotopic composition (and age) of the deep 

lithosphere and the depleted asthenospheric mantle component may be less significant (Fig. 9).  

If the age of the lithosphere is laterally consistent, then the isotopic value of magmatism may 

remain constant landward of the isotopic trend (e.g., Tibet, Fig. 1).  If the age of the lithosphere 
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changes, for example across basement terrane boundaries, then the isotopic signature of 

magmatism may reflect that change.  Figure 3A shows that in the southern U.S. Cordillera, 

basement terranes become younger (more juvenile) eastward, consistent with the increase in εNd 

beyond the spatial isotopic trend (east of ~113°W longitude).  Magmatism also becomes 

increasingly isotopically juvenile east of the spatial isotopic trend in the Andes (Fig. 3B).  This 

may reflect a younger part of the Antofalla crustal domain (Mamani et al., 2010) or perhaps be 

related to the Mesozoic Salta rift system (Ramos, 2009).  Collectively, the results suggest that 

much of the magmatism in orogenic interiors may have a deep lithospheric source.  In all of the 

cases considered, magmatism that extends up to several hundred kilometers inboard of the 

subduction zone likely reflects changes in subduction zone dynamics like low-angle or flat 

subduction.  In these situations, the magmatic products and eruptive volumes may not be 

reflective of the type of arc magmatism that produces large coastal batholiths (e.g., Sierra 

Nevada, Gangdese) and experiences periodic high flux events (Ducea and Barton, 2007). 

 

Implications for Tectonic Studies 

The characteristics of the spatial isotopic trend can be employed to explore the role of the 

continental lithospheric mantle in the evolution of Cordilleran orogenic systems.  This is a boon 

to studies of the deep lithosphere as the mantle lithosphere is one of the most difficult parts of the 

lithosphere to study.  However, it also requires vigilance in interpretations of tectonic processes, 

particularly those involving the crust, and highlights the non-uniqueness of such interpretations. 

 One possible application of the spatial isotopic trend may be to provide information about 

subduction polarity in continental arcs.  Tectonic settings of many ancient continental arcs are 

obscured by subsequent deformation and accretion processes, such as the Mesozoic Carpathian 



589 
 

arc (Gallhofer et al., 2015) or Paleozoic arcs within the Central Asian Orogenic Belt (Windley et 

al., 2007).  The persistence of the spatial isotopic trend throughout the life of a Cordilleran 

orogen suggests that this isotopic pattern may be preserved in the geologic record.  Ideal 

candidates for this type of application would include magmatic belts with a large range of 

isotopic compositions (≥ 15 εNd units) that are emplaced within a single lithospheric domain 

(similar age and composition).   

 If the spatial isotopic trend is reflective of a ratio between asthenospheric depleted mantle 

components and deep lithospheric melt components, as proposed, then it is a possible that 

isotopic values within this trend can be used to gauge the volume or thickness of the mantle 

lithosphere in modern and ancient Cordilleran orogens, assuming long-term coupling of the 

lithosphere and no significant lateral changes in age or composition of the mantle lithosphere.  

This potential application is complicated in Cordilleran orogens with large amounts of shortening 

(e.g., Central Andes) where hundreds of kilometers of lower crust and mantle lithosphere were 

underthrust beneath the magmatic arc (McQuarrie et al., 2008).  In the right circumstances and 

with enough temporal resolution, changes in the spatial isotopic trend could be used to explore 

modifications to the mantle lithosphere.  Consider the Death Valley region (~117°W longitude) 

in the western U.S. Cordillera, which is part of the Mojave crustal province, a Paleoproterozoic 

basement terrane (Wooden et al., 2013).  In the Death Valley area, Mesozoic arc rocks are 

isotopically evolved (εNd = -15 to -5) (Rämö et al., 2002), late Paleogene to early Miocene 

magmatic rocks are more moderately isotopically evolved (εNd = -5 to +5) (Miller et al., 2000) 

and Pliocene and younger volcanic rocks are isotopically juvenile (εNd = +5 to +10) (Farmer et 

al., 1995).  Although the Pliocene and younger volcanic rocks are all basaltic (~ 50 wt. % SiO2), 

the Mesozoic to early Miocene rocks have a large range of SiO2 contents (50-75 wt. %), but have 
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a limited range of isotopic values within a single time period, supporting the role of the mantle 

lithosphere.  In this region, flat-slab subduction of the Farallon plate is thought to have thinned or 

removed part of the mantle lithosphere (Livacarri and Perry 1993; Miller et al., 2000; Wells and 

Hoisch, 2008), potentially leading to the late Paleogene increase in εNd.  Lithospheric extension 

in the Pliocene is believed to have further dismembered the mantle lithosphere and replaced it 

with asthenospheric mantle, resulting in the second increase in εNd (DePaolo and Daley, 2000).  

Contrast this example with the Catalina Mountains of southern Arizona (~110°W longitude), 

which did not experience thinning or removal of the mantle lithosphere prior to Miocene 

extension.  Here, intermittent, intermediate to felsic igneous rocks of Cretaceous through early 

Miocene age have similar isotopic compositions (εNd = -11 to -5), including a two-mica granite 

(S-type) associated with the development of a metamorphic core complex (Fornash et al., 2013).  

Besides the two-mica granite, all of these magmatic rocks were likely produced by secondary 

melting processes (mantle melt + lower crustal melt) that involved an isotopically homogeneous 

mantle lithosphere and lower crust.  The consistency of the isotopic values indicates a stable and 

isotopically coupled deep lithosphere (mantle lithosphere and lower crust) throughout this 

period. 

 As the locus of magmatism moves or simply broadens across orogenic systems, the 

resulting magmatic records could be used to interpret periods of arc advance and retreat as 

magmatism passes through melt regions with variable amounts of mantle lithosphere (i.e., passes 

across the spatial isotopic trend).  For example, in Tibet a shift to more juvenile isotopic values 

from the middle Eocene to the Miocene (Chung et al., 2005; Liu et al., 2014) was accompanied 

by a geographic shift in magmatism towards the paleo-trench (south in present-day coordinates).  

This geographic shift has been interpreted to be related to an increase in the dip of subducted 
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Indian lithosphere (Nomade et al., 2004; Ji et al., 2009; DeCelles et al., 2011).  Based on similar 

correlations between magmatic isotopic compositions and tectonic phenomena, some authors 

have suggested that isotopic changes may record crustal deformation processes (Kemp et al., 

2009; Boekhout et al., 2015).  In these models, extension in the upper plate may generate or 

allow emplacement of more isotopically juvenile magmas and crustal shortening and thickening 

may result in more isotopically evolved magmas.  Although processes like slab roll-back, crustal 

extension, and arc migration may be intimately linked, the resultant temporal shifts in magma 

isotopic compositions could simply reflect the composition of the deep lithosphere, rather than 

crustal deformation processes.  Distinguishing between these processes is particularly difficult 

for detrital studies where the spatial record of magmatism is not well constrained.   

 In another example from Tibet, a shift to more isotopically evolved arc isotopic values 

between 90 and 30 Ma has been attributed to subduction and melting of Indian continental crust 

or derivative sediments (Ji et al., 2009; 2012; Xu et al., 2010; Chu et al., 2011; Jiang et al., 2014; 

Chen et al., 2015).  These studies potentially put constraints on the timing of India-Asia 

collision.  However, the same isotopic data can be explained by a contemporaneous spatial shift 

in magmatism northward from the Indus-Yarlung paleo-trench/suture (Chung et al., 2005).  

Because the spatial isotopic trend existed prior to the collision of India (Fig. 2C), an alternative 

mechanism besides the incorporation of Indian continental material is needed to explain 

landward decreases in εHf values during the Mesozoic.  Considering all the data in Tibet, the 

spatial isotopic trend occurs over a remarkably short distance with a change of ~30 εHf over ~75 

km, or ~0.4 εHf/km across the Gangdese Batholith (Fig. 1); this underscores how important even 

small geographic shifts in the location of magmatism may be to isotopic composition.  In the 

U.S. Cordillera, parts of the Mesozoic coastal batholith that have not experienced significant 
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lithospheric extension also show relatively narrow spatial trends including the Idaho batholith 

(Fig. 4) and the northern Peninsular Ranges batholith (Kistler et al., 2003).   

 

Orogenic cyclicity and the isotopic record 

 Cordilleran magmatic arcs experience periodic, high-flux magmatic episodes (Armstrong, 

1988; Barton, 1990; Ducea and Barton, 2007; Ducea et al., 2015a).  In some Cordilleran 

magmatic arcs, these high-flux episodes are associated with temporal shifts to more isotopically 

evolved magmatic compositions (Ducea et al., 2001; Haschke et al., 2002; Ducea and Barton, 

2007; Kirsch et al., 2016), sometimes called “isotopic pull-downs” as a result of more negative 

εNd or εHf values (DeCelles et al., 2009).  There are two leading explanations for this 

association.  First, Haschke et al. (2002; 2006) suggested that the isotopic pull-downs are 

reflective of greater crustal assimilation due to periods of crustal thickening.  This observation 

was expanded upon in an orogenic cyclicity model where crustal thickening leads to 

delamination of lower crust and mantle lithosphere to generate the high-flux events (Ramos, 

2009; Ramos et al., 2014).  The second, alternative model for orogenic cyclicity suggests that 

retroarc underthrusting of more isotopically evolved and melt-fertile lower crust into the melt 

source region may drive isotopic pull-downs and high-flux events (Ducea, 2001; Ducea and 

Barton, 2007; DeCelles et al. 2009; 2015).  The latter process is required to reconcile known 

large-scale retroarc shortening in thrust belts that do not include lower continental crust and 

lithospheric mantle (Allmendinger et al., 1990; McQuarrie, 2002; DeCelles and Coogan, 2006) 

with observed complexity in upper mantle tomographic images beneath the active central 

Andean cordillera (Beck et al., 2015).  A third possibility is that high-flux episodes may be 

associated with a spatial shift in magmatism away from the trench that produces an isotopic 
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excursion toward more evolved values.  Slab migration, potentially associated with a change in 

slab-dip, may encounter more melt-fertile regions of the lithosphere.  Or, high-flux events 

themselves may magmatically thicken the arc root and drive arc migration by shifting the melt 

region or melt pathway (Karlstrom et al., 2014).  In Cordilleran orogens formed on continents 

cored by older cratonic lithosphere, cratonward migration of magmatism and retroarc 

underthrusting of older continental lithosphere into the melt source region would both produce a 

temporal isotopic shift to more evolved magmatic compositions.  It is likely that all of these 

processes may play a role in isotopic pull-downs associated with high-flux magmatic events to 

different degrees in different continental arcs, but in any discussion of temporal shifts in isotopic 

composition, the distance from the trench should be considered.  Temporal isotopic shifts are 

best evaluated when data are analyzed from a single location within an orogen.  Generating 

spatial isotopic trends of the type described in this paper requires long-distance (100s of km) 

migration of magmatism. 

 

Conclusions 

 Cordilleran orogenic systems share a common spatial trend in which the radiogenic 

isotopic composition of magmatism becomes increasing evolved landward of the trench, 

exemplified by the εHf, εNd, and 87Sr/86Sr isotopic systems (Fig. 1, 4, 6).  This trend occurs 

within a few hundred kilometers of the trench and persists throughout the life the orogen, which 

may extend for >100 Myr (Fig. 2).  The longevity of the spatial isotopic trend rules out many 

temporally variable petrogenetic/tectonic processes that could explain the origin of the spatial 

trend (e.g., materials originating from subducted sediment via either solid-state dehydration 

reactions or partial melting).  The spatial isotopic trend encompasses geochemically diverse 
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magmatic rocks that display a wide range of magmatic differentiation, including low SiO2/high 

MgO wt. % mafic end-members that were derived from a mantle melt region (Fig. 3).  The trend 

may result from mixing between depleted asthenospheric mantle and isotopically evolved 

continental lithospheric mantle.  Mantle lithosphere can thin toward the trench in Cordilleran 

systems and its volumetric significance in the mantle wedge is modulated by various processes 

including delamination, dripping, and subduction ablation that maintain this geometry over time.  

Thick mantle lithosphere is associated with relatively isotopically evolved magmatic 

compositions that reflect the age of the lithosphere, and thin to absent mantle lithosphere results 

in magmatism with juvenile isotopic compositions (Fig. 9).  The lower crust in Cordilleran arcs 

is dominated by mafic magmatic accumulations derived from the underlying mantle that reflect 

the isotopic composition of the mantle source (Fig. 8).  Far from the subduction interface, mantle 

lithosphere may have remained mechanically and isotopically coupled to the overlying crust 

since the formation of the lithosphere.  Long-term magmatic additions to the crust result in 

isotopic homogenization of the mantle lithosphere and lower crust, the two components of the 

deep lithosphere.  The results of this study indicate that the asthenospheric mantle wedge may 

not be a significant source of Cordilleran magmatism away from the plate margin in orogenic 

interiors and that the deep lithosphere (mantle lithosphere + lower crust) is a more important 

magmatic component than commonly appreciated.  Most models of mantle melting at subduction 

zones hypothesize that melting takes place almost entirely in the asthenospheric mantle wedge 

(e.g., Grove et al., 2012).  

 Many processes affect the isotopic composition of Cordilleran magmatism and they can 

be superimposed on the spatial isotopic trend.   In the examples surveyed in this study the spatial 

isotopic trend ranges from approximately +10 εNd to -15 εNd ( +15 εHf to -20 εHf) (Fig. 1).  
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Deviations of up to ~10 εNd units are common in the spatial isotopic trend and appear to 

frequently reflect crustal assimilation, in some cases associated with changes in crustal thickness 

(Fig. 2, 3).  Several other processes can affect the isotopic signature of Cordilleran magmatism, 

including cyclical orogenic processes that are manifest by variations of up to 10 εNd units 

(Ducea and Barton, 2007; DeCelles et al., 2009; 2015).  Because the spatial isotopic trend is 

imprinted in the deep lithosphere, it may continue to influence the isotopic composition of 

magmatism even after Cordilleran orogenesis has ceased.  For example, Cenozoic collisional 

magmatism in Tibet continued to reflect the Cordilleran spatial isotopic trend (Fig. 2).  

Conversely, large magnitude lithospheric extension in the U.S. Cordillera has partially replaced 

mantle lithosphere and brought asthenospheric mantle close to the base of the crust, resulting in 

widespread decompression melting and basaltic volcanism in the Pliocene that does not reflect 

the prior spatial isotopic trend (Menzies, 1983).  Locally, in places where the U.S. Cordilleran 

lithosphere has avoided significant extension, these basalts reflect deep lithosphere isotopic 

components (Farmer et al., 1989).  Resolving spatial isotopic trends and exploring deviations 

from the trend can provide insight into the evolution and architecture of the mantle lithosphere in 

orogenic systems. 

 Recognition of the spatial isotopic trend also has important implications for interpreting 

the causes of temporal changes in the isotopic composition of Cordilleran magmatism.  Some 

temporal isotopic shifts can be explained by the advance, retreat, or broadening of magmatic 

centers, which could change the proportion of continental mantle lithosphere present in the 

primary mantle melt region.  Detrital isotopic studies in particular (e.g., U-Pb-εHf in zircon) 

should include arc migration, irrespective of the tectonic processes associated with that 

migration, as one of the possible interpretations of temporal isotopic shifts.  Temporal isotopic 
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trends recorded in a single location should not be affected by the spatial isotopic trend.  

Removing, or correcting for, spatially controlled isotopic variations may help resolve or 

highlight the significance of isotopic changes related to other orogenic processes. 
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Figure and Tables 
 

 
 
Figure 1: 
Compiled Hf and Nd isotopic data for Mesozoic to recent magmatism in: A) the U.S. Cordillera, 
B) the central Andes, and C) Tibet.  There is a spatial trend (black arrows) in which the 
composition of magmatism becomes more isotopically evolved landward of the trench or suture 
zone.  The isotopic trend may ultimately be related to mixing between the depleted 
asthenospheric mantle and isotopically evolved continental mantle lithosphere.  BTN=Bhutan, 
SNB = Sierra Nevada Batholith, BNR=Basin and Range Province, SBNR = Southern Basin and 
Range Province, CA=California, NV=Nevada, AZ=Arizona, NM=New Mexico, TX=Texas, 
SO=Sonora, CH=Chihuahua.  Data sources are discussed in the text. 
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Figure 2: 
Radiogenic isotopic data from Cordilleran orogens with magmatic rocks distinguished by age.  
A) In the U.S. Cordillera, magmatism < 20 Ma is shifted to more juvenile isotopic compositions 
(blue arrows), potentially related to infiltration of asthenosphere into the continental lithospheric 
mantle during Miocene extension.  Although these periods represent different tectonic scenarios 
(compression vs. extension) they display a similar spatial isotopic trend.  B) In the Andes the 
spatial isotopic trend appears to have been relatively similar since the Mesozoic.  Note that 
widespread magmatism during the Neogene is not isotopically constant when observed across 
the width of the orogen. C) In Tibet, magmatism <50 Ma is shifted to more evolved isotopic 
compositions (blue arrows), that may be related to crustal thickening and increased crustal 
assimilation following India-Asia collision.  D) The exact isotopic value of the spatial isotopic 
trend in Tibet has varied during the last 100+ Ma, however, the overall shape and magnitude has 
remained relatively similar.  Colored lines are interpreted spatial isotopic trends that correspond 
to the data points of the same color.  εHf and εNd data are plotted together in A-D and are 
converted using the terrestrial array of Vervoort et al. (1999). Data sources are discussed in the 
text. 
  



617 
 

 
 
Figure 3: 
A) Nd isotopic data from the U.S. Cordillera and B) the central Andes, as shown in Figure 1, 
plotted by SiO2 weight % (top panels) and MgO weight % (bottom panels) as a proxy for the 
degree of magmatic differentiation.  At any given location in the spatial isotopic trends, there is ≤ 
10 εNd unit variation that can be attributed to magmatic differentiation (vertical green arrows).  
The spatial isotopic trend is present even when considering the most mafic analyses, suggesting 
that crustal contamination of an asthenospheric (depleted mantle) source cannot account for the 
full range of the isotopic data.  Dashed arrows are interpreted spatial isotopic trends for only the 
most mafic samples.  Basement terrane or province boundaries are shown with vertical red bars 
and average crustal model ages (in parentheses) are from Wooden et al. (2013), Whitmeyer and 
Karlstrom (2007), and Ramos (2009).  Data sources are discussed in the text. 
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Figure 4: 
Top) Maps of 87Sr/86Sr and 206Pb/204Pb isotopic data from Jurassic to Pliocene magmatism in the 
Northern Basin and Range Province in the U.S. Cordillera.  Blue lines are isotopic contours 
(isopleths) except for the dashed blue line that is a sharp isotopic boundary.  Bottom) Plots of 
isotopic data vs. distance across the U.S. Cordillera. Data plotted is from within ~100km on 
either side of the cross-section line. Both Sr and Pb data display spatial trends (black arrows) to 
more evolved isotopic compositions in a landward direction.  OR=Orgeon, ID=Idaho, 
CA=California, UT=Utah, SAF =San Andreas Fault, IDB=Idaho Batholith, SNB=Sierra Nevada 
Batholith.  Data sources are discussed in the text. 
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Figure 5: 
Compilations of isotopic data of all ages from global sedimentary systems that is representative 
of the continental crust.  The εNd and  87Sr/86Sr isotopic data is encompassed by the blue shaded 
area and the εNd and εHf isotopic systems is encompassed by the red shaded area.  Potential melt 
components in Cordilleran magmatism includes the depleted mantle (D), the deep lithosphere (L) 
including the mantle lithosphere and lower crust, and upper crust or sediments (S).  Data is from 
Ben Othman et al. (1989) and Vervoort et al. (1999).   
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Figure 6: 
87Sr/86Sr isotopic data from Mesozoic to modern magmatism the Central Andes showing a spatial 
isotopic trend with more isotopically evolved values located further from the trench (black 
arrow).  High 87Sr/86Sr (> 0.712) are interpreted to reflect crustal melting in the Altiplano region 
(blue arrow).  Data sources are discussed in the text. 
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Figure 7: 
A diagram showing two ways that crustal assimilation could produce the spatial isotopic trend.  
In both cases, the depleted asthenospheric mantle is the source for magmatism.  A) Assimilation 
of older (i.e. more isotopically evolved) crustal material located further from the trench.  B) 
Larger degree of assimilation as a result of thicker or hotter crust of uniform age and isotopic 
composition.  Both explanations (A and B) are unsatisfactory because of the limited variation of 
isotopic values associated with differences in magmatic differentiation and the existence of the 
spatial isotopic trend when considering only the most mafic magmatic products (Fig. 3).  Crustal 
assimilation processes may be superimposed on the spatial isotopic trend.  MASH = mixing, 
assimilation, storage, homogenization. 
  



622 
 

 
 
Figure 8: 
A schematic vertical section through the Ordovician Famatinian continental arc in Argentina 
(modified from Otamendi et al., 2012).  Plotted in blue circles, according to SiO2 weight %, are 
εNd data from samples collected along an exhumed portion of the Famatinan arc (Walker et al., 
2015).  The section and the depth of the SiO2 contents are illustrative only and are one possible 
representation of the magmatic and crustal architecture in a Cordilleran arc batholith.  The 
mantle lithosphere and mafic lower crust are compositionally and isotopically transitional.  
Limited changes in εNd occur from top to bottom in the vertical section.  
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Figure 9: 
A generic cross-section across a Cordilleran orogen illustrating a possible scenario that explains 
the origin of the spatial isotopic trend.  Relatively thicker continental lithospheric mantle 
underlies continental crust landward of the trench, towards the craton.  Closest to the trench no 
mantle lithosphere is preserved.  Beneath the orogen, sub-lithospheric processes like dripping, 
delamination, subduction erosion, and tectonic ablation have thinned or removed the mantle 
lithosphere.  This is a single snapshot in time, in reality the distribution of mantle lithosphere 
beneath an active continental arc is dynamic and includes periods of net removal, addition, and 
chemical modification.  In this example, the age and isotopic composition of the continental 
lithosphere is constant and does not change laterally (from left to right in the figure).  In orogens 
with older (more isotopically evolved) lithosphere thrust beneath the arc, the spatial isotopic 
trend may be amplified.  Melts originating in the upper mantle closest to the trench are 
isotopically juvenile and derived from the asthenosphere.  Partial melting of the mantle that 
occurs farther away from the trench (e.g., in response to slab flattening) may incorporate 
increasing amounts of isotopically evolved continental lithospheric mantle in the melt region.  
Through time, melts from the upper mantle may impart their isotopic composition on the lower 
crust.  The spatial isotopic trend, which may be up to a few hundred km in width, is a result of 
the locus of magmatism shifting back and forth across a modified mantle lithosphere (and 
isotopically similar lower crust) that may have a general tapered shape when considered over 
long (107 yr) time scales. 
  



624 
 

Supplementary Material 
 
Supplementary Table 1: U.S. Cordilleran Sm-Nd Data 
 

 
  

Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
BW-6 5 34.2844 -114.1113 5.52904 48.3
A81-12 5 33.47 -109 -2.58191 48.6
Ab88-1 6.47 32.8667 -107.975 6.134878 47.74
K280S 6.5 33.0625 -108.1667 6.92792 46.89
411 7.2 34.7172 -107.22916 4.094065 45.18
400 7.8 34.66305 -107.27972 3.126795 45.04
4-95-29 8 34.0797 -111.7128 -2.34575 48.5
K280S 10 33.0625 -108.167 6.76595 46.89
BW-4 10 34.5105 -114.0755 -4.16344 51.58
BW-3 10 34.51 -114.0753 -6.34099 53.59
8-94-12 11.4 34.3808 -112.0039 0.871485 48.6
D-3 12.2 34.9106 -114.7649 -7.07705 55.15
8-94-10 13.4 34.5767 -112.2097 -6.20301 46.3
9-94-12 13.5 33.9606 -112.8531 -5.79011 55
9-94-41 15 33.5789 -112.8717 -7.49451 50.8
5-93-3 16 34.3628 -112.2175 -2.53894 45.8
12-94-2 16 34.4914 -111.69 -1.8186 47
3-93-59 16 33.9658 -112.0686 -5.48075 48.1
4-93-5 16 33.875 -111.875 -3.54069 49.7
11-94-1 16 33.5936 -112.0861 -6.80889 51.2
4-93-51A 16.2 33.8903 -112.2103 -0.0038 50.2
CV 12 16.7 34.1306 -118.7614 6.293904 50.82
CV 195B 16.7 34.15 -118.9 6.055129 55.4
CV 117 16.7 34.2098 -118.9218 6.304572 55.61
CV 107 16.7 34.2409 -118.8817 6.387041 57.5
CV 121 16.7 34.2358 -118.866 6.47246 57.91
CV 187 16.7 34.0945 -118.9385 5.702647 59.56
CV 151 16.7 34.1411 -118.9686 7.351621 62.33
CV 162 16.7 34.1457 -118.9655 8.329522 62.75
CV 177 16.7 34.1001 -118.8388 6.027232 64.14
CV 102B 16.7 34.1598 -119.027 7.074408 65.91
CV 116 16.7 34.2141 -118.9281 6.200927 66.7
CB7 17.5 34.76 -119.98 8.308656 46.24
CB3 17.5 34.76 -119.98 9.162313 46.7
CB5 17.5 34.76 -119.98 9.318821 47.16
Lp89-6 17.55 33.8 -107.767 1.771321 46.24
Lp89-5 17.55 33.8 -107.767 0.555816 46.62
Jk89-9 17.55 33.8125 -108.475 3.731569 47.71
Jk89-5 17.55 33.8125 -108.475 4.133596 48.15
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Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
Jk88-4 17.55 33.8125 -108.475 -1.34997 50.12
A-3-1 18 34.3814 -114.7652 -1.87913 44.5
SV-2 18 34.5382 -115.37 -4.97048 48.6
NBPS-6 18 34.4957 -116.1492 -1.12302 48.9
12--3 18 34.7817 -116.2442 0.813566 50
11--90 18 34.767 -116.284 -3.83276 52.7
MARB-522-23 18 34.6801 -115.639 -5.54785 52.7
MARB-522-22 18 34.681 -115.6381 -6.6903 53
13-22 18 34.7724 -116.2432 0.531671 53.1
A-2 18 34.3785 -114.762 -6.96324 53.5
PLB 18 34.7882 -115.07 -5.6476 53.8
SV-3 18 34.5382 -115.37 -8.30489 54.3
EP-1 18 34.6982 -115.15 -9.3272 56.2
TU-B 18 34.6182 -115.11 -9.15531 57.5
LP-KB 18 34.6182 -115.07 -8.20319 59.3
LP-UB3 18 34.6182 -115.07 -7.39728 61.1
1215-1 18 34.3314 -114.7642 -11.4533 63
AG-2 18 34.7745 -116.2424 -6.07282 63.2
22-10A 18 34.825 -116.3085 -3.48721 64.3
LVHL-2 18 34.645 -115.9625 -3.83102 65.8
ST-HA-2 18 34.5 -114.86 -6.64132 66
P-2C 18 34.7582 -115.14 -9.56372 66.1
A-14 18 34.3835 -114.7707 -9.03269 68.2
82-25 18 34.8098 -116.3182 -1.65057 68.3
A-4-2 18 34.8055 -116.6698 -3.6992 69.1
BARS-2 18 34.8768 -116.89 -4.0638 70
PCST-37 18 34.5 -114.86 -5.41625 71
MARB-2 18 34.6683 -115.6412 -6.87858 71.9
MARB-522-24 18 34.6854 -115.6498 -5.86444 73.6
1-92-3 18.9 34.3497 -112.1925 -12.1012 59.2
9-94-31 19.9 33.3528 -112.8522 -10.471 61.4
MH-1 20.5 34.6807 -114.3117 -7.27956 46.03
MO-5 20.5 34.6821 -114.3117 -5.43679 50.87
MO-6 20.5 34.682 -114.3118 -7.24019 53.62
MO-1 21 34.6833 -114.3107 -5.6906 48.46
Lr87-1 21.1 33.0292 -108.1667 -4.4364 51.73
9-94-16 21.3 33.75 -111.875 -8.10408 48.8
B188-11 21.3 33.1833 -108.0292 -3.85932 50.55
B188-12 21.3 33.1833 -108.0292 -3.86975 50.96
H-1 21.5 34.4248 -114.2504 -2.08304 45.4
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Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
Jk88-7 21.9 33.7625 -108.5333 -6.34305 54.02
Jk88-6 21.9 33.7625 -108.5375 -5.4894 55.98
Lp89-l 22.2 33.7375 -107.8 -5.17734 54.3
Mm89-6 22.7 34.0208 -108.35 -6.33151 55.44
PR3-72 23 34.78 -119.09 3.813033 47.09
PR3-55 23 34.78 -119.09 4.0709 48
VQ1 23 34.49 -118.29 0.977932 58.24
NV31 23 34.75 -118.55 1.645978 68.3
NV25 23 34.75 -118.55 1.8178 70.2
Bw88-10 23.1 33.4042 -108.575 -5.37611 52.94
Bw88-8 23.1 33.45 -108.6083 -6.52179 57.02
Bw88-5 23.1 33.45 -108.6083 -4.57556 59.72
Bm88-3 23.9 33.3792 -108.2292 -8.09959 60.76
Bs87-5 25 32.7208 -107.346 -4.95135 50.91
Bl88-12 25 33.1833 -108.029 -4.03222 50.96
Bs87-3 25 32.7208 -107.346 -6.33019 51.58
Lr87-1 25 33.0292 -108.167 -4.39827 51.73
Jk89-13 25 33.75 -108.525 -4.73512 53.33
J87-11 25 32.7208 -107.346 -4.41562 53.35
Lp89-1 25 33.7375 -107.8 -5.14414 54.3
Mm89-6 25 34.0292 -108.35 -5.71973 55.44
G-40 25 33.82 -108.78 -7.34636 57.9
A81-23 25 33.48 -108.93 -7.10008 59.3
5-92-19 26.5 33.875 -111.875 -2.16516 62.4
UBA 025 27 32.52 -107.12 0.23153 48.84
UBA011 27 32.45 -107.25 -3.13832 50.76
G-23 28 33.63 -109.12 -7.18758 74.8
G-48 28 33.75 -108.57 -7.98814 77.4
G-11 28 33.28 -108.73 -6.55931 82
CERROS 28.3 34.67 -108.35 0.86295 46.7
G-15A 28.7 33.78 -108.53 -6.83468 71.7
H9-77 28.9 33.85 -108.03 -6.66212 71.2
G-32 29 33.63 -108.9 -6.98206 76.2
TTC 29.7 33.75 -108.72 -5.7433 74.2
G-55 30.1 33.75 -108.97 -7.8626 62.8
Bs87-3 30.4 32.7208 -107.8792 -6.07825 51.98
GM-1 32 31.5833 -105.5833 3.63161 57.4
DM-5 32 31.9 -105.5167 5.250402 59.03
CD-7 32 31.9 -105.4 3.098432 60.83
TtwR17r 33.7 32.2944 -106.611 -6.15049 60.07
G-8 34 33.43 -108.85 -8.5609 67.2
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Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
Tss28 35.46 32.2961 -106.6082 -4.84524 68.13
TssR15 35.46 32.2957 -106.6098 -4.72269 68.43
TssA6 35.46 32.2989 -106.5865 -6.84205 72.71
6191 35.69 32.3153 -106.4833 -2.02811 47.92
Tmo4-7 35.69 32.3519 -106.5159 -4.03168 53.26
5592I 35.69 32.3139 -106.4806 -4.16083 55.5
492I 35.69 32.2583 -106.5278 -1.25972 55.96
1092 35.69 32.3486 -106.5167 -3.46105 56.62
4391 35.69 32.3333 -106.4889 -4.96969 57.04
4491 35.69 32.3333 -106.4889 -2.50947 57.11
5592 35.69 32.3139 -106.4806 -4.82072 57.19
592 35.69 32.3486 -106.5167 -3.54562 57.46
5692 35.69 32.3139 -106.4792 -4.94003 58.33
Tmo6-9 35.69 32.3517 -106.5192 -2.8081 59.55
3002 35.69 32.3333 -106.5083 -3.59769 59.85
42164 35.69 32.3447 -106.5167 -2.80868 60.37
6491 35.69 32.3162 -106.4887 -3.23571 60.52
4992 35.69 32.3139 -106.4861 -4.46735 61.37
7591 35.69 32.3139 -106.4847 -4.85799 61.57
1491 35.69 32.3417 -106.4875 -4.58399 61.72
1591 35.69 32.3417 -106.4889 -2.38484 62.11
2392 35.69 32.2875 -106.5278 -3.50209 62.12
6391 35.69 32.3181 -106.4917 -4.31655 62.7
1391 35.69 32.3583 -106.5056 -3.1796 62.78
4392 35.69 32.3083 -106.4917 -2.462 62.84
6591 35.69 32.3139 -106.4986 -2.34863 62.94
TC2 35.69 32.3559 -106.5068 -2.22906 63.07
7291 35.69 32.3133 -106.4833 -5.25758 63.2
5292 35.69 32.3153 -106.4833 -4.59261 63.56
3592 35.69 32.3458 -106.5 -2.65224 64.22
3007 35.69 32.325 -106.5 -2.57774 64.6
2092 35.69 32.2792 -106.5222 -2.58968 65.03
3006 35.69 32.3353 -106.5 -2.78932 65.54
5091 35.69 32.3347 -106.4889 -3.23904 65.57
2292 35.69 32.2792 -106.5222 -2.49858 65.95
3292 35.69 32.2958 -106.5167 -2.30279 66.12
491 35.69 32.4125 -106.5917 -4.92708 66.32
1692 35.69 32.2694 -106.5167 -2.79456 66.39
2701 35.69 32.2861 -106.5347 -2.43602 66.74
5092 35.69 32.3139 -106.4833 -4.65638 66.97
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Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
2902 35.69 32.2847 -106.5514 -2.83532 67.24
4292 35.69 32.3083 -106.4917 -4.73651 68.25
1292 35.69 32.2583 -106.5111 -2.80837 68.33
2992 35.69 32.2833 -106.5472 -2.67427 68.44
1891 35.69 32.3583 -106.5083 -4.77398 68.6
492 35.69 32.2583 -106.5278 -4.01569 68.69
2891 35.69 32.3583 -106.5083 -5.02835 68.89
4591 35.69 32.3333 -106.4889 -4.26561 68.95
Tmo3 35.69 32.3812 -106.5791 -4.41744 69.11
2791 35.69 32.3583 -106.5083 -4.61051 69.21
3892 35.69 32.2917 -106.5333 -4.7044 69.33
591 35.69 32.4125 -106.5917 -4.91624 69.59
691 35.69 32.4125 -106.5917 -5.03034 69.71
SUM 35.69 32.3454 -106.5636 -4.0894 70.9
RE1 35.69 32.3676 -106.5878 -3.99614 71.14
2906 35.69 32.2944 -106.5083 -2.70801 71.39
3591 35.69 32.4153 -106.5917 -5.06294 73.13
3491 35.69 32.4153 -106.5917 -4.89698 73.14
3691 35.69 32.4153 -106.5917 -4.90707 73.3
1691 35.69 32.3417 -106.4861 -5.02898 73.34
3791 35.69 32.2611 -106.5333 -5.1063 73.47
292 35.69 32.2611 -106.5403 -5.06197 74.39
TmoeD1 35.69 32.3027 -106.5351 -5.90421 74.45
192 35.69 32.3411 -106.4917 -5.16348 76.14
AS-5 36.8 32.05 -105.55 3.670989 55.15
Al-11 36.8 32.0333 -105.6333 3.371095 58.89
RP009 38 32.375 -107.375 -3.89494 58.02
Tc88-2 47.5 33.0667 -108.004 -4.67371 52.6
Rp88-8 47.5 32.75 -107.921 -5.90351 55.47
C43 52 32.661903 -110.47961 -4.48409 62.2
SF33 58 32.95028 -109.67306 -3.23385 65.8
SF32 58 32.951946 -109.6725 -3.19458 67.4
SF34 58 32.939445 -109.60555 -8.65507 69.7
CH31 60 33.0625 -110.73333 -6.57509 64.8
CH32 60 33.065277 -110.72639 -6.483 66.75
R31 60 33.17889 -111.03889 -7.87454 71.8
R32 60 33.15111 -110.05055 -9.14553 72.3
C31 60 32.74861 -110.48055 -4.88901 73.7
C22 62 32.741665 -110.47916 -5.18841 68.6
CK1 64 34.2075 -112.33694 -10.8399 66.9
R42 64 33.180557 -111.05833 -9.64091 68.58



629 
 

 
 
  

Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
R2a7 64 33.069443 -111.08195 -9.90776 75.1
R21 65 33.050556 -110.06306 -5.99432 68.9
T43 66 31.655 -110.02639 -7.16361 78.1
SF21 69 32.933613 -109.61945 -4.45517 63.2
R1a4 70 33.15917 -110.90278 -6.11659 58.9
CH14 70 33.065277 -110.72639 -6.29483 61.9
CH11 70 33.080276 -110.71861 -6.3198 66.8
R1a2 70 33.150833 -110.89361 -7.00141 67.4
R11 72 33.133335 -110.99917 -9.57094 58
D11 72 34.824165 -113.73778 -12.247 61.92
CB41 72 34.49278 -112.58444 -9.15626 65.3
CB31 72 34.49139 -112.58305 -9.31322 66.4
B61 72 34.588333 -113.20778 -12.1132 69.85
D31 72 34.83861 -113.76694 -13.7151 70.7
T32 72 31.683332 -110.08334 -7.5212 71.7
B51 73 34.588055 -113.21416 -11.2231 66.1
CB11 74 34.495556 -112.59194 -13.508 52.9
CB23 74 34.49278 -112.57806 -10.2924 68.2
SF17 75 32.955555 -109.62083 0.591361 58.6
C13 75 32.770557 -110.48278 -1.62862 59.7
B42 75 34.568333 -113.23028 -10.7508 65.18
C12 75 32.104443 -110.47778 -2.48006 79.4
CH1 76 33.066944 -110.72583 -0.22714 48.58
T11 76 31.625 -110.17083 -3.88101 53.2
T22 76 31.619444 -110.16666 -6.8887 64.8
T21 76 31.733334 -110.10833 -6.47387 66.6
T2a5 76 31.691668 -110.08334 -7.20393 71.5
B33 77 34.59889 -113.11166 -12.301 59.11
B3a1 77 34.58389 -113.20361 -10.1697 66.6
B3b1 78 34.57111 -113.24583 -9.87999 66.26
B22 78 34.569443 -113.2375 -11.1725 76.14
PC-35 PC35-P 110 34.9194 -118.7961 1.034496 79.39
WKB 65 115 35.9489 -118.8806 3.308035 49.08
DVB-113 104.5 35.163887 -115.44361 -11.1922 73.8
PC-35 PC35-P 110 34.9194 -118.7961 1.034496 79.39
2 99 34.9256 -118.9279 3.973857
15 94.8 34.9857 -118.7291 0.957302
1 96.8 34.9043 -118.9178 0.922839
6b 102.2 34.9204 -118.8269 3.036259
B22 78 34.569443 -113.2375 -11.1725 76.14
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Sample_ID Age (Ma) Latitude (degrees) Longitude (degrees) Ep_Nd(t) SIO2 (wt. %)
5 95.9 34.9266 -118.8651 5.148175
TC-42 98 35.2283 -118.4961 -1.90615 58.86
DVB-107 104.5 35.406113 -115.94527 -8.36356 68.5
B61 72 34.588333 -113.20778 -12.1132 69.85
CM-9 100 35.0408 -118.5683 -3.16135 62.82
D31 72 34.83861 -113.76694 -13.7151 70.7
DVB-111 104.5 35.154446 -115.33195 -6.51811 60.5
D11 72 34.824165 -113.73778 -12.247 61.92
DVB-108 104.5 35.316113 -115.55083 -12.5596 67.9
B3b1 78 34.57111 -113.24583 -9.87999 66.26
DVB-131 95 35.19389 -116.14306 -6.25087 77
CM-630 GC-1 115 35.125 -118.7228 1.277843 61.89
B51 73 34.588055 -113.21416 -11.2231 66.1
B3a1 77 34.58389 -113.20361 -10.1697 66.6
B42 75 34.568333 -113.23028 -10.7508 65.18
DVB-120B 140 35.859722 -117.10416 -5.25666 66.7
WR-643 GC-14 117 35.0244 -118.7067 0.194502 73.83
DVB-117 95 35.636112 -116.275 -15.8284 73.9
VQ1 23 34.49 -118.29 0.977932 58.24
DVB-112 104.5 35.120277 -115.40139 -3.15666 46.6
NV25 23 34.75 -118.55 1.8178 70.2
DVB-127B 153 35.980556 -116.95834 -16.164 60.7
NV31 23 34.75 -118.55 1.645978 68.3
DVB-132A 179 35.513054 -116.25833 -8.07127 63.6
B33 77 34.59889 -113.11166 -12.301 59.11
MO-5 20.5 34.6821 -114.3117 -5.43679 50.87
MO-6 20.5 34.682 -114.3118 -7.24019 53.62
MH-1 20.5 34.6807 -114.3117 -7.27956 46.03
DVB-132B 179 35.513054 -116.25833 -8.02236 52.3
DVB-114B 95 35.676666 -116.66805 -12.9257 66.8
DVB-110 104.5 35.315277 -115.58222 -13.3594 70.2
H-1 21.5 34.4248 -114.2504 -2.08304 45.4
MO-1 21 34.6833 -114.3107 -5.6906 48.46
DVB-114A 104.5 35.676666 -116.66805 -11.257 65
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Supplementary Table 1: Andes Sm-Nd Data 

 
  

Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
samp. CC101 5.8 -27.359 -68.924 55.47 -3.067746
CC101 5.8 -27.359 -68.924 -3.0491
samp. CC262 5.6 -27.347 -68.954 54.96 -2.776208
CC262 5.6 -27.347 -68.954 -2.776208
CC271 5.6 -27.284 -69.938 -3.968974
samp. WZ-126-84 10 -27.15 -68.9 63.4 -5.329534
samp. OJO-98-86 0.1 -27.0925 -68.5417 0 -3.50001
samp. 97-5 160 -27 -69.8 52.5 6.918874
97–5 160 -27 -69.8 7.1
samp. CC296A 4.4 -26.989 -68.766 0 -4.72068
CC296a 4.4 -26.989 -68.766 -4.666069
samp. CC364 3.8 -26.9139 -68.6283 74 -4.822937
CO242 12 -26.866667 -69.65 -2.9
CO181 6.9 -26.866667 -69.65 -3.8
K-32 165 -26.661111 -70.536111 5
samp. K32 165 -26.611 -69.5361 52 5.110621
samp. SIA72 5.1 -26.5964 -68.1506 75.7 -3.845609
samp. SIA72 2 -26.5964 -68.1506 75.69 -3.957664
Sia72 5.1 -26.596389 -68.150556 -3.9
samp. SIA101D 0.4 -26.5706 -67.8172 72.3 -3.409161
Sia101d 0.4 -26.570556 -67.817222 -3.4
samp. SAF59 2 -26.5308 -67.7156 71.18 -3.763123
samp. JUN-97-4 6.1 -26.5189 -68.8353 73.2 -3.869928
JUNC-97-4 6.1 -26.518889 -68.835278 -3.9
samp. SIA83B8 5.1 -26.4889 -68.0997 74.8 -4.510686
Sia83b8 5.1 -26.488889 -68.099722 -4.6
samp. SIA97B3 0.2 -26.48 -67.7 65.2 -2.845454
Sia97b3 0.2 -26.479722 -67.696667 -2.8
samp. RM568 10 -26.4194 -67.3681 55.3 -4.167007
samp. PED-97-12 10 -26.36 -69.28 71.2 -4.18697
samp. PED-97-12 10.7 -26.36 -69.28 71.2 -3.966757
Ped-97-12 10.7 -26.36 -69.28 -4
Cy-94-1 5.9 -26.211944 -68.551667 -4
samp. CYCLOP-94-1 2 -26.2119 -68.5517 74.3 -4.073003
samp. CY-94-1 5.9 -26.2119 -68.5517 74.3 -3.949236
samp. PAMP01 10 -26.1585 -66.4633 63.65 -4.577511
samp. CMS-18 10 -26.1393 -66.6038 59.68 -5.846037
samp. SIA92/3A 3.6 -26.1331 -67.9733 74.4 -4.092808
Sia92/3a 3.6 -26.133056 -67.973333 -4.1
samp. CMS-29A 10 -26.1132 -66.6738 65.43 -6.380372
samp. CMS-38 10 -26.0871 -66.6877 65.03 -6.089913
Trin-97-2-b2 5.1 -26.074722 -68.470833 -4.2
samp. TRIN-97-2-B2 2 -26.0747 -68.4708 74 -4.287748
samp. TRIN-97-2-2B 5.1 -26.07 -68.47 74 -4.173623
samp. SS018 2 -26 -67 66.85 -7.568694
samp. CG-04 10 -25.9972 -66.7569 65.61 -6.437291
Pari_2-17 5.1 -25.980833 -68.444167 -4.3
5213-S-23-b1 5.1 -25.980833 -68.444167 -5
Sia145b 10.3 -25.980833 -67.638611 -4.4
samp. 5213-S-23-B1 2 -25.9808 -68.4442 74.1 -5.091376
samp. 5213-S-23-B1 5.1 -25.9808 -68.4442 74.1 -4.983211
samp. PARI-2-17 2 -25.9808 -68.4442 70.2 -4.350962
samp. PARI-2-17 5.1 -25.9808 -68.4442 70.2 -4.244113
samp. D-08 10 -25.97 -66.3116 62.39 -4.979757
samp. D-03 10 -25.9391 -66.3242 61.73 -5.396982
samp. D-02 10 -25.9391 -66.3242 60.91 -3.751087
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
samp. P-007 0 -25.936 -66.2966 65.14 -4.428076
samp. N-02 10 -25.9359 -66.2974 65.24 -3.326864
samp. PAMP06 10 -25.9359 -66.2974 65.13 -4.848393
SAF7 6.6 -25.916667 -67.666667 -2.984562
SAF44 4.3 -25.916667 -67.666667 -6.671374
samp. P-002 10 -25.9086 -66.3248 64 -3.179424
Leon_1_3 19.9 -25.898333 -68.379167 -1.3
samp. T8A 10 -25.8928 -67.3022 53.01 -1.55327
samp. 165-LEON-1-32A 10 -25.8839 -68.3675 57.29 -1.726062
Leon_1_32a 19.9 -25.883889 -68.3675 -1.5
samp. SS014 2 -25.8833 -67.3333 66.96 -7.568694
samp. 96-77 211 -25.875 -70.5944 64.5 1.803871
samp. K116 211 -25.875 -70.5944 68.9 1.351613
samp. K118 211 -25.875 -70.5944 67.6 3.249352
samp. COLO-1-33 10 -25.8342 -68.5792 62.3 -2.399606
Colo_1_33 19.6 -25.834167 -68.579167 -2.5
samp. H-008 10 -25.8166 -66.3639 62.07 -5.025331
SS-E1 0 -25.802 -69.812 3.51
samp. SIA48B1 2 -25.7553 -68.3111 73.6 -2.593667
samp. SIA48B1 9.8 -25.7553 -68.3111 73.6 -2.358575
Sia48b1 9.8 -25.755278 -68.311111 -2.5
Sia46b2 8.7 -25.741944 -68.185556 -3
samp. SIA46B2 8.7 -25.7419 -68.1856 73 -2.88043
samp. SIA46B2 2 -25.7419 -68.1856 73.3 -3.00266
samp. SIA68B2 9.8 -25.7239 -68.06 71.8 -2.506711
samp. SIA70/2 9 -25.7239 -68.06 71.1 -7.225441
Sia68b2 9.8 -25.723889 -68.0625 -2.6
Sia70/2 9 -25.723889 -68.0625 -7.3
AQUA_2_19 8.3 -25.711944 -68.468056 -4.8
samp. AQUA-2-19 10 -25.7119 -68.4681 57.7 -4.726533
samp. BLAN-2-23 10 -25.7017 -68.4775 61.1 -4.908001
Blan_2_23 8.3 -25.701667 -68.4775 -5.032791
samp. 96-192 140 -25.6917 -70.547 52.4 5.596822
samp. 96-21 194 -25.6917 -70.547 50.9 3.560581
samp. 95-45 154 -25.6917 -70.547 51.1 4.940682
samp. 95-70 154 -25.6917 -70.547 54.6 3.962213
samp. K9 160 -25.6917 -70.547 64.3 7.026058
samp. 95-21 154 -25.6917 -70.547 53.7 3.712056
96-21 194 -25.691667 -70.547222 3.6
95-21 154 -25.691667 -70.547222 3.7
95-45 154 -25.691667 -70.547222 4.9
95-70 154 -25.691667 -70.547222 3.9
96-192 140 -25.691667 -70.547222 5.6

9 160 -25.691667 -70.547222 5.2
samp. SAF 25 10 -25.6761 -68.2928 0 -0.370632
Sra10 2 -25.616111 -67.708611 -5.1
samp. SRA10 2 -25.6161 -67.7086 73.3 -5.069949
samp. LEON-2-3 10 -25.5893 -68.3792 52.4 -1.246884
samp. RP1093 10 -25.5333 -67.9167 51.71 -0.281696
samp. RM810 10 -25.53 -67 55.54 -3.599334
samp. SAL-H-14 10 -25.5278 -68.7611 63 -4.13047
Sal_H_14 5 -25.527778 -68.761111 -4.2
Sal_H_7 5 -25.517222 -68.765278 -4.2
samp. SAL-H-7 10 -25.5172 -68.7653 56.9 -4.082934
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
96-77a 211 -25.514444 -70.594444 1.8
K-116 211 -25.514444 -70.594444 1.4
K-118 211 -25.514444 -70.594444 3.3
R_2_3 16.2 -25.48 -68.960556 -1.7
samp. SIA145B 10.3 -25.48 -67.64 69.9 -4.215499
14/11-S-27 13 -25.472222 -68.941944 -3.3
samp. 14/11-S-27 10 -25.4722 -68.9419 68.7 -3.367297
samp. 14/11-S-27 13 -25.4722 -68.9419 68.7 -3.140737
TC_2_3 16.2 -25.467222 -68.950833 -3.3
samp. TC-2-3 10 -25.4672 -68.9508 59.2 -3.176564
samp. 231 140 -25.4667 -70.5 56.18 3.548586
samp. 233 140 -25.4667 -70.5 52.41 5.05089
samp. 234 140 -25.4667 -70.5 56.58 2.687388
samp. 203 140 -25.4667 -70.5 58.93 2.800181
samp. 115 140 -25.4667 -70.5 56.74 2.689581
samp. 181 140 -25.4667 -70.5 51.85 5.97172

115 140 -25.466667 -70.5 2.7
samp. 96-310 170 -25.4625 -70.511 49.1 7.812912
samp. 163-LEON-1-29 10 -25.45 -68.47 50.89 -1.282803
samp. 149-LEON-1-15 10 -25.45 -68.47 51.27 -0.376927
samp. 142-LEON-1-8 10 -25.45 -68.47 56.4 -1.767677
samp. 154-LEON-1-2 10 -25.45 -68.47 57.63 -2.822504
Qcn-94-2/9 18.6 -25.4225 -69.209722 -3.7
samp. QCN-94-2/9 18.6 -25.42 -69.21 68.3 -3.533378
96-310 170 -25.408333 -70.511111 7.8
samp. FN2-10 10 -25.37 -68.93 57.4 -1.824623
samp. 095-COLO-1-33 10 -25.37 -68.93 62.29 -2.750739
samp. 061-COLO-1-1 10 -25.37 -68.93 63.63 -2.826026
Sat_1_1 11.2 -25.368611 -68.850833 -2.9
samp. SAT-1-1 10 -25.3686 -68.8508 59.3 -2.783076
samp. QSR-8 160 -25.367 -70.383 58.19 4.661323
samp. MCP-5 160 -25.367 -70.383 52.19 5.892156
samp. QCA-9 160 -25.367 -70.383 61.33 2.398975
samp. QSR-1 160 -25.367 -70.383 62.54 3.353519
samp. QPA-2 160 -25.367 -70.383 71.49 6.077198
samp. QBA-5 160 -25.367 -70.383 66.44 4.997649
samp. QCA-7 160 -25.367 -70.383 61.71 1.593391
samp. QMA-1 160 -25.367 -70.383 58.05 4.560911
samp. QBA-1 160 -25.367 -70.383 61.19 4.06112
samp. MCP-11 160 -25.367 -70.383 51.63 5.797536
samp. QMA-2 160 -25.367 -70.383 61.26 4.776157
samp. QPA-4 160 -25.367 -70.383 55.27 5.895436
samp. QCA-5 160 -25.367 -70.383 64.07 0.449807
samp. QCA-6 160 -25.367 -70.383 62.31 1.350191
samp. MCP-1 160 -25.367 -70.383 53.44 6.145475
samp. SAF 23 10 -25.3428 -68.3094 0 -1.697104

181 140 -25.333333 -70.5 6
203 140 -25.333333 -70.5 2.8
231 140 -25.333333 -70.5 3.5
233 140 -25.333333 -70.5 5
234 140 -25.333333 -70.5 2.7

K-51 163 -25.333333 -69.416667 5
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
samp. SIA32B1 36.4 -25.3292 -67.8567 72.7 -3.143669
samp. SIA30B2 3.64 -25.3292 -67.8567 68.5 -4.462725
Sia32b1 3.64 -25.329167 -67.856667 -3.4
samp. 059-CDA-1-4 0.1 -25.3011 -68.5175 58.06 -3.802807
samp. 060-CDA-1-5 0.1 -25.3 -68.55 64.14 -3.841822
samp. CDA-2-21 0.1 -25.3 -68.55 0 -4.076951
samp. K51 163 -25.2333 -70.5111 53.9 4.986544
samp. 131-LASTRW-2 0.1 -25.17 -68.52 64.33 -3.607812
samp. 133-LASTRW-4 0.1 -25.17 -68.52 58.87 -3.724878
samp. LTA-98-82 0.1 -25.1461 -68.5156 0 -4.261738
samp. LTA-98-83 0.1 -25.1431 -68.5167 0 -4.01884
samp. LTA-98-81-2 0.1 -25.1253 -68.5189 0 -3.406088
SS-D9 0 -24.928 -70.036 1.97
97-213 211 -24.925833 -70.464167 -2.9
97-218 211 -24.925833 -70.464167 -2.8
samp. LUL-98-31 0.1 -24.7647 -68.5747 0 -4.67786
samp. OSI 24 0.1 -24.7561 -66.1736 53.35 -4.173285
samp. OSI 25 0.1 -24.7469 -66.1769 52.6 -2.905381
samp. PU4 10 -24.7453 -68.1125 59.51 -3.08309
samp. LP36 0.1 -24.6675 -66.3175 54.26 -4.368461
samp. OSI 21 0.1 -24.5592 -66.1947 54.54 -5.324221
samp. LP199 0.1 -24.5508 -66.3339 52.55 -3.705235
samp. LP199 0.1 -24.5508 -66.3339 0 -5.16934
samp. TS217 12.8 -24.5217 -65.7661 60.47 0.288796
samp. TS11 11.1 -24.4925 -65.8917 59.84 -5.036874
samp. N-32 7.37 -24.4075 -65.8747 53.17 -3.810577
samp. 941244 17 -24.4 -66.67 73.74 -8.820947
samp. TOCV1 1.7 -24.4 -66.67 73.12 -9.941749
samp. SOC-98-29 0.1 -24.3972 -68.3611 0 -7.355002
samp. TA-403 7.37 -24.3808 -65.8589 61.84 -4.17086
samp. TA-104 14.3 -24.3553 -65.8978 64.94 -0.41464
samp. TA-111 6.7 -24.3542 -65.8683 61.15 -4.779982
samp. A-37 14.3 -24.3417 -65.8769 55.13 1.27503
samp. TS302 14.3 -24.3322 -65.86 61.08 1.227278
samp. M-2 14.3 -24.3153 -65.8722 61.75 1.553274
samp. TA-210 6.7 -24.3047 -65.8853 55.02 -4.098405
samp. SOC-98-27-3 0.1 -24.2967 -68.3275 0 -7.198062
samp. SOC-98-27-2 0.1 -24.2967 -68.3275 0 -4.476063
samp. SJ25-2 0.1 -24.0833 -66.1681 0 -9.148756
samp. SJ25-2 0.1 -24.0833 -66.1681 0 -3.901389
samp. T95 0.1 -24 -66.5 69.11 -7.567731
samp. II22 0.1 -24 -66.5 66.45 -6.436249
samp. P24-5C 0.1 -24 -66.5 58.96 -4.563664
samp. T162 0.1 -24 -66.5 58.84 -4.134462
samp. T157 0.1 -24 -66.5 56.41 -3.373807
samp. T4 0.1 -24 -66.5 63.81 -6.533742
samp. T158 0.1 -24 -66.5 60.06 -6.046014
samp. II29 0.1 -24 -66.5 62.73 -6.631055
samp. Y83 0.1 -24 -66.5 59.56 -6.670316
U-8 140 -23.833333 -70.416667 5.5
U-24 140 -23.833333 -70.416667 5.4
U-83 140 -23.833333 -70.416667 5.7
U-85 140 -23.833333 -70.416667 5.3
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
samp. U-83 140 -23.8333 -70.4167 62 5.701066
samp. U-24 140 -23.8333 -70.4167 61.25 5.393399
samp. U-8 140 -23.8333 -70.4167 58.28 5.558228
samp. U-85 140 -23.8333 -70.4167 59.37 5.311141
samp. PG358-1 4 -23.7047 -67.2911 68.47 -7.485231
samp. PG353 4 -23.6786 -67.3431 61.48 -7.094439

164 186 -23.408333 -70.366667 6.9
samp. 164 186 -23.4081 -70.3667 52.57 6.943403
samp. LAS-98-47 0.1 -23.3244 -67.7533 0 -4.670177
samp. LAS-98-49 0.1 -23.3233 -67.775 0 -4.525611
samp. LAS-98-48 0.1 -23.3233 -67.775 0 -3.899369
SS-J3 0 -23.21 -69.214 1.92
SS-K1c 0 -23.092 -69.041 2.3
samp. PQ04-272P 10 -23.02 -66.82 72.26 -8.562117
samp. PQ01-40P 10 -23.02 -66.82 74.18 -7.780656
samp. P21-5 11 -22.9106 -66.8156 66.84 -7.447326
samp. P21-3 11 -22.8778 -66.8256 69.19 -8.363716
samp. LIC-98-12 0.1 -22.8722 -67.8889 0 -7.178438
samp. P21-4 11 -22.8678 -66.815 68.86 -9.027744
samp. LIC-98-11 0.1 -22.8608 -67.8842 0 -4.086993
samp. Z15 2 -22.8472 -67.1458 62.83 -8.875278
samp. LIC-98-37 0.1 -22.8331 -67.9303 0 -7.295245
samp. Y72 6.7 -22.7953 -66.6822 57.8 -6.327469
samp. Z28 3 -22.7683 -67.0625 67.031 -9.293357
samp. V6 8 -22.7375 -67.0058 66.57 -7.673263
samp. SAI-98-40 0.1 -22.7228 -67.8981 0 -8.161929
samp. SAI-98-42 0.1 -22.7217 -67.8983 0 -8.243205
samp. SAI-98-42-B 0.1 -22.7217 -67.8983 0 -7.442035
samp. COR-98-72 0.1 -22.7089 -67.8892 0 -8.061868
samp. BO3 6.2 -22.7056 -66.9286 63.74 -8.07663
samp. COR-98-87 0.1 -22.6367 -67.9044 0 -7.460313
samp. COR-98-87-2 0.1 -22.6367 -67.9044 0 -4.057444
samp. TR2 10.1 -22.6211 -66.5417 63.547 -9.169469
samp. Z33 10.5 -22.6181 -66.6131 66.04 -10.236739
samp. CY87-1 10 -22.6094 -66.3875 62.91 -9.474523
samp. V2 7 -22.5914 -66.6625 63.82 -9.296713
samp. PUT-98-44-2 0.1 -22.5531 -67.8983 0 -7.168347
SS-L1 0 -22.546 -68.999 1.86
samp. K1 8 -22.5397 -66.7656 62.93 -9.934291
samp. OR-87-J1 10 -22.4664 -66.4206 62.063 -9.625429
samp. S1 10.3 -22.4664 -66.4206 67.397592 -9.804666
samp. H23 9.5 -22.4664 -66.4206 63.43 -7.465399
samp. 2211 10 -22.4467 -66.8042 64.3 -6.765199
NN-Q2 38 -22.34 -68.97 1.42
NN-Q1b 50.8 -22.302 -69.102 1.33
samp. 266 186 -22.2671 -70.2861 50.3 4.640254

266 186 -22.266667 -70.286111 4.6
NN-P7 52.6 -22.074 -68.95 1.93
NN-O5 52.9 -22.064 -69.055 4.23
NN-AD1a 38 -21.894 -68.831 0.96
NN-A1b 0 -21.889 -68.655 3.21
samp. SP1 0.1 -21.8833 -68.5 0 -5.071805
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
samp. 170 20 -21.88 -68.43 59.3 -3.063689
samp. 176 20 -21.88 -68.43 57.6 -1.909255
samp. 172 20 -21.88 -68.43 63.4 -3.44941
samp. 283 20 -21.88 -68.43 57.8 -5.217291
samp. 482 20 -21.88 -68.43 60.4 -1.133494
samp. SPP-98-54 0.1 -21.87 -68.4978 0 -5.604637
samp. SPP-98-56 0.1 -21.8233 -68.4639 0 -5.690547
NN-D2 49.5 -21.697 -68.738 1.2
samp. 262 195 -21.6667 -69.825 66.1 5.592475

262 195 -21.666667 -69.825 5.6
PAL4 3.81 -21.561112 -68.4904 -4.7
samp. PAL4 10 -21.55 -68.5167 0 -4.701173
samp. 02-57 20 -21.518 -65.692 42.918455 0.941974
samp. 02-55 20 -21.518 -65.692 54.18261 0.044868
samp. 260900-66 20 -21.518 -65.692 64.486793 -2.335374
samp. 02-58 20 -21.518 -65.692 48.428693 0.74537
samp. 210900-2A 20 -21.518 -65.692 48.700274 1.581894
samp. 210900-04 20 -21.518 -65.692 58.101175 0.050046
CAR1 3.34 -21.438719 -68.389922 -5.8
samp. CAR1 10 -21.4333 -68.3833 0 -5.774055
samp. PUN1 10 -21.4167 -68.3167 0 -4.135472
CHE8 4.11 -21.407368 -68.454266 -3.6
samp. CHE6 10 -21.4 -68.4833 0 -4.115965
samp. CHE8 10 -21.4 -68.4833 0 -3.608784
AP-07-27 4.2 -21.354457 -68.396893 -3.2
AP-07-26 4.5 -21.349102 -68.377561 -4.4
AP-07-28 5 -21.33551 -68.401379 -4.4
AP-07-29 4.5 -21.334395 -68.400477 -5.8
 AP-07-45 3 -21.333045 -68.631097 -3.8
AP-07-41 5.5 -21.330978 -68.58903 -4.2
samp. BC9008 20 -21.33 -68.033 58.22 -4.129978
PORU 02 0.68 -21.3196 -68.2939 -7.2
AP-07-83 0.05 -21.317489 -68.292904 -6.3
OLA13 0.13 -21.315683 -68.183942 -7.3
samp. OLA13 0.1 -21.3139 -68.175 0 -7.315103
AP-00-92 5.81 -21.310119 -68.497078 -3.9
AP-07-23A 0.05 -21.306262 -68.331262 -6.1
samp. OLA9052I 0.1 -21.30222 -68.17917 56.6 -6.982637
samp. OLA9052 0.1 -21.30222 -68.17917 61.9 -8.211242
samp. OLA9037IA 0.1 -21.30222 -68.17917 57.17 -6.358318
samp. OLA9049I 0.1 -21.30222 -68.17917 58.22 -7.567775
samp. OLA9051 0.1 -21.30222 -68.17917 62.31 -8.367367
samp. SC2 0.1 -21.3 -68.1833 58.08 -6.592262
AP-07-19 2.2 -21.274444 -68.50732 -4.3
OLA10 0.81 -21.273379 -68.224068 -8.9
samp. OLA10 0.1 -21.2694 -68.2694 0 -8.856152
AP-07-62C 2.2 -21.267353 -68.543403 -4.5
AP2-00-79 0.5 -21.262775 -68.444757 -6
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Sample_Name Age (Ma) Latitude (degrees) Longitude (degrees) SiO2 (wt. %) Ep_Nd(t)
AP-00-83 5.5 -21.25593 -68.587869 -4.6
AP2-00-77 0.62 -21.253817 -68.462939 -7
AP2-00-57 0.24 -21.251673 -68.479263 -6
AP2-00-75 0.4 -21.250027 -68.45878 -5.7
AP-00-72 5 -21.247793 -68.585618 -3
AP-07-51 3.5 -21.23761 -68.399135 -4.3
AP2-00-96 0.5 -21.236819 -68.453643 -5.6
AP2-00-98 0.8 -21.228676 -68.449819 -7
AP2-00-61 0.5 -21.226002 -68.461392 -5.7
AP2-00-47 1 -21.225186 -68.489339 -5.8
AP2-00-100 0.89 -21.224146 -68.445981 -7
AP-00-30 3 -21.222646 -68.631401 -4.7
AP2-00-70 0.9 -21.217859 -68.457567 -6.5
AP2-00-71 0.8 -21.217859 -68.457567 -7.3
AP2-00-91 0.6 -21.217842 -68.520603 -4.6
AP-00-52 2.57 -21.213485 -68.570316 -4.3
AP2-00-92 1.02 -21.206976 -68.515561 -4.9
AP-00-54 0.98 -21.204533 -68.460651 -6.8
AP2-00-64 1.01 -21.203926 -68.468727 -6.7
AP-07-86 4 -21.203585 -68.374416 -3.9
AP-00-82 7.99 -21.198712 -68.342566 -3.6
AUC1 0.78 -21.196336 -68.458257 -6
AP-07-72 5.5 -21.187836 -68.324831 -3.7
AP-07-73 8 -21.186043 -68.325976 -3.6
VM99-52 3.3 -21.184423 -68.603552 -4
AP-00-62 3.4 -21.177162 -68.429145 -4.9
AP-00-37 4.41 -21.172889 -68.566234 -4.5
AP-00-38 4.28 -21.168064 -68.576949 -6.1
VM99-16 3.3 -21.153943 -68.644305 -4.4
AP-07-78 3.2 -21.12705 -68.540839 -4.8
AP-07-10A 7.5 -21.126344 -68.359429 -4.7
AP-07-10B 7.5 -21.124533 -68.360833 -4.1
AP-07-08 7.5 -21.122381 -68.360303 -3.9
AP-00-11 10.5 -21.099061 -68.478931 -1.482528
AP-00-17 10.97 -21.096025 -68.499727 -1.6
AP-00-03 10.5 -21.095099 -68.529884 -1.6
AP-00-04 10.78 -21.093744 -68.543021 -0.975347
AP-07-17 7.5 -21.079132 -68.365302 -3.3
samp. BC9012 20 -21.07 -67.97 53.59 -4.380853
samp. BC9012 0.1 -21.07 -67.97 53.59 -4.545118
AP-07-88A 9.5 -21.064335 -68.375789 -3.6
samp. BC9005 20 -20.85 -68.83 54.06 -5.859919
samp. BC9005 0.1 -20.85 -68.83 54.06 -6.027645
ELR1 3.23 -20.843685 -68.613553 -7.1
samp. IRU-98-05 0.1 -20.7333 -68.5653 0 -3.696351
samp. IRU-98-07 0.1 -20.7333 -68.5581 0 -4.126828
samp. IRU-98-01 0.1 -20.7333 -68.55 0 -3.673821
IRU-10 0.45 -20.721377 -68.576317 -4.2
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Sample_ID Latitude Longitude (Sr87/Sr86)i Sample_ID Latitude Longitude (Sr87/Sr86)i
Sia145b -25.980833 -67.638611 0.7077 97_5 -27 -69.8 0.7035
SAF44 -25.916667 -67.666667 0.709864 T3 -26.991667 -68.730556 0.7189
SAF7 -25.916667 -67.666667 0.70667 SGA170/1 -26.991667 -68.730556 0.7111
SAF8 -25.916667 -67.666667 0.70616 T6 -26.9875 -68.722222 0.7088

Leon_1_3 -25.898333 -68.379167 0.7057 CO181 -26.866667 -69.65 0.7059
T8A -25.8928 -67.3022 0.7059 CO242 -26.866667 -69.65 0.7055

Leon_1_32a -25.883889 -68.3675 0.706 6/139 -26.837222 -67.425 0.7155
SS102 -25.883333 -67.333333 0.7112 6-131 -26.761111 -67.500556 0.7442
SS14 -25.883333 -67.333333 0.7108 6-143 -26.761111 -67.500556 0.7241

Colo_1_33 -25.834167 -68.579167 0.7061 T11b -26.7325 -68.242222 0.717
SS-E1 -25.802 -69.812 0.7045 RP1 -26.73 -67.3 0.7058
SS_E1 -25.802 -69.812 0.704021 RP1997 -26.7 -67.26 0.7053

Sia48b1 -25.755278 -68.311111 0.7072 K_32a -26.661 -69.536 0.7038
Sia46b2 -25.741944 -68.185556 0.7073 Sia72 -26.596389 -68.150556 0.7069
Sia70/2 -25.723889 -68.0625 0.7124 Sia101d -26.570556 -67.817222 0.708
Sia68b2 -25.723889 -68.0625 0.7073 JUNC-97-4 -26.518889 -68.835278 0.7066
7/156 -25.713889 -66.479167 0.7535 Sia83b8 -26.488889 -68.099722 0.7068

AQUA_2_19 -25.711944 -68.468056 0.7073 Sia97b3 -26.479722 -67.696667 0.7067
A_93a -25.708 -66.5013 0.70593 6/147 -26.458889 -68.320556 0.7112

A_95leached -25.707 -66.50185 0.70644 T5 -26.448611 -67.261667 0.7159
A_95 -25.705 -66.5019 0.70665 RM568 -26.4194 -67.3681 0.7073
A_12 -25.7045 -66.5037 0.70369 6-160 -26.371389 -68.325 0.7679

7/173* -25.7045 -66.5034 0.70338 Ped-97-12 -26.36 -69.28 0.7069
6/186a -25.7045 -66.5012 0.70337 7/27_ -26.334722 -66.211111 0.7504

A_93matrix -25.704 -66.5018 0.70581 6/120 -26.334722 -66.211111 0.7362
4/295B -25.7036 -66.5046 0.70395 6/111 -26.319444 -66.222222 0.7087

6/186matrix(a) -25.7035 -66.5023 0.70336 M18/1 -26.267222 -68.334722 0.761
A_119 -25.7033 -66.5036 0.70336 M18/5 -26.267222 -68.334722 0.7513
A_82 -25.703 -66.5017 0.70332 6/165 -26.267222 -68.334722 0.7375
4/146 -25.7027 -66.5036 0.70349 SGA175 -26.267222 -68.334722 0.7244

A_78matrix -25.702 -66.5016 0.70322 6/148 -26.267222 -68.334722 0.7221
Blan_2_23 -25.701667 -68.4775 0.70741 6/157 -26.267222 -68.334722 0.7113

A_44 -25.7015 -66.5065 0.70348 SDA15 -26.267222 -68.334722 0.7084
A_78a -25.7015 -66.5015 0.70327 RP1093_ -26.253333 -67.401667 0.705577
8/2* -25.7013 -66.5066 0.71498 Cy-94-1 -26.211944 -68.551667 0.7071
8/1* -25.7012 -66.5067 0.7165 87a -26.138889 -66.225 0.84

A_70a -25.701 -66.501 0.70347 502c -26.138889 -66.225 0.7781
SAF25_ -25.676111 -68.292778 0.705583 7/176 -26.138889 -66.225 0.7448
SAF25 -25.6761 -68.2928 0.7056 522b -26.138889 -66.225 0.7288
SAF9 -25.633333 -67.483333 0.70621 138f -26.138889 -66.225 0.7132
Sra10 -25.616111 -67.708611 0.7081 523a -26.138889 -66.225 0.7117

RP2191 -25.55 -67.55 0.7057 Sia92/3a -26.133056 -67.973333 0.7072
RP1093 -25.5333 -67.9167 0.7056 Trin-97-2-b2 -26.074722 -68.470833 0.7069

Sal_H_14 -25.527778 -68.761111 0.7073 5213-S-23-b1 -25.980833 -68.444167 0.709
Sal_H_7 -25.517222 -68.765278 0.7071 Pari_2-17 -25.980833 -68.444167 0.7079
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Sample_ID Latitude Longitude (Sr87/Sr86)i Sample_ID Latitude Longitude (Sr87/Sr86)i
T20 -24.2 -66.25 0.7081 RP2191_ -25.503333 -67.536111 0.705727

SJ25_2 -24.083333 -66.168056 0.707451 R_2_3 -25.48 -68.960556 0.7057
SJ25-2 -24.0833 -66.1681 0.7075 14/11-S-27 -25.472222 -68.941944 0.7067

Y83 -24 -66.5 0.7077 TC_2_3 -25.467222 -68.950833 0.7061
T162 -24 -66.5 0.7063 115_ -25.467 -70.5 0.7046
PT ZU -24 -66.416667 0.7062 mi07 -25.443611 -66.991667 0.7897
xc-01 -23.961111 -66.732222 0.7235 Qcn-94-2/9 -25.4225 -69.209722 0.7067
CB51b -23.841667 -70.125 0.7033 Sat_1_1 -25.368611 -68.850833 0.7061
U_8 -23.833 -70.417 0.7034 RM569 -25.36 -67.73 0.7076

CB76b -23.808333 -70.126389 0.7033 SAF23 -25.3428 -68.3094 0.7058
Cb70b -23.8 -70.15 0.7032 K_51a -25.333 -69.417 0.7046
KU5b -23.8 -70.144444 0.7032 Sia32b1 -25.329167 -67.856667 0.7081
CB74b -23.8 -70.126389 0.7033 Sia30b2 -25.329167 -67.856667 0.7078

N-1 -23.8 -67.8 0.7067 Cda_1_4 -25.301111 -68.5175 0.7065
N-2 -23.8 -67.8 0.7065 RM810 -25.22 -66.765 0.7073
PN 1 -23.8 -67.8 0.7063 Last_rw_3 -25.200833 -68.555556 0.7069
SA3 -23.8 -67.8 0.7033 LTA-98-82 -25.147149 -68.518124 0.7072

CB46b -23.798889 -70.127222 0.7029 LTA-98-83 -25.143964 -68.51748 0.7071
AS1 -23.798889 -70.116111 0.7039 LTA-98-81-2 -25.125859 -68.520012 0.707

CB19b -23.798889 -70.115556 0.7032 PU1 -25.11 -67.63 0.7067
AS72 -23.798889 -70.098611 0.7039 SK 1/55 -24.980556 -66.702778 0.7577
AS9 -23.798889 -70.098611 0.7039 4/164 -24.980556 -66.702778 0.7092
AS5 -23.798889 -70.098611 0.7037 SS-D9 -24.928 -70.036 0.7099

CB10 -23.798889 -70.098611 0.7036 SS_D9 -24.928 -70.036 0.703858
CB120 -23.798889 -70.098611 0.7035 PU6 -24.83 -68.07 0.7068
CB55 -23.798889 -70.098611 0.7034 PU5 -24.82 -68.02 0.7069

KU188 -23.798889 -70.098611 0.7034 LUL-98-31 -24.763823 -68.576231 0.7066
AS10 -23.798889 -70.098611 0.7033 PU2 -24.75 -68.03 0.7067
CB32 -23.798611 -70.115278 0.7033 PU4 -24.7453 -68.1125 0.7067
CB33b -23.798611 -70.115278 0.7033 LP36 -24.6675 -66.3175 0.7076
CB11b -23.798611 -70.115278 0.7032 PU3 -24.65 -67.92 0.7063
CB42b -23.798611 -70.115278 0.7032 6-58- -24.611111 -67.533333 0.7359
CB3a -23.798611 -70.1 0.7034 6-19- -24.611111 -67.533333 0.7254
6/99- -23.587222 -66.591667 0.7567 LP199 -24.5508 -66.3339 0.7071
PU10 -23.57 -66.94 0.7082 18080_ -24.5375 -66.920833 0.7286

PG-358-2 -23.51 -67.29 0.7094 FC-51 -24.5375 -66.920833 0.7253
3/379 -23.463333 -70.494444 0.7098 qtj7 -24.431944 -66.817222 0.7364
164_ -23.408 -70.367 0.703 ac-06 -24.431944 -66.817222 0.7163

LAS 07-23 -23.3954 -67.7207 0.7063 SOC-98-29 -24.402136 -68.352385 0.7066
LAS 07-26 -23.3952 -67.7184 0.7063 P24-4 -24.4 -66.4 0.7063
LAS 07-16 -23.3904 -67.7937 0.7066 N_1 -24.335 -68.668056 0.7067
LAS 07-28 -23.39 -67.7243 0.7061 PN 2 -24.335 -68.668056 0.7063
LAS 07-01 -23.355 -67.8155 0.7067 P24_4 -24.333333 -66.5 0.706333
LAS 07-02 -23.3529 -67.8164 0.7064 N_2 -24.318333 -68.651389 0.7065
LAS 07-05 -23.346 -67.8082 0.7067 SOC-98-27-2 -24.285775 -68.318138 0.7068
LAS 07-12 -23.3341 -67.7513 0.7061 SOC-98-27-3 -24.276856 -68.316422 0.7079
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Sample_ID Latitude Longitude (Sr87/Sr86)i Sample_ID Latitude Longitude (Sr87/Sr86)i
AMO_55F -22.5 -66.75 0.7142 LAS 07-09 -23.3319 -67.7534 0.7102
AMO_55D -22.5 -66.75 0.7141 LAS 07-22 -23.3307 -67.7742 0.7057
P87_78A -22.5 -66.75 0.7141 LAS 07-18A -23.3262 -67.7971 0.7064

AMO_45B -22.5 -66.75 0.7137 LAS 07-18B -23.3262 -67.7971 0.7063
AMO_57C -22.5 -66.75 0.7128 LAS-98-48 -23.325824 -67.776525 0.7071
AMO_50 -22.5 -66.75 0.7126 LAS-98-49 -23.323333 -67.775 0.7064

AMO_51G -22.5 -66.75 0.711 LAS 07-20 -23.3217 -67.7823 0.7066
81056_ -22.4875 -69.180556 0.7054 LAS 07-08 -23.3217 -67.7823 0.7057
8059_ -22.345833 -70.325 0.7036 LAS 07-07 -23.321 -67.7771 0.7057

NN-Q2(1) -22.34 -68.97 0.7049 S16G -23.3 -66.98 0.706
NN_Q2 -22.34 -68.97 0.704613 SS-J3 -23.21 -69.214 0.7044
81129_ -22.333333 -69.133333 0.705 SS_J3 -23.21 -69.214 0.70427
81134_ -22.316667 -69.091667 0.7043 SS-K1C -23.092 -69.041 0.7072
NN-Q1B -22.302 -69.102 0.7053 SS_K1c -23.092 -69.041 0.705117
NN_Q1b -22.302 -69.102 0.704954 871_ -22.983333 -66.083333 0.7122

8077_ -22.208333 -70.222222 0.7064 PG-220-5 -22.97 -67.29 0.7096
81105_ -22.166667 -69.854167 0.7051 LIC-98-12 -22.872715 -67.889543 0.7077
81094_ -22.105556 -70.033333 0.7047 3/307 -22.869444 -68.918056 0.7517
81078_ -22.083333 -70.2125 0.707 3/306 -22.869444 -68.918056 0.7136
NN-P7 -22.074 -68.95 0.7066 5/29- -22.869444 -68.918056 0.7076
NN_P7 -22.074 -68.95 0.706434 LIC-98-11 -22.861248 -67.88583 0.708
NN_05 -22.064 -69.55 0.704148 3/303 -22.834167 -69.013889 0.7053
NN-O5 -22.064 -68.055 0.7042 6/6- -22.834167 -69.013889 0.7045

7/91-6 F1 core -21.96 -67.85 0.7091 LIC-98-37 -22.833056 -67.930278 0.7079
ABR-02 -21.925 -68.8 0.7046 SAI-98-40 -22.722778 -67.898056 0.7082
ABR-02 -21.925 -68.8 0.704577 SAI-98-42 -22.721667 -67.898333 0.7083

NN-AD_A -21.894 -68.831 0.7049 SAI-98-42-B -22.721667 -67.898333 0.7081
NN_AD1a -21.894 -68.831 0.704508 COR-98-72 -22.710145 -67.888749 0.70802
NN-A1B -21.889 -68.655 0.7048 81091_ -22.65 -69.033333 0.7046
NN_A1b -21.889 -68.655 0.704648 COR-98-87-2 -22.638432 -67.905958 0.7063

SP1 -21.887146 -68.499413 0.7066 COR-98-87 -22.636667 -67.904444 0.70825
SPP-98-54 -21.87 -68.497778 0.7067 PUT-98-44-2 -22.553056 -67.898333 0.7082

NN-AF3 -21.861 -68.87 0.7054 SS-L1 -22.546 -68.999 0.7052
NN_AF3 -21.861 -68.87 0.705265 SS_LI -22.546 -68.999 0.704855
COL-17 -21.855285 -68.607302 0.7038 AMO_20B -22.5 -66.75 0.7187

SPP-98-56 -21.823333 -68.463889 0.7057 AMO_22C -22.5 -66.75 0.7156
CHAN3 -21.759181 -68.313932 0.7061 P87_39B -22.5 -66.75 0.7151
CHAN1 -21.756072 -68.316936 0.7069 AMO_55A -22.5 -66.75 0.7148
105_ -21.7545 -68.6056 0.7036 P87_46A -22.5 -66.75 0.7148
108_ -21.7532 -68.60423 0.7039 P87_8C -22.5 -66.75 0.7148
4/354 -21.725 -69.833889 0.7229 P87_46B -22.5 -66.75 0.7146
3/354 -21.725 -69.833889 0.7224 AMO_16 -22.5 -66.75 0.7144
3/299 -21.701389 -69.175 0.7123 P87_76 -22.5 -66.75 0.7144
NN-D2 -21.697 -68.738 0.7052 AMO_35D -22.5 -66.75 0.7143
NN_D2 -21.697 -68.738 0.705081 AMO_38B -22.5 -66.75 0.7143
262_ -21.667 -69.825 0.7036 P87_34C -22.5 -66.75 0.7143
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Sample_ID Latitude Longitude (Sr87/Sr86)i Sample_ID Latitude Longitude (Sr87/Sr86)i
OLA9030 -21.278338 -68.135877 0.7079 CEB5 -21.589287 -68.441134 0.7058
AP-07-19 -21.274444 -68.50732 0.705627 CUEV1 -21.58378 -68.465467 0.7056

OLA10 -21.273379 -68.224068 0.7083 CUEV4 -21.572287 -68.48525 0.7059
OLA31 -21.270179 -68.206215 0.7078 PAL6 -21.563985 -68.485336 0.7057

AP-07-62C -21.267353 -68.543403 0.705645 PAL4 -21.561112 -68.4904 0.7056
OLA32 -21.2665 -68.209219 0.7071 PAL5 -21.560633 -68.491774 0.7054

OLA9032 -21.26642 -68.132572 0.7079 CAR1 -21.438719 -68.389922 0.7062
AP2-00-79 -21.262775 -68.444757 0.706237 CHE6 -21.424547 -68.426971 0.7058

OLA33 -21.262181 -68.216171 0.7083 PUN1 -21.416667 -68.316667 0.7056
AP-00-83 -21.25593 -68.587869 0.705535 CHE8 -21.407368 -68.454266 0.7056

AP2-00-77 -21.253817 -68.462939 0.706793 OLA9022 -21.376999 -68.169909 0.7076
AP2-00-57 -21.251673 -68.479263 0.706286 OLA9015 -21.375521 -68.145919 0.7083
AP2-00-75 -21.250027 -68.45878 0.706405 OLA9017 -21.375201 -68.148108 0.7063
AP-00-72 -21.247793 -68.585618 0.705443 OLA9023 -21.365849 -68.168278 0.7074
AP-07-51 -21.23761 -68.399135 0.70587 OLA9020 -21.362972 -68.160295 0.7079
OLA9009 -21.236982 -68.155575 0.7082 OLA9019 -21.361653 -68.150876 0.7063

AP2-00-96 -21.236819 -68.453643 0.706202 OLA9024 -21.357416 -68.176346 0.7076
AP2-00-98 -21.228676 -68.449819 0.706786 OLA9025 -21.354818 -68.171496 0.7079
AP2-00-61 -21.226002 -68.461392 0.706002 AP-07-27 -21.354457 -68.396893 0.705672
AP2-00-47 -21.225186 -68.489339 0.706129 AP-07-26 -21.349102 -68.377561 0.705857
AP2-00-100 -21.224146 -68.445981 0.706667 OLA9026 -21.337071 -68.142185 0.7077

AP-00-30 -21.222646 -68.631401 0.705753 AP-07-28 -21.33551 -68.401379 0.705753
AP2-00-70 -21.217859 -68.457567 0.706339 AP-07-29 -21.334395 -68.400477 0.70626
AP2-00-71 -21.217859 -68.457567 0.706213 OLA9011 -21.334073 -68.123646 0.7082
AP2-00-91 -21.217842 -68.520603 0.705791  AP-07-45 -21.333045 -68.631097 0.705744
AP-00-52 -21.213485 -68.570316 0.705705 AP-07-41 -21.330978 -68.58903 0.705791

AP2-00-92 -21.206976 -68.515561 0.705819 OLA3 -21.328236 -68.286037 0.7073
AP-00-54 -21.204533 -68.460651 0.706602 OLA9012 -21.325998 -68.136606 0.7079

AP2-00-64 -21.203926 -68.468727 0.706497 OLA21 -21.324079 -68.210678 0.7073
AP-07-86 -21.203585 -68.374416 0.705645 OLA19 -21.320081 -68.182011 0.7076
AP-00-82 -21.198712 -68.342566 0.705128 OLA9014 -21.320041 -68.129654 0.7075

AUC1 -21.196336 -68.458257 0.706 OLA16 -21.319801 -68.176174 0.70795
AP-07-72 -21.187836 -68.324831 0.705748 PORU 02 -21.3196 -68.2939 0.7067
AP-07-73 -21.186043 -68.325976 0.705463 OLA17 -21.319361 -68.18038 0.7074
VM99-52 -21.184423 -68.603552 0.705604 OLA11 -21.317682 -68.176002 0.7077
AP-00-62 -21.177162 -68.429145 0.705767 AP-07-83 -21.317489 -68.292904 0.706458
AP-00-37 -21.172889 -68.566234 0.70608 OLA14 -21.316803 -68.182955 0.7067

MIN4 -21.168965 -68.600349 0.7058 OLA13 -21.315683 -68.183942 0.7069
AP-00-38 -21.168064 -68.576949 0.706521 OLA1 -21.314324 -68.259087 0.7071

MIN2 -21.164963 -68.579063 0.7055 OLA24 -21.312605 -68.176775 0.7075
4/316 -21.1575 -69.022222 0.7278 OLA23 -21.312405 -68.219604 0.7074
3/291 -21.1575 -69.022222 0.7218 AP-00-92 -21.310119 -68.497078 0.705493
3/287 -21.1575 -69.022222 0.7195 AP-07-23A -21.306262 -68.331262 0.706347
4/327 -21.1575 -69.022222 0.7193 SC2 -21.288854 -68.311668 0.7068
4/76- -21.1575 -69.022222 0.7087 OLA26 -21.288175 -68.200378 0.7081
4/329 -21.1575 -69.022222 0.7085 OLA25 -21.2875 -68.1875 0.7077

VM99-16 -21.153943 -68.644305 0.705543 OLA29 -21.283256 -68.204842 0.7078
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Sample_ID Latitude Longitude (Sr87/Sr86)i
AP-07-78 -21.12705 -68.540839 0.705799

AP-07-10A -21.126344 -68.359429 0.705464
AP-07-10B -21.124533 -68.360833 0.705548
AP-07-08 -21.122381 -68.360303 0.705423
AP-00-11 -21.099061 -68.478931 0.705074
AP-00-17 -21.096025 -68.499727 0.705267
AP-00-03 -21.095099 -68.529884 0.705173
AP-00-04 -21.093744 -68.543021 0.705103
CCO-01 -21.09 -68.08 0.7058
CHJ-02 -21.085061 -68.871961 0.7303
CHJ-01 -21.08476 -68.870223 0.714

AP-07-17 -21.079132 -68.365302 0.705288
BC9012 -21.066667 -67.966667 0.7058

AP-07-88A -21.064335 -68.375789 0.705389
7/91-08 -21.06 -67.97 0.7058
CEU-25 -21.0375 -68.75 0.7076
BLA-21 -21.018266 -68.836105 0.7051
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Supplementary Table 1: Tibet Lu-Hf data 
 

 
  

* includes native Hf data and Nd data converted to Hf using the terrestrial array of Vervoort et al. (2009).
Distance from Indus Suture (km) Distance from Indus Suture (km)

Data Source Sample_Name Age (Ma) Ep_Hf(t)* Data Source ample_NamAge (Ma) Ep_Hf(t)*
Gao et al., 2009 CHP17 13 81 -16.0492 Chen et al., 2012 CQ1-04-09 16 144 -9.6708
Gao et al., 2009 CHP18 13 81 -15.8316 Chen et al., 2012 CQ1-04-01 16 144 -10.106
Gao et al., 2009 CHP3 13 81 -15.1652 Chen et al., 2012 CQ1-04-2 16 144 -9.5076
Gao et al., 2009 CHP4 13 81 -15.002 Chen et al., 2012 CQ1-04-20 16 144 -10.378
Gao et al., 2009 CHP6 13 81 -15.3284 Chen et al., 2012 CQ1-04-21 16 144 -10.3644
Gao et al., 2009 CHP7 13 81 -15.2468 Chu et al., 2006 ST134A 188.1 20.44 14.59
Gao et al., 2009 CHP8 13 81 -14.9748 Chu et al., 2006 ST134A 188.1 20.44 10.43
Hou et al., 2004 Dzl-01 13 30 3.82584 Chu et al., 2006 T109B 202.74 95 -7.51
Hou et al., 2004 Dzl-05 13 30 5.41704 Chung et al., 2009 T060B 15.1 24 4.433333
Hou et al., 2004 Dzl-06 13 30 4.09104 Ding et al., 2003 99T145 8.2 70.69 -14.322
Hou et al., 2004 Dzl-07 13 30 5.6836 Ding et al., 2003 99T134 13 82 -13.641
Hou et al., 2004 Ng-16 16 19 -1.47 Ding et al., 2003 99T152 13 82 -16.7213
Hou et al., 2004 Ng-18 16 19 4.88664 Ding et al., 2003 99T154 13.1 73.32 -15.6548
Hou et al., 2004 Nmy-04 16 19 5.94744 Ding et al., 2003 99T132 13.3 81.76 -14.6484
Hou et al., 2004 Nmy-07 16 19 10.4572 Ding et al., 2003 99T62 22.5 189 -17.1508
Hou et al., 2004 PI-18 16 19 5.15184 Ding et al., 2003 99T60 22.9 189 -17.1644
Hou et al., 2004 PI-28 16 19 3.61368 Ding et al., 2003 99T53 23 189 -17.4012
Kapp et al., 2005 BD-7 8.6 112.16 -6.5972 Ding et al., 2003 99T56 23 189 -17.27
Kapp et al., 2005 QC 4 8.7 102.21 -7.3452 Ding et al., 2003 99T57 23 189 -17.6038
Kapp et al., 2005 BD-8 9.1 112.16 -8.4604 Gao et al., 2007 CHZ-1 10.5 75 -18.2932
Kapp et al., 2005 QC 5 10.8 96.93 -13.1796 Gao et al., 2007 CHZ-10 10.5 75 -18.5788
Kapp et al., 2005 99-5-9-3 13.03 97.6 -3.0748 Gao et al., 2007 CHZ-12 10.5 75 -18.8236
Kapp et al., 2005 QC 2 16.75 106.82 -7.0732 Gao et al., 2007 CHZ-5 10.5 75 -18.5516
Kapp et al., 2005 QC 14 18.15 114.74 -4.1628 Gao et al., 2007 CHZ-8 10.5 75 -18.5244
Kapp et al., 2005 BD-3 19.57 111.57 -6.5972 Gao et al., 2007 T1/03 19 166 -15.0972
Kapp et al., 2005 QC 17 20.58 109.79 -5.482 Gao et al., 2007 T1/06 19 166 -15.5188
Kapp et al., 2005 QC 18 21.91 110.98 -7.3452 Gao et al., 2007 T1/08 19 166 -18.0484
Kapp et al., 2005 QC 19 22.1 110.38 -5.754 Gao et al., 2007 T1/10 19 166 -15.9268
Kapp et al., 2005 99-5-5-4d 54.8 68.58 -1.9324 Gao et al., 2007 T1/11 19 166 -16.1852
Kapp et al., 2005 99-5-9-4a 60.9 97.99 -12.8124 Gao et al., 2007 T1/13 19 166 -15.3284
Kapp et al., 2005 99-5-11-1a 87.9 107.88 -4.8564 Gao et al., 2007 T1/17 19 166 -19.3948
Kapp et al., 2005 99-5-7-3b 130 72.93 -7.5764 Gao et al., 2007 T1/18 19 166 -18.8644
Ji et al. 2009 06FW161 13.5 30 6.4 Gao et al., 2007 T1/59 19 166 -14.9884
Ji et al. 2009 06FW160 13.7 30 6.2 Gao et al., 2009 CHP1 13 81 -14.7164
Ji et al. 2009 06FW158 14.9 20 4.7 Gao et al., 2009 CHP10 13 81 -15.4644
Ji et al. 2009 06FW124 15.3 25 6.9 Gao et al., 2009 CHP12 13 81 -15.0564
Ji et al. 2009 06FW159 15.3 34 4.6 Gao et al., 2009 CHP13 13 81 -14.9884
Ji et al. 2009 06FW123 17 24 5.8 Gao et al., 2009 CHP15 13 81 -16.3348
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Distance from Indus Suture (km) Distance from Indus Suture (km)
Data Source Sample_Name Age (Ma) Ep_Hf(t)* Data Source ample_NamAge (Ma) Ep_Hf(t)*

Ji et al. 2009 06FW166 205.3 16 14.8 Ji et al. 2009 06FW125 17.7 24 6.4
Ji et al. 2012 08FW51 64.5 37 10.7 Ji et al. 2009 06FW142 21.3 14.5 9
Ji et al. 2014 08FW50 61.7 44 10.6 Ji et al. 2009 06FW157 32.5 9 5
Lee et al., 2009 T047 44 50.51 3.358 Ji et al. 2009 06FW139 41.5 9 0.6
Lee et al., 2009 T065A 48.6 49.85 -15.682 Ji et al. 2009 06FW134 41.9 7 2.3
Lee et al., 2009 T041F 49.3 20 7.846 Ji et al. 2009 06FW140 43.7 19 7
Leng et al., 2012 GJ16-247.1 14.71938 42 3.329375 Ji et al. 2009 06FW131 44 11 2.7
Leng et al., 2012 GJ20-208 16.17 42 6.057692 Ji et al. 2009 06FW133 47.1 3 0.9
Li et al., 2011 BR-18 14.8 35 4.008696 Ji et al. 2009 06FW163 48.2 21 11
Li et al., 2011 BR-18 14.8 35 0.91 Ji et al. 2009 06FW127 49.5 20 7.4
Li et al., 2011 TG-39 16 30 3.280769 Ji et al. 2009 06FW128 49.9 6 9.4
Li et al., 2011 TG-39 16 30 -5.482 Ji et al. 2009 06FW174 50.2 1 10.9
Li et al., 2011 BR-17 16.66667 35 4.954167 Ji et al. 2009 06FW120 50.3 22 10.9
Li et al., 2011 BR-17 16.66667 35 -2.898 Ji et al. 2009 06FW111 50.6 16 11.1
Li et al., 2011 QD-1 17.1 31 2.95 Ji et al. 2009 06FW162 50.9 22 11.8
Li et al., 2011 QDZK001-216 19 31 2.542 Ji et al. 2009 06FW118 51 22 10.6
Li et al., 2011 QDZK001-116 19.1 31 2.542 Ji et al. 2009 06FW121 51.1 22 11
Mo et al., 2003 BD-114 43.93 78.86 0.3932 Ji et al. 2009 06FW119 51.2 22 11.1
Mo et al., 2003 LZ9913 60.6 71.48 3.4124 Ji et al. 2009 06FW148 51.3 7 11.7
Zhao et al., 2009 ZB12 16.01 137 -7.522 Ji et al. 2009 06FW154 51.3 27 8.2
Zhao et al., 2009 ZB10 16.02 137 -7.114 Ji et al. 2009 06FW147 51.5 7 13.4
Zhao et al., 2009 ZB4 16.12 137 -7.794 Ji et al. 2009 06FW175 52.6 1 11.2
Zhao et al., 2009 ZB1 16.16 137 -8.746 Ji et al. 2009 06FW129 52.9 18 6.2
Harris et al., 1988 XGS-10 41.1 2 7.71 Ji et al. 2009 06FW112 53.4 21 10.6
Wen et al., 2008 ET0261 46.4 19 5.730769 Ji et al. 2009 06FW176 53.6 2 11.3
Wen et al., 2008 T044E 48.3 30.59 11.328571 Ji et al. 2009 06FW110 54.3 48 7.7
Wen et al., 2008 T153 49.9 73.33 0.7 Ji et al. 2009 06FW105 55.2 50 6
Wen et al., 2008 T201A 50 4.22 11.938462 Ji et al. 2009 06FW126 55.3 20 6.4
Wen et al., 2008 ST043A 50.4 29 7.186667 Ji et al. 2009 06FW156 55.4 19 8.5
Wen et al., 2008 ST147A 50.6 16.08 11.690909 Ji et al. 2009 06FW151 55.5 5.5 12.7
Wen et al., 2008 T201B 50.7 5 12.355556 Ji et al. 2009 06FW108 56.8 51 7.7
Wen et al., 2008 ST152A 52.7 2.44 12.461111 Ji et al. 2009 06FW146 56.9 11 13
Wen et al., 2008 ST143A 84.8 2.96 12.81 Ji et al. 2009 06FW152-2 57.3 6 12.9
Wen et al., 2008 ST144A 85.2 2.29 14.05 Ji et al. 2009 06FW155 61.1 24 7.7
Wen et al., 2008 ST141A 90.5 20.31 11.553846 Ji et al. 2009 06FW104 64.4 41 6.9
Wen et al., 2008 T036E 102.2 4.53 12.309091 Ji et al. 2009 06FW101 64.7 43 7.9
Williams et al., 2004 JPT5.2 12.5 40 -5.618 Ji et al. 2009 06FW114 86.4 23 11.5
Williams et al., 2004 JPT8 13.8 39 -12.962 Ji et al. 2009 06FW170 108.6 5 13.2
Williams et al., 2004 JPT3 13.9 39 -4.258 Ji et al. 2009 06FW169 151.8 10 13.2
Williams et al., 2004 JPT14.1 18.8 29.28 -13.098 Ji et al. 2009 06FW167 155.9 10 11.6
Harris et al., 1988 G15A 56 32.97 7.166 Ji et al. 2009 06FW168 174.2 10 13.6
Harris et al., 1988 XGS-81 121 225.53 -5.21 Ji et al. 2009 06FW164 184.9 19 14.4
Xu (2010) T381 14 25 -1.81 Ji et al. 2009 06FW165 194 16 15.3
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Distance from Indus Suture (km) Distance from Indus Suture (km)
Data Source Sample_Name Age (Ma) Ep_Hf(t)* Data Source ample_NamAge (Ma) Ep_Hf(t)*

Zhu et al., 2009 NX5-3 108 131 -7.658 Xu (2010) T358 14.2 25 4.163636
Zhu et al., 2009 NX5-2 109 131 -4.672842 Xu (2010) T358 14.2 25 -0.314
Zhu et al., 2009 NX5-2 109 131 -8.066 Xu (2010) T380 14.3 25 2.681818
Zhu et al., 2009 DX21-1 111 140 -3.005222 Xu (2010) T380 14.3 25 -2.218
Zhu et al., 2009 DX21-1 111 140 -8.338 Xu (2010) T399 14.3 72 0.316667
Zhu et al., 2009 SZ08-1 111 180 -6.093333 Xu (2010) T399 14.3 72 -4.938
Zhu et al., 2009 SZ48 111 183 -10.514 Xu (2010) T403 14.4 60 -0.53333
Zhu et al., 2009 DXL1-3 112 214 0.571808 Xu (2010) T403 14.4 60 -4.122
Zhu et al., 2009 DXL1-3 112 214 -5.074 Xu (2010) T339 14.6 25 4.811111
Zhu et al., 2009 SZ08-3 113 180 -6.616667 Xu et al., 2010 T381 14 41 -4.938
Zhu et al., 2009 GB-8 116 131 -4.922559 Xu et al., 2010 T358 14.2 41 4.163636
Zhu et al., 2009 GB-8 116 131 -7.658 Xu et al., 2010 T358 14.2 41 -2.49
Zhu et al., 2009 DX13-1 121 196 -7.826094 Xu et al., 2010 T379 14.2 41 -2.218
Zhu et al., 2009 DX13-1 121 196 -11.602 Xu et al., 2010 T380 14.3 41 2.681818
Zhu et al., 2009 CMN04-2 125 212 -12.316667 Xu et al., 2010 T380 14.3 41 -1.81
Zhu et al., 2009 SZ39 125 183 -15.682 Xu et al., 2010 T399 14.3 64 1.2
Zhu et al., 2009 SZ43 129 183 -14.866 Xu et al., 2010 T399 14.3 64 -4.53
Zhu et al., 2009 DX2-1 130 173 -7.462315 Xu et al., 2010 T400 14.3 64 -8.066
Zhu et al., 2009 DX2-1 130 173 -11.33 Xu et al., 2010 T401 14.3 64 -4.122
Zhu et al., 2011 08CQ02 43.9 19 -0.146412 Xu et al., 2010 T403 14.4 64 0.45
Zhu et al., 2011 08CQ09 50 47 -0.285943 Xu et al., 2010 T403 14.4 64 -7.114
Zhu et al., 2011 08CQ13 51.5 65 0.645015 Xu et al., 2010 T339 14.6 41 4.8
Zhu et al., 2011 08CQ03 51.9 36 -0.314461 Xu et al., 2010 T339 14.6 41 -0.314
Zhu et al., 2011 RGZ01-1 87.4 2 13.358658 Zhao et al., 2009 XR01-3 11.5 61 -17.178
Zhu et al., 2011 NML01-1 87.7 24 11.804612 Zhao et al., 2009 Z8030-18 13.17 145 -15.41
Zhu et al., 2011 SZ07-1 110.9 171 -6.882756 Zhao et al., 2009 DR01-1 13.4 154 -13.914
Zhu et al., 2011 NM01-1 111.9 279 8.884403 Zhao et al., 2009 Z8030-5 13.47 145 -15.41
Zhu et al., 2011 SZ10-1 112.1 190 -5.853615 Zhao et al., 2009 DR04 13.5 154 -15.41
Zhu et al., 2011 GRC02-1 114 204 -9.324281 Zhao et al., 2009 DR01-2 13.7 154 -13.778
Zhu et al., 2011 DG05-1 114.3 237 0.503037 Zhao et al., 2009 DR03 14.2 154 -14.186
Zhu et al., 2011 08CQ35 122.6 111 -13.269941 Zhao et al., 2009 CQ01 16.1 95 -16.362
Zhu et al., 2011 MD01-1 152.9 112 -3.087475 Zhao et al., 2009 CQ02 16.59 95 -14.186
Zhu et al., 2011 NML05-1 206 96 -7.54727 Zhao et al., 2009 ZB21 27.14 141 -10.106
Zhu et al., 2009 DX19-1 107 176 0.745485 Zhou et al., 2010 Y-4 10.32 52 -7.5492
Zhu et al., 2009 DX19-1 107 176 -3.306 Zhou et al., 2010 Y-2 10.73 47 -8.1884
Zhu et al., 2009 SZ52 107 183 -11.194 Zhou et al., 2010 Y-3 11.14 44 -5.6316
Zhu et al., 2009 NX5-3 108 131 -3.151524 Zhou et al., 2010 Y-1-1 11.4 44 -7.9164

Zhou et al., 2010 GZ-15 12.96 41 -2.0956
Zhou et al., 2010 GZ-10 15.48 41 -2.2316
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Abstract 

 Radiogenic and stable isotopic studies of zircon are a powerful tool to investigate 

geologic processes because data can be placed in a temporal context using U-Pb ages.  However, 

when zircon data lack information on the spatial distribution of the parent rock(s) (e.g., detrital 

datasets), interpreting changes in isotopic composition through time is not always 

straightforward.  To evaluate and improve the utility of zircon isotopic data, we present a 

regional dataset consisting of new zircon U-Pb, εHf(t) and δ18Ozrc data in 31 Triassic to early 

Miocene igneous rocks from a >1,300 km long transect in the southwestern U.S. Cordillera.  
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This dataset is combined and compared with a compilation of whole rock isotopic data from the 

same transect.  Orogen-scale spatial and temporal isotopic trends are identified and interpreted, 

both in terms of the underlying mechanisms that generated the trends and the tectonic processes 

that have shaped this part of the Cordillera.  Most Cordilleran magmatism originates in the upper 

mantle and zircon εHf(t) primarily reflects the isotopic composition of the mantle source region.  

East of ~114 °W longitude in the southwestern U.S. Cordillera, the continental mantle 

lithosphere remained coupled to the crust until the late Miocene and zircon εHf(t) reflects the age 

of the lithosphere.  Because the mantle lithosphere remained intact, zircon εHf(t) and δ18Ozrc of 

igneous rocks associated with low-angle to flat-slab subduction and crustal thickening during the 

Laramide orogeny are not significantly different from igneous rocks associated with Farallon 

slab rollback/foundering.  Temporal isotopic trends identified in rocks east of ~114 °W longitude 

are related to migration of magmatism into lithospheric terranes of different age.  West of ~114 

°E longitude, in regions like the Mojave Desert in southern California, the continental mantle 

lithosphere is interpreted to have been partially removed and replaced by underplated Pelona-

Orocopia-Rand schist and isotopically depleted asthenosphere or oceanic lithosphere during the 

Laramide orogeny.  There is a temporal isotopic shift to more juvenile zircon εHf(t) and higher 

δ18Ozrc  in igneous rocks west of ~114 °W, which is used to estimate the position of the western 

edge of intact North American continental mantle lithosphere before and after the Laramide 

orogeny.  The results suggest that regional (spatial) trends in zircon εHf(t) and δ18Ozrc data can be 

significantly larger than isotopic shifts at a specific location within a Cordilleran orogenic 

system.  By accounting for regional spatial variations, temporal isotopic trends in zircon data can 

be more confidently interpreted in terms of tectonic and geodynamics processes. 
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Introduction 

 A defining characteristic of Cordilleran orogenic systems is a rich record of subduction-

related magmatism, which provides insight into lithospheric architecture as well as tectonic and 

geodynamic processes (Ducea et al., 2015).  Continental subduction systems and Cordilleran 

orogens cycle (10s Myr) between extensional and contractional end-members, a fundamental 

feature in models for orogenic cyclity (DeCelles et al., 2009; 2015; Ramos, 2009; Wells et al., 

2012).  The radiogenic isotopic composition of continental arc magmatism is a key tool used to 

track these cycles (Ducea, 2001; Haschke et al., 2002; Ducea and Barton, 2007).  Kemp et al. 

(2009) demonstrated that zircon Lu-Hf and zircon O isotope ratios in igneous rocks can help 

distinguish contractional and extensional periods such as: slab roll-back, back-arc basin 

extension, basin closure, and lithospheric thickening.  Zircon Lu-Hf isotopic data, including 

detrital zircon data, have recently been examined in numerous orogens to understand these 

processes and to help interpret periods of contraction and extension in the geologic record (Zhu 

et al., 2011; Boekhout et al., 2015; Balgord, 2017).  However, a recent review of Cordilleran 

orogenic magmatism by Chapman et al. (2017) suggests that the isotopic composition of the 

continental lithosphere and, in particular, the presence or absence of the mantle lithosphere may 

exert a primary control on the zircon Lu-Hf isotopic composition of magmatic products.  In this 

view, temporal shifts in the isotopic composition of magmatism in Cordilleran orogens are 

commonly related to the migration of magmatism into different lithospheric provinces or into 

regions with more or less continental mantle lithosphere preserved.   

 The southwestern U.S. Cordillera has experienced multiple episodes of extension, 

contraction, and arc migration during the Mesozoic to Cenozoic and the magmatic record is 

nearly continuous during this time (DeCelles, 2004; Dickinson, 2004; DeCelles and Graham, 
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2015).  The impetus for this study was to test if the zircon Lu-Hf and zircon O isotopic 

composition of Mesozoic to early Miocene igneous rocks from the southwestern U.S. Cordillera 

reflect geodynamic changes.  The results presented constitute the first regional zircon Lu-Hf and 

zircon O isotopic dataset from Mesozoic and younger igneous rocks in this part of the U.S. 

Cordillera (Fig. 1; Table 1).   

 

Geologic Background: Southwestern U.S. Cordillera 

 The U.S. Cordillera evolved since Paleozoic time as a result of subduction of oceanic 

lithosphere beneath the western North American plate (Dickinson, 2004).  Widespread 

subduction beneath North America initiated during the Triassic and lasted until the subduction of 

the Pacific-Farallon mid-oceanic spreading center and development of the San Andreas 

transform plate boundary during the late Oligocene to Miocene (Atwater and Stock, 1998).  

Opening of the north Atlantic Ocean during the Middle Jurassic coincided with an increase in 

North America-Farallon convergence rate and may have been linked to the start of contractional 

deformation in the Sevier retroarc thrust belt in the central U.S. Cordillera (DeCelles, 2004).  In 

contrast to the central U.S. Cordillera, during the Jurassic, much of the southwestern U.S. 

Cordillera was marked by extension and the development of the Bisbee-Sabinas rift basin that 

has been linked to the opening of the Gulf of Mexico (Dickinson and Lawton, 2001a) and back-

arc to intra-arc transtension (DeCelles, 2004; Busby, 2012).  Subduction rollback of the Farallon 

plate facilitated this extension and led to rifting of the Guerrero terrane and opening of the 

Arperos Basin (Lawton and McMillan, 1999; Martini et al., 2014) (Fig. 2A).  Regional extension 

and rifting might be expected to shift Lu-Hf isotope ratios in continental arc rocks to more 

juvenile compositions (cf., Boekhout et al., 2015).  Rifting and post-extension thermal 
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subsidence lasted until the mid-Cretaceous (~100 Ma) at which time the Arperos Basin closed 

and the region transitioned into a contractional environment (Dickinson and Lawton, 2001a; 

Spencer et al., 2011; Martini et al., 2014).  Despite widespread extensional deformation during 

the Jurassic, regionally significant shortening also occurred in the East Sierran Thrust System 

(Dunne and Walker, 2004). 

 From the mid-Cretaceous to the start of the Laramide orogeny (~80 Ma), foreland basin 

deposits (Barth et al., 2004; Spencer et al., 2011; Clinkscales and Lawton, 2015) and shortening 

in the Maria fold-thrust belt (Spencer and Reynolds, 1990) and Mexican fold-thrust belt (Fitz-

Diaz et al., 2017) suggest that the southwestern U.S. Cordillera was part of a retroarc thrust belt 

and retroarc foreland basin system (Fig. 2B).  Prior to the Laramide orogeny, oceanic subduction 

is recorded by calc-alkaline, intermediate (andesitic), sublinear volcanic arcs and batholiths 

(Dickinson, 2004).  The southwestern U.S. Cordilleran subduction system initiated during the 

Late Permian (Walker, 1988) and produced voluminous (high-flux) magmatic events during the 

1) Triassic (Riggs et al., 2013), 2) the Late Jurassic (Barth et al., 2017), and 3) the mid- to Late-

Cretaceous that comprises the bulk of the Sierra Nevada and Peninsular Ranges batholiths (Cecil 

et al., 2012).   

 The Laramide orogeny (80-40 Ma) is thought to be related to low-angle or flat-slab 

subduction of the Farallon plate (Fig. 2C), associated with subduction of an oceanic plateau 

(Coney and Reynolds, 1977; Saleeby, 2003; Liu et al., 2010).  Continental arc magmatism in the 

Sierra Nevada and Peninsular Ranges batholiths ended by ~80 Ma (Ducea, 2001) and 

magmatism migrated eastward toward the foreland, reaching its maximum eastern extent in the 

Big Bend region of Texas and Sierra Madre Oriental in Mexico during the Late Eocene 

(Constenius et al., 2003; Fitz-Díaz et al., 2017).  Most Laramide-age magmatism is calc-alkaline, 
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metaluminous, and associated with subduction processes (Lang and Titley, 1998; McMillan, 

2004).  A broad belt of Laramide-age peraluminous (S-type) granite is also present in the 

Cordillera and has been attributed to crustal anatexis (Miller and Barton, 1990).  Crustal melting 

may have been driven by asthenospheric upwelling following delamination (Wells et al., 2012) 

or by radiogenic heating associated with crustal thickening (Farmer and DePaolo, 1984).  The 

Laramide orogeny in the southwestern U.S. Cordillera is associated with basement-involved, 

high-angle reverse faulting, block uplifts, and localized basin sedimentation associated with 

these uplifts (Davis, 1979; Dickinson et al., 1988; Clinkscales and Lawton, 2015) (Fig. 2C).  

Crustal thickening and contraction associated with the Laramide orogeny might be expected to 

shift Lu-Hf isotope ratios in magmatic rocks to more evolved compositions (cf., Boekhout et al., 

2015).  Isolated exposures of the Late Cretaceous to Eocene Pelona-Orocopia-Rand schist are 

present in the southwestern U.S. Cordillera west of ~113.5 °W longitude and are inferred to be 

the result of subduction erosion and underplating of the accretionary complex and forearc during 

the Laramide orogeny (Grove et al., 2003; Ducea et al., 2009; Chapman, 2017 and references 

therein).   

 The end of the Laramide orogeny in the southwestern U.S. Cordillera is marked by a 

transition from contractional to extensional tectonics around 40 Ma (Constenius et al., 2003) 

(Fig. 3).  The transition to extension is generally attributed to rollback and foundering of the 

Farallon slab, which has also been associated with a rapid westward sweep of magmatism toward 

the plate margin (Fig. 2d) (Coney and Reynolds, 1977; Humphreys, 1995).  This magmatic event 

lasted in the Cordilleran interior until the middle Miocene, was widespread, voluminous, and 

includes the “ignimbrite flare-up” of western North America with a peak in activity between 25-

30 Ma (Lipman, 1992).  During the Oligocene to early Miocene, extension initiated in the Rio 
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Grande rift (Ricketts et al., 2016) and large-magnitude slip on low-angle normal fault systems 

helped to exhume a series of metamorphic core complexes in the Colorado River extensional 

corridor, southern Arizona, Sonora, and the eastern Mojave region (Dickinson, 1991) (Fig. 2d).  

Dickinson (1991) referred to this stage (~30-15 Ma) of extension, dominated by low-angle 

normal faulting, as the mid-Tertiary taphrogeny and distinguished it from subsequent “Basin and 

Range” extension within the southwestern U.S. Cordillera.  Lithospheric extension and extension 

during this time might be expected to shift Lu-Hf isotope ratios in magmatic rocks to more 

juvenile compositions (cf., Boekhout et al., 2015). 

 Basin and Range style extension is most prominent in the central part of southwestern 

U.S. Cordillera (Arizona, New Mexico) and is characterized by high-angle normal faults and the 

formation of ~north-south trending half-graben systems (Dickinson, 1991; Spencer et al., 1995).  

The majority of Basin and Range style extension occurred between the middle Miocene and 

Pliocene (McQuarrie and Wernicke, 2005).  Starting in the Miocene, there was a pronounced 

shift in the composition of magmatism in the U.S. Cordillera.  Intermediate to felsic ignimbrite-

related magmatism was replaced by bimodal, predominantly basaltic, magmatism (Armstrong 

and Ward, 1991).  This shift is closely linked to Basin and Range extension and as extension 

progressed from the late Miocene to the present, magmatism in the southwestern U.S. Cordillera 

became increasingly characterized by the eruption of tholeiitic and alkali basalt with 

asthenospheric major and trace element patterns and juvenile isotopic compositions (e.g., Wang 

et al., 2002).  The start of Basin and Range extension is interpreted to mark the end of the 

Cordilleran-style orogenic processes and magmatism < 15 Ma is not considered in this study.   

 

Lower crustal structure and basement terranes, southwestern U.S. Cordillera 



653 
 

 The central U.S. Cordillera contains terranes of possible allochthonous origin (e.g., 

Roberts Mountains allochthon) that were accreted to the North American plate in the Paleozoic 

(e.g., Antler orogeny; Speed and Sleep, 1982; Dickinson, 2004).  Several isotopic studies on 

magmatic rocks have helped to delineate the boundary between these terranes and North 

American basement rocks (King et al., 2004; and references therein); however, the boundary is 

most commonly associated with the 87Sr/86Sr = 0.706 isopleth, colloquially called the “706 line” 

(Kistler and Peterman, 1973) (Fig. 1).  More radiogenic (evolved) isotopic values in Mesozoic 

and Cenozoic igneous rocks occur east of the 706 line.  In the southwestern U.S. Cordillera, the 

706 line parallels the crest of the southern Sierra Nevada and is truncated against the Garlock 

fault (Kistler, 1990) (Fig. 1).  The 706 line in the southern Sierra Nevada has been interpreted to 

mark the edge of continental basement (Kistler, 1990) as well as the edge of North American 

mantle lithosphere (Coleman and Glazner, 1997).  Mantle xenoliths from the eastern Sierra 

Nevada indicate that the base of the mantle lithosphere was located at >100 km depth during the 

Mesozoic and that the radiogenic isotopic compositions of Mesozoic plutons in the eastern Sierra 

Nevada are similar to the isotopic composition of the Mesozoic mantle lithosphere (Ducea and 

Saleeby, 1998; Ducea, 2001).   

 The southwestern U.S. Cordillera does not contain any large accreted terranes like the 

central and northern U.S. Cordillera.  There are a few ranges in the northwest Mojave Desert 

region (e.g., El Paso Mountains) containing basement rocks correlated with the Roberts 

Mountains allochthon that have been displaced southward by sinistral strike slip and then thrust 

over North American lithosphere (Miller et al., 1995), but samples from this study did not come 

from these locations.  North American crystalline basement is thought to extend westward across 

the Mojave region to the San Andreas Fault (Martin and Walker, 1992) and the thickest section 
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of the North American Proterozoic to Paleozoic passive margin sequence (Cordilleran 

miogeocline) occurs in the western Mojave region (Stewart, 2005).   

 The Proterozoic continental lithosphere in the southwestern U.S. Cordillera consists of 

several tectonostratigraphic terranes or provinces including, from oldest to youngest, the Mojave, 

Yavapai, Mazatzal, and Grenville terranes (Whitmeyer and Karlstrom, 2007) (Fig. 1).  The 

Mojave crustal province records Paleoproterozoic continental crust formation, incorporates rocks 

as old as the Archean, and has a mean crustal Sm-Nd model age of ~2.2 Ga (Wooden et al., 

2013).  Formation and accretion of juvenile crust occurred in the Yavapai province at 1.7-1.8 Ga, 

the Mazatzal province at 1.6-1.7 Ga, and the Grenville province at 1.0-1.3 Ga (Whitmeyer and 

Karlstrom, 2007, and references therein).  The Nd isotopic composition of Mesozoic and 

younger magmatic rocks has been used to define isotopic provinces, which roughly mimic the 

geographic position of Proterozoic terranes based on U-Pb studies (Bennett and DePaolo, 1987).   

 

Analytical methods 

 Rock samples were processed at the University of Arizona using standard methods for 

isolating zircon including magnetic and heavy liquid separation techniques.  Zircon crystals from 

the same sample were used for U-Pb geochronology, Lu-Hf isotope geochemistry, and O isotope 

geochemistry.  Zircon crystals were mounted in epoxy along with relevant standards and then 

polished to expose a cross-section of the crystal interior.  Epoxy mounts were imaged by 

backscatter electron (BSE) and cathodoluminescence (CL) detectors on a Hitachi 3400N 

scanning electron microscope (SEM) at the Arizona LaserChron SEM facility.  Locations for 

zircon U-Pb, Lu-Hf, and O isotopic analyses were chosen using a combination of high-resolution 

BSE and CL images.  
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 U-Th-Pb isotope ratios were collected at the University of Arizona Laserchon Center 

(www.laserchon.org) using a Teledyne Photon Machines G2™ solid state NeF excimer laser 

ablation system coupled to a Thermo Fisher Scientific ELEMENT 2™ single collector 

inductively coupled plasma mass spectrometer (LA-ICP-MS).  Data were collected and reduced 

following the procedures described by Gehrels et al. (2008) and Gehrels and Pecha (2014).  The 

value, uncertainty, and scatter of the zircon standards during the analytical sessions was 1098.7 ± 

0.7 Ma for the primary standard FC-1 (range = 1004-1199 Ma), 557.0 ± 0.4 Ma for the 

secondary standard SL (range = 532-587 Ma), and 418.2 ± 0.4 Ma for the secondary standard 

R33 (range = 399-439 Ma).  All analyses with acceptable precision, discordance, and in-run 

fractionation are presented in Supplementary Table 1.  Acceptable discordance (comparing 

206Pb/238U and 206Pb/207Pb ages) is < 20% and < 5% for reverse discordance.  Discordance filters 

are only applied to ages > 400 Ma.  The reported U-Pb age for each sample is a weighted mean 

of 5-23 individual zircon U-Pb analyses.  Because all samples have Mesozoic or younger 

crystallization ages, 206Pb/238U ratios were used to calculate weighted mean ages.  Uncertainty is 

reported at the 2σ level and includes internal and external uncertainties added in quadrature 

(Table 1).   

 Zircon Lu-Hf isotope geochemistry was conducted by LA-ICP-MS at the Arizona 

LaserChron Center using a Nu Instruments multi-collector mass spectrometer coupled to a 

Teledyne Photon Machines G2™ laser system.  Measurements were made using a 40 μm 

diameter spot placed directly over a previous 20 μm U-Pb ablation pit.  Data collection and 

reduction follows the procedures described in Cecil et al. (2011) and Gehrels and Pecha (2014).  

After adjusting mass bias to reduce offset, the value, uncertainty, and scatter of the zircon 

standards during the analytical sessions was 0.28218 ± 0.00005 176Hf/177Hf for FC-52 (range = 
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0.28208 - 0.28269 176Hf/177Hf), 0.28267± 0.00003 176Hf/177Hf for Temora-2 (range = 0.28259 - 

0.28274 176Hf/177Hf), 0.28254 ± 0.00003 176Hf/177Hf for Mud Tank (range = 0.28247 - 0.28259 

176Hf/177Hf), 0.28250 ± 0.00004 176Hf/177Hf for Plesovice (range = 0.28245 - 0.28277 

176Hf/177Hf), 0.28275 ± 0.00003 176Hf/177Hf for R33 (range = 0.28266 - 0.28288 176Hf/177Hf), and 

0.28232 ± 0.00005 176Hf/177Hf for 91500 (range = 0.28219 - 0.28275 176Hf/177Hf).  Lu-Hf 

isotopic data are presented throughout the paper using epsilon notation, in which 176Hf/177Hf 

ratios are expressed relative to the chondritic uniform reservoir (CHUR; Bouvier et al., 2008).  

εHf(t) refers to the εHf isotopic composition at the time of zircon crystallization.  Results and 

internal precision for 176Hf/177Hf and εHf are reported for each analysis in Supplemental Table 2.  

Reported εHf(t) values are weighted means of 5-15 individual zircon εHf(t) analyses and 2σ 

uncertainties are reported by combining external and internal uncertainty in quadrature.  Single 

zircon εHf(t) analysis values were excluded from mean sample values when the corresponding 

single-grain zircon U-Pb analysis indicated the spot was part of an inherited age domain 

(generally >3σ larger than the youngest age population; Supplementary Table 2). 

 Zircon oxygen isotope ratios were measured by secondary ion mass spectroscopy (SIMS) 

at the WiscSIMS laboratory at the University of Wisconsin-Madison using a CAMECA IMS 

1280 ion microprobe using procedures described elsewhere (Kita et al., 2009; Valley and Kita, 

2009 and references therein).  Sample zircon grains were mounted in epoxy resin with the 

running reference material, KIM-5 zircon (Valley, 2003), and coated by gold.  The primary Cs+ 

beam with intensity of ~1.6 nA, was focused to an analysis spot size of ~12 μm on a polished 

zircon surface (separate mounts from U-Pb Lu-Hf analyses).  CL images of zircons from samples 

previously analyzed for U-Pb isotopes were used to guide analysis locations, although 

inadvertent analyses of multiple zircon age domains may have occurred.  Secondary ions of 16O- 
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and 18O- were detected by two Faraday Cup detectors for oxygen two isotope analysis and 16OH- 

was detected by electron multiplier to monitor the influence of contaminant, simultaneously.  For 

zircons, elevated OH/O ratios, when corrected for background, are typical for domains with high 

degree of radiation damage (Wang et al., 2014).  A single analysis took 3 minutes, which 

includes an initial pre-sputtering (10s), automatic centering of secondary ions (~60s), and 

integration of oxygen isotope signals (4s × 20 cycle).  Oxygen isotopic data is reported in per mil 

(‰) using delta notation relative to Vienna standard mean ocean water (VSMOW).  Instrumental 

mass bias of oxygen isotope ratio was calibrated by bracketing analysis of KIM-5 zircon for 

every ~10 unknown analyses, typically four analyses at the start of each bracket and four at the 

end.  Based on in-run analysis of KIM-5 zircon, the average precision of δ18Ozrc is ≤ 0.3‰ (2 

standard error [SE]).  Reported δ18Ozrc in Table 1 is a weighted mean of 7-13 individual zircon 

δ18O analyses using 2 SE external precision as the weighting factor.  The uncertainty of δ18Ozrc 

values reported in Table 1 represents intra-sample variation and is reported as two standard 

deviations of the range of values from each sample.  Complete results for unknown and standard 

analyses are presented in Supplementary Table 3.   

 In addition to new analyses, existing εNd and δ18O data were compiled from the North 

American Volcanic and Intrusive Rock Database (NADAT; navdat.org).  The compiled data 

comes from the same geographic range as the transect samples and excludes samples < 15 Ma, 

which are often characterized by juvenile isotopic compositions related to Basin and Range 

extension.  A table of all compiled data and data sources is presented in Supplementary Table 4.  

Compiled δ18O data comes from intrusive and extrusive whole rock samples and mineral 

analyses other than zircon.  For comparison purposes, equilibrium fractionation (Δ18O) between 

whole rock and zircon analyses is estimated using the calibration from Lackey et al. (2008) that 
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incorporates whole rock SiO2 contents.  Equilibrium fractionation at magmatic temperatures for 

other mineral-zircon pairs used to compare data in this study are; Δ18Oquartz-zrc = 2.2; Δ18Osanidine-

zrc = 1.45; Δ18Oplagioclase-zrc = 1.0 (Bindeman and Valley, 2001; Valley et al., 2003; Trail et al., 

2009).  For comparison purposes, whole rock εNd(t) is related to zircon εHf(t) using the terrestrial 

array of Vervoort et al. (1999).  Beard and Johnson (1997) There is minor isotopic fractionation 

between zircon Hf analyses and the parent whole rock Hf analyses (Kinny and Maas, 2003), 

which allows the comparison of whole rock εNd(t) to zircon εHf(t). Converted εNd and δ18O data 

are included in Supplementary Table 4.   

 

Results 

 Zircon was analyzed from 31 samples of igneous rocks (mainly intrusive) collected from 

an ~1,300 km long transect across the southwestern U.S. Cordillera, from the southern Sierra 

Nevada in California to west Texas (~118.5 °W to ~105.5 °W longitude and ~31.75 °N to ~35.25 

°N latitude) (Fig. 1; Table 1).  This study reports new zircon U-Pb ages for 25 samples, 30 new 

zircon Lu-Hf isotopic ranges, and 20 new zircon oxygen isotopic ranges (Table 1).  Basic 

descriptions of each sample and detailed zircon U-Pb, zircon Lu-Hf, and zircon δ18O results for 

each sample are provided in Supplementary File 1.  Samples were chosen based on geographic 

distribution (from a range of longitudes) and age (Mesozoic to early Miocene) to explore 

temporal and spatial isotopic changes (Figs. 2-3).  Samples <15 Ma were avoided, as many 

igneous rocks of this age in the southwestern U.S. are associated with Basin and Range extension 

and their isotopic composition may not reflect Cordilleran (continental arc) tectonic processes.  

Igneous rock classification in Table 1 is based on appearance in the field or, when available, 

from chemical analyses published in previous studies (Supplemental File 1).  Individual samples 
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were not analyzed chemically in this study and are not intended to be representative of the entire 

compositional range of a pluton or intrusive suite.   

 

Zircon U-Pb geochronology results 

 Results of zircon U-Pb geochronology are presented in Table 1.  To our knowledge, all 

the ages presented are broadly consistent with previous studies.  References to previous studies 

for individual plutons or igneous suites are provided for each sample in Supplementary File 1.  

All weighted mean zircon U-Pb ages presented in Table 1 are interpreted as 

crystallization/emplacement ages and exclude old ages obtained from premagmatic zircon cores 

and occasionally young ages interpreted to be related to loss of radiogenic Pb (Supplementary 

Table 1; Supplementary File 1).  Average U/Th of zircon analyses used to calculate 

crystallization ages are < 5 for all samples (Supplemental Table 1).  Five of the samples (Tyrone, 

San Juan, Chino, Ajo, and Lakeshore) were previously dated by Leveille and Stegen (2012) 

using zircon U-Pb isotope geochronology.  The age of sample 29-Palms was adopted from zircon 

U-Pb isotopic data presented in Barth and Wooden (2006).  Late Cretaceous and younger 

igneous rocks in this study show the same spatial-temporal patterns (eastward migration 

followed by westward migration; Fig. 3) documented in previous compilations of igneous rock 

ages from the U.S. Cordillera (Coney and Reynolds, 1977; Constenius et al., 2003). 

 Pre-magmatic and/or xenocrystic cores were analyzed for U-Pb when encountered (based 

on CL images), but not investigated systematically.  Premagmatic (inherited) zircon cores range 

in age from Mesozoic to Proterozoic (Supplemental Table 1).  Inherited (single-grain) ages are 

shown in Fig. 5 where analyses are grouped by the crustal province the parent sample was 

collected from (Fig. 1).  Although it is not a comprehensive dataset, the Proterozoic inherited 
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zircon ages are broadly consistent with published ranges of basement ages for the crustal 

provinces (Whitmeyer and Karlstrom, 2007), excluding inherited zircon ages from the Mojave 

province (sample size n=11) and Yavapai province (n=3), which are younger than expected.   

 

Zircon Lu-Hf isotope results 

 Results of zircon Lu-Hf isotopic analyses are presented in Table 1, Figs. 3-6, and 

Supplementary Table 2.  Reported weighted mean zircon εHf(t) values are calculated from zircon 

grains that have U-Pb ages consistent with the crystallization/emplacement age.  Most samples 

have uncertainties of < 2 εHf units for mean values (Table 1), although uncertainty is high (up to 

6 εHf units) for some samples.   

 Zircon εHf(t) data show little or no secular trend but significant regional distinctions.  

Plotting isotopic data from the southwestern U.S. Cordillera against sample age, as is commonly 

done for detrital zircon εHf(t) data (e.g., Gehrels and Pecha, 2014), revealed a possible trend of 

increasing εHf(t) from the Late Cretaceous to the early Miocene (Fig. 4a), although no clear 

trends are easily recognizable.  A compilation of εNd(t) data from the southern U.S. Cordillera 

(Supplementary Table 4) also shows a large range of isotopic values at many points in time 

without a clear temporal trend (Fig. 4b).   

 Regional isotopic trends are most apparent when plotted against longitude (Fig. 6), which 

is sub-parallel to the structural grain of the Cordillera.  Zircon εHf(t) data in Fig. 6a form a broad 

U-shaped pattern with the most isotopically juvenile values (+10 to +15 εHf(t)) in the western 

Mojave Desert and Sierra Nevada, the most isotopically evolved values (-10 to -15 εHf(t)) around 

~114 °W longitude, and relatively juvenile values (0 to +10 εHf(t)) in west Texas.  The spatial 
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change (ε/distance) in isotopic values is greatest (steepest) in the west.  Compiled εNd(t) data in 

Fig. 6a corroborate this trend.  

 Data in Fig. 6a are separated into samples older and younger than 40 Ma, the 

approximate end of the Laramide orogeny and the initial age of a switch from a contractional to 

extensional tectonic regime in the southwestern U.S. Cordillera (Fig. 3; Constenius et al., 2003).  

The “> 40 Ma” and “< 40 Ma” bands in Fig. 6a encompass all of the new Hf isotopic data and 

~90% of the compiled Nd isotopic data.  At any longitudinal position in the southwestern U.S. 

Cordillera there is variation in the isotopic composition of magmatic rocks, but most of these 

values fall within a ~10 epsilon unit range, outlined by dashed lines or “bands” in Figure 6a.  In 

samples older than 40 Ma, the lowest εHf(t) and εNd(t) values occur at 117 °W to 116 °W 

longitude.  Both εHf(t) and εNd(t) samples younger than 40 Ma exhibit a shift to more juvenile 

radiogenic isotopic compositions west of ~114 °W longitude, but no shift in composition east of 

~114 °W longitude (Fig. 6a).  Hf isotopic compositions of samples < 40 Ma are most negative at 

109 °W to 111 °W longitude and Nd isotopic compositions of samples < 40 Ma are most 

negative at 112 °W to 115 °W longitude.   

 Nd and Hf isotopic composition can vary with whole rock composition.  No chemical 

data were collected for the new samples in this study, but when compiled Nd isotopic data are 

plotted by whole rock SiO2 content (Fig. 7b), the most mafic samples tend to have the highest 

values within a ~10 epsilon unit range, which is similar to the magnitude (y-axis range) of the “< 

40 Ma” and “> 40 Ma” bands in Fig. 6a.  The total longitudinal (spatial) isotopic range in Figs. 

6a and 7b is larger (~30 epsilon units) than the ~10 epsilon unit isotopic range at any single 

longitude associated with changes in rock composition. 
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 In addition to mean εHf(t) values corresponding to rock crystallization age, single-grain 

Lu-Hf isotopic analyses of inherited zircon age domains were obtained on domains identified 

during previous U-Pb analyses (Supplemental Table 2).  Zircon εHf(t) results for samples with 

Proterozoic ages from inherited cores are plotted in Fig. 5 and grouped by crustal province.  The 

dataset is not comprehensive, but zircon grains from the same province generally fall along 

similar 176Lu/177Hf = 0.015 crustal evolution lines, excluding the Mojave province.  Some 

analyses from the Mojave province appear to have either evolved from a more compatible 

(higher Lu/Hf) source (i.e., shallower slope of an evolution line in ε-space) or to have 

experienced significant isotopic mixing with a more juvenile component during Phanerozoic 

crystallization.  Hf model ages, based on the crustal evolution lines in Fig. 5, for samples in the 

Grenville and Mazatzal provinces are generally consistent with published Nd model ages 

(Bennett and DePaolo, 1987), however, the Hf crustal model age for Yavapai province is older 

than equivalent Nd model ages (cf., Fig. 1).  Because model ages are calculated based on 

composition of the material analyzed, there is no conversion required between Nd and Hf model 

ages.  Note that Hf model ages based on zircon (e.g., Lu/Hf = 0.001) rather than crustal 

compositions are much older.   

 

Zircon δ18O results 

 Results of zircon δ18O analyses are presented in Table 1, Figs. 4c and 6b, and 

Supplementary Table 3.  Reported weighted mean zircon δ18O values are calculated from age 

domains in zircon grains that are interpreted to reflect the crystallization/emplacement age of the 

sample, based on CL images and prior U-Pb analyses.  Most samples have uncertainties of < 1 

‰ for weighted mean values (Table 1).  Like the zircon εHf(t) results, there is no clear temporal 
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trend in δ18Ozrc data apart from a subtle increase in the range of δ18O values and increase in the 

mean δ18O value toward the present (Fig. 4c).   

 Temporal trends are more apparent when the data are plotted against longitude (Fig. 6b).  

East of ~114 °W longitude, all of the samples analyzed have mantle-like δ18Ozrc, although only 

one sample (Dragoon) older than 40 Ma was analyzed.  West of ~114 °W longitude, samples 

younger than 40 Ma display a shift to higher δ18O (Fig. 6b) at any specific longitude.  This shift 

is not well-defined (only two samples < 40 Ma are located west of ~ 114 °W longitude), but the 

shift is consistent with previously published oxygen isotopic data (Fig. 6b; Supplementary Table 

4).   

 Except for samples Dragoon and Cooke, premagmatic zircon age domains were not 

systematically analyzed for δ18Ozrc.  Premagmatic age domains in sample Dragoon yielded 

relatively high δ18Ozrc values (8.8 ± 1.4 ‰; n=4; Supplementary Table 3) relative to zircon rims 

(6.6 ± 1.6 ‰; Table 1).  Premagmatic age domains in sample Cooke yielded relatively low 

δ18Ozrc values (3.0 ± 0.4 ‰; n=2; Supplementary Table 3) relative to zircon rims (5.1 ± 1.2 ‰; 

Table 1).  Analysis of inherited zircon age domains in samples Dragoon and Cooke yielded U-Pb 

ages of 1.5-1.6 Ga (Supplementary Table 1), which may be associated with the premagmatic 

δ18Ozrc values, although the domains analyzed for oxygen isotopes were not directly dated by U-

Pb.  

 

Discussion 

The origin of spatial trends in radiogenic isotope data 

 Before attempting to interpret the isotopic results in terms of tectonic events or 

geodynamic processes, the origin of the spatial trends needs to be evaluated.  End-members for 
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factors that could generate the spatial trends in the Hf and Nd isotopic composition of igneous 

rocks in Fig. 6a are: 1) spatial changes in the degree of crustal (or sediment) assimilation, 2) 

spatial changes in the isotopic composition of the material assimilated, and 3) spatial changes in 

the melt source.  Except for Laramide-age peraluminous rocks associated with crustal anatexis 

(Miller and Barton, 1990), the initial melt source for Mesozoic and younger Cordilleran 

(continental arc) magmatism is interpreted to be the upper mantle (e.g., Farmer and DePaolo, 

1984; Hildreth and Moorbath, 1988; Annen et al., 2006).  Thus, estimating the isotopic 

composition of the mantle source can help to distinguish between the end-members listed above. 

 The radiogenic isotopic composition of the mantle source can be estimated by examining 

the most primitive or least differentiated (e.g., lowest SiO2 wt. %) rocks from a particular 

magmatic suite (Coleman and Glazner, 1997) (Fig. 7b).  The most positive εNd(t) values in Fig. 

7b can be used as “mantle limit lines” (cf., Miller et al., 2000; Chapman et al., 2017) to help 

constrain the isotopic composition of the mantle source region.  The top of the “> 40 Ma” and “< 

40 Ma” bands in Fig. 6a are not strictly mantle limit lines (sensu Miller et al., 2000), but their 

geometry provides a crude approximation to the mantle isotopic composition.  Mantle limit lines 

that incorporate all data points (sensu Miller et al., 2000) could be drawn on Fig. 6a by 

increasing the top of the “40 Ma” bands by 5-10 epsilon units.   

 If the longitudinal variation in εHf(t) and εNd(t) in the southwestern U.S. Cordillera was 

related only to spatial changes in the efficiency of crustal assimilation (end-member 1) or only 

related to isotopic variations in the crust (i.e., basement terranes) (end-member 2) , then the 

mantle limit lines in Fig. 7b, or the top of the “40Ma” bands in Fig. 6a, would be expected to be 

flat (reflecting a single mantle source), rather than sub-parallel to the most negative εNd(t) and 

εHf(t) values in the isotopic trends in Figs. 6a and 7b.  Furthermore, Fig. 7b shows that there is a 
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wide range of rock compositions (SiO2 wt. %) at all longitudes.  If the radiogenic spatial trends 

were only related to crustal assimilation, then the most mafic samples would be expected to 

occur in the regions with the highest εNd(t) or εHf(t) values.  The isotopic variation at any specific 

longitude (≤ 10 epsilon units) is primarily related to assimilation of crustal material (Fig. 7b), but 

the range of the spatial radiogenic isotopic trend across all longitudes (~30 epsilon units) is too 

large to be explained by changes in the degree of crustal assimilation alone (end-member 1).  

These observations are consistent with previous studies of the southwestern U.S. Cordillera that 

suggested spatial trends in isotopic composition principally reflect the composition of the mantle 

source (Miller et al., 2000; Chapman et al., 2017).   

 

Mantle Sources 

 The importance of the mantle source in controlling spatial radiogenic isotopic trends is 

supported by individual isotopic studies from the southwestern U.S. Cordillera that indicate that, 

prior to late Miocene lithospheric (Basin and Range) extension, the North American mantle 

lithosphere remained coupled to the crust and was the primary source of magmatism (Farmer et 

al., 1995; 2008; DePaolo and Daley, 2000; McMillan et al., 2000).  In general, these studies use 

the evolved radiogenc isotopic compositions of relatively primitive (mafic) igneous rocks infer 

an evolved mantle source (i.e., the mantle lithosphere).   

 During Basin and Range extension (~15 Ma to present) there was a widespread shift to 

more juvenile radiogenic and oxygen isotopic compositions that is attributed to a change in the 

mantle source region from continental mantle lithosphere to asthenospheric mantle (from 

isotopically enriched to depleted) as extension progressed (Glazner et al., 1991; Farmer et al., 

1995; DePaolo and Daley, 2000; McMillan et al., 2000).  These studies provide a base-line for 
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recognizing melts originating in the asthenospheric (depleted) mantle and suggest that prior to 

Basin and Range extension the mantle lithosphere in many places in the southwestern U.S. 

Cordillera was largely intact.  Dismemberment or removal of mantle lithosphere from the 

southwestern U.S. Cordillera during the late Miocene to recent was not uniform and in some 

locations evolved radiogenic isotopes suggest that ancient mantle lithosphere is still preserved in 

the Basin and Range province (Farmer et al., 1989).   

 

East of ~114 °W longitude 

 The relationship between the lithosphere and the isotopic composition magmatism is 

most pronounced on the eastern side (east of ~114 °W longitude) of the U-shaped εHf(t) spatial 

trend in Fig. 6a.  The eastward increase in εHf(t) values mirrors a decrease in basement terrane U-

Pb ages and Sm-Nd model ages (Bennett and DePaolo, 1987; Whitmeyer and Karlstrom, 2007) 

(Fig. 7a).  Moreover, εHf(t) values associated with Proterozoic inherited ages (e.g., some zircon 

cores) and crystallization ages of samples from the Yavapai, Mazatzal, and Grenville crustal 

provinces (located east of ~ 114 °W longitude) plot along crustal Lu/Hf evolution lines (Fig. 5), 

which is consistent with melting and assimilation of a lithospheric source of approximately the 

same age and composition as the lithospheric province exposed at the surface.  These 

observations suggest that the spatial radiogenic isotopic trend east of ~114 °W longitude is 

primarily related to the age and composition of the lithosphere (including mantle lithosphere). 

 

West of ~114 °W longitude 

 The nature of mantle sources is also important for interpreting the spatial radiogenic 

isotopic trend west of ~114 °W longitude (Fig. 6a).  The Mojave terrane located west of ~114 

°W longitude has the oldest crustal model ages in the southwestern U.S. Cordillera (Wooden et 
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al., 2013; Fig. 1), but εHf(t) values of samples from the Mojave terrane are less evolved than 

expected (< -15 εHf(t)) if Mesozoic to Cenozoic igneous rocks were derived from an ancient 

lithospheric source (the explanation for the spatial isotopic trend east of ~114 °W longitude).  In 

addition, Lu-Hf analyses of Mesozoic to Cenozoic zircon age domains do not plot along crustal 

evolution lines with Proterozoic zircon age domains from the same grain or sample from the 

Mojave terrane (Fig. 5).  Part of this inconsistency likely reflects complexity in the evolution of 

the Mojave province (Wooden et al., 2013), but samples > 40 Ma and < 40 Ma both show a 

westward increase in zircon εHf(t), which is consistent with existing whole rock Nd and Sr 

isotopic data from the Mojave region (Glazner and O’Neil, 1989; Miller et al., 2000) (Fig. 6a).   

 Previous studies have suggested that this westward transition to more juvenile isotopic 

values reflects a transition from continental mantle lithosphere to juvenile depleted 

asthenosphere or oceanic mantle lithosphere as the mantle source (Glazner and O’Neil, 1989; 

Miller et al., 2000; Chapman et al., 2017).  Chapman et al. (2017) suggested that this transition in 

the southwest U.S. Cordillera is an intrinsic feature of continental arcs and Cordilleran orogens 

globally and reflects systematic removal of mantle lithosphere and possibly lower crust close to 

the subduction interface.   

 

Temporal trends in radiogenic isotopic data 

 Following the above interpretations, the change in slope (from negative to positive) of the 

εHf(t) and εNd(t) trends in in Fig. 6a can be used to roughly estimate the position of the edge of 

intact North America mantle lithosphere and how that feature may have changed through time.  

For samples older than 40 Ma, the lowest εHf(t) values, and interpreted western edge of intact 

continental mantle lithosphere, occur at 117 °W to 116 °W longitude (Fig. 6a).  West of this 



668 
 

longitude, the mantle lithosphere is interpreted to have gradually thinned toward the trench, 

consistent with previous isotopic studies that suggested the mantle lithosphere was thin to absent 

in the westermost Mojave region during the Jurassic (Miller et al., 1995; Miller and Glazner, 

1995) (Fig. 2a-b).  South of the study area, evolved isotope ratios suggest that continental mantle 

lithosphere extended to at least the present-day location of the San Andreas Fault during the Late 

Cretaceous (Barth et al., 2016).  Dense sampling of the Peninsular Ranges batholith (on the west 

side of the San Andreas Fault, Fig. 1) indicates that during the Cretaceous, the transition to more 

juvenile isotopic compositions occurred across a horizontal distance of as little as ~50 km at this 

location (Kistler et al., 2003). 

 Continental mantle lithosphere was the likely source for Jurassic igneous rocks east of 

~116 °W longitude (e.g., Rämö et al., 2002) (Fig. 2a).  The approximate western edge of intact 

mantle lithosphere after 40 Ma is interpreted to be located between 114 °W and 113 °W 

longitude (Figs. 2c and 7).  Previous isotopic studies of volcanic rocks in the Mojave region 

suggested that the western edge of intact mantle lithosphere extended to ~116 °W longitude 

during the early to middle Miocene (Glazner and O’Neil, 1989; Miller et al., 2000).  The shift in 

the position of the western edge of intact North American mantle lithosphere suggests that a 

large segment (200-400 km in width, not restored for contraction or extension) of the mantle 

lithosphere was thinned and/or removed by 40 Ma.  The thin dashed line labeled, “future LAB” 

in cross-section X (Fig. 2b) marks the region of the mantle lithosphere and possibly lower crust 

that is hypothesized to have been removed during the Laramide orogeny.  Cross-section Y (Fig. 

2c) shows the position of the edge of intact mantle lithosphere (heavy vertical dashed line) has 

shifted eastward in comparison to cross-section X.  The loss or partial removal of mantle 

lithosphere has been previously associated with low-angle to flat-slab subduction during the 
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Laramide orogeny (Miller et al., 2000; Saleeby, 2003).  Surface exposures of the Pelona-

Orocopia-Rand schist (associated with Laramide shallow subduction) occur as far east as ~113.5 

°W (Fig. 6b; Chapman, 2017), comparable to the estimated western edge of post-40 Ma intact 

mantle lithosphere (Fig. 2c-d). 

 

Zircon oxygen isotopes 

 Similar to the radiogenic isotopic data, there are differences in zircon oxygen isotopes 

east and west of ~114 °W longitude and before and after ~40 Ma.  East of ~114 °W longitude, all 

of the samples analyzed have mantle-like δ18Ozrc (Fig. 6b), consistent with a mantle source 

(Eiler, 2001) that is interpreted to be the continental mantle lithosphere and suggests limited 

assimilation of crustal material.  There paucity of samples > 40 Ma located east of ~114 °W 

longitude make it difficult to assess temporal changes, but it appears as if there is little difference 

in δ18Ozrc.  

 West of ~114 °W longitude, δ18Ozrc generally decreases from west to east (Fig. 6b).  This 

contrasts with the central U.S. Cordillera where δ18Ozrc generally increases from west to east 

(King et al., 2004).  In the central U.S. Cordillera, oxygen isotope ratios increase east of the 

87Sr/86Sr = 0.706 line and high δ18Ozrc is believed to be related to assimilation of crustal material 

(King et al., 2004).  The highest δ18Ozrc values in the central U.S. Cordillera correspond to the 

regions with the thickest Paleozoic passive margin sequence (Cordilleran miogeocline; Stewart, 

2005) and δ18Ozrc was slightly higher during the Cretaceous, when the crust is believed to have 

been the thickest, which may favor crustal assimilation (King et al., 2004).  The Cordilleran 

miogeocline is present in the westernmost Mojave region (Stewart, 2005) and correlates with the 

position of the highest δ18O in the southwestern U.S. Cordillera prior to 40 Ma (Figs. 2b and 6b).  
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Values of δ18O for igneous rocks older than 40 Ma in the Mojave region are only slightly higher 

than mantle values (Fig. 6b).  The spatial pattern of δ18O in the Sierra Nevada is more complex 

(Lackey et al., 2008) and particularly high δ18Ozrc (> 8 ‰) in the southern Sierra Nevada (Fig. 

6b) has been attributed to underthrust altered oceanic and volcanic crust during exotic terrane 

accretion (Lackey et al., 2005).  

 There is a pronounced temporal shift to higher δ18O after ~40 Ma in samples located west 

of ~114 °W longitude (Fig. 6b).  Glazner and O’Neil (1989) suggested that high whole rock δ18O 

(equivalent to > 8 ‰ δ18Ozrc, calibrated for the SiO2 wt. % of the whole rock; Lackey et al., 

2008) for Miocene volcanic rocks west of ~116 °W longitude was caused by melting and 

assimilation of underplated Pelona-Orocopia-Rand schist.  The Pelona-Orocopia-Rand schist has 

relatively juvenile εNd(t) compositions and relatively heavy δ18O compositions (Glazner and 

O’Neil, 1989).  The results of this study are consistent with that interpretation and indicate that 

Mesozoic to early Cenozoic igneous rocks in the Mojave region are characterized by relatively 

lower δ18Ozrc (≤ 7 ‰) (Figs. 6b).  Because the Pelona-Orocopia-Rand sediments were emplaced 

before ~40 Ma (Grove et al., 2003), the relatively heavy δ18O of Miocene rocks is likely related 

to partial melting and assimilation of Pelona-Orocopia-Rand schist in the lower crust, rather than 

introduction of high δ18O material into the mantle source region during subduction.  Also, 

because Miocene igneous rock suites in the Mojave are metaluminous and extend to mafic 

compositions (Miller et al., 2000), single-stage melting of the Pelona-Orocopia-Rand schist 

(crustal anatexis), without precursory partial melting of the mantle is unlikely. 

 

Interpreting isotopic trends from Cordilleran orogenic systems 
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 One of the central implications of this study is that the isotopic composition of igneous 

rocks in Cordilleran orogens may not always record changes in tectonic processes or 

geodynamics and that the age and composition of the lithosphere hosting the magmatic products 

should be considered.  The absence of a temporal shift in isotopic compositions east of ~114 °W 

longitude (Fig. 6) suggests that continental mantle lithosphere was the predominant mantle 

source for Mesozoic to early Miocene magmas.  As magmatism migrated back and forth across 

the Cordillera east of ~114 °W longitude (e.g., Fig. 3), the isotopic composition of magmatism at 

a specific geographic location remained relatively constant through time (Fig. 6a).  Events that 

generated nearly contemporaneous magmatism at different longitudes, such as the ignimbrite 

flare-up, had isotopic values that reflect the age and composition of the local lithosphere.  

Variation in radiogenic isotopic composition at a specific geographic location is generally ≤ 10 

εNd(t) and most of that variation appears related to differentiation and assimilation within the 

crust (Fig. 7b), which may be independent of the tectonic or geodynamic conditions at the time.  

Despite changes in subduction zone dynamics (low-angle subduction, slab-rollback, slab 

foundering) and a transition from a contractional to extensional tectonic regime, there are not 

large (>10 εNd(t)) changes in the isotopic composition of magmatism east of ~114 °W longitude.   

 Tectonic processes do appear to have influenced radiogenic and stable (oxygen) isotopic 

compositions west of ~114 °W longitude (Fig. 6), but not in the ways envisioned by Kemp et al. 

(2009) for accretionary orogens, which have been applied to Cordilleran orogens such as the 

Andes (e.g., Boekhout et al., 2015).  A shift to more juvenile radiogenic isotopes west of ~114 

°W longitude for samples < 40 Ma suggests that the mantle lithosphere was thinned or partially 

removed and replaced by depleted mantle (presumably either asthenosphere or young oceanic 

mantle lithosphere).  This shift is not directly related to periods of extension or crustal thinning.  
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These results suggest that crustal processes that do not involve removal or modification of the 

mantle lithosphere (e.g., crustal shortening and thickening) may not be easily resolvable in the 

radiogenic isotopic record.   

 Zircon δ18O data from west of ~114 °W longitude may also not be directly related to 

tectonic processes.  The relatively large (2-4 ‰) post 40 Ma shift to heavier δ18O (Fig. 6b) is 

interpreted to reflect extensive underplating of sediment during shallow subduction (Fig. 2).  

Crustal thickening accompanied shallow subduction during the Laramide orogeny and may have 

enhanced crustal assimilation, leading to larger δ18Ozrc values, but periods of contraction in 

Cordilleran orogens are not always associated with low-angle subduction or sediment 

underplating.  Smaller variations in δ18Ozrc (≤ 2 ‰) may be related to the degree of crustal 

assimilation, however, spatial variations in δ18O (e.g., increasing δ18O toward the trench; Fig. 6b) 

appear to be pronounced for samples > 40 Ma as well.  

 The results of this study suggest that the geographic distribution of magmatism should be 

considered when interpreting tectonic events or geodynamic processes from igneous isotopic 

data.  Detrital isotopic data (e.g., zircon Lu-Hf) may be particularly susceptible to 

misinterpretation.  For example, during the Laramide orogeny in the southwestern U.S. 

Cordillera the locus of magmatism migrated eastward into increasingly isotopically juvenile 

crustal provinces.  This was a period of contraction and crustal thickening, however, zircon εHf(t) 

data from this event would record a temporal trend to more juvenile compositions.   

 The best way to interpret specific tectonic events from isotopic data may be to focus on a 

limited geographic area that is less likely to be affected by regional isotopic trends.  We present 

such an analysis for the Mojave Desert region in Fig. 8 (~114° W to 118° W longitude).   .  

During the Jurassic to Late Cretaceous, the radiogenic isotopic composition of magmatism was 
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relatively evolved, reflecting an enriched continental mantle lithosphere source, consistent with 

mantle-like or mildly evolved zircon oxygen isotope ratios (<7 ‰ δ18Ozrc).  The slightly more 

negative εHf(t) in the Late Cretaceous, compared to the Jurassic and Early Cretaceous (Fig. 8), 

may reflect more efficient crustal assimilation in thicker crust associated with retroarc shortening 

(Spencer and Reynolds, 1990).  Alternatively, these shifts may reflect changes in the lithospheric 

mantle source, changes within the Mojave province lower crust, or changes at the crust-mantle 

boundary, as the arc evolved (Barth and Wooden, 2010; Barth et al., 2016).  Slightly higher 

δ18Ozrc in the Late Cretaceous is also consistent with more efficient crustal assimilation.  During 

the Laramide orogeny, the North American mantle lithosphere (radiogenically enriched 

peridotite) in the Mojave Desert region is interpreted to have been at least partially replaced by 

young oceanic lithosphere (isotopically depleted mafic crust and peridotite) or asthenospheric 

mantle (isotopically depleted peridotite) (Miller et al., 2000) (Fig. 2c-d), causing εHf(t) to 

increase in early Miocene igneous rocks (Fig. 8).  A concurrent increase in δ18O in the Mojave 

Desert region is interpreted to reflect partial melting and assimilation of Pelona-Orocopia-Rand 

schist within the lower crust (Glazner and O’Neil, 1989) (Fig. 2d; 8).  During the early Miocene 

to the Quaternary, δ18O returns to mantle-like compositions (~5-6 ‰) and radiogenic isotope 

ratios shift to more isotopically juvenile compositions (~ +10 εHf(t)), both of which are consistent 

with partial melting of the asthenospheric mantle with minimal crustal assimilation during Basin 

and Range lithospheric extension (Glazner et al., 1991) (Fig. 8).   

 

Conclusions 

 This study is the first regional zircon εHf(t) and δ18Ozrc dataset for Mesozoic to early 

Miocene igneous rocks in the southwestern U.S. Cordillera.  We recognize orogen-scale spatial 
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and temporal isotopic trends, interpret the origin of those trends, and integrate the isotopic data 

into the geologic history of the region.  The results are used to evaluate and improve the use of 

zircon isotopic data to interpret tectonic events and geodynamics processes in Cordilleran 

orogens 

 When plotted against longitude (sub-parallel to the orogenic structural grain) zircon εHf(t) 

data form a U-shaped isotopic trend with a minimum at ~114 °W longitude and increases toward 

the east and west (Fig. 6a).  The eastern limb of the U-shaped zircon εHf(t) trend is interpreted to 

reflect an eastward decrease in the age of lithospheric provinces (Figs. 1 and 7a).  Zircon εHf(t) 

from inherited cores plot along mean crustal Lu/Hf evolution lines (Fig. 5), consistent with 

partial melting of the same lithospheric source through time.  Zircon δ18O east of ~114 °W 

longitude is similar in composition to mantle-derived zircon and indicates limited crustal 

assimilation in Mesozoic to recent igneous rocks (Fig. 6b).  Correlation of whole rock SiO2 (wt. 

%) with radiogenic isotope ratios (Fig. 7b) suggests that the continental mantle lithosphere was 

the mantle source for the majority of Mesozoic to early Miocene igneous rocks in the eastern 

limb of the U-shaped trend (Fig. 2).  East of ~114 °W longitude, there is no significant oxygen or 

Hf isotope difference between magmatism associated with shallow to flat-slab subduction and 

crustal thickening during the Laramide orogeny and magmatism associated with subduction roll-

back or foundering of the Farallon slab and crustal extension following the Laramide orogeny 

(Fig. 2).  These results indicate that subduction dynamics and orogenic processes may not always 

be resolvable in the zircon εHf(t) record.  The largest temporal changes in zircon εHf(t) are related 

to the migration of magmatism into different lithospheric provinces (basement terranes) rather 

than periods of contraction or extension. 
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 The western limb of the U-shaped zircon εHf(t) trend (Fig. 6a) is interpreted to reflect a 

transition from intact North American continental mantle lithosphere in the east to a depleted 

asthenospheric or oceanic lithospheric mantle source region in the west (Figs. 2 and 7a).  The 

minimum, or change in slope, of the U-shaped trend (Fig. 6a) is used to estimate the position of 

the western edge of intact continental mantle lithosphere through time (Fig. 2, heavy dashed 

vertical line in cross sections W-Z).  Prior to the Laramide orogeny (>40 Ma), the edge of intact 

mantle lithosphere was located at 116-117 °W longitude (present-day coordinates) (Figs. 2a-b 

and 6a).  There is a shift to more juvenile zircon εHf(t) for samples <40 Ma and the minimum of 

the U-shaped isotopic trend moves eastward.  The < 40 Ma isotopic shift is attributed to partial 

removal or replacement of a portion of the continental mantle lithosphere in the Mojave region 

during the Laramide orogeny and the edge of intact continental mantle is interpreted to have 

moved to ~114 °W longitude (present-day coordinates) (Figs. 2c-d, 6a).  There is also a shift to 

significantly higher δ18O in samples younger than 40 Ma, which is attributed to lower crustal 

assimilation of Pelona-Orocopia-Rand schist that was underplated during the Laramide orogeny 

(Figs. 2c-d, 6b).  These results suggest that changes in the composition of the upper mantle (e.g., 

from evolved continental mantle lithosphere to depleted asthenospheric mantle) have the greatest 

influence on the radiogenic isotopic composition of Cordilleran magmatism.  The influence of 

crustal processes, like thickening or thinning, are less pronounced and may be obscured by 

spatial trends or differences in the efficiency or amount of crustal assimilation, which may be 

responsible for ≤ 10 zircon εHf(t) shifts at any specific location in the orogen. 

 The isotopic data from the southwestern U.S. Cordillera show that spatial and temporal 

zircon isotopic trends can be an effective tool to monitor changes in the composition or 

architecture of the mantle source region and have applications for interpreting past geodynamic 
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processes such as subduction erosion, delamination of the mantle lithosphere, and sediment 

underplating.  However, regional (spatial) trends in isotopic composition related to lithospheric 

composition are significantly larger than temporal trends associated with tectonic processes in 

both the mantle and crust.  Distinguishing tectonic events from arc migration in Cordilleran 

orogens using detrital zircon datasets is particularly difficult without information on the sediment 

source area.  Limiting the geographic scope of zircon isotopic investigations (Fig. 8) is one way 

to help avoid conflating spatial and temporal isotopic trends. 
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Figure and Tables 
 

 
 
Figure 1: 
Regional map of the southwestern U.S. Cordillera showing the boundaries (white dashed lines) 
and Nd model ages (in parentheses) of major crustal provinces (Dickinson and Lawton, 2001b; 
Whitmeyer and Karlstrom, 2007; Wooden et al., 2013).  87Sr/86Sr = 0.706 position from Kistler 
(1990).  SAF = San Andreas Fault.  Sample location information is presented in Table 1. 
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Figure 2: 
Schematic tectonic maps and interpretive cross-sections of the southwestern U.S. Cordillera from 
the Late Jurassic to mid-Miocene.  The heavy gray dashed line in maps and in cross-sections 
denotes the inferred edge of intact North American continental mantle lithosphere.  Cross-
sections are vertically aligned using the approximate reconstructed position of the Arizona-New 
Mexico border (~109 °E longitude).  A) 150-100 Ma, subduction roll-back of the Farallon plate 
contributed to an extensional tectonic regime and opening of the Bisbee rift basin (Dickinson and 
Lawton, 2001a).  The continental mantle lithosphere was the mantle source for Jurassic 
magmatism in western California and southern Arizona.  B) 100-80 Ma; closure of the Arperos 
Basin and suturing of the Guerrero terrane (Martini et al., 2014) led to the development of a 
contractional tectonic regime including a retroarc thrust belt and foreland basin (Clinkscales and 
Lawton, 2015; Fitz-Diaz et al., 2017).  The Sierra Nevada and Peninsular Ranges batholiths 
formed above the transition between asthenospheric upper mantle and continental mantle 
lithosphere (Coleman and Glazner, 1997).  C) 80-40 Ma, the Laramide orogeny is associated 
with low-angle to flat-slab subduction, subduction erosion of the accretionary complex and 
forearc, underplating of the Pelona-Orocopia-Rand (POR) schist, arc migration toward the 
foreland, and increased contraction forming block uplifts and localized sedimentary basins 
(Coney and Reynolds, 1977; Dickinson et al., 1988; Saleeby, 2003; Chapman, 2017).  Most 
Laramide-age magmatism is interpreted to have originated in the continental mantle lithosphere.  
By the end of the Laramide, the continental mantle lithosphere in the Mojave region (west of 
~114 °W longitude) had been at least partially removed.  D) 40-15 Ma, foundering or roll-back 
of the Farallon slab and subduction of the Pacific-Farallon spreading center resulted in an 
extensional tectonic regime, metamorphic core-complex formation (Dickinson, 1991), and a 
rapid westward sweep of ignimbrite magmatism (Humphreys, 1995).  The mantle source of 
magmatism west of ~114 °W longitude was the depleted asthenospheric mantle or Farallon 
oceanic lithosphere (Miller et al., 2000) and the mantle source east of ~114 °W longitude was the 
continental mantle lithosphere (Farmer et al., 2008).    
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Figure 3: 
Plot of age vs. longitude for igneous rocks in the southern U.S. Cordillera showing the eastward 
(100-40 Ma) and then westward (40-15 Ma) migration of magmatism (Table 1).  A previous 
compilation of igneous rock age data (shaded band) and estimate of the tectonic transition from a 
contractional to extensional regime is adopted from Constenius et al. (2003).  Squares are 
samples analyzed in this study and shaded by mean zircon εHf(t) (Table 1).   
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Figure 4: 
Plot of mean zircon U-Pb age vs. A) mean zircon εHf(t), and C) mean δ18Ozrc for samples 
analyzed in this study (Table 1) and B) compiled age and whole rock εNd(t) of samples from the 
southern U.S. Cordillera.  εNd data are converted to equivalent εHf values using the terrestrial 
array (εHf =1.36εNd+2.95) of Vervoort et al. (1999).  There is a possible increase in zircon εHf(t) 
from 100 to 20 Ma, however, temporal isotopic trends are not clearly present.  Compiled data are 
available in Supplementary Table 4.  Error bars for δ18Ozrc data in panel C are sometimes smaller 
than the symbol. 
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Figure 5: 
A) Plot of individual (single-grain) zircon U-Pb age vs. zircon εHf(t) for samples that contained 
inherited ages (e.g., premagmatic cores).  Analyses are grouped by the lithospheric province they 
were sampled from (Fig. 1).  Mesozoic-Cenozoic and Proterozoic analyses from the same 
province that plot along the same mean crustal evolution line suggest that the Mesozoic-
Cenozoic igneous rocks were derived from a lithospheric source with a similar age and 
composition to the lithospheric province hosting the sample.  Several analyses from the Mojave 
province do not fall along a common crustal evolution line.  B) An enlarged portion of panel A 
showing Mesozoic to Cenozoic analyses.  Zircon εHf(t) data are available in Supplementary 
Table 2. 
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Figure 6: 
Plots of longitude (sub-parallel to orogenic structural grain) vs. A) mean zircon εHf(t) and B) 
mean δ18Ozrc from this study (Table 1).  Uncertainties are 2σ for εHf(t) and 2 standard error (SE) 
for δ18Ozrc.  Samples are grouped according to whether their age is older or younger than 40 Ma, 
which is the transition from a convergent to extensional tectonic regime at the end of the 
Laramide orogenic event (Constenius et al., 2003).  Compiled whole rock εNd(t) data in panel A 
is converted to equivalent εHf values using the terrestrial array of Vervoort et al. (1999).  
Compiled δ18O data in panel B come from whole rock and minerals other than zircon and are 
converted to equivalent δ18Ozrc (see text for details).  Compiled data are available in 
Supplementary Table 4.  Error bars for δ18Ozrc data are sometimes smaller than the symbol. 
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Figure 7: 
A) Plot of longitude vs. lithospheric province model age (Nd or Hf) (solid line; Fig. 1) and 
interpreted upper mantle source (dash-dot line).  The upper mantle is interpreted to vary between 
a predominately depleted mantle (DM) source and a continental mantle lithosphere (CML) 
source and the (dash-dot) line for the interpreted mantle source is a proxy for the inferred 
geometry of the lithosphere-asthenosphere boundary (LAB).  The western extent of intact mantle 
lithosphere is estimated based on the change in slope of the mantle limit lines in panel B.  B) Plot 
of longitude vs. compiled whole rock εNd(t) of samples from the southwestern U.S. Cordillera, 
grouped by SiO2 (wt. %).  The isotopic composition of the mantle source can be estimated by 
examining the most mafic samples and drawing a mantle limit line (Miller et al., 2000; Chapman 
et al., 2017).  Samples with ages of 15-110 Ma are shown to illustrate the use of mantle limit 
lines.  Changes in the inferred position of the LAB could be refined by using smaller increments 
of time, as in Fig. 6.  Compiled data are available in Supplementary Table 4. 
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Figure 8: 
Isotopic data from the central Mojave region (~115.5 to 117 °W longitude, a subset of the entire 
Mojave province).  Plot of age vs. mean zircon εHf(t) and mean δ18Ozrc for samples analyzed in 
this study (Table 1) and compiled whole rock εNd(t) (converted to zircon εHf(t)) and δ18O data.  
Conversion of compiled data is the same as in Fig. 6 and is available in Supplementary Table 4.  
Increases in zircon εHf(t) and δ18Ozrc during the Late Cretaceous to early Miocene are attributed 
to partial removal and replacement of the continental mantle lithosphere with depleted 
asthenospheric mantle or oceanic lithosphere during the Laramide orogeny (Miller et al., 2000) 
and assimilation of underplated Pelona-Orocopia-Rand schist (Fig. 2) (Glazner and O’Neil, 
1989).  Temporal shifts to more juvenile zircon εHf(t) and mantle-like δ18Ozrc values during the 
late Miocene to present are related to Basin and Range lithospheric extension and increasingly 
asthenospheric melt sources.  
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Table 1: 
Sample information and data summary. 
  

Table 1: Sample information and data summary

Sample Latitude (°N) Longitude (°E) U-Pb age (Ma) εHf(t) δ18Ozrc (‰) Rock type Pluton Name
Neogene

Barstow_T 34.8960 -116.8960 18.2 ± 0.7  -5.0 ± 2.8 andesite N/A
Buckeye 33.6200 -112.8800 20.0 ± 0.7  -3.9 ± 0.7 granite Belmont
Reefer 35.0070 -118.1720 20.3 ± 0.8  4.5 ± 1.2 8.4 ± 0.2 rhyolite N/A
Snaggletooth 34.5830 -114.6420 20.3 ± 0.9  -5.8 ± 2.2 6.4 ± 0.3 dacite N/A

Paleogene
Cochise 31.9441 -109.9570 26.1 ± 1.8  -7.1 ± 1.4 6.2 ± 0.5 quartz monzonite Cochise Stronghold
Granite_Gap 32.0907 -108.9723 34.2 ± 1.2  -9.3 ± 1.8 5.2 ± 0.8 quartz monzonite Granite Gap
Hueco 31.9210 -106.0480 34.9 ± 1.2  -1.4 ± 2.2 4.8 ± 0.3 quartz syenite Hueco Tanks
Tinaja 31.8610 -105.4778 35.7 ± 1.1  -0.5 ± 3.8 5.3 ± 0.4 nepheline syenite Miller Mountain
Cooke 32.5000 -107.7730 39.4 ± 1.5  -7.8 ± 1.9 5.1 ± 1.2 granodiorite Cookes Peak
UTEP 31.7838 -106.5082 46.7 ± 2.2  -3.9 ± 2.1 monzodiorite Campus Andesite
Tyrone 32.6513 -108.3658 56*  -5.5 ± 1.7 quartz monzonite Tyrone
Dragoon 32.0572 -110.0832 55.5 ± 1.9  -12.1 ± 2.5 6.6 ± 1.6 quartz monzonite Texas Canyon
San Juan 32.9456 -109.6517 59*  -3.4 ± 1.2 quartz monzonite San Juan
Chino 32.7954 -108.0632 60*  -4.0 ± 1.1 granodiorite Santa Rita
Ajo 32.3551 -112.8656 63*  -8.6 ± 0.8 granodiorite Cornelia

Cretaceous
Lakeshore 32.5226 -111.9048 70*  -9.9 ± 1.6 granodiorite Lakeshore
Granite_Mtn 34.0330 -115.2290 71.5 ± 2.8  -12.3 ± 1.0 6.2 ± 0.2 granodiorite Granite Pass
Hope 33.7350 -113.6700 72.7 ± 2.3  -11.1 ± 1.8 5.6 ± 0.3 granodiorite Granite Wash
JDP 34.8242 -113.7378 72.8 ± 3.2  -13.5 ± 1.5 quartz monzonite Diamond Joe
Coxcomb 34.0800 -115.3620 76.1 ± 3.4  -11.0 ± 2.0 6.9 ± 1.1 granodiorite Coxcomb
Yucca 34.1430 -116.4150 76.9 ± 3.1  -8.3 ± 2.1 7.0 ± 1.2 quartz monzonite Cactus
Joshua 34.1230 -116.3000 77.0 ± 5.2  -13.8 ± 6.3 6.2 ± 1.2 monzogranite Panorama
Prescott 34.4928 -112.5781 80.2 ± 6.7  -9.3 ± 0.9 quartz monzonite Copper Basin
Rosamond 34.8890 -118.1510 88.4 ± 2.6  -4.9 ± 2.0 quartz monzonite Rosamond Hills
Riverside 34.0860 -114.6640 100.8 ± 3.6  -6.1 ± 3.6 5.4 ± 0.5 quartz monzodiorite W. Riverside Mtn.
Keene 35.2200 -118.5600 102.7 ± 3.5  5.8 ± 2.1 7.0  ± 0.6 tonalite Bear Valley

Jurassic
Strawberry 34.5550 -117.0000 148.8 ± 4.7  -9.6 ± 1.7 5.3 ± 0.9 granodiorite unknown
S_Barstow 34.6390 -116.9480 161.2 ± 4.6  -6.0 ± 2.3 5.4 ± 0.6 quartz monzonite unknown
Quartzite 33.6490 -114.2610 165.0 ± 4.2  -10.4 ± 1.3 5.2 ± 0.5 quartz monzonite Julian Mine
Finger 33.6010 -113.4600 171.0 ± 5.0  -9.5 ± 1.5  granodiorite Lone Mountain

Triassic
29-Palms 34.1260 -116.1130 234** 5.2 ± 0.4 quartz monzonite Twentynine Palms

* From Leveille and Stegen (2012)

** From Barth and Wooden (2006)



700 
 

Supplementary Material 
 
Supplementary File 1: Descriptions of samples and zircon U-Pb, zircon Lu-Hf, and zircon 
δ18O results 
 
Neogene samples 
 
Sample Bartstow_T is a hypabyssal andesite to rhyodacite, part of the Pickhandle Fm. located on 
Elephant Mountain (Dibblee, 1970; 1994; Cox and Wilshire, 1993) near Barstow, California.  21 
zircon grains yielded a U-Pb age of 18.2 ± 0.7 Ma.  Three older grains with Mesozoic ages (89-
142 Ma) are interpreted as inherited age domains.  No Proterozoic age domains were measured.  
The average U/Th ratio of zircon grains used to calculate the age is 3.1 ± 0.7.  The interpreted 
crystallization age is in agreement with a previous age estimate in Cox and Wilshire (1993).  
Zircon εHf(t) values range between -8.8 and -1.3 for zircons with crystallization ages, with a 
weighted mean of -5.0 ± 2.8 εHf(t), defined by 8 grains.  Zircon εHf(t) values for the three zircon 
grains with inherited ages range from -5.8 to -8.8.   
 
Sample Buckeye is from the Belmont granite in Arizona, as mapped by Stimac et al. (1994).  13 
zircon grains yielded age of 20.0 ± 0.7 Ma, excluding one younger grain with an age of 18 Ma, 
which we ascribe to minor radiogenic Pb loss.  No older age domains were measured.  The 
average U/Th ratio of zircon grains used to calculate the age is 1.4 ± 0.5.  The interpreted 
crystallization age is in agreement with a whole rock Rb-Sr age reported by Spencer et al. 
(1995).  Zircon εHf(t) values range between -4.8 and -2.8 for zircons with crystallization ages, 
with a weighted mean of -3.9 ± 0.7 εHf(t) defined by 6 grains. 
 
Sample Reefer is a porphyritic rhyolite, part of the Soledad mountain volcanic complex in 
California, mapped by Dibblee (1963; 1967b).  11 grains yielded a zircon U-Pb age of 20.3 ± 0.8 
Ma, excluding one younger grain (16.6 Ma), which we ascribe to minor radiogenic Pb loss.  The 
age estimate is consistent with previous geochronology (McCusker, 1982).  The average U/Th 
ratio of zircon grains used to calculate the age is 4.1 ± 1.4.  No older age domains were 
measured.  Zircons are elongate, euhedral, have xenocrystic cores with finely oscillatory zoned 
rims and overgrowths.  Only the finely zoned rims were targeted for Lu-Hf and O isotope 
analyses.  Zircon εHf(t) values range between 6.4 and 3.3 for zircons with crystallization ages, 
with a weighted mean of 4.5 ± 1.2 εHf(t), defined by 8 grains.  Zircon δ18O values range between 
8.25 and 8.51, with a weighted mean of 8.4 ± 0.2 ‰, defined by 10 grains. 
 
Sample Snaggletooth is a dacite from the hangingwall of Chemehuevi detachment fault near the 
Snaggletooth pinnacle geographic feature in California (John, 1987).  20 grains yielded a zircon 
U-Pb age of 20.3 ± 0.9 Ma.  All zircon grains had U/Th ratios <2.  No older age domains were 
measured.  The zircon U-Pb age estimate is consistent with ages presented in Howard and John 
(1987).  Zircons are elongate, euhedral, broadly oscillatory zoned, have bright CL emissions, and 
contain abundant inclusions.  Xenocrystic cores are not present.  Zircon εHf(t) values range 
between -8.3 and -2.0 for zircons with crystallization ages, with a weighted mean of -5.8 ± 2.2 
εHf(t), defined by 10 grains.  Zircon δ18O values range between 6.12 and 6.61, with a weighted 
mean of 6.4 ± 0.3 ‰, defined by 9 grains 
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Paleogene samples 
 
Sample Cochise is a quartz monzonite from the Cochise Stronghold pluton in the Dragoon 
Mountains, Arizona.  22 grains yielded a zircon U-Pb age of 26.1 ± 1.8 Ma.  No older age 
domains were measured. The age estimate is consistent with K-Ar ages presented in Marvin et 
al. (1978).  The average U/Th ratio of zircon grains used to calculate the age is 1.4 ± 1.4.  
Zircons are elongate, euhedral, do not have xenocrystic cores, and are very broadly oscillatory 
zoned with abundant inclusions.  Zircon εHf(t) values range between -9.8 and -4.7 for zircons 
with crystallization ages, with a weighted mean of -7.1 ± 1.4 εHf(t), defined by 10 grains.  
Zircon δ18O values range between 5.56 and 6.56, with a weighted mean of 6.2 ± 0.5 ‰, defined 
by 10 grains. 
 
Sample Granite Gap is a quartz monzonite from the Granite Gap pluton in the Peloncillo 
Mountains, New Mexico. 22 grains yielded a zircon U-Pb age of 34.2 ± 1.2 Ma, excluding one 
younger grain (28 Ma), which we ascribe to minor radiogenic Pb loss.  One older grain (37 Ma) 
was measured, which may represent all or part of an older age domain. No older age domains 
were measured.  The average U/Th ratio of zircon grains used to calculate the age is 1.6 ± 0.5  
The zircon U-Pb age estimate is consistent with biotite K-Ar ages reported in Hoggatt et al. 
(1977).  Zircons are elongate, euhedral, prismatic, with xenocrystic to zoned cores and finely 
oscillatory zoned rims and overgrowths.  Inclusions are common.  Zircon εHf(t) values range 
between -12.5 and -6.8 for zircons with crystallization ages, with a weighted mean of -9.3 ± 1.8 
εHf(t), defined by 10 grains.  Zircon δ18O values range between 4.58 and 5.74, with a weighted 
mean of 5.2 ± 0.8 ‰, defined by 9 grains. 
 
Sample Hueco is quartz syenite from Hueco Tanks State Park, Texas.  20 grains yielded a zircon 
U-Pb age of 34.9 ± 1.2 Ma.  No older age domains were measured.  All zircon analyses had 
U/Th ratios ≤ 1.  Zircons are equant, broadly oscillatory zoned, and show little change in CL 
emission intensity from rim to core.  The zircon U-Pb age estimate is consistent with a feldspar 
K-Ar age presented in Henry et al. (1986).  Zircon εHf(t) values range between -6.6 and -1.0 for 
zircons with crystallization ages, with a weighted mean of -1.4 ± 2.2 εHf(t), defined by 5 grains.  
Zircon δ18O values range between 4.53 and 5.04, with a weighted mean of 4.8 ± 0.3 ‰, defined 
by 9 grains.   
 
Sample Tinaja is a nepheline syenite from Miller Mountain in the Sierra Tinaja Pinta Group of 
intrusions in Texas.  5 grains yielded a zircon U-Pb age of 35.7 ± 1.1 Ma, excluding three grains 
with Proterozoic ages (1.1 to 1.7 Ga).  The zircon U-Pb crystallization age estimate is consistent 
with biotite K-Ar ages presented in Barker et al. (1977).  All zircon analyses used to calculate the 
crystallization age have U/Th ratios < 3.  Zircons are equant, subhedral, do not have obvious pre-
magmatic xenocrystic cores, are faintly (and finely) oscillatory zoned to un-zoned.  Zircon εHf(t) 
values range between -3.9 and 5.4 for zircons with crystallization ages, with a weighted mean of 
-0.5 ± 3.8 εHf(t), defined by 5 grains.  Two Proterozoic (1.1 Ga) zircon grains had εHf(t) values 
of 13.7 and 6.7.  Zircon δ18O values range between 5.04 and 5.59, with a weighted mean of 5.3 ± 
0.4 ‰, defined by 10 grains.   
 
Sample Cooke is a granodiorite from the western flank of the Cooke’s Peak pluton in the Cookes 
Range, New Mexico.  7 grains yielded a zircon U-Pb age of 39.4 ± 1.5 Ma, excluding 8 zircon 
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grains with Proterozoic ages (1.5-1.6 Ga) and one older grain (42 Ma), which may be a partially 
mixed age domain analysis.  All zircon analyses used to calculate the crystallization age have 
U/Th ratios ≤ 1.  The zircon U-Pb age is consistent with previous K-Ar ages (Loring and Loring, 
1980; McLemore, 2001).  Zircons are elongate, prismatic, with large premagmatic, xenocrystic 
cores and thin mantling overgrowths and rims that are occasionally oscillatory zoned and 
generally have high CL emissions (bright).  Inclusions are common in zircons.  Zircon εHf(t) 
values range between -10.2 and -5.6 for zircons with crystallization ages, with a weighted mean 
of -7.8 ± 1.9 εHf(t), defined by 5 grains.  Six Proterozoic zircon grains had εHf(t) values that 
range from 6.1 to 13.2.  Zircon δ18O values from rims and overgrowths range between 3.47 and 
5.59, with a weighted mean of 5.1 ± 1.2 ‰, defined by 10 grains.  Zircon δ18O values from 
zircon cores, which are interpreted to be premagmatic, range from 2.76 to 3.29 ‰.  
 
Sample UTEP is a monzodiorte to hypabyssal trachyandesite from the “Campus andesite” from 
the campus of the University of Texas at El Paso (Barnes et al., 1991).  19 grains yielded a zircon 
U-Pb age of 46.7 ± 2.2 Ma, excluding one older grain with an age of 57 Ma, which may include 
part of an inherited age domain in the analysis.  No older age domains were measured.  The 
zircon U-Pb crystallization age in agreement with a previously reported biotite K-Ar age of 48.2 
± 1.7 Ma (Hoover et al., 1988).  The average U/Th ratio of zircon grains used to calculate the age 
is 2.4 ± 1.3.  Zircon εHf(t) values range between -6.6 and -1.0 for zircons with crystallization 
ages, with a weighted mean of -3.9 ± 2.1 εHf(t), defined by 5 grains.   
 
Sample Tyrone is a quartz monzonite from the Tyrone mine in New Mexico (DuHamel et al., 
1995; McLemore, 2008).  Leveille and Stegen (2012) report an emplacement age of 55.5 Ma.  
Zircon εHf(t) values range between -6.6 and -1.0 for zircons with crystallization ages, with a 
weighted mean of -5.5 ± 1.7 εHf(t), defined by 10 grains.   
 
Sample Dragoon is a quartz monzonite from the Texas Canyon pluton in the Dragoon 
Mountains, Arizona (Cooper and Silver, 1965).  8 grains yielded a zircon U-Pb age of 55.57 ± 
1.9 Ma, excluding 4 older grains, consisting of two Cretaceous ages (67 and 86 Ma), a 
Proterozoic age (1.6 Ga), and a Paleozoic age (320 Ma).  The average U/Th ratio of zircon grains 
used to calculate the age is 4.0 ± 2.5.  The zircon U-Pb age is consistent with previous biotite and 
muscovite K-Ar ages (Marvin et al., 1978).  Zircons are elongate, euhedral, with xenocrystic to 
zoned cores and oscillatory zoned rims and overgrowths.  Zircon εHf(t) values range between -
19.1 and -9.3 for zircons with crystallization ages, with a weighted mean of -12.1 ± 2.5 εHf(t), 
defined by 7 grains.  Other measured zircon εHf(t) values are -23.0 for the 86 Ma grain, -10.6 for 
the Paleozoic grain, and 14.6 for the Proterozoic grain.  Zircon δ18O values from rims range 
between 5.88 and 8.22 ‰, with a weighted mean of 6.6 ± 1.6 ‰, defined by 11 grains.  Zircon 
δ18O values from cores, which are interpreted to be premagmatic, range from 8.05 to 9.67 ‰, 
with a weighted mean of 8.8 ± 146 ‰, defined by 4 grains.  The age of the premagmatic zircon 
grains analyzed for δ18O in uncertain.   
 
Sample San Juan is a quartz monzonite from the San Juan (Dos Pobres) copper porphyry deposit 
in the Safford district, Arizona (Robinson and Cook, 1966).  Leveille and Stegen (2012) report 
an emplacement age of 57 Ma.  Zircon εHf(t) values range between -4.7 and -1.0 for zircons with 
crystallization ages, with a weighted mean of -3.9 ± 1.2 εHf(t), defined by 8 grains.  Zircon 
εHf(t) values for Proterozoic grains (1.2-1.5 Ga) range from 1.9 to 11.0.   
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Sample Chino is a granodiorite from the Chino/Santa Rita copper porphyry deposit in New 
Mexico (Audétat and Pettke, 2006).  Leveille and Stegen (2012) report an emplacement age of 
55.5 Ma.  Zircon εHf(t) values range between -6.1 and -1.6 for zircons with crystallization ages, 
with a weighted mean of -4.0 ± 1.1 εHf(t), defined by 16 grains. 
 
Sample Ajo is a granodiorite from Cornelia pluton, near the town of Ajo, Arizona (Hagstrum et 
al., 1987).  Leveille and Stegen (2012) report an emplacement age of 63 Ma,  Zircon εHf(t) 
values range between -9.8 and -7.8 for zircons with crystallization ages, with a weighted mean of 
-8.6 ± 0.8 εHf(t), defined by 8 grains. 
 
Cretaceous samples 
 
Sample Lakeshore is a granodiorte from the Lakeshore copper porphyry deposit in Arizona 
(Cook, 1988). Leveille and Stegen (2012) report an emplacement age of 66 Ma.  Zircon εHf(t) 
values range between -13.5 and -8.0 for zircons with crystallization ages, with a weighted mean 
of -9.9 ± 1.6 εHf(t), defined by 9 grains. 
 
Sample Granite_Mtn is a granodiorite from the Granite Pass pluton in the Iron Mountains 
Intrusive Suite, California (Howard, 2002).  15 grains yielded a zircon U-Pb age of 71.5 ± 2.8 
Ma, excluding 8 premagmatic ages consisting of 4 Cretaceous grains (105-144 Ma), and 4 
Proterozoic grains (1.4-1.6 Ga).  The age is consistent with previously reported muscovite K-Ar 
ages (Miller and Howard, 1985).  The average U/Th ratio of zircon grains used to calculate the 
age is 2.4 ± 1.9.   Zircons are elongate, prismatic, with angular to sub-rounded xenocrystic 
premagmatic cores and finely oscillatory zoned overgrowths and rims.  Zircon εHf(t) values 
range between -13.7 and -10.8 for zircons with crystallization ages, with a weighted mean of -
12.3 ± 1.0 εHf(t), defined by 9 grains.  Zircon εHf(t) values for Proterozoic grains ranges from 
4.3 to 9.3.  Zircon δ18O values range between 6.07 and 6.38 ‰, with a weighted mean of 6.2 ± 
0.2 ‰, defined by 8 grains.   
 
Sample Hope is granodiorite from the Granite Wash pluton in the southern Granite Wash 
Mountains, Arizona. 22 grains yielded a zircon U-Pb age of 72.7 ± 2.3 Ma excluding 3 older 
Mesozoic grains (78-86 Ma).  No older age domains were measured.  Previously published 
biotite K-Ar and hornblende Ar-Ar ages from the pluton range from 66 to 79 Ma (Reynolds et 
al., 1989).  The average U/Th ratio of zircon grains used to calculate the age is 3.2 ± 1.3.  Zircons 
are elongate, prismatic, and are oscillatory zoned without premagmatic cores.  Zircon εHf(t) 
values range between -14.7 and -8.3 for zircons with crystallization ages, with a weighted mean 
of -11.1 ± 1.8 εHf(t), defined by 10 grains.  Zircon δ18O values range between 5.37 and 5.81 ‰, 
with a weighted mean of 5.6 ± 0.2 ‰, defined by 8 grains.   
 
Sample JDP is quartz monzonite from the Diamond Joe pluton in the Hualapai Mountains, 
Arizona. 8 grains yielded a zircon U-Pb age of 72.8 ± 3.2 Ma, excluding three premagmatic 
Proterozoic ages (1.4-1.7 Ga).  The crystallization age is consistent with a previously reported K-
Ar age (Gerla, 1988).  The average U/Th ratio of zircon grains used to calculate the age is 3.6 ± 
1.4.  Zircon εHf(t) values range between -15.1 and -11.2 for zircons with crystallization ages, 
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with a weighted mean of -13.5 ± 1.5 εHf(t), defined by 5 grains.  Zircon εHf(t) values for 
Proterozoic grains ranges from 1.7 to 5.0.   
 
Sample Coxcomb is granodiorite from the Coxcomb Intrusive Suite, part of Cadiz Valley 
Batholith, California (Howard, 2002).  19 grains yielded a zircon U-Pb age of 76.1 ± 3.4 Ma, 
excluding 6 older Permian to Cretaceous grains (288-89 Ma).  The average U/Th ratio of zircon 
grains used to calculate the age is 1.8 ± 0.8.  The calculated age is broadly consistent with 
previously reported zircon U-Pb ages (Calzia et al., 1986; Barth et al., 2004).  Zircons are 
elongate, euhedral, with angular to premagmatic cores and faintly oscillatory zones overgrowths 
and rims.  Inclusions in zircon are common.  Zircon εHf(t) values range between -14.0 and -7.5 
for zircons with crystallization ages, with a weighted mean of -11.0 ± 2.0 εHf(t), defined by 8 
grains.  Zircon εHf(t) values for premagmatic Mesozoic grains ranges from -11.6 to -8.2.  Zircon 
δ18O values range between 5.35 and 7.26 ‰, with a weighted mean of 6.9 ± 1.1 ‰, defined by 
11 grains.   
 
Sample Yucca is granodiorite from the previously undated(?) Cactus granite pluton in the hills 
north of Yucca Valley, California (Dibblee, 1967b).  12 grains yielded a zircon U-Pb age of 76.9 
± 3.1 Ma.  Premagmatic zircon grains include 8 Mesozoic grains (234-97 Ma) and two 
Proterozoic grains (1.6-1.7 Ga).  The average U/Th ratio of zircon grains used to calculate the 
age is 4.2 ± 2.3.  Zircons are elongate, prismatic, and have sub-rounded xenocrystic cores with 
oscillatory zoned overgrowths and rims.  Zircon εHf(t) values range between -12.0 and -5.7 for 
zircons with crystallization ages, with a weighted mean of -8.3 ± 2.1 εHf(t), defined by 8 grains.  
Zircon εHf(t) values for premagmatic Mesozoic grains ranges from -12.5 to -4.8, excluding 1 
very negative analysis (-31.9 εHf(t), 173 Ma), which is interpreted to have inadvertently sampled 
an older age domain based on similarity to other εHf(0) values of Proterozoic grain analyses.  
Two Proterozoic zircon analyses yielded εHf(t) values of -1.5 to 1.8.  Zircon δ18O values range 
between 6.31 and 7.96 ‰, with a weighted mean of 7.0 ± 1.2 ‰, defined by 9 grains. 
 
Sample Joshua is a mildly deformed monzogranite, perhaps correlative with sheeted Panorama 
granite, that is related to the (81-75 Ma) Palms granite in Joshua Tree National Park (Paterson et 
al., 2017).  9 grains yielded a zircon U-Pb age of 77.0 ± 5.2 Ma, excluding 3 premagmatic 
Mesozoic grains (113-221 Ma) and 5 Proterozoic premagmatic ages (1.6-1.7 Ga).  The average 
U/Th ratio of zircon grains used to calculate the age is 3.7 ± 2.1.  Zircons are elongate, prismatic, 
and have sub-rounded xenocrystic cores with oscillatory zoned overgrowths and rims.  Zircon 
εHf(t) values range between -23.2 and -9.8 for zircons with crystallization ages, with a weighted 
mean of -13.8 ± 6.3 εHf(t), defined by 4 grains.  Zircon εHf(t) values for premagmatic Mesozoic 
grains ranges from -21.3 to -16.9 and εHf(t) values for premagmatic Proterozoic grains ranges 
from -0.8 to 9.3.  Zircon δ18O values from zircon rims range between 5.58 and 7.28 ‰, with a 
weighted mean of 6.2 ± 1.2 ‰, defined by 8 grains.  A single zircon δ18O analysis from an 
undated zircon core yielded a value of 2.0 ‰. 
 
Sample Prescott is quartz monzonite from the Copper Basin porphyry copper deposit, Arizona. 
12 grains yielded a zircon U-Pb age of 80.2 ± 6.7 Ma, excluding 1 young grain (41 Ma), which 
we interpret to be affected by minor Pb loss, and 2 older premagmatic grains (95 Ma and 1.6 
Ga).  The calculated crystallization age is broadly consistent with previously reported biotite K-
Ar ages (73-76 Ma; Christman, 1978).  The average U/Th ratio of zircon grains used to calculate 
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the age is 1.6 ± 1.0.  Zircon εHf(t) values range between -10.3 and -8.2 for zircons with 
crystallization ages, with a weighted mean of -9.3 ± 0.9 εHf(t), defined by 5 grains.  A single 
analysis of a Proterozoic grain yielded a zircon εHf(t) value of 7.4. 
 
Sample Rosamond is quartz monzonite from the Rosamond Hills, California.  18 grains yielded a 
zircon U-Pb age of 88.4 ± 2.6 Ma, excluding four older Mesozoic grains (97-177 Ma) and three 
Proterozoic grains (1.4-1.7 Ga).  The calculated crystallization age is broadly consistent with a 
previously reported zircon Pb-alpha age of 95 Ma ± 10 (Dibblee, 1967a).  The average U/Th 
ratio of zircon grains used to calculate the age is 2.5 ± 0.7,   Zircon εHf(t) values range between -
7.6 and -2.2 for zircons with crystallization ages, with a weighted mean of -4.9 ± 2.0 εHf(t), 
defined by 9 grains.  Zircon εHf(t) values of Proterozoic grains range from 2.5 to 13.1.   
 
Sample Riverside is quartz monzodiorite from the West Riverside Mountains, California. 17 
grains yielded a zircon U-Pb age of 100.8 ± 3.6 Ma, excluding 1 younger grain (95 Ma), which is 
interpreted to have been affected by minor Pb loss, two older Cretaceous ages (112-113), and 
three Proterozoic ages (1.7 Ga).  The calculated age is consistent with a previous zircon U-Pb 
age (99 Ma) reported for the Target granite in the southeastern Turtle Mountains, considered 
equivalent to the rocks in the West Riverside Mountains (Allen et al., 1995).  The average U/Th 
ratio of zircon grains used to calculate the age is 2.0 ± 0.5.  Zircons are elongate, euhedral, have 
sub-rounded pre-magmatic xenocrystic cores, with finely oscillatory zones overgrowths and 
rims.  Zircon εHf(t) values range between -12.2 and -2.1 for zircons with crystallization ages, 
with a weighted mean of -6.1 ± 3.6 εHf(t), defined by 9 grains.  Zircon εHf(t) values of 
Proterozoic grains range from 0.1 to 3.9.  Zircon δ18O values from zircon rims range between 
5.07 and 5.78 ‰, with a weighted mean of 5.4 ± 0.5 ‰, defined by 7 grains.   
 
Sample Keene is tonalite from the Bear Valley Suite in the Tehachapi complex in the southern 
Sierra Nevada.  21 grains yielded a zircon U-Pb age of 102.7 ± 3.5 Ma, excluding 3 older 
premagmatic grains (114, 386, and 1409 Ma).  The average U/Th ratio of zircon grains used to 
calculate the age is 3.1 ± 1.4.  The calculated age is consistent with previously reported zircon U-
Pb ages from the area (Saleeby et al., 2007).  Zircons are elongate, euhedral, with a range of 
textures including grains with and without premagmatic cores, zoned and unzoned cores and 
rims, and a range of CL emission responses.  Zircon εHf(t) values range between 0.2 and 7.7 for 
zircons with crystallization ages, with a weighted mean of 5.8 ± 2.1 εHf(t), defined by 10 grains.  
Zircon εHf(t) values of Proterozoic grains range from -1.1 to 7.6.  Zircon δ18O values from 
zircon rims range between 6.50 and 7.56 ‰, with a weighted mean of 7.0 ± 0.6 ‰, defined by 9 
grains.   
 
Jurassic-Triassic samples 
 
Sample Strawberry is an undeformed granodiorite in the Granite Mountains located northwest of 
Lucerne Lake, California.  22 grains yielded a zircon U-Pb age of 148.8 ± 4.7 Ma, excluding one 
young grain (134 Ma) and three older Jurassic grains (156-162 Ma).  All zircon grains used to 
calculate the crystallization age have a U/Th ratio < 2.  To our knowledge, the granodiorite 
sampled in the Granite Mountains has not been previously dated, but was assigned a Jurassic age 
by Schermer and Busby (1994) based on regional correlations.  Zircons are elongate, euhedral, 
do not have xenocrystic cores, and are oscillatory zoned with generally light CL emission.  
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Zircon εHf(t) values range between -12.6 and -7.7 for zircons with crystallization ages, with a 
weighted mean of -9.6 ± 1.7 εHf(t), defined by 10 grains.  Zircon δ18O values from zircon rims 
range between 4.74 and 6.09 ‰, with a weighted mean of 5.3 ± 0.9 ‰, defined by 8 grains.   
 
Sample S_Barstow is quartz monzonite from the eastern end of Stoddard Ridge, southwest of 
Barstow, California.  22 grains yielded a zircon U-Pb age of 161.2 ± 4.6 Ma, excluding 2 young 
grains (118-142 Ma) and one Proterozoic grain (1.2 Ga).  All zircon grains used to calculate the 
crystallization age have a U/Th ratio < 2.  To our knowledge, the quartz monzonite pluton has 
not been previously dated, but was assigned a Jurassic age by Schermer and Busby (1994) and is 
similar in age to the nearby Sidewinder and Turtle Mountain tuffs (Schermer et al., 2002; Fohey-
Breting et al., 2010).  Zircons are elongate, euhedral, with large, angular, dark CL emission cores 
and thin, light CL emission, finely oscillatory zoned rims.  Zircon εHf(t) values range between -
10.2 and -2.6 for zircons with crystallization ages, with a weighted mean of -6.0 ± 2.3 εHf(t), 
defined by 10 grains.  A single analysis of a Proterozoic grain had a zircon εHf(t) value of -0.4.  
Zircon δ18O values from zircon rims range between 4.76 and 5.65 ‰, with a weighted mean of 
5.4 ± 0.6 ‰, defined by 9 grains. 
 
Sample Quartzite is a quartz monzonite from near the Julian mine on Granite Mountain, west of 
Quartzsite, Arizona.  23 grains yielded a zircon U-Pb age of 165.0 ± 4.2 Ma, excluding 2 
younger grains (145, 157 Ma), which are interpreted to have been affected by minor Pb loss.  No 
older age domains were measured.  The average U/Th ratio of zircon grains used to calculate the 
age is 2.3 ± 2.0.  Zircons are equant, euhedral, with few xenocrystic cores and broadly zones to 
un-zoned rims and overgrowths that tend to have dark CL emissions.  Zircon εHf(t) values range 
between -11.9 and -8.6 for zircons with crystallization ages, with a weighted mean of -10.4 ± 1.3 
εHf(t), defined by 10 grains.  Zircon δ18O values from zircon rims range between 4.80 and 5.63 
‰, with a weighted mean of 5.2 ± 0.5 ‰, defined by 9 grains. 
 
Sample Finger is a granodiorite from Lone Mountain in the Harquahala plain, Arizona.  20 
grains yielded a zircon U-Pb age of 171.0 ± 5.0 Ma.  No older age domains were measured.  The 
average U/Th ratio of zircon grains used to calculate the age is 1.2 ± 0.6.  Zircons are equant, 
euhedral, very broadly oscillatory zoned to not zoned, and do not contain xenocrystic cores.  
Zircon εHf(t) values range between -12.4 and -7.2 for zircons with crystallization ages, with a 
weighted mean of -9.5 ± 1.5 εHf(t), defined by 10 grains.   
 
Sample 29-Palms is a quartz monzonite from the Twentynine Palms pluton, California.  Barth 
and Wooden (2006) reported a zircon U-Pb crystallization age of 234 Ma.  Zircons are elongate, 
euhedral, have dark CL emission, and have well-defined premagmatic cores with finely 
oscillatory zoned rims and overgrowths.  Only the finely zoned rims were targeted for O isotope 
analyses.  Zircon δ18O values from zircon rims range between 4.87 and 5.44 ‰, with a weighted 
mean of 5.2 ± 0.4 ‰, defined by 10 grains. 
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Supplementary Table 1: Zircon U-Pb geochronology data. 
 

 
 
 
  

Supplementary Table 1: U-Pb geochronologic analyses.
Isotope ratios Apparent ages (Ma)

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

*analyses highlighted in red were not included in mean age calculations
Sample: UTEP
DAFOV_CHAPMAN_U_J_P_B-Spot 23 108.051 744.0028 2.298219 37.28613 10.95113 0.02573 15.8894 0.006958 11.51285 0.724562 44.69863 5.128286 25.79516 4.047092 1517.553 366.376 44.69863 5.128286
DAFOV_CHAPMAN_U_J_P_B-Spot 84 152.2866 993.9296 1.760716 31.15847 9.695977 0.031096 17.48065 0.007027 14.54514 0.832071 45.14191 6.543023 31.09365 5.353043 956.2713 285.1803 45.14191 6.543023
DAFOV_CHAPMAN_U_J_P_B-Spot 38 424.6799 27279.68 1.336427 20.45576 4.801248 0.047808 5.375506 0.007093 2.417452 0.449716 45.5617 1.097549 47.41903 2.490413 142.3879 112.7568 45.5617 1.097549
DAFOV_CHAPMAN_U_J_P_B-Spot 72 196.2147 8524.039 2.179588 21.99554 7.742566 0.04448 8.458983 0.007096 3.406916 0.402757 45.5803 1.547405 44.18833 3.657732 30.71194 187.9466 45.5803 1.547405
DAFOV_CHAPMAN_U_J_P_B-Spot 69 103.6118 2752.369 1.736998 19.73647 9.799782 0.049812 10.12143 0.00713 2.531344 0.250097 45.80158 1.155287 49.35932 4.876424 225.7601 226.9846 45.80158 1.155287
DAFOV_CHAPMAN_U_J_P_B-Spot 73 296.7338 5457.131 5.289385 22.28383 7.364768 0.044278 7.697084 0.007156 2.237253 0.290662 45.96668 1.024733 43.99199 3.313808 62.38014 179.8321 45.96668 1.024733
DAFOV_CHAPMAN_U_J_P_B-Spot 4 477.3935 8017.972 3.452467 20.61705 4.139425 0.047931 4.802756 0.007167 2.435493 0.507103 46.03743 1.117244 47.53824 2.230527 123.8795 97.50775 46.03743 1.117244
DAFOV_CHAPMAN_U_J_P_B-Spot 59 245.4356 2498.491 1.483361 21.29355 6.139787 0.046432 7.373751 0.007171 4.083531 0.553793 46.06104 1.874213 46.08485 3.322232 47.34711 146.7923 46.06104 1.874213
DAFOV_CHAPMAN_U_J_P_B-Spot 33 227.663 1121.308 1.326427 30.82662 6.990035 0.03218 7.606313 0.007195 2.999234 0.394309 46.21441 1.381122 32.16075 2.407917 924.9432 203.9993 46.21441 1.381122
DAFOV_CHAPMAN_U_J_P_B-Spot 64 111.3459 5658.087 1.9078 19.29688 10.26835 0.051579 10.65732 0.007219 2.852961 0.2677 46.36776 1.318108 51.06673 5.307801 277.5792 235.6697 46.36776 1.318108
DAFOV_CHAPMAN_U_J_P_B-Spot 3 810.5253 60131.42 0.741514 21.5303 3.407425 0.046372 3.947617 0.007241 1.993272 0.50493 46.51111 0.923756 46.0264 1.776383 20.84131 81.82877 46.51111 0.923756
DAFOV_CHAPMAN_U_J_P_B-Spot 83 183.3386 4600.677 1.879434 23.7433 7.868977 0.04209 8.479777 0.007248 3.160037 0.372656 46.55471 1.465847 41.86213 3.477649 219.5024 198.1753 46.55471 1.465847
DAFOV_CHAPMAN_U_J_P_B-Spot 93 1087.954 7223.949 4.194138 22.10876 2.592202 0.045346 2.979184 0.007271 1.468341 0.492867 46.70331 0.683286 45.03028 1.312223 43.17688 63.00936 46.70331 0.683286
DAFOV_CHAPMAN_U_J_P_B-Spot 75 1044.165 44651.98 5.633817 21.24208 2.97984 0.047204 3.486495 0.007272 1.810028 0.519154 46.71102 0.842427 46.83338 1.59576 53.11003 71.09967 46.71102 0.842427
DAFOV_CHAPMAN_U_J_P_B-Spot 1 144.2003 2370.434 1.348577 21.46853 8.641088 0.047841 9.531247 0.007449 4.021972 0.421978 47.84165 1.917056 47.45065 4.418618 27.76052 207.5088 47.84165 1.917056
DAFOV_CHAPMAN_U_J_P_B-Spot 81 694.2372 17152.46 2.299249 21.89448 3.384967 0.046989 3.758957 0.007462 1.63455 0.434841 47.92175 0.780401 46.62481 1.712978 19.5586 81.89312 47.92175 0.780401
DAFOV_CHAPMAN_U_J_P_B-Spot 7 491.2329 6862.777 2.151606 21.5595 4.038842 0.048806 6.189738 0.007632 4.690481 0.757783 49.00919 2.290051 48.38547 2.924704 17.56549 97.06194 49.00919 2.290051
DAFOV_CHAPMAN_U_J_P_B-Spot 37 652.7941 132900.3 1.709496 21.87957 2.358189 0.048319 2.752843 0.007667 1.420243 0.515918 49.23909 0.696651 47.91341 1.288346 17.91128 57.04333 49.23909 0.696651
DAFOV_CHAPMAN_U_J_P_B-Spot 48 2888.958 25277.59 2.310796 21.45718 2.011867 0.049734 2.748124 0.00774 1.872052 0.681211 49.70165 0.926863 49.28379 1.322037 29.01499 48.20961 49.70165 0.926863
DAFOV_CHAPMAN_U_J_P_B-Spot 70 76.20503 807.3859 2.353331 28.91571 10.70378 0.042655 11.56051 0.008945 4.367437 0.377789 57.4095 2.496192 42.41275 4.802174 742.0603 300.5784 57.4095 2.496192

Sample: JDP
DAFOV_CHAPMAN_U_J_P_B-Spot 85 1045.854 10839.42 2.395164 22.48568 2.557987 0.066338 3.218391 0.010819 1.953138 0.606868 69.36614 1.347553 65.21855 2.033002 84.42315 62.67198 69.36614 1.347553
DAFOV_CHAPMAN_U_J_P_B-Spot 103 1216.858 23803.93 3.994577 21.02217 2.794652 0.073832 5.61335 0.011257 4.868225 0.867258 72.16185 3.493412 72.3296 3.918898 77.85555 66.38149 72.16185 3.493412
DAFOV_CHAPMAN_U_J_P_B-Spot 53 1040.221 176910.4 2.171916 21.14384 3.461621 0.073485 6.340899 0.011269 5.312644 0.837838 72.23741 3.816294 72.00092 4.407422 64.14843 82.44628 72.23741 3.816294
DAFOV_CHAPMAN_U_J_P_B-Spot 22 382.4831 15820.38 3.196042 20.72023 6.350892 0.0751 9.121968 0.011286 6.548013 0.717829 72.34587 4.710735 73.52787 6.470187 112.1432 150.0048 72.34587 4.710735
DAFOV_CHAPMAN_U_J_P_B-Spot 51 1160.224 142150.2 2.904557 20.12392 3.498484 0.078642 5.50938 0.011478 4.25604 0.772508 73.57039 3.113386 76.8673 4.078606 180.5936 81.54436 73.57039 3.113386
DAFOV_CHAPMAN_U_J_P_B-Spot 95 1821.027 42055.69 3.72622 20.88349 2.134214 0.076368 3.030016 0.011567 2.150843 0.709846 74.13608 1.585417 74.72412 2.182851 93.60047 50.55088 74.13608 1.585417
DAFOV_CHAPMAN_U_J_P_B-Spot 10 1580.788 40570.15 3.65541 20.47457 2.151697 0.078095 2.899304 0.011597 1.943236 0.670242 74.327 1.436054 76.35196 2.132497 140.1886 50.53715 74.327 1.436054
DAFOV_CHAPMAN_U_J_P_B-Spot 108 1441.217 19800.45 6.700129 20.58786 2.22785 0.077797 3.938943 0.011616 3.248378 0.824683 74.45246 2.404585 76.07137 2.886923 127.2612 52.43089 74.45246 2.404585
DAFOV_CHAPMAN_U_J_P_B-Spot 25 575.8671 237263 6.87783 11.31196 1.184479 2.602549 3.694115 0.213518 3.499071 0.947201 1247.535 39.68856 1301.357 27.10394 1391.218 22.72776 1391.218 22.72776
DAFOV_CHAPMAN_U_J_P_B-Spot 49 386.8001 130757.1 2.234278 9.743704 1.231087 3.701119 2.632206 0.261551 2.326571 0.883886 1497.771 31.09489 1571.61 21.04475 1672.212 22.75968 1672.212 22.75968
DAFOV_CHAPMAN_U_J_P_B-Spot 19 595.9442 69087.01 1.581405 9.736064 0.904343 3.696607 2.392738 0.261027 2.215256 0.925825 1495.094 29.56012 1570.636 19.12473 1673.662 16.7152 1673.662 16.7152

Sample: Buckeye
DAFOV_CHAPMAN_U_J_P_B-Spot 39 161.6789 321.681 0.781386 308.4391 10.95316 0.001227 12.29824 0.002744 5.592405 0.454732 17.66278 0.986422 1.244605 0.152971 0 0 17.66278 0.986422
DAFOV_CHAPMAN_U_J_P_B-Spot 11 481.9998 1764.649 1.001784 25.02821 6.845053 0.016492 7.48951 0.002994 3.03941 0.405822 19.26996 0.584819 16.60949 1.233851 353.8473 177.0281 19.26996 0.584819
DAFOV_CHAPMAN_U_J_P_B-Spot 101 1016.221 10345.89 2.263928 20.9128 4.405274 0.019999 4.820232 0.003033 1.956578 0.405909 19.52463 0.381437 20.10641 0.959643 90.24895 104.439 19.52463 0.381437
DAFOV_CHAPMAN_U_J_P_B-Spot 57 805.8882 4973.246 1.723964 22.74555 5.877231 0.018444 6.555685 0.003043 2.904336 0.443026 19.58394 0.56792 18.55675 1.205474 112.6501 144.8546 19.58394 0.56792
DAFOV_CHAPMAN_U_J_P_B-Spot 102 382.9614 3303.985 1.12831 22.09869 7.36769 0.019192 7.849828 0.003076 2.708679 0.345062 19.79848 0.535455 19.30238 1.500894 42.06881 179.2046 19.79848 0.535455
DAFOV_CHAPMAN_U_J_P_B-Spot 47 478.7732 2168.387 1.140334 25.82741 7.469398 0.016448 8.159112 0.003081 3.28317 0.402393 19.83049 0.650068 16.56481 1.340578 435.7396 196.459 19.83049 0.650068
DAFOV_CHAPMAN_U_J_P_B-Spot 45 509.1743 1004.671 2.28271 34.18512 6.043848 0.012531 6.811169 0.003107 3.140689 0.461109 19.997 0.627071 12.64467 0.85591 1237.091 189.1536 19.997 0.627071
DAFOV_CHAPMAN_U_J_P_B-Spot 46 641.5562 3518.257 1.347529 23.66382 6.37447 0.018117 6.658088 0.003109 1.922568 0.288757 20.01261 0.384159 18.23063 1.20298 211.0744 160.1998 20.01261 0.384159
DAFOV_CHAPMAN_U_J_P_B-Spot 76 1487.731 16668.98 1.347881 21.33579 4.435829 0.020199 5.292126 0.003126 2.886177 0.545372 20.11744 0.57972 20.3051 1.063899 42.58588 106.102 20.11744 0.57972
DAFOV_CHAPMAN_U_J_P_B-Spot 6 694.209 5136.861 0.957791 25.45627 5.907798 0.016964 6.451364 0.003132 2.591914 0.401762 20.15826 0.521669 17.08019 1.09269 397.8593 154.123 20.15826 0.521669
DAFOV_CHAPMAN_U_J_P_B-Spot 2 1327.087 15592.38 1.870278 21.82068 4.232782 0.020046 4.464026 0.003172 1.418128 0.317679 20.41849 0.289102 20.15298 0.890766 11.39634 102.2701 20.41849 0.289102
DAFOV_CHAPMAN_U_J_P_B-Spot 92 294.1392 2335.616 1.389456 23.36599 8.058246 0.018849 8.526133 0.003194 2.785607 0.326714 20.5584 0.571764 18.96049 1.601598 179.3699 201.3566 20.5584 0.571764
DAFOV_CHAPMAN_U_J_P_B-Spot 27 1309.748 14749.96 1.180602 20.96098 5.466831 0.021391 7.198779 0.003252 4.683608 0.650611 20.92966 0.978674 21.4914 1.530861 84.77485 129.7601 20.92966 0.978674
DAFOV_CHAPMAN_U_J_P_B-Spot 61 411.0451 1131.306 0.98013 27.67878 7.813036 0.015373 8.588311 0.003086 3.565888 0.415203 19.86289 0.707198 15.49033 1.320262 621.1398 213.6016 19.86289 0.707198

Sample: Prescott
DAFOV_CHAPMAN_U_J_P_B-Spot 40 5575.371 39747.3 1.884628 21.1758 2.285281 0.041377 15.87935 0.006355 15.71405 0.98959 40.83525 6.396592 41.16716 6.406419 60.55196 54.47796 40.83525 6.396592
DAFOV_CHAPMAN_U_J_P_B-Spot 36 309.4593 11682.9 0.68018 21.14487 4.954115 0.072501 6.562718 0.011119 4.304186 0.655854 71.27928 3.051094 71.07011 4.504674 64.01508 118.018 71.27928 3.051094
DAFOV_CHAPMAN_U_J_P_B-Spot 100 130.9314 2196.975 4.565379 23.53945 8.071371 0.065667 8.800212 0.011211 3.506665 0.398475 71.86791 2.506171 64.57894 5.506185 197.8605 202.42 71.86791 2.506171
DAFOV_CHAPMAN_U_J_P_B-Spot 87 70.25302 1208.584 1.247274 21.95998 10.85677 0.075227 11.97942 0.011981 5.063299 0.422666 76.77797 3.86444 73.64802 8.510442 26.79179 263.6796 76.77797 3.86444
DAFOV_CHAPMAN_U_J_P_B-Spot 97 151.0066 3186.447 1.064993 17.45082 11.94094 0.094716 13.10861 0.011988 5.40829 0.412575 76.81845 4.129909 91.88697 11.51666 503.2431 263.6404 76.81845 4.129909
DAFOV_CHAPMAN_U_J_P_B-Spot 13 188.4203 3934.564 2.414219 8.282001 24.27437 0.205351 24.43654 0.012335 2.81062 0.115017 79.02844 2.20763 189.6436 42.2964 1967.226 439.7716 79.02844 2.20763
DAFOV_CHAPMAN_U_J_P_B-Spot 24 66.93696 1212.849 1.467133 23.97372 12.60028 0.072609 14.78033 0.012625 7.725992 0.522721 80.8751 6.209374 71.17212 10.1596 243.8525 319.4983 80.8751 6.209374
DAFOV_CHAPMAN_U_J_P_B-Spot 62 66.32472 1124.859 1.295286 27.07841 9.974527 0.064654 12.00665 0.012697 6.683445 0.556645 81.33771 5.402011 63.61349 7.403645 561.6332 269.512 81.33771 5.402011
DAFOV_CHAPMAN_U_J_P_B-Spot 60 59.53425 1165.878 1.414759 26.30985 10.74995 0.066894 13.29915 0.012765 7.829817 0.588746 81.76479 6.361606 65.74786 8.467024 484.6072 285.9426 81.76479 6.361606
DAFOV_CHAPMAN_U_J_P_B-Spot 34 55.18739 1282.653 2.06181 27.16367 11.61998 0.066912 12.68837 0.013182 5.096155 0.40164 84.42277 4.274266 65.76441 8.080119 570.1176 314.7511 84.42277 4.274266
DAFOV_CHAPMAN_U_J_P_B-Spot 94 156.604 31566.3 0.822512 7.322591 26.46782 0.248301 27.19141 0.013187 6.231156 0.229159 84.45231 5.228036 225.1948 54.97233 2184.059 469.4819 84.45231 5.228036
DAFOV_CHAPMAN_U_J_P_B-Spot 86 65.25445 4784.333 1.276841 28.07803 6.923306 0.066343 7.972259 0.01351 3.952814 0.495821 86.50901 3.396698 65.22316 5.036316 660.4091 190.8083 86.50901 3.396698
DAFOV_CHAPMAN_U_J_P_B-Spot 58 57.01575 1485.116 1.226883 26.12185 7.103844 0.071868 8.360715 0.013616 4.408735 0.527316 87.18021 3.817672 70.47077 5.692112 465.6137 187.9757 87.18021 3.817672
DAFOV_CHAPMAN_U_J_P_B-Spot 104 51.19558 1069.937 1.42997 31.89927 9.40269 0.064216 15.33775 0.014857 12.11759 0.79005 95.06869 11.43552 63.1962 9.39767 1025.791 280.8278 95.06869 11.43552
DAFOV_CHAPMAN_U_J_P_B-Spot 26 877.6454 108759.1 9.420739 9.874555 1.354057 3.378809 3.335618 0.24198 3.048422 0.9139 1396.984 38.28808 1499.494 26.14025 1647.513 25.11259 1647.513 25.11259
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Keene
Dafov1 17March2016-KEANE Spot 15 626 48504 4.1 21.0109 1.2 0.0984 2.3 0.0150 1.9 0.86 96.0 1.8 95.3 2.0 79.1 27.3 96.0 1.8
Dafov1 17March2016-KEANE Spot 34 1372 228550 7.5 20.4221 0.8 0.1038 1.7 0.0154 1.5 0.89 98.4 1.5 100.3 1.7 146.3 18.2 98.4 1.5
Dafov1 17March2016-KEANE Spot 31 227 9901 5.0 20.5216 1.6 0.1041 2.3 0.0155 1.7 0.72 99.1 1.6 100.5 2.2 134.8 37.3 99.1 1.6
Dafov1 17March2016-KEANE Spot 13 272 37023 2.5 21.5602 1.3 0.1005 2.1 0.0157 1.7 0.78 100.5 1.7 97.2 2.0 17.5 32.0 100.5 1.7
Dafov1 17March2016-KEANE Spot 12 343 19130 2.4 20.6728 1.1 0.1059 2.4 0.0159 2.2 0.90 101.5 2.2 102.2 2.4 117.5 25.1 101.5 2.2
Dafov1 17March2016-KEANE Spot 16 365 11363 2.5 21.0200 1.2 0.1045 2.4 0.0159 2.1 0.87 101.9 2.1 100.9 2.3 78.1 27.6 101.9 2.1
Dafov1 17March2016-KEANE Spot 11 2180 1744156 1.6 20.1682 0.7 0.1091 1.7 0.0160 1.5 0.91 102.0 1.5 105.1 1.7 175.5 16.0 102.0 1.5
Dafov1 17March2016-KEANE Spot 35 863 59118 1.6 20.7773 0.8 0.1061 2.0 0.0160 1.8 0.92 102.2 1.8 102.4 1.9 105.6 18.1 102.2 1.8
Dafov1 17March2016-KEANE Spot 22 406 27763 2.6 21.2821 1.3 0.1036 1.9 0.0160 1.4 0.72 102.2 1.4 100.1 1.8 48.6 31.9 102.2 1.4
Dafov1 17March2016-KEANE Spot 14 1124 11511 1.4 20.9440 0.9 0.1053 1.7 0.0160 1.5 0.86 102.3 1.5 101.6 1.6 86.7 20.7 102.3 1.5
Dafov1 17March2016-KEANE Spot 33 695 24715 2.0 20.8618 0.9 0.1058 1.7 0.0160 1.5 0.87 102.3 1.5 102.1 1.7 96.1 20.2 102.3 1.5
Dafov1 17March2016-KEANE Spot 21 296 9537 3.8 20.8778 1.3 0.1060 2.0 0.0161 1.6 0.78 102.7 1.6 102.3 2.0 94.2 30.5 102.7 1.6
Dafov1 17March2016-KEANE Spot 32 449 8677 2.8 21.5025 1.7 0.1034 2.5 0.0161 1.9 0.74 103.1 1.9 99.9 2.4 23.9 40.9 103.1 1.9
Dafov1 17March2016-KEANE Spot 29 162 5589 5.1 21.9704 1.2 0.1013 2.4 0.0161 2.1 0.86 103.2 2.1 98.0 2.2 27.9 29.2 103.2 2.1
Dafov1 17March2016-KEANE Spot 30 354 12172 2.8 21.3130 1.5 0.1046 2.2 0.0162 1.7 0.75 103.4 1.7 101.0 2.1 45.1 35.3 103.4 1.7
Dafov1 17March2016-KEANE Spot 25 151 7256 3.2 22.0347 1.6 0.1016 2.5 0.0162 1.9 0.76 103.8 2.0 98.2 2.3 35.0 39.3 103.8 2.0
Dafov1 17March2016-KEANE Spot 17 325 15986 3.8 20.5973 1.2 0.1091 2.1 0.0163 1.7 0.83 104.2 1.8 105.1 2.1 126.2 27.3 104.2 1.8
Dafov1 17March2016-KEANE Spot 20 769 337363 1.6 20.6995 0.8 0.1089 1.9 0.0163 1.7 0.91 104.5 1.8 105.0 1.9 114.5 18.5 104.5 1.8
Dafov1 17March2016-KEANE Spot 18 265 4216 3.1 21.6877 1.4 0.1061 2.1 0.0167 1.6 0.76 106.7 1.7 102.4 2.0 3.3 32.5 106.7 1.7
Dafov1 17March2016-KEANE Spot 24 526 13239 2.5 19.7048 1.5 0.1171 2.8 0.0167 2.4 0.86 107.0 2.6 112.5 3.0 229.4 33.8 107.0 2.6
Dafov1 17March2016-KEANE Spot 28 595 48151 2.8 20.6496 1.1 0.1146 2.2 0.0172 1.9 0.87 109.7 2.1 110.2 2.3 120.2 25.4 109.7 2.1
Dafov1 17March2016-KEANE Spot 26 523 8479 1.6 21.0924 1.2 0.1170 2.3 0.0179 2.0 0.86 114.4 2.3 112.3 2.5 70.0 27.8 114.4 2.3
Dafov1 17March2016-KEANE Spot 27 387 26074 3.2 16.5481 0.6 0.5147 2.0 0.0618 2.0 0.95 386.4 7.3 421.6 7.1 619.0 13.2 386.4 7.3
Dafov1 17March2016-KEANE Spot 19 215 37580 1.9 11.2061 0.7 2.6129 2.2 0.2124 2.1 0.95 1241.4 24.1 1304.3 16.5 1409.2 13.3 1409.2 13.3

Sample: S-Bartstow
Dafov1 17March2016-S. BARSTOW Spot 5 1281 7014 1.1 17.0367 1.1 0.1492 3.2 0.0184 3.1 0.95 117.8 3.6 141.2 4.3 555.9 23.0 117.8 3.6
Dafov1 17March2016-S. BARSTOW Spot 6 1410 54926 0.6 19.6656 0.8 0.1560 2.7 0.0223 2.6 0.95 141.9 3.6 147.2 3.7 234.1 19.4 141.9 3.6
Dafov1 17March2016-S. BARSTOW Spot 5 318 37374 0.9 20.3712 0.9 0.1665 1.8 0.0246 1.6 0.87 156.7 2.4 156.4 2.6 152.1 21.3 156.7 2.4
Dafov1 17March2016-S. BARSTOW Spot 5 438 11073 1.2 19.4302 1.2 0.1748 2.1 0.0246 1.7 0.80 156.9 2.6 163.6 3.1 261.8 28.1 156.9 2.6
Dafov1 17March2016-S. BARSTOW Spot 6 1255 5586 0.7 16.8710 3.1 0.2026 3.7 0.0248 2.1 0.55 157.9 3.2 187.3 6.4 577.2 67.5 157.9 3.2
Dafov1 17March2016-S. BARSTOW Spot 5 621 11013 1.3 18.9441 1.1 0.1809 2.3 0.0248 2.0 0.89 158.2 3.2 168.8 3.6 319.7 24.1 158.2 3.2
Dafov1 17March2016-S. BARSTOW Spot 6 1045 100342 0.5 20.0110 0.8 0.1712 2.0 0.0249 1.8 0.91 158.3 2.8 160.5 2.9 193.7 18.5 158.3 2.8
Dafov1 17March2016-S. BARSTOW Spot 6 1292 358485 0.7 19.9450 0.7 0.1719 1.8 0.0249 1.7 0.91 158.3 2.6 161.0 2.7 201.4 16.9 158.3 2.6
Dafov1 17March2016-S. BARSTOW Spot 6 376 123036 0.9 18.8582 2.9 0.1819 3.3 0.0249 1.7 0.50 158.4 2.6 169.7 5.2 329.9 65.2 158.4 2.6
Dafov1 17March2016-S. BARSTOW Spot 6 240 20254 1.1 20.2147 1.2 0.1702 2.3 0.0250 2.0 0.86 158.9 3.1 159.6 3.4 170.1 27.4 158.9 3.1
Dafov1 17March2016-S. BARSTOW Spot 5 826 45115 0.7 20.4535 0.6 0.1688 2.1 0.0250 2.0 0.96 159.4 3.2 158.4 3.1 142.7 13.6 159.4 3.2
Dafov1 17March2016-S. BARSTOW Spot 4 545 50679 0.6 19.9249 0.8 0.1739 2.1 0.0251 1.9 0.91 160.0 3.0 162.8 3.1 203.7 19.5 160.0 3.0
Dafov1 17March2016-S. BARSTOW Spot 6 1251 27048 0.6 18.6454 1.2 0.1864 2.2 0.0252 1.8 0.83 160.5 2.9 173.6 3.5 355.6 28.1 160.5 2.9
Dafov1 17March2016-S. BARSTOW Spot 6 1899 134526 0.6 20.4534 0.6 0.1708 1.6 0.0253 1.5 0.93 161.3 2.3 160.1 2.3 142.7 13.4 161.3 2.3
Dafov1 17March2016-S. BARSTOW Spot 4 418 41379 0.9 20.3213 1.0 0.1722 2.1 0.0254 1.8 0.88 161.6 2.9 161.3 3.1 157.8 23.0 161.6 2.9
Dafov1 17March2016-S. BARSTOW Spot 5 372 19443 0.9 20.8779 1.2 0.1678 2.1 0.0254 1.8 0.83 161.8 2.8 157.5 3.1 94.2 28.0 161.8 2.8
Dafov1 17March2016-S. BARSTOW Spot 6 76 16569 0.6 20.0174 1.7 0.1755 3.2 0.0255 2.7 0.85 162.2 4.3 164.2 4.8 193.0 38.7 162.2 4.3
Dafov1 17March2016-S. BARSTOW Spot 4 794 71753 0.6 20.1727 0.6 0.1745 1.8 0.0255 1.7 0.94 162.6 2.7 163.4 2.7 174.9 14.0 162.6 2.7
Dafov1 17March2016-S. BARSTOW Spot 5 424 27207 0.9 20.6649 0.9 0.1714 2.2 0.0257 2.0 0.92 163.5 3.3 160.7 3.3 118.4 20.2 163.5 3.3
Dafov1 17March2016-S. BARSTOW Spot 5 530 38318 0.7 20.3657 1.0 0.1744 2.1 0.0258 1.8 0.87 164.0 2.9 163.2 3.1 152.7 23.6 164.0 2.9
Dafov1 17March2016-S. BARSTOW Spot 4 522 15738 0.7 20.6810 0.9 0.1728 2.0 0.0259 1.8 0.89 165.0 3.0 161.9 3.1 116.6 22.2 165.0 3.0
Dafov1 17March2016-S. BARSTOW Spot 6 40 17833 0.6 21.5691 2.7 0.1665 4.6 0.0261 3.8 0.81 165.8 6.2 156.4 6.7 16.5 65.0 165.8 6.2
Dafov1 17March2016-S. BARSTOW Spot 5 326 9058 0.8 19.7870 1.8 0.1821 2.9 0.0261 2.3 0.78 166.3 3.7 169.9 4.6 219.8 42.4 166.3 3.7
Dafov1 17March2016-S. BARSTOW Spot 7 223 8747 1.5 21.0258 1.4 0.1748 2.6 0.0267 2.2 0.85 169.6 3.6 163.5 3.9 77.4 32.2 169.6 3.6
Dafov1 17March2016-S. BARSTOW Spot 5 1128 360677 44.2 12.4754 1.2 2.3837 2.4 0.2157 2.0 0.87 1259.0 23.4 1237.7 16.9 1200.9 23.2 1200.9 23.2

Sample: Snaggletooth
Dafov1 17March2016-SNAGGLETOOTH Sp  54 296 0.9 -153.0944 69.4 -0.0027 69.5 0.0030 4.4 0.06 19.0 0.8 2.7 1.9 0.0 0.0 19.0 0.8
Dafov1 17March2016-SNAGGLETOOTH Sp  48 278 1.2 -113.7720 157.5 -0.0036 157.5 0.0030 3.7 0.02 19.4 0.7 3.7 5.9 0.0 0.0 19.4 0.7
Dafov1 17March2016-SNAGGLETOOTH Sp  116 1935 1.1 22.9464 9.7 0.0186 10.0 0.0031 2.6 0.26 19.9 0.5 18.7 1.9 134.3 239.3 19.9 0.5
Dafov1 17March2016-SNAGGLETOOTH Sp  117 643 0.9 42.9914 12.6 0.0099 13.0 0.0031 3.1 0.24 20.0 0.6 10.0 1.3 2022.0 477.2 20.0 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  100 748 1.1 43.1877 14.3 0.0099 14.7 0.0031 3.4 0.23 20.0 0.7 10.0 1.5 2039.2 541.5 20.0 0.7
Dafov1 17March2016-SNAGGLETOOTH Sp  88 1043 0.9 29.4127 16.1 0.0146 16.5 0.0031 3.7 0.22 20.1 0.7 14.7 2.4 790.1 458.6 20.1 0.7
Dafov1 17March2016-SNAGGLETOOTH Sp  53 257 1.0 -67.5636 32.7 -0.0064 33.0 0.0031 4.0 0.12 20.1 0.8 6.5 2.1 0.0 0.0 20.1 0.8
Dafov1 17March2016-SNAGGLETOOTH Sp  41 498 1.3 25.9582 18.9 0.0166 19.5 0.0031 4.9 0.25 20.1 1.0 16.7 3.2 449.0 500.5 20.1 1.0
Dafov1 17March2016-SNAGGLETOOTH Sp  76 494 0.9 26.2896 34.3 0.0164 34.4 0.0031 3.2 0.09 20.1 0.6 16.5 5.6 482.6 931.4 20.1 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  71 794 0.9 7.2372 16.1 0.0596 16.5 0.0031 3.4 0.20 20.2 0.7 58.8 9.4 2204.4 281.9 20.2 0.7
Dafov1 17March2016-SNAGGLETOOTH Sp  38 452 1.1 29.3436 17.8 0.0148 18.3 0.0031 4.3 0.24 20.3 0.9 14.9 2.7 783.4 506.8 20.3 0.9
Dafov1 17March2016-SNAGGLETOOTH Sp  73 820 0.8 26.3158 9.0 0.0165 9.6 0.0031 3.3 0.35 20.3 0.7 16.6 1.6 485.2 238.4 20.3 0.7
Dafov1 17March2016-SNAGGLETOOTH Sp  129 2767 0.9 23.9553 4.8 0.0183 5.5 0.0032 2.8 0.50 20.5 0.6 18.4 1.0 241.9 120.3 20.5 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  71 420 1.0 35.3321 11.6 0.0124 12.4 0.0032 4.3 0.35 20.5 0.9 12.6 1.5 1341.5 374.1 20.5 0.9
Dafov1 17March2016-SNAGGLETOOTH Sp  133 1483 0.8 21.3959 5.5 0.0206 6.2 0.0032 2.8 0.46 20.6 0.6 20.7 1.3 35.8 132.0 20.6 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  126 1111 0.9 22.7130 5.3 0.0195 6.0 0.0032 2.8 0.47 20.7 0.6 19.6 1.2 109.1 130.2 20.7 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  126 489 1.1 58.0527 17.5 0.0077 17.7 0.0032 2.8 0.16 20.8 0.6 7.8 1.4 0.0 1225.4 20.8 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  104 3032 0.8 23.2702 3.6 0.0192 4.6 0.0032 2.9 0.63 20.9 0.6 19.3 0.9 169.1 89.3 20.9 0.6
Dafov1 17March2016-SNAGGLETOOTH Sp  51 804 1.2 19.1143 6.9 0.0234 8.1 0.0032 4.2 0.52 20.9 0.9 23.5 1.9 299.3 156.8 20.9 0.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Quartzite
Dafov1 17March2016-QUARTZITE Spot 49 651 7975 2.1 17.5278 3.1 0.1787 4.0 0.0227 2.5 0.63 144.8 3.6 166.9 6.2 493.6 69.2 144.8 3.6
Dafov1 17March2016-QUARTZITE Spot 59 863 25089 1.6 19.9104 0.9 0.1703 3.2 0.0246 3.1 0.96 156.6 4.8 159.7 4.8 205.4 21.6 156.6 4.8
Dafov1 17March2016-QUARTZITE Spot 57 1041 230818 10.1 19.8732 0.6 0.1754 1.7 0.0253 1.6 0.94 161.0 2.6 164.1 2.6 209.8 14.0 161.0 2.6
Dafov1 17March2016-QUARTZITE Spot 47 455 68535 0.9 19.6916 1.2 0.1772 3.1 0.0253 2.8 0.92 161.1 4.5 165.7 4.7 231.0 28.2 161.1 4.5
Dafov1 17March2016-QUARTZITE Spot 64 1522 17684 1.6 18.9172 1.1 0.1857 1.9 0.0255 1.4 0.78 162.2 2.3 172.9 2.9 322.9 26.1 162.2 2.3
Dafov1 17March2016-QUARTZITE Spot 60 3690 477094 5.2 20.1919 0.6 0.1741 1.5 0.0255 1.3 0.91 162.3 2.2 163.0 2.2 172.7 14.1 162.3 2.2
Dafov1 17March2016-QUARTZITE Spot 65 269 16032 1.3 19.9488 1.1 0.1767 2.0 0.0256 1.7 0.84 162.7 2.7 165.2 3.1 200.9 25.2 162.7 2.7
Dafov1 17March2016-QUARTZITE Spot 56 2048 355213 4.3 20.0849 0.7 0.1755 3.3 0.0256 3.2 0.98 162.7 5.1 164.2 4.9 185.1 15.2 162.7 5.1
Dafov1 17March2016-QUARTZITE Spot 51 383 8033 1.0 17.2718 2.5 0.2047 3.1 0.0256 1.8 0.58 163.2 2.9 189.1 5.3 525.9 55.1 163.2 2.9
Dafov1 17March2016-QUARTZITE Spot 50 1831 289013 1.9 19.9678 0.7 0.1771 1.7 0.0256 1.5 0.92 163.3 2.5 165.6 2.6 198.7 15.6 163.3 2.5
Dafov1 17March2016-QUARTZITE Spot 70 369 18989 1.3 20.6585 0.9 0.1714 2.0 0.0257 1.8 0.89 163.5 2.8 160.7 2.9 119.2 21.6 163.5 2.8
Dafov1 17March2016-QUARTZITE Spot 68 1045 269699 3.8 19.3551 0.9 0.1832 2.0 0.0257 1.8 0.89 163.7 2.9 170.8 3.1 270.6 20.4 163.7 2.9
Dafov1 17March2016-QUARTZITE Spot 63 255 12023 0.8 20.7578 1.2 0.1710 2.3 0.0257 1.9 0.85 163.8 3.1 160.2 3.4 107.9 28.4 163.8 3.1
Dafov1 17March2016-QUARTZITE Spot 54 716 119517 0.8 20.2761 0.8 0.1751 1.7 0.0257 1.5 0.88 163.9 2.4 163.8 2.5 163.0 18.2 163.9 2.4
Dafov1 17March2016-QUARTZITE Spot 69 1120 44651 2.0 20.3034 0.5 0.1751 1.6 0.0258 1.5 0.94 164.1 2.4 163.9 2.4 159.9 12.8 164.1 2.4
Dafov1 17March2016-QUARTZITE Spot 61 1948 101978 1.6 19.9786 0.5 0.1784 1.6 0.0259 1.5 0.94 164.6 2.5 166.7 2.5 197.5 12.4 164.6 2.5
Dafov1 17March2016-QUARTZITE Spot 67 347 31191 1.3 20.1791 1.0 0.1770 2.2 0.0259 1.9 0.90 164.9 3.2 165.5 3.3 174.2 22.4 164.9 3.2
Dafov1 17March2016-QUARTZITE Spot 48 168 11315 2.1 20.5898 1.2 0.1744 2.4 0.0260 2.0 0.85 165.7 3.3 163.2 3.6 127.0 29.3 165.7 3.3
Dafov1 17March2016-QUARTZITE Spot 55 439 14991 3.1 20.6286 0.8 0.1750 2.0 0.0262 1.8 0.91 166.6 3.0 163.8 3.1 122.6 19.8 166.6 3.0
Dafov1 17March2016-QUARTZITE Spot 66 162 5018 1.6 21.9353 1.7 0.1652 2.8 0.0263 2.3 0.80 167.2 3.7 155.3 4.1 24.1 40.7 167.2 3.7
Dafov1 17March2016-QUARTZITE Spot 53 566 111787 1.2 20.2724 0.7 0.1789 2.0 0.0263 1.8 0.93 167.4 3.0 167.1 3.0 163.4 17.2 167.4 3.0
Dafov1 17March2016-QUARTZITE Spot 58 876 294977 1.5 20.0727 0.8 0.1818 1.8 0.0265 1.6 0.90 168.4 2.6 169.6 2.8 186.5 17.7 168.4 2.6
Dafov1 17March2016-QUARTZITE Spot 46 780 31867 1.7 20.4295 0.9 0.1809 2.3 0.0268 2.1 0.91 170.5 3.5 168.8 3.6 145.4 22.2 170.5 3.5
Dafov1 17March2016-QUARTZITE Spot 62 485 9706 1.4 19.5687 1.1 0.1889 2.0 0.0268 1.6 0.82 170.6 2.8 175.7 3.2 245.4 26.5 170.6 2.8
Dafov1 17March2016-QUARTZITE Spot 52 1019 596757 1.7 19.8355 0.6 0.1878 1.4 0.0270 1.3 0.92 171.8 2.2 174.7 2.3 214.2 12.8 171.8 2.2

Sample: Riverside
Dafov2 17March2016-RIVERSIDE Spot 34 192 129852 3.2 20.0075 1.7 0.1024 3.3 0.0149 2.9 0.87 95.1 2.7 99.0 3.1 194.1 38.8 95.1 2.7
Dafov2 17March2016-RIVERSIDE Spot 24 126 9487 1.8 20.6650 1.4 0.1012 4.8 0.0152 4.6 0.96 97.0 4.4 97.9 4.5 118.4 32.2 97.0 4.4
Dafov2 17March2016-RIVERSIDE Spot 20 287 24106 1.9 20.4937 1.3 0.1034 2.8 0.0154 2.6 0.90 98.3 2.5 99.9 2.7 138.0 29.6 98.3 2.5
Dafov2 17March2016-RIVERSIDE Spot 26 76 1505 1.9 25.8245 13.0 0.0823 13.4 0.0154 3.2 0.24 98.6 3.1 80.3 10.3 435.4 343.4 98.6 3.1
Dafov2 17March2016-RIVERSIDE Spot 15 402 11013 2.0 20.5588 1.1 0.1042 2.0 0.0155 1.6 0.83 99.4 1.6 100.6 1.9 130.5 25.7 99.4 1.6
Dafov2 17March2016-RIVERSIDE Spot 13 275 7751 1.9 20.9949 1.1 0.1022 2.1 0.0156 1.8 0.85 99.6 1.7 98.8 1.9 80.9 25.8 99.6 1.7
Dafov2 17March2016-RIVERSIDE Spot 16 275 25323 1.9 20.9980 1.0 0.1025 2.4 0.0156 2.1 0.90 99.8 2.1 99.0 2.2 80.6 24.9 99.8 2.1
Dafov2 17March2016-RIVERSIDE Spot 27 65 3195 1.8 21.7894 2.7 0.0989 4.1 0.0156 3.1 0.76 100.0 3.1 95.8 3.8 7.9 64.4 100.0 3.1
Dafov2 17March2016-RIVERSIDE Spot 25 198 6291 1.9 21.1938 1.8 0.1017 3.8 0.0156 3.4 0.88 100.0 3.3 98.3 3.6 58.6 43.2 100.0 3.3
Dafov2 17March2016-RIVERSIDE Spot 19 301 121352 1.8 20.6660 1.4 0.1046 2.6 0.0157 2.2 0.84 100.3 2.2 101.0 2.5 118.3 33.6 100.3 2.2
Dafov2 17March2016-RIVERSIDE Spot 21 205 5470 1.9 21.9045 3.4 0.0988 4.1 0.0157 2.4 0.58 100.4 2.4 95.7 3.7 20.7 81.2 100.4 2.4
Dafov2 17March2016-RIVERSIDE Spot 32 199 6210 2.5 21.0272 1.9 0.1035 4.3 0.0158 3.8 0.89 101.0 3.8 100.0 4.1 77.3 45.9 101.0 3.8
Dafov2 17March2016-RIVERSIDE Spot 14 231 7367 2.3 21.8704 1.4 0.0996 2.4 0.0158 2.0 0.82 101.0 2.0 96.4 2.2 16.9 33.8 101.0 2.0
Dafov2 17March2016-RIVERSIDE Spot 28 266 69429 1.9 20.5058 1.2 0.1065 2.7 0.0158 2.5 0.90 101.3 2.5 102.8 2.7 136.6 27.3 101.3 2.5
Dafov2 17March2016-RIVERSIDE Spot 23 169 3475 3.6 23.1132 2.7 0.0949 3.6 0.0159 2.4 0.66 101.7 2.4 92.0 3.2 152.3 67.3 101.7 2.4
Dafov2 17March2016-RIVERSIDE Spot 12 54 2435 1.5 19.4383 4.6 0.1140 5.4 0.0161 2.8 0.53 102.8 2.9 109.6 5.6 260.8 104.8 102.8 2.9
Dafov2 17March2016-RIVERSIDE Spot 17 102 10508 1.3 19.2558 2.2 0.1185 3.3 0.0165 2.4 0.74 105.8 2.6 113.7 3.5 282.5 50.7 105.8 2.6
Dafov2 17March2016-RIVERSIDE Spot 18 119 26719 1.6 14.9107 4.1 0.1540 4.8 0.0167 2.4 0.51 106.5 2.6 145.4 6.4 839.8 85.3 106.5 2.6
Dafov2 17March2016-RIVERSIDE Spot 29 91 70790 2.4 17.6157 3.0 0.1372 4.2 0.0175 3.0 0.70 112.1 3.3 130.6 5.2 482.5 66.8 112.1 3.3
Dafov2 17March2016-RIVERSIDE Spot 33 165 7367 3.5 19.0329 2.4 0.1291 3.2 0.0178 2.2 0.69 113.9 2.5 123.3 3.8 309.0 53.6 113.9 2.5
Dafov2 17March2016-RIVERSIDE Spot 31 292 10828917 3.3 9.8359 0.8 3.6916 4.3 0.2633 4.2 0.98 1506.9 57.0 1569.5 34.5 1654.8 15.5 1654.8 15.5
Dafov2 17March2016-RIVERSIDE Spot 22 261 277062 3.4 9.8240 7.4 3.6829 10.1 0.2624 6.9 0.68 1502.1 92.3 1567.7 80.9 1657.0 137.4 1657.0 137.4
Dafov2 17March2016-RIVERSIDE Spot 30 303 201176 4.8 9.7922 0.6 3.9461 3.2 0.2803 3.1 0.98 1592.6 44.0 1623.2 25.7 1663.0 10.3 1663.0 10.3

Sample: Strawberry
Dafov2 17March2016-STRAWBERRY Spo  65 2966 1.2 22.3899 3.2 0.1294 4.2 0.0210 2.8 0.66 134.0 3.7 123.6 4.9 74.0 77.1 134.0 3.7
Dafov2 17March2016-STRAWBERRY Spo  274 8001 0.7 20.3330 1.3 0.1530 2.7 0.0226 2.4 0.89 143.8 3.5 144.6 3.7 156.5 29.5 143.8 3.5
Dafov2 17March2016-STRAWBERRY Spo  74 3107 1.0 21.4105 2.9 0.1454 4.4 0.0226 3.3 0.76 143.9 4.7 137.8 5.7 34.2 68.6 143.9 4.7
Dafov2 17March2016-STRAWBERRY Spo  280 5094 0.6 21.2714 1.1 0.1478 2.7 0.0228 2.4 0.91 145.3 3.5 140.0 3.5 49.8 26.1 145.3 3.5
Dafov2 17March2016-STRAWBERRY Spo  74 4321 0.5 19.3040 2.3 0.1648 3.4 0.0231 2.5 0.74 147.0 3.6 154.9 4.8 276.7 51.7 147.0 3.6
Dafov2 17March2016-STRAWBERRY Spo  43 995 0.7 25.3682 2.6 0.1259 4.4 0.0232 3.5 0.81 147.6 5.2 120.4 5.0 388.8 67.2 147.6 5.2
Dafov2 17March2016-STRAWBERRY Spo  66 28760 0.7 19.0568 1.7 0.1681 3.3 0.0232 2.8 0.86 148.0 4.2 157.7 4.8 306.2 38.7 148.0 4.2
Dafov2 17March2016-STRAWBERRY Spo  242 19160 0.6 20.2109 1.3 0.1588 2.5 0.0233 2.2 0.86 148.4 3.2 149.7 3.5 170.5 29.9 148.4 3.2
Dafov2 17March2016-STRAWBERRY Spo  127 3424 0.5 21.6706 1.6 0.1482 3.0 0.0233 2.5 0.84 148.4 3.7 140.3 3.9 5.2 39.0 148.4 3.7
Dafov2 17March2016-STRAWBERRY Spo  156 60709 0.8 20.0948 1.4 0.1603 2.7 0.0234 2.3 0.85 148.8 3.3 150.9 3.8 184.0 33.4 148.8 3.3
Dafov2 17March2016-STRAWBERRY Spo  310 12205 0.5 20.6737 1.2 0.1560 2.3 0.0234 1.9 0.85 149.0 2.8 147.2 3.1 117.5 28.2 149.0 2.8
Dafov2 17March2016-STRAWBERRY Spo  47 2884 1.1 21.8381 2.9 0.1480 4.7 0.0234 3.7 0.79 149.3 5.5 140.1 6.2 13.3 70.6 149.3 5.5
Dafov2 17March2016-STRAWBERRY Spo  94 3720 0.6 21.9915 2.2 0.1471 3.1 0.0235 2.2 0.70 149.5 3.2 139.4 4.0 30.3 53.1 149.5 3.2
Dafov2 17March2016-STRAWBERRY Spo  240 44784 0.8 18.0512 1.3 0.1796 2.6 0.0235 2.2 0.86 149.8 3.3 167.7 4.0 428.3 29.5 149.8 3.3
Dafov2 17March2016-STRAWBERRY Spo  170 77482 1.0 20.6536 1.2 0.1574 2.6 0.0236 2.4 0.89 150.2 3.5 148.4 3.6 119.7 27.9 150.2 3.5
Dafov2 17March2016-STRAWBERRY Spo  39 1352 0.7 23.8955 6.7 0.1362 7.5 0.0236 3.2 0.44 150.4 4.8 129.7 9.1 235.6 169.4 150.4 4.8
Dafov2 17March2016-STRAWBERRY Spo  184 10309 1.0 20.4414 1.3 0.1597 2.9 0.0237 2.6 0.89 150.8 3.9 150.4 4.1 144.0 31.0 150.8 3.9
Dafov2 17March2016-STRAWBERRY Spo  292 7322 1.6 20.9373 1.4 0.1559 2.5 0.0237 2.2 0.85 150.9 3.2 147.1 3.5 87.5 32.0 150.9 3.2
Dafov2 17March2016-STRAWBERRY Spo  46 2436 0.6 19.3326 3.1 0.1689 4.8 0.0237 3.7 0.76 150.9 5.4 158.4 7.0 273.3 71.5 150.9 5.4
Dafov2 17March2016-STRAWBERRY Spo  20 482 0.6 49.1940 12.5 0.0669 13.3 0.0239 4.5 0.34 152.0 6.7 65.7 8.4 2564.8 540.1 152.0 6.7
Dafov2 17March2016-STRAWBERRY Spo  272 9026 0.7 20.8672 2.0 0.1584 3.2 0.0240 2.5 0.79 152.8 3.8 149.3 4.5 95.4 47.1 152.8 3.8
Dafov2 17March2016-STRAWBERRY Spo  21 22079 0.8 19.6983 3.7 0.1712 5.3 0.0245 3.8 0.72 155.8 5.9 160.5 7.9 230.2 85.8 155.8 5.9
Dafov2 17March2016-STRAWBERRY Spo  77 7154 0.8 21.2719 2.0 0.1617 3.5 0.0250 2.9 0.82 158.9 4.6 152.2 5.0 49.8 48.2 158.9 4.6
Dafov2 17March2016-STRAWBERRY Spo  232 9174 1.1 20.5295 1.8 0.1712 3.0 0.0255 2.4 0.81 162.3 3.9 160.5 4.4 133.9 41.6 162.3 3.9
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Finger
Dafov2 17March2016-FINGER Spot 17 182 5280 0.7 20.9126 1.3 0.1737 3.0 0.0263 2.7 0.91 167.6 4.5 162.6 4.5 90.3 29.7 167.6 4.5
Dafov2 17March2016-FINGER Spot 22 262 12690 1.1 20.4116 1.3 0.1780 2.9 0.0264 2.5 0.89 167.7 4.2 166.4 4.4 147.4 30.2 167.7 4.2
Dafov2 17March2016-FINGER Spot 30 115 4432 1.2 20.9627 3.7 0.1748 5.1 0.0266 3.4 0.68 169.0 5.7 163.5 7.6 84.6 88.2 169.0 5.7
Dafov2 17March2016-FINGER Spot 31 147 43373 2.2 19.5180 2.1 0.1879 3.6 0.0266 3.0 0.82 169.2 4.9 174.8 5.8 251.4 47.6 169.2 4.9
Dafov2 17March2016-FINGER Spot 23 157 5465 1.0 21.1038 1.4 0.1739 2.9 0.0266 2.5 0.88 169.3 4.2 162.8 4.3 68.7 32.3 169.3 4.2
Dafov2 17March2016-FINGER Spot 25 100 15456 1.4 19.8519 1.7 0.1849 2.8 0.0266 2.3 0.81 169.3 3.8 172.2 4.4 212.2 38.4 169.3 3.8
Dafov2 17March2016-FINGER Spot 19 369 34313 1.1 20.3121 0.9 0.1812 2.5 0.0267 2.3 0.93 169.8 3.8 169.1 3.8 158.9 20.5 169.8 3.8
Dafov2 17March2016-FINGER Spot 26 74 4801 1.3 21.1550 1.7 0.1741 3.1 0.0267 2.6 0.84 169.9 4.3 163.0 4.6 62.9 40.3 169.9 4.3
Dafov2 17March2016-FINGER Spot 20 175 6519 3.5 21.2402 1.6 0.1737 3.4 0.0268 3.0 0.88 170.2 5.1 162.6 5.2 53.3 38.5 170.2 5.1
Dafov2 17March2016-FINGER Spot 35 180 12865 0.9 20.1378 1.3 0.1832 2.6 0.0268 2.3 0.87 170.2 3.9 170.8 4.1 179.0 29.7 170.2 3.9
Dafov2 17March2016-FINGER Spot 16 123 4994 0.8 21.5796 2.2 0.1713 3.8 0.0268 3.1 0.81 170.6 5.2 160.6 5.7 15.4 53.1 170.6 5.2
Dafov2 17March2016-FINGER Spot 21 142 7580 1.0 20.2404 1.7 0.1832 2.9 0.0269 2.3 0.80 171.0 3.9 170.8 4.5 167.1 40.3 171.0 3.9
Dafov2 17March2016-FINGER Spot 33 215 9433 1.0 20.8127 1.2 0.1781 2.8 0.0269 2.5 0.90 171.1 4.3 166.5 4.3 101.6 28.4 171.1 4.3
Dafov2 17March2016-FINGER Spot 24 131 4608 0.8 21.0332 2.3 0.1771 3.5 0.0270 2.6 0.75 171.9 4.4 165.6 5.3 76.6 54.3 171.9 4.4
Dafov2 17March2016-FINGER Spot 29 92 10313 1.1 20.4894 1.7 0.1821 3.6 0.0271 3.2 0.88 172.1 5.4 169.9 5.7 138.5 40.4 172.1 5.4
Dafov2 17March2016-FINGER Spot 34 88 2314 1.2 23.3582 2.8 0.1597 3.9 0.0271 2.8 0.71 172.1 4.8 150.5 5.5 178.5 68.7 172.1 4.8
Dafov2 17March2016-FINGER Spot 27 206 20549 0.9 20.4788 1.0 0.1832 2.5 0.0272 2.3 0.91 173.1 3.9 170.8 4.0 139.7 24.0 173.1 3.9
Dafov2 17March2016-FINGER Spot 28 105 8071 0.8 20.7621 1.4 0.1821 3.1 0.0274 2.7 0.89 174.4 4.7 169.9 4.8 107.4 33.5 174.4 4.7
Dafov2 17March2016-FINGER Spot 32 184 6997 0.8 20.9909 1.5 0.1813 2.9 0.0276 2.5 0.86 175.5 4.4 169.2 4.6 81.4 35.7 175.5 4.4
Dafov2 17March2016-FINGER Spot 18 256 101940 1.7 20.2213 1.0 0.1888 2.3 0.0277 2.0 0.90 176.1 3.6 175.6 3.7 169.3 23.6 176.1 3.6

Sample: Hope
Dafov2 17March2016-HOPE Spot 67 1827 31309 2.4 21.0484 0.8 0.0710 2.3 0.0108 2.2 0.94 69.5 1.5 69.6 1.6 74.9 18.4 69.5 1.5
Dafov2 17March2016-HOPE Spot 60 1101 103533 3.4 20.6619 0.9 0.0731 2.2 0.0110 2.0 0.91 70.2 1.4 71.6 1.5 118.8 21.7 70.2 1.4
Dafov2 17March2016-HOPE Spot 68 1014 25439 1.2 20.1545 0.8 0.0752 2.3 0.0110 2.2 0.94 70.5 1.5 73.6 1.7 177.1 18.4 70.5 1.5
Dafov2 17March2016-HOPE Spot 52 2154 33940 1.9 20.9655 0.8 0.0728 2.4 0.0111 2.2 0.94 71.0 1.6 71.4 1.6 84.3 19.3 71.0 1.6
Dafov2 17March2016-HOPE Spot 69 1391 534176 3.1 20.8401 0.8 0.0737 1.9 0.0111 1.7 0.90 71.4 1.2 72.2 1.3 98.5 19.5 71.4 1.2
Dafov2 17March2016-HOPE Spot 61 2035 27755 1.9 20.9231 0.9 0.0735 2.4 0.0112 2.2 0.92 71.5 1.6 72.0 1.6 89.1 21.9 71.5 1.6
Dafov2 17March2016-HOPE Spot 48 1176 133472 3.0 20.4882 0.9 0.0752 2.0 0.0112 1.8 0.90 71.6 1.3 73.6 1.5 138.7 21.2 71.6 1.3
Dafov2 17March2016-HOPE Spot 50 1622 48550 2.6 21.2417 0.8 0.0728 2.1 0.0112 1.9 0.92 71.9 1.4 71.3 1.4 53.1 19.7 71.9 1.4
Dafov2 17March2016-HOPE Spot 59 1005 234897 2.6 20.2874 1.2 0.0763 2.4 0.0112 2.1 0.87 72.0 1.5 74.7 1.7 161.7 27.8 72.0 1.5
Dafov2 17March2016-HOPE Spot 70 622 8135 4.9 19.8808 1.5 0.0781 2.7 0.0113 2.2 0.83 72.2 1.6 76.4 2.0 208.9 34.5 72.2 1.6
Dafov2 17March2016-HOPE Spot 58 1120 173419 3.6 20.6804 0.9 0.0762 1.7 0.0114 1.4 0.84 73.3 1.0 74.6 1.2 116.7 21.3 73.3 1.0
Dafov2 17March2016-HOPE Spot 47 1047 24484 2.9 18.7301 1.2 0.0844 1.8 0.0115 1.4 0.77 73.5 1.0 82.3 1.5 345.4 26.5 73.5 1.0
Dafov2 17March2016-HOPE Spot 46 151 7408 3.0 21.8233 2.7 0.0726 4.3 0.0115 3.3 0.77 73.7 2.4 71.2 2.9 11.7 66.1 73.7 2.4
Dafov2 17March2016-HOPE Spot 62 515 13077 1.8 20.9549 1.3 0.0757 2.5 0.0115 2.2 0.86 73.7 1.6 74.1 1.8 85.5 30.1 73.7 1.6
Dafov2 17March2016-HOPE Spot 49 962 28633 2.5 20.8896 0.9 0.0760 2.4 0.0115 2.2 0.92 73.8 1.6 74.4 1.7 92.9 21.7 73.8 1.6
Dafov2 17March2016-HOPE Spot 54 251 8583 3.1 21.5635 1.5 0.0736 2.7 0.0115 2.3 0.83 73.8 1.7 72.2 1.9 17.1 36.2 73.8 1.7
Dafov2 17March2016-HOPE Spot 55 265 11198 5.7 21.2446 1.3 0.0749 2.8 0.0115 2.5 0.89 73.9 1.8 73.3 2.0 52.8 30.5 73.9 1.8
Dafov2 17March2016-HOPE Spot 65 636 8232 3.0 21.5301 1.0 0.0741 2.4 0.0116 2.1 0.90 74.2 1.6 72.6 1.6 20.9 24.7 74.2 1.6
Dafov2 17March2016-HOPE Spot 63 593 77113 6.0 20.5439 1.3 0.0778 2.5 0.0116 2.1 0.85 74.3 1.5 76.1 1.8 132.3 30.8 74.3 1.5
Dafov2 17March2016-HOPE Spot 51 348 43508 2.9 20.8283 1.6 0.0770 3.5 0.0116 3.1 0.89 74.5 2.3 75.3 2.5 99.9 37.9 74.5 2.3
Dafov2 17March2016-HOPE Spot 56 261 29266 5.5 20.2600 1.4 0.0794 3.1 0.0117 2.7 0.89 74.7 2.0 77.5 2.3 164.9 32.6 74.7 2.0
Dafov2 17March2016-HOPE Spot 64 252 8233 2.4 21.2204 1.6 0.0763 3.3 0.0117 2.9 0.88 75.2 2.1 74.6 2.3 55.5 37.0 75.2 2.1
Dafov2 17March2016-HOPE Spot 66 178 42974 2.2 20.3851 2.0 0.0825 3.2 0.0122 2.5 0.79 78.1 2.0 80.4 2.5 150.5 46.1 78.1 2.0
Dafov2 17March2016-HOPE Spot 57 832 6808797 5.1 19.4330 1.2 0.0905 2.6 0.0128 2.4 0.90 81.7 1.9 87.9 2.2 261.4 26.5 81.7 1.9
Dafov2 17March2016-HOPE Spot 53 186 7898 2.7 20.1195 2.0 0.0916 3.3 0.0134 2.6 0.79 85.5 2.2 88.9 2.8 181.1 46.3 85.5 2.2

Sample: Granite-Mtn
Dafov3 17Mar2016-Granite mtn Spot 3 33 375 1.0 78.8295 62.9 0.0187 63.0 0.0107 3.7 0.06 68.5 2.5 18.8 11.7 0.0 388.4 68.5 2.5
Dafov3 17Mar2016-Granite mtn Spot 7 19 387 1.0 49.9855 32.0 0.0296 32.6 0.0107 5.8 0.18 68.8 4.0 29.6 9.5 2634.3 608.8 68.8 4.0
Dafov3 17Mar2016-Granite mtn Spot 15 543 13574 2.4 21.1054 1.1 0.0708 2.0 0.0108 1.6 0.83 69.5 1.1 69.5 1.3 68.5 25.9 69.5 1.1
Dafov3 17Mar2016-Granite mtn Spot 16 449 36293 2.0 20.8413 1.1 0.0721 2.0 0.0109 1.7 0.84 69.9 1.2 70.7 1.4 98.4 25.8 69.9 1.2
Dafov3 17Mar2016-Granite mtn Spot 25 239 38222 2.9 20.8582 1.4 0.0722 2.0 0.0109 1.4 0.71 70.1 1.0 70.8 1.4 96.5 33.5 70.1 1.0
Dafov3 17Mar2016-Granite mtn Spot 21 1119 10857 2.6 20.3573 0.9 0.0748 2.0 0.0110 1.8 0.88 70.8 1.3 73.3 1.4 153.7 22.2 70.8 1.3
Dafov3 17Mar2016-Granite mtn Spot 19 389 101129 3.0 20.5712 1.1 0.0744 2.1 0.0111 1.8 0.85 71.2 1.3 72.9 1.5 129.2 25.7 71.2 1.3
Dafov3 17Mar2016-Granite mtn Spot 14 512 23859 2.1 21.0286 1.3 0.0729 2.3 0.0111 1.9 0.83 71.3 1.4 71.5 1.6 77.1 30.3 71.3 1.4
Dafov3 17Mar2016-Granite mtn Spot 6 401 15012 1.4 20.4016 1.0 0.0754 2.1 0.0112 1.8 0.87 71.6 1.3 73.9 1.5 148.6 24.1 71.6 1.3
Dafov3 17Mar2016-Granite mtn Spot 8 179 3249 5.1 22.5468 2.0 0.0683 3.5 0.0112 2.9 0.82 71.6 2.0 67.1 2.3 91.1 48.8 71.6 2.0
Dafov3 17Mar2016-Granite mtn Spot 11 169 2033 8.2 24.7272 2.1 0.0624 3.3 0.0112 2.6 0.77 71.8 1.8 61.5 2.0 322.7 54.0 71.8 1.8
Dafov3 17Mar2016-Granite mtn Spot 23 153 5755 1.9 21.9128 2.0 0.0721 4.7 0.0115 4.3 0.91 73.4 3.1 70.6 3.2 21.6 48.5 73.4 3.1
Dafov3 17Mar2016-Granite mtn Spot 9 20 201 0.5 15.1173 11.7 0.1054 12.3 0.0116 4.0 0.32 74.0 2.9 101.7 11.9 811.1 245.1 74.0 2.9
Dafov3 17Mar2016-Granite mtn Spot 2 43 5290 1.3 17.9700 4.1 0.0893 5.2 0.0116 3.3 0.62 74.6 2.4 86.9 4.3 438.3 90.6 74.6 2.4
Dafov3 17Mar2016-Granite mtn Spot 17 119 21713 1.6 20.8919 2.2 0.0769 4.3 0.0117 3.7 0.86 74.7 2.8 75.2 3.1 92.6 51.6 74.7 2.8
Dafov3 17Mar2016-Granite mtn Spot 22 58 6981 2.9 16.2497 5.1 0.1392 10.1 0.0164 8.8 0.86 104.9 9.1 132.4 12.6 658.2 109.7 104.9 9.1
Dafov3 17Mar2016-Granite mtn Spot 18 109 21597 3.9 19.9417 1.3 0.1188 2.7 0.0172 2.4 0.89 109.8 2.6 114.0 3.0 201.8 29.3 109.8 2.6
Dafov3 17Mar2016-Granite mtn Spot 24 185 39371 2.0 14.2555 1.2 0.2168 2.9 0.0224 2.6 0.90 142.9 3.7 199.2 5.2 932.7 25.5 142.9 3.7
Dafov3 17Mar2016-Granite mtn Spot 13 193 138174 4.9 14.4591 4.0 0.2151 7.7 0.0226 6.6 0.86 143.8 9.4 197.8 13.8 903.5 81.5 143.8 9.4
Dafov3 17Mar2016-Granite mtn Spot 20 404 154213 3.0 11.1392 0.8 2.4715 4.9 0.1997 4.9 0.99 1173.6 52.3 1263.7 35.7 1420.7 14.5 1420.7 14.5
Dafov3 17Mar2016-Granite mtn Spot 1 170 64388 2.4 11.1015 0.8 2.7534 2.4 0.2217 2.2 0.94 1290.8 26.3 1343.0 17.9 1427.2 16.1 1427.2 16.1
Dafov3 17Mar2016-Granite mtn Spot 10 77 18849 1.7 10.0385 7.8 3.3709 9.8 0.2454 5.9 0.60 1414.8 75.4 1497.7 77.2 1616.9 146.2 1616.9 146.2
Dafov3 17Mar2016-Granite mtn Spot 4 703 235140 3.7 9.9157 0.9 3.8542 2.2 0.2772 2.0 0.91 1577.1 28.4 1604.2 17.9 1639.8 16.7 1639.8 16.7
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Barstow-T
Dafov3 17Mar2016-Barstow T Spot 70 120 574 3.8 40.0439 7.0 0.0092 7.7 0.0027 3.3 0.43 17.2 0.6 9.3 0.7 1762.7 247.1 17.2 0.6
Dafov3 17Mar2016-Barstow T Spot 59 74 328 3.4 282.6674 219.2 0.0013 219.2 0.0027 3.1 0.01 17.5 0.5 1.3 2.9 0.0 0.0 17.5 0.5
Dafov3 17Mar2016-Barstow T Spot 63 201 4219 2.9 22.7658 3.6 0.0165 4.2 0.0027 2.3 0.54 17.5 0.4 16.6 0.7 114.8 88.2 17.5 0.4
Dafov3 17Mar2016-Barstow T Spot 54 83 422 3.8 77.9363 45.4 0.0048 45.5 0.0027 3.0 0.07 17.6 0.5 4.9 2.2 0.0 990.1 17.6 0.5
Dafov3 17Mar2016-Barstow T Spot 66 142 2004 3.8 24.0461 3.2 0.0158 4.1 0.0028 2.5 0.62 17.8 0.4 15.9 0.6 251.5 80.9 17.8 0.4
Dafov3 17Mar2016-Barstow T Spot 58 70 522 3.1 36.8771 19.8 0.0104 20.1 0.0028 3.5 0.17 17.9 0.6 10.5 2.1 1480.9 661.3 17.9 0.6
Dafov3 17Mar2016-Barstow T Spot 48 199 1397 1.6 27.0988 3.9 0.0142 4.6 0.0028 2.4 0.53 18.0 0.4 14.3 0.6 563.7 104.3 18.0 0.4
Dafov3 17Mar2016-Barstow T Spot 51 74 656 3.0 32.9036 6.7 0.0117 7.4 0.0028 3.1 0.42 18.0 0.6 11.8 0.9 1119.2 205.2 18.0 0.6
Dafov3 17Mar2016-Barstow T Spot 46 88 1606 1.8 24.9954 4.7 0.0155 5.9 0.0028 3.5 0.59 18.0 0.6 15.6 0.9 350.5 121.9 18.0 0.6
Dafov3 17Mar2016-Barstow T Spot 64 148 589 4.1 49.2419 13.8 0.0079 14.1 0.0028 2.9 0.20 18.2 0.5 8.0 1.1 2569.0 600.3 18.2 0.5
Dafov3 17Mar2016-Barstow T Spot 52 162 2528 3.1 22.2361 3.4 0.0175 4.2 0.0028 2.4 0.58 18.2 0.4 17.6 0.7 57.1 82.6 18.2 0.4
Dafov3 17Mar2016-Barstow T Spot 53 103 540 2.9 45.3018 19.4 0.0086 19.6 0.0028 2.8 0.14 18.2 0.5 8.7 1.7 2224.2 773.6 18.2 0.5
Dafov3 17Mar2016-Barstow T Spot 55 113 2038 2.9 20.3076 6.3 0.0192 6.9 0.0028 2.8 0.41 18.2 0.5 19.4 1.3 159.4 148.0 18.2 0.5
Dafov3 17Mar2016-Barstow T Spot 68 184 11194 4.1 19.0751 3.6 0.0205 4.5 0.0028 2.6 0.59 18.2 0.5 20.6 0.9 304.0 82.0 18.2 0.5
Dafov3 17Mar2016-Barstow T Spot 62 59 1081 3.3 29.8592 5.5 0.0133 6.8 0.0029 4.0 0.59 18.6 0.7 13.4 0.9 832.9 157.3 18.6 0.7
Dafov3 17Mar2016-Barstow T Spot 61 790 4860 3.0 22.2705 1.9 0.0178 2.7 0.0029 1.9 0.70 18.6 0.4 18.0 0.5 60.9 46.9 18.6 0.4
Dafov3 17Mar2016-Barstow T Spot 57 153 484 2.8 63.2188 81.9 0.0063 81.9 0.0029 2.5 0.03 18.6 0.5 6.4 5.2 0.0 682.6 18.6 0.5
Dafov3 17Mar2016-Barstow T Spot 47 393 1809 3.0 25.1098 10.6 0.0159 10.9 0.0029 2.5 0.23 18.6 0.5 16.0 1.7 362.3 274.1 18.6 0.5
Dafov3 17Mar2016-Barstow T Spot 56 76 716 3.8 31.1436 11.5 0.0129 12.1 0.0029 3.8 0.31 18.8 0.7 13.0 1.6 954.9 338.6 18.8 0.7
Dafov3 17Mar2016-Barstow T Spot 65 143 29207 2.6 22.2117 3.6 0.0182 4.4 0.0029 2.6 0.59 18.9 0.5 18.3 0.8 54.5 87.1 18.9 0.5
Dafov3 17Mar2016-Barstow T Spot 60 169 2991 2.7 22.1372 2.6 0.0184 3.8 0.0030 2.7 0.72 19.0 0.5 18.5 0.7 46.3 63.5 19.0 0.5
Dafov3 17Mar2016-Barstow T Spot 50 206 52619 2.1 20.5349 1.1 0.0934 2.4 0.0139 2.1 0.89 89.0 1.9 90.6 2.1 133.3 25.1 89.0 1.9
Dafov3 17Mar2016-Barstow T Spot 49 158 5087 5.1 21.5441 3.5 0.1024 4.1 0.0160 2.2 0.53 102.3 2.2 99.0 3.9 19.3 83.3 102.3 2.2
Dafov3 17Mar2016-Barstow T Spot 67 137 2292 1.0 16.8117 6.6 0.1838 7.0 0.0224 2.4 0.35 142.9 3.5 171.3 11.0 584.8 142.4 142.9 3.5

Sample: Rosamond
Dafov3 17Mar2016-Rosamond Spot 17 221 9206 2.2 20.6630 1.3 0.0889 2.3 0.0133 1.9 0.84 85.3 1.6 86.5 1.9 118.7 29.8 85.3 1.6
Dafov3 17Mar2016-Rosamond Spot 14 352 15303 2.2 21.1420 1.1 0.0876 1.8 0.0134 1.5 0.79 86.0 1.2 85.3 1.5 64.4 26.6 86.0 1.2
Dafov3 17Mar2016-Rosamond Spot 25 213 4234 2.4 22.1833 4.1 0.0838 4.7 0.0135 2.2 0.47 86.4 1.9 81.8 3.7 51.4 100.9 86.4 1.9
Dafov3 17Mar2016-Rosamond Spot 34 306 43000 2.1 21.1032 0.9 0.0882 2.1 0.0135 1.9 0.90 86.4 1.6 85.8 1.7 68.8 21.4 86.4 1.6
Dafov3 17Mar2016-Rosamond Spot 11 299 4437 2.0 20.5834 1.5 0.0910 3.0 0.0136 2.6 0.86 87.0 2.2 88.5 2.5 127.8 36.0 87.0 2.2
Dafov3 17Mar2016-Rosamond Spot 29 287 239819 1.9 20.5653 1.3 0.0912 2.5 0.0136 2.1 0.85 87.1 1.9 88.6 2.2 129.8 31.5 87.1 1.9
Dafov3 17Mar2016-Rosamond Spot 23 230 17584 2.4 20.7205 1.1 0.0906 2.1 0.0136 1.7 0.83 87.2 1.5 88.1 1.7 112.1 27.1 87.2 1.5
Dafov3 17Mar2016-Rosamond Spot 33 373 47869 2.9 20.6644 1.1 0.0909 2.0 0.0136 1.7 0.84 87.2 1.5 88.3 1.7 118.5 25.5 87.2 1.5
Dafov3 17Mar2016-Rosamond Spot 13 381 14167 1.7 21.1832 1.3 0.0891 2.1 0.0137 1.7 0.78 87.7 1.4 86.7 1.8 59.8 31.2 87.7 1.4
Dafov3 17Mar2016-Rosamond Spot 18 742 79709 2.1 20.4368 1.1 0.0926 2.3 0.0137 2.0 0.88 87.9 1.8 89.9 2.0 144.5 25.2 87.9 1.8
Dafov3 17Mar2016-Rosamond Spot 31 845 108503 1.8 20.5654 1.0 0.0928 2.2 0.0138 1.9 0.89 88.6 1.7 90.1 1.9 129.8 23.7 88.6 1.7
Dafov3 17Mar2016-Rosamond Spot 16 559 24424 1.6 19.7775 1.5 0.0976 2.3 0.0140 1.7 0.76 89.6 1.5 94.5 2.1 220.9 34.5 89.6 1.5
Dafov3 17Mar2016-Rosamond Spot 30 730 27927 1.8 20.5859 1.1 0.0939 2.0 0.0140 1.7 0.84 89.7 1.5 91.1 1.8 127.5 25.7 89.7 1.5
Dafov3 17Mar2016-Rosamond Spot 32 153 9109 3.6 20.4529 1.8 0.0951 2.6 0.0141 1.8 0.71 90.3 1.7 92.3 2.3 142.7 42.4 90.3 1.7
Dafov3 17Mar2016-Rosamond Spot 22 511 18795 3.2 20.8165 1.1 0.0939 2.3 0.0142 2.1 0.88 90.7 1.8 91.1 2.0 101.2 26.7 90.7 1.8
Dafov3 17Mar2016-Rosamond Spot 24 193 5087 2.5 21.4579 1.6 0.0911 2.5 0.0142 1.9 0.78 90.8 1.8 88.6 2.1 28.9 37.5 90.8 1.8
Dafov3 17Mar2016-Rosamond Spot 20 647 26472 4.0 20.7995 1.0 0.0942 2.0 0.0142 1.7 0.87 90.9 1.5 91.4 1.7 103.1 23.1 90.9 1.5
Dafov3 17Mar2016-Rosamond Spot 12 429 6984 2.5 19.7755 1.7 0.1002 2.9 0.0144 2.3 0.79 92.0 2.1 97.0 2.6 221.1 40.5 92.0 2.1
Dafov3 17Mar2016-Rosamond Spot 21 1367 5559 3.8 17.6146 1.8 0.1185 2.4 0.0151 1.6 0.67 96.9 1.6 113.7 2.6 482.7 39.8 96.9 1.6
Dafov3 17Mar2016-Rosamond Spot 15 1196 62065 3.2 20.1569 0.9 0.1128 2.6 0.0165 2.4 0.94 105.4 2.5 108.5 2.6 176.8 21.0 105.4 2.5
Dafov3 17Mar2016-Rosamond Spot 26 241 10205 2.3 20.4298 1.2 0.1698 2.3 0.0252 2.0 0.85 160.2 3.1 159.2 3.4 145.3 28.6 160.2 3.1
Dafov3 17Mar2016-Rosamond Spot 19 119 6503 2.5 21.3524 2.5 0.1796 3.2 0.0278 2.0 0.62 176.9 3.5 167.7 5.0 40.8 60.9 176.9 3.5
Dafov3 17Mar2016-Rosamond Spot 35 85 25964 1.6 11.4711 0.8 2.4003 2.6 0.1997 2.5 0.95 1173.7 26.4 1242.7 18.5 1364.4 14.8 1364.4 14.8
Dafov3 17Mar2016-Rosamond Spot 27 551 1576370 0.2 10.5648 1.4 3.3198 3.1 0.2544 2.8 0.89 1461.0 36.3 1485.7 24.3 1521.2 26.5 1521.2 26.5
Dafov3 17Mar2016-Rosamond Spot 28 550 527586 17.4 9.7389 0.9 4.0628 1.6 0.2870 1.3 0.83 1626.4 18.8 1646.9 12.8 1673.1 16.0 1673.1 16.0

Sample: Yucca
Dafov3 17Mar2016-Yucca Spot 57 72 866 2.4 30.5777 3.7 0.0521 4.3 0.0116 2.1 0.50 74.0 1.6 51.6 2.2 901.4 108.5 74.0 1.6
Dafov3 17Mar2016-Yucca Spot 52 883 50211 4.7 20.7774 1.2 0.0769 2.4 0.0116 2.1 0.88 74.3 1.6 75.3 1.8 105.6 27.5 74.3 1.6
Dafov3 17Mar2016-Yucca Spot 45 430 14766 3.4 21.0255 1.4 0.0762 2.1 0.0116 1.5 0.72 74.5 1.1 74.6 1.5 77.5 34.3 74.5 1.1
Dafov3 17Mar2016-Yucca Spot 53 2584 12638 9.8 18.0920 1.6 0.0894 2.4 0.0117 1.8 0.76 75.2 1.4 87.0 2.0 423.3 34.8 75.2 1.4
Dafov3 17Mar2016-Yucca Spot 36 367 11777 2.8 20.8117 1.1 0.0783 2.6 0.0118 2.4 0.91 75.7 1.8 76.5 1.9 101.8 26.5 75.7 1.8
Dafov3 17Mar2016-Yucca Spot 46 431 56542 3.5 21.0068 1.2 0.0781 2.6 0.0119 2.3 0.88 76.3 1.7 76.4 1.9 79.6 28.8 76.3 1.7
Dafov3 17Mar2016-Yucca Spot 58 225 3433 2.6 22.5540 2.4 0.0731 4.5 0.0120 3.8 0.84 76.6 2.9 71.6 3.1 91.9 59.5 76.6 2.9
Dafov3 17Mar2016-Yucca Spot 54 1187 18026 4.9 21.3716 1.0 0.0773 2.2 0.0120 2.0 0.89 76.7 1.5 75.6 1.6 38.6 24.6 76.7 1.5
Dafov3 17Mar2016-Yucca Spot 51 312 3214 2.4 22.3540 5.6 0.0755 6.2 0.0122 2.9 0.46 78.5 2.2 73.9 4.5 70.1 135.7 78.5 2.2
Dafov3 17Mar2016-Yucca Spot 42 370 16110 4.8 21.0878 1.7 0.0802 4.4 0.0123 4.1 0.93 78.6 3.2 78.4 3.3 70.5 39.3 78.6 3.2
Dafov3 17Mar2016-Yucca Spot 60 499 33912 7.0 21.3191 1.3 0.0809 2.9 0.0125 2.6 0.90 80.2 2.1 79.0 2.2 44.4 31.0 80.2 2.1
Dafov3 17Mar2016-Yucca Spot 56 251 5114 1.8 19.1821 4.1 0.0919 4.8 0.0128 2.4 0.49 81.9 1.9 89.3 4.1 291.2 94.4 81.9 1.9
Dafov3 17Mar2016-Yucca Spot 48 639 73608 12.7 20.5309 1.0 0.1013 2.3 0.0151 2.0 0.90 96.5 1.9 97.9 2.1 133.7 23.5 96.5 1.9
Dafov3 17Mar2016-Yucca Spot 41 183 5800 1.0 20.8380 2.1 0.1478 4.3 0.0223 3.7 0.87 142.4 5.2 140.0 5.6 98.7 50.5 142.4 5.2
Dafov3 17Mar2016-Yucca Spot 38 219 23122 0.9 20.3296 1.3 0.1534 2.8 0.0226 2.4 0.88 144.2 3.5 144.9 3.7 156.8 30.1 144.2 3.5
Dafov3 17Mar2016-Yucca Spot 47 871 48945 2.6 20.0623 1.0 0.1587 1.8 0.0231 1.5 0.85 147.2 2.2 149.6 2.5 187.7 22.4 147.2 2.2
Dafov3 17Mar2016-Yucca Spot 37 571 505597 53.7 16.7260 1.5 0.2243 4.5 0.0272 4.2 0.94 173.0 7.2 205.5 8.4 595.9 32.9 173.0 7.2
Dafov3 17Mar2016-Yucca Spot 50 543 51332 16.5 19.1975 0.8 0.2162 2.7 0.0301 2.5 0.95 191.2 4.8 198.7 4.8 289.4 19.3 191.2 4.8
Dafov3 17Mar2016-Yucca Spot 59 481 38339 11.5 12.5133 1.9 0.3494 6.2 0.0317 5.9 0.95 201.2 11.7 304.3 16.3 1194.9 37.3 201.2 11.7
Dafov3 17Mar2016-Yucca Spot 55 359 77760 12.2 19.0976 0.8 0.2671 2.5 0.0370 2.4 0.94 234.2 5.5 240.4 5.4 301.3 19.4 234.2 5.5
Dafov3 17Mar2016-Yucca Spot 44 843 386850 18.2 9.8723 0.7 3.8201 2.1 0.2735 2.0 0.94 1558.7 27.7 1597.0 17.1 1647.9 13.0 1647.9 13.0
Dafov3 17Mar2016-Yucca Spot 43 307 213894 46.7 9.6617 0.8 3.8501 2.9 0.2698 2.8 0.96 1539.7 38.6 1603.3 23.6 1687.8 14.8 1687.8 14.8
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Joshua
Dafov_Mount#4_22Mar-JOSHUA Spot 25 2463 500554 1.9 20.8612 0.8 0.0727 1.9 0.0110 1.7 0.91 70.5 1.2 71.3 1.3 96.1 18.9 70.5 1.2
Dafov_Mount#4_22Mar-JOSHUA Spot 33 2977 48031 3.8 20.2401 0.9 0.0766 1.9 0.0112 1.7 0.89 72.1 1.2 75.0 1.4 167.2 20.5 72.1 1.2
Dafov_Mount#4_22Mar-JOSHUA Spot 29 446 15105 7.9 20.7156 1.4 0.0763 2.8 0.0115 2.4 0.86 73.4 1.8 74.6 2.0 112.6 33.0 73.4 1.8
Dafov_Mount#4_22Mar-JOSHUA Spot 19 270 4806 3.6 22.1319 1.9 0.0720 3.1 0.0116 2.5 0.80 74.1 1.8 70.6 2.1 45.7 45.4 74.1 1.8
Dafov_Mount#4_22Mar-JOSHUA Spot 26 312 5703 3.8 22.1670 1.5 0.0741 2.9 0.0119 2.4 0.85 76.3 1.9 72.6 2.0 49.6 37.4 76.3 1.9
Dafov_Mount#4_22Mar-JOSHUA Spot 30 88 1920 1.1 22.9201 5.1 0.0751 6.1 0.0125 3.4 0.55 80.0 2.7 73.6 4.3 131.5 125.5 80.0 2.7
Dafov_Mount#4_22Mar-JOSHUA Spot 11 634 106269 4.7 20.6270 1.0 0.0847 2.0 0.0127 1.8 0.88 81.2 1.5 82.5 1.6 122.7 22.7 81.2 1.5
Dafov_Mount#4_22Mar-JOSHUA Spot 28 373 9153 5.0 19.8598 1.8 0.0881 6.6 0.0127 6.4 0.96 81.3 5.2 85.7 5.5 211.3 41.1 81.3 5.2
Dafov_Mount#4_22Mar-JOSHUA Spot 31 327 6871 1.3 21.2994 1.3 0.0847 2.5 0.0131 2.1 0.86 83.8 1.8 82.6 2.0 46.7 30.7 83.8 1.8
Dafov_Mount#4_22Mar-JOSHUA Spot 17 272 12410 2.2 16.0644 3.9 0.1514 8.5 0.0176 7.5 0.89 112.7 8.4 143.2 11.3 682.7 82.8 112.7 8.4
Dafov_Mount#4_22Mar-JOSHUA Spot 34 390 4756 2.1 16.7326 2.6 0.1573 5.1 0.0191 4.4 0.86 121.9 5.3 148.3 7.0 595.0 55.5 121.9 5.3
Dafov_Mount#4_22Mar-JOSHUA Spot 13 357 83563 3.1 18.9653 1.1 0.2535 2.2 0.0349 1.9 0.86 221.0 4.1 229.4 4.5 317.1 25.9 221.0 4.1
Dafov_Mount#4_22Mar-JOSHUA Spot 15 245 142580 6.7 9.9620 0.7 3.3413 2.7 0.2414 2.6 0.97 1394.0 32.2 1490.8 20.8 1631.1 12.7 1631.1 12.7
Dafov_Mount#4_22Mar-JOSHUA Spot 32 694 505698 23.5 9.8862 0.6 3.8030 2.0 0.2727 1.9 0.95 1554.4 26.1 1593.4 15.9 1645.3 11.0 1645.3 11.0
Dafov_Mount#4_22Mar-JOSHUA Spot 22 967 197348 11.1 9.8728 0.6 3.5287 1.8 0.2527 1.7 0.94 1452.2 21.9 1533.7 14.3 1647.9 11.9 1647.9 11.9
Dafov_Mount#4_22Mar-JOSHUA Spot 12 1093 741296 33.0 9.7533 0.5 3.8639 2.5 0.2733 2.5 0.98 1557.7 34.0 1606.2 20.3 1670.4 9.8 1670.4 9.8
Dafov_Mount#4_22Mar-JOSHUA Spot 21 1154 694338 2.7 9.5823 0.7 3.7586 1.9 0.2612 1.7 0.93 1496.0 23.3 1584.0 15.1 1703.0 13.2 1703.0 13.2

Sample: Granite-Gap
Dafov_Mount#4_22Mar-GRANITE GAP Spot 70 8530 32368 4.3 21.1939 0.8 0.0287 1.7 0.0044 1.5 0.89 28.4 0.4 28.8 0.5 58.5 19.2 28.4 0.4
Dafov_Mount#4_22Mar-GRANITE GAP Spot 56 3868 152580 1.8 21.1740 0.7 0.0328 2.1 0.0050 2.0 0.95 32.4 0.7 32.8 0.7 60.8 16.4 32.4 0.7
Dafov_Mount#4_22Mar-GRANITE GAP Spot 49 48 758 0.6 27.2366 7.5 0.0255 8.4 0.0050 3.7 0.45 32.5 1.2 25.6 2.1 577.4 202.8 32.5 1.2
Dafov_Mount#4_22Mar-GRANITE GAP Spot 62 193 1299 2.1 26.3521 3.3 0.0270 4.0 0.0052 2.1 0.54 33.2 0.7 27.1 1.1 488.9 88.6 33.2 0.7
Dafov_Mount#4_22Mar-GRANITE GAP Spot 68 1676 7080 1.8 21.7444 1.3 0.0330 2.1 0.0052 1.6 0.79 33.5 0.5 33.0 0.7 2.9 30.3 33.5 0.5
Dafov_Mount#4_22Mar-GRANITE GAP Spot 64 185 7492 1.7 22.2688 2.9 0.0323 5.3 0.0052 4.4 0.84 33.6 1.5 32.3 1.7 60.7 69.9 33.6 1.5
Dafov_Mount#4_22Mar-GRANITE GAP Spot 58 344 14448 2.0 20.5860 3.5 0.0351 9.6 0.0052 8.9 0.93 33.7 3.0 35.0 3.3 127.5 82.0 33.7 3.0
Dafov_Mount#4_22Mar-GRANITE GAP Spot 48 405 49853 1.0 21.0487 2.3 0.0344 3.3 0.0053 2.4 0.73 33.8 0.8 34.3 1.1 74.9 53.9 33.8 0.8
Dafov_Mount#4_22Mar-GRANITE GAP Spot 63 206 2531 1.8 23.4079 2.6 0.0310 3.6 0.0053 2.5 0.68 33.8 0.8 31.0 1.1 183.8 65.4 33.8 0.8
Dafov_Mount#4_22Mar-GRANITE GAP Spot 46 132 2075 1.0 22.8315 4.8 0.0319 5.4 0.0053 2.5 0.45 34.0 0.8 31.9 1.7 121.9 118.9 34.0 0.8
Dafov_Mount#4_22Mar-GRANITE GAP Spot 69 178 3474 1.3 22.4298 2.9 0.0325 3.9 0.0053 2.5 0.65 34.0 0.9 32.5 1.2 78.3 72.0 34.0 0.9
Dafov_Mount#4_22Mar-GRANITE GAP Spot 50 228 1307 1.5 24.8559 3.4 0.0294 3.9 0.0053 1.8 0.48 34.1 0.6 29.4 1.1 336.0 87.0 34.1 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 54 766 5725 1.3 18.5244 3.5 0.0395 3.9 0.0053 1.6 0.42 34.1 0.6 39.3 1.5 370.3 79.4 34.1 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 65 239 1609 1.2 26.1472 3.8 0.0280 4.4 0.0053 2.1 0.49 34.2 0.7 28.1 1.2 468.2 100.9 34.2 0.7
Dafov_Mount#4_22Mar-GRANITE GAP Spot 61 474 6311 1.7 22.0332 1.8 0.0335 3.3 0.0053 2.8 0.84 34.4 1.0 33.4 1.1 34.9 44.5 34.4 1.0
Dafov_Mount#4_22Mar-GRANITE GAP Spot 57 1112 1232376 3.2 21.2510 1.3 0.0348 2.8 0.0054 2.4 0.88 34.5 0.8 34.8 0.9 52.1 30.9 34.5 0.8
Dafov_Mount#4_22Mar-GRANITE GAP Spot 59 547 4443 1.3 17.3742 4.7 0.0428 5.7 0.0054 3.1 0.55 34.7 1.1 42.6 2.4 512.9 103.6 34.7 1.1
Dafov_Mount#4_22Mar-GRANITE GAP Spot 52 721 8090 1.2 18.8184 2.3 0.0398 3.1 0.0054 2.1 0.67 34.9 0.7 39.6 1.2 334.7 52.7 34.9 0.7
Dafov_Mount#4_22Mar-GRANITE GAP Spot 53 652 4007 1.8 22.5042 4.5 0.0334 4.8 0.0055 1.7 0.35 35.1 0.6 33.4 1.6 86.4 110.3 35.1 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 60 576 5353 1.7 21.6219 1.5 0.0348 2.2 0.0055 1.6 0.74 35.1 0.6 34.7 0.8 10.7 36.4 35.1 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 66 203 1871 1.6 24.6864 2.9 0.0306 3.8 0.0055 2.4 0.65 35.2 0.9 30.6 1.1 318.4 73.9 35.2 0.9
Dafov_Mount#4_22Mar-GRANITE GAP Spot 51 396 3319 1.8 22.6632 5.4 0.0335 5.6 0.0055 1.7 0.30 35.4 0.6 33.5 1.8 103.7 132.0 35.4 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 47 728 12626 1.2 21.0518 1.3 0.0364 2.1 0.0056 1.7 0.80 35.7 0.6 36.3 0.7 74.5 30.0 35.7 0.6
Dafov_Mount#4_22Mar-GRANITE GAP Spot 55 992 15454 1.9 20.7968 1.6 0.0384 2.2 0.0058 1.4 0.66 37.2 0.5 38.3 0.8 103.4 38.3 37.2 0.5

Sample: Cochise
Dafov_Mount#4_22Mar-COCHISE Spot 27 4126 23480 3.5 21.1325 1.1 0.0235 2.1 0.0036 1.8 0.85 23.2 0.4 23.6 0.5 65.4 25.7 23.2 0.4
Dafov_Mount#4_22Mar-COCHISE Spot 30 965 3777 1.5 21.9507 1.2 0.0243 3.0 0.0039 2.7 0.92 24.9 0.7 24.3 0.7 25.8 28.8 24.9 0.7
Dafov_Mount#4_22Mar-COCHISE Spot 29 218 1249 0.5 26.1837 3.8 0.0207 4.6 0.0039 2.5 0.55 25.3 0.6 20.8 0.9 471.9 101.7 25.3 0.6
Dafov_Mount#4_22Mar-COCHISE Spot 31 150 847 0.7 33.0411 7.3 0.0165 7.8 0.0039 2.6 0.33 25.4 0.7 16.6 1.3 1131.9 223.6 25.4 0.7
Dafov_Mount#4_22Mar-COCHISE Spot 33 601 10638 1.3 21.5611 1.9 0.0253 2.5 0.0040 1.5 0.63 25.4 0.4 25.4 0.6 17.4 46.1 25.4 0.4
Dafov_Mount#4_22Mar-COCHISE Spot 13 1386 7579 0.9 20.7961 1.2 0.0263 2.2 0.0040 1.8 0.83 25.5 0.5 26.3 0.6 103.5 28.3 25.5 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 24 861 19159 0.6 20.3266 1.5 0.0269 2.4 0.0040 1.8 0.76 25.5 0.5 26.9 0.6 157.2 35.8 25.5 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 26 479 12795 1.1 20.3012 2.3 0.0270 2.9 0.0040 1.8 0.60 25.6 0.5 27.1 0.8 160.1 54.9 25.6 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 21 553 5506 1.0 20.6825 3.0 0.0266 3.6 0.0040 1.9 0.53 25.6 0.5 26.6 0.9 116.4 71.5 25.6 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 16 426 2208 0.9 16.6003 5.0 0.0331 5.4 0.0040 2.3 0.42 25.6 0.6 33.1 1.8 612.2 107.0 25.6 0.6
Dafov_Mount#4_22Mar-COCHISE Spot 35 356 1480 0.8 19.9036 4.2 0.0276 4.8 0.0040 2.4 0.49 25.7 0.6 27.7 1.3 206.2 98.0 25.7 0.6
Dafov_Mount#4_22Mar-COCHISE Spot 20 436 3259 1.5 20.8012 2.7 0.0265 3.2 0.0040 1.8 0.55 25.7 0.5 26.5 0.8 102.9 63.9 25.7 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 14 816 4838 1.4 22.2552 1.7 0.0247 2.4 0.0040 1.6 0.69 25.7 0.4 24.8 0.6 59.2 42.2 25.7 0.4
Dafov_Mount#4_22Mar-COCHISE Spot 17 233 2178 0.6 25.1360 2.5 0.0220 3.5 0.0040 2.4 0.70 25.8 0.6 22.1 0.8 365.0 65.5 25.8 0.6
Dafov_Mount#4_22Mar-COCHISE Spot 18 796 13656 0.7 20.0176 1.7 0.0277 2.6 0.0040 2.0 0.78 25.9 0.5 27.8 0.7 193.0 38.6 25.9 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 15 1563 7650 1.9 21.4654 2.0 0.0263 2.7 0.0041 1.8 0.68 26.3 0.5 26.3 0.7 28.1 47.6 26.3 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 32 879 2928 6.9 22.7685 2.0 0.0249 3.8 0.0041 3.3 0.86 26.5 0.9 25.0 0.9 115.1 48.6 26.5 0.9
Dafov_Mount#4_22Mar-COCHISE Spot 28 693 3590 1.0 22.1909 4.8 0.0257 5.2 0.0041 1.8 0.36 26.6 0.5 25.7 1.3 52.2 117.1 26.6 0.5
Dafov_Mount#4_22Mar-COCHISE Spot 25 597 2810 0.7 12.8944 7.8 0.0444 9.0 0.0042 4.4 0.49 26.7 1.2 44.1 3.9 1135.4 155.7 26.7 1.2
Dafov_Mount#4_22Mar-COCHISE Spot 19 142 8253 1.4 21.8410 3.3 0.0267 4.1 0.0042 2.4 0.59 27.2 0.7 26.7 1.1 13.6 79.1 27.2 0.7
Dafov_Mount#4_22Mar-COCHISE Spot 23 94 1105 1.0 6.1687 20.7 0.1037 21.0 0.0046 3.0 0.14 29.8 0.9 100.2 20.0 2477.8 354.1 29.8 0.9
Dafov_Mount#4_22Mar-COCHISE Spot 34 216 4773 1.0 21.8512 2.8 0.0307 3.8 0.0049 2.7 0.69 31.3 0.8 30.7 1.2 14.8 67.1 31.3 0.8



716 
 

 
  

Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Dragoon
Dafov_Mount#4_22Mar-DRAGOON Spot 48 1531 304589 5.1 20.6522 0.8 0.0555 1.7 0.0083 1.5 0.89 53.4 0.8 54.9 0.9 119.9 18.1 53.4 0.8
Dafov_Mount#4_22Mar-DRAGOON Spot 52 1737 20910 5.5 21.1494 1.0 0.0545 1.9 0.0084 1.6 0.87 53.6 0.9 53.9 1.0 63.5 22.6 53.6 0.9
Dafov_Mount#4_22Mar-DRAGOON Spot 50 789 1915340 2.1 20.6268 1.0 0.0571 1.8 0.0085 1.5 0.83 54.8 0.8 56.4 1.0 122.8 23.6 54.8 0.8
Dafov_Mount#4_22Mar-DRAGOON Spot 56 809 12357 8.3 21.4066 1.0 0.0553 1.7 0.0086 1.4 0.83 55.1 0.8 54.6 0.9 34.7 23.0 55.1 0.8
Dafov_Mount#4_22Mar-DRAGOON Spot 68 294 16815 5.2 20.9349 1.8 0.0571 2.7 0.0087 2.1 0.77 55.6 1.2 56.4 1.5 87.8 41.6 55.6 1.2
Dafov_Mount#4_22Mar-DRAGOON Spot 54 114 2440 3.3 22.9797 2.6 0.0533 3.6 0.0089 2.5 0.69 57.0 1.4 52.7 1.8 137.9 64.0 57.0 1.4
Dafov_Mount#4_22Mar-DRAGOON Spot 47 128 5801 0.9 20.0578 3.0 0.0612 3.9 0.0089 2.5 0.64 57.2 1.4 60.3 2.3 188.3 69.9 57.2 1.4
Dafov_Mount#4_22Mar-DRAGOON Spot 63 193 2111 1.4 24.8597 9.0 0.0497 9.2 0.0090 2.1 0.22 57.5 1.2 49.2 4.4 336.4 232.0 57.5 1.2
Dafov_Mount#4_22Mar-DRAGOON Spot 55 377 5951 3.5 18.3239 2.9 0.0784 8.3 0.0104 7.8 0.94 66.8 5.2 76.6 6.1 394.8 64.0 66.8 5.2
Dafov_Mount#4_22Mar-DRAGOON Spot 67 310 51552 6.7 15.6768 2.1 0.1180 9.1 0.0134 8.8 0.97 85.9 7.5 113.3 9.7 734.6 44.9 85.9 7.5
Dafov_Mount#4_22Mar-DRAGOON Spot 59 379 32099 5.0 11.9286 0.9 0.5874 3.3 0.0508 3.2 0.96 319.5 10.0 469.2 12.5 1288.6 18.3 319.5 10.0
Dafov_Mount#4_22Mar-DRAGOON Spot 69 315 65824 2.8 10.1939 0.6 2.9971 2.1 0.2216 2.0 0.95 1290.2 23.0 1406.9 15.7 1588.3 11.7 1588.3 11.7

Sample: coxcomb
Dafov#5_23March2016-COXCOMB Spot 22 917 5138 1.3 21.1680 1.7 0.0726 2.6 0.0111 1.9 0.74 71.5 1.3 71.2 1.8 61.4 41.4 71.5 1.3
Dafov#5_23March2016-COXCOMB Spot 11 621 2693 1.2 21.3160 1.7 0.0731 2.6 0.0113 1.9 0.76 72.4 1.4 71.6 1.8 44.8 40.3 72.4 1.4
Dafov#5_23March2016-COXCOMB Spot 20 380 19850 2.0 20.2913 1.7 0.0772 2.7 0.0114 2.0 0.77 72.8 1.5 75.5 1.9 161.3 40.2 72.8 1.5
Dafov#5_23March2016-COXCOMB Spot 26 282 2644 1.1 20.7001 2.1 0.0762 3.3 0.0114 2.6 0.78 73.4 1.9 74.6 2.4 114.4 48.9 73.4 1.9
Dafov#5_23March2016-COXCOMB Spot 25 263 101984 2.2 19.0924 2.1 0.0837 3.3 0.0116 2.6 0.78 74.3 1.9 81.6 2.6 301.9 47.1 74.3 1.9
Dafov#5_23March2016-COXCOMB Spot 32 491 4471 1.5 21.0943 1.6 0.0758 2.8 0.0116 2.3 0.82 74.3 1.7 74.2 2.0 69.8 38.3 74.3 1.7
Dafov#5_23March2016-COXCOMB Spot 27 334 74631 3.7 19.1850 1.3 0.0834 2.3 0.0116 1.9 0.83 74.4 1.4 81.3 1.8 290.8 29.3 74.4 1.4
Dafov#5_23March2016-COXCOMB Spot 29 909 11680 1.8 20.4643 1.4 0.0793 2.2 0.0118 1.7 0.78 75.5 1.3 77.5 1.6 141.4 32.1 75.5 1.3
Dafov#5_23March2016-COXCOMB Spot 35 938 9958 1.3 20.5645 2.5 0.0792 4.0 0.0118 3.2 0.79 75.7 2.4 77.4 3.0 129.9 57.7 75.7 2.4
Dafov#5_23March2016-COXCOMB Spot 30 291 3497 0.9 16.8793 3.5 0.0967 4.1 0.0118 2.1 0.51 75.8 1.5 93.7 3.6 576.1 76.0 75.8 1.5
Dafov#5_23March2016-COXCOMB Spot 12 489 7711 1.7 19.8737 1.8 0.0825 2.5 0.0119 1.7 0.68 76.2 1.3 80.5 1.9 209.7 42.9 76.2 1.3
Dafov#5_23March2016-COXCOMB Spot 24 457 4840 2.1 19.3178 1.6 0.0851 3.2 0.0119 2.8 0.86 76.4 2.1 83.0 2.6 275.1 37.4 76.4 2.1
Dafov#5_23March2016-COXCOMB Spot 33 400 6604 2.8 20.4819 2.7 0.0804 3.5 0.0119 2.2 0.64 76.5 1.7 78.5 2.6 139.4 62.4 76.5 1.7
Dafov#5_23March2016-COXCOMB Spot 19 268 11734026 0.7 19.5088 2.1 0.0847 2.9 0.0120 2.0 0.69 76.8 1.5 82.6 2.3 252.5 48.2 76.8 1.5
Dafov#5_23March2016-COXCOMB Spot 14 461 98052 1.4 17.7979 1.8 0.0940 2.6 0.0121 1.9 0.72 77.8 1.4 91.3 2.2 459.8 39.5 77.8 1.4
Dafov#5_23March2016-COXCOMB Spot 31 310 125802 1.6 18.8864 2.0 0.0898 2.7 0.0123 1.8 0.66 78.8 1.4 87.3 2.2 326.6 45.1 78.8 1.4
Dafov#5_23March2016-COXCOMB Spot 21 782 102768 1.9 19.9521 1.3 0.0874 2.5 0.0127 2.1 0.85 81.0 1.7 85.1 2.0 200.6 30.3 81.0 1.7
Dafov#5_23March2016-COXCOMB Spot 23 230 37050 3.5 20.2015 2.0 0.0864 3.6 0.0127 2.9 0.83 81.1 2.4 84.2 2.9 171.6 46.6 81.1 2.4
Dafov#5_23March2016-COXCOMB Spot 16 257 5826 2.9 18.6316 2.2 0.0941 3.0 0.0127 2.1 0.69 81.5 1.7 91.4 2.6 357.3 49.4 81.5 1.7
Dafov#5_23March2016-COXCOMB Spot 18 843 11500 1.4 20.7596 1.3 0.0922 2.3 0.0139 1.9 0.83 88.9 1.7 89.6 2.0 107.7 30.1 88.9 1.7
Dafov#5_23March2016-COXCOMB Spot 13 251 2423 0.9 18.3347 3.2 0.1066 4.2 0.0142 2.7 0.65 90.7 2.4 102.9 4.1 393.5 70.9 90.7 2.4
Dafov#5_23March2016-COXCOMB Spot 17 126 257 1.1 4.9326 15.6 0.4384 16.3 0.0157 4.7 0.29 100.3 4.7 369.1 50.5 2848.3 255.9 100.3 4.7
Dafov#5_23March2016-COXCOMB Spot 34 327 70858 1.5 19.4309 1.4 0.1297 3.0 0.0183 2.6 0.88 116.8 3.0 123.9 3.4 261.7 32.7 116.8 3.0
Dafov#5_23March2016-COXCOMB Spot 15 692 44772 1.7 19.6459 1.0 0.1972 2.4 0.0281 2.2 0.91 178.7 3.8 182.8 4.0 236.4 23.0 178.7 3.8
Dafov#5_23March2016-COXCOMB Spot 28 172 18789 2.5 13.6121 0.9 0.4630 3.0 0.0457 2.9 0.95 288.1 8.0 386.4 9.6 1026.8 18.6 288.1 8.0

Sample: cooke
Dafov#5_23March2016-COOKE Spot 66 95 1496 0.8 26.4785 4.8 0.0314 5.9 0.0060 3.4 0.57 38.8 1.3 31.4 1.8 501.6 128.7 38.8 1.3
Dafov#5_23March2016-COOKE Spot 53 162 528 0.9 30.1631 3.4 0.0277 4.5 0.0061 2.9 0.65 38.9 1.1 27.7 1.2 861.9 98.3 38.9 1.1
Dafov#5_23March2016-COOKE Spot 70 161 1072 1.0 22.5910 4.3 0.0374 5.5 0.0061 3.5 0.63 39.4 1.4 37.3 2.0 95.9 104.8 39.4 1.4
Dafov#5_23March2016-COOKE Spot 61 158 1955 1.0 23.5963 3.7 0.0358 4.6 0.0061 2.6 0.58 39.4 1.0 35.7 1.6 203.9 93.4 39.4 1.0
Dafov#5_23March2016-COOKE Spot 55 52 584 1.0 28.2056 12.5 0.0300 13.2 0.0061 4.4 0.34 39.5 1.7 30.1 3.9 672.9 345.3 39.5 1.7
Dafov#5_23March2016-COOKE Spot 68 99 1154 1.0 24.0014 5.5 0.0356 7.1 0.0062 4.5 0.63 39.9 1.8 35.5 2.5 246.8 138.9 39.9 1.8
Dafov#5_23March2016-COOKE Spot 64 134 2873 0.9 23.4102 4.3 0.0365 5.7 0.0062 3.7 0.65 39.9 1.5 36.4 2.0 184.1 107.8 39.9 1.5
Dafov#5_23March2016-COOKE Spot 67 79 2159 0.8 21.9439 5.1 0.0412 6.2 0.0065 3.6 0.57 42.1 1.5 41.0 2.5 25.0 124.4 42.1 1.5
Dafov#5_23March2016-COOKE Spot 60 1167 518656 31.8 10.9236 0.6 3.0097 2.0 0.2384 1.9 0.95 1378.6 24.1 1410.1 15.6 1457.9 12.1 1457.9 12.1
Dafov#5_23March2016-COOKE Spot 59 1053 1098638 9.5 10.8747 0.5 2.8128 1.9 0.2218 1.8 0.96 1291.6 21.6 1359.0 14.4 1466.5 10.2 1466.5 10.2
Dafov#5_23March2016-COOKE Spot 65 1271 394031 16.9 10.8684 0.9 2.9859 2.5 0.2354 2.3 0.93 1362.6 28.1 1404.0 18.7 1467.6 16.7 1467.6 16.7
Dafov#5_23March2016-COOKE Spot 63 1032 108153 12.5 10.7944 0.6 2.6099 2.3 0.2043 2.3 0.97 1198.5 24.6 1303.4 17.0 1480.5 10.6 1480.5 10.6
Dafov#5_23March2016-COOKE Spot 58 123 20126 1.7 10.3790 0.7 3.4800 3.0 0.2620 2.9 0.97 1499.8 38.6 1522.7 23.5 1554.6 14.0 1554.6 14.0
Dafov#5_23March2016-COOKE Spot 62 421 259406 1.8 10.1428 0.7 3.5088 2.2 0.2581 2.1 0.95 1480.2 27.8 1529.2 17.4 1597.7 12.3 1597.7 12.3
Dafov#5_23March2016-COOKE Spot 52 183 83883 0.8 9.9539 0.7 3.9076 2.2 0.2821 2.1 0.94 1601.9 29.4 1615.2 17.8 1632.7 13.7 1632.7 13.7
Dafov#5_23March2016-COOKE Spot 57 367 166498 2.9 9.9307 0.5 3.8647 2.3 0.2784 2.2 0.97 1583.1 31.1 1606.3 18.4 1637.0 10.2 1637.0 10.2

Sample: Hueco
Dafov#5_23March2016-HUECO Spot 24 190 800 0.5 29.2245 10.0 0.0248 10.4 0.0053 2.8 0.27 33.8 0.9 24.9 2.6 771.9 283.6 33.8 0.9
Dafov#5_23March2016-HUECO Spot 20 96 531 0.6 37.5458 21.5 0.0196 21.7 0.0053 3.2 0.15 34.2 1.1 19.7 4.2 1540.8 727.9 34.2 1.1
Dafov#5_23March2016-HUECO Spot 22 181 1184 0.4 25.1968 10.1 0.0292 10.5 0.0053 2.9 0.27 34.3 1.0 29.2 3.0 371.2 263.4 34.3 1.0
Dafov#5_23March2016-HUECO Spot 17 61 1731 0.7 20.9057 5.5 0.0353 6.8 0.0054 3.9 0.57 34.4 1.3 35.2 2.3 91.1 131.5 34.4 1.3
Dafov#5_23March2016-HUECO Spot 23 102 415 0.6 59.8305 37.1 0.0124 37.3 0.0054 3.3 0.09 34.5 1.1 12.5 4.6 0.0 774.0 34.5 1.1
Dafov#5_23March2016-HUECO Spot 31 169 1048 0.5 26.0050 6.3 0.0285 6.8 0.0054 2.5 0.37 34.6 0.9 28.6 1.9 453.8 165.9 34.6 0.9
Dafov#5_23March2016-HUECO Spot 35 90 1291 0.5 23.0986 6.3 0.0321 7.7 0.0054 4.4 0.57 34.6 1.5 32.1 2.4 150.7 156.8 34.6 1.5
Dafov#5_23March2016-HUECO Spot 28 213 1313 0.6 26.0510 3.2 0.0286 4.4 0.0054 3.0 0.68 34.8 1.0 28.7 1.2 458.4 85.7 34.8 1.0
Dafov#5_23March2016-HUECO Spot 26 393 2623 0.3 22.6995 6.9 0.0330 7.5 0.0054 2.8 0.37 34.9 1.0 33.0 2.4 107.7 170.7 34.9 1.0
Dafov#5_23March2016-HUECO Spot 32 126 408 0.3 30.4990 8.3 0.0246 8.7 0.0054 2.5 0.29 35.0 0.9 24.7 2.1 893.9 241.6 35.0 0.9
Dafov#5_23March2016-HUECO Spot 25 175 783 0.5 31.8172 6.3 0.0236 7.1 0.0055 3.3 0.47 35.1 1.2 23.7 1.7 1018.1 186.9 35.1 1.2
Dafov#5_23March2016-HUECO Spot 27 151 7498 0.4 18.0267 3.8 0.0418 4.5 0.0055 2.4 0.53 35.1 0.8 41.5 1.8 431.3 84.5 35.1 0.8
Dafov#5_23March2016-HUECO Spot 30 165 3658 0.6 21.2735 3.0 0.0355 4.7 0.0055 3.7 0.78 35.2 1.3 35.4 1.6 49.6 71.0 35.2 1.3
Dafov#5_23March2016-HUECO Spot 16 64 451 1.0 59.3564 14.5 0.0127 15.2 0.0055 4.8 0.31 35.2 1.7 12.8 1.9 0.0 1351.3 35.2 1.7
Dafov#5_23March2016-HUECO Spot 18 127 925 0.6 30.4329 3.6 0.0248 4.9 0.0055 3.4 0.68 35.2 1.2 24.9 1.2 887.6 105.1 35.2 1.2
Dafov#5_23March2016-HUECO Spot 29 310 5791 0.7 21.7774 3.0 0.0349 3.7 0.0055 2.2 0.59 35.4 0.8 34.8 1.3 6.6 72.1 35.4 0.8
Dafov#5_23March2016-HUECO Spot 19 169 660 0.4 28.6274 7.4 0.0266 7.9 0.0055 3.0 0.37 35.5 1.0 26.6 2.1 714.1 205.4 35.5 1.0
Dafov#5_23March2016-HUECO Spot 21 150 19739 0.5 19.7889 4.2 0.0385 5.3 0.0055 3.1 0.59 35.5 1.1 38.3 2.0 219.6 98.3 35.5 1.1
Dafov#5_23March2016-HUECO Spot 33 429 930 0.7 29.3673 9.4 0.0260 9.6 0.0055 1.9 0.20 35.6 0.7 26.1 2.5 785.7 266.9 35.6 0.7
Dafov#5_23March2016-HUECO Spot 34 140 10910 0.5 16.0280 3.4 0.0477 4.6 0.0055 3.1 0.68 35.6 1.1 47.3 2.1 687.5 72.1 35.6 1.1
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Analysis U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± Best age ±
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma)

Sample: Reefer
Chapman TinReef 23May16-Spot 22_reef 12059 102063 1.7 21.5615 0.8 0.0165 2.4 0.0026 2.2 0.94 16.6 0.4 16.6 0.4 17.3 20.1 16.6 0.4
Chapman TinReef 23May16-Spot 21_reef 4516 266459 1.6 21.0077 1.0 0.0192 2.3 0.0029 2.0 0.89 18.9 0.4 19.3 0.4 79.5 24.6 18.9 0.4
Chapman TinReef 23May16-Spot 16_reef 2925 11463 3.9 21.0103 1.5 0.0202 2.7 0.0031 2.3 0.83 19.9 0.5 20.4 0.6 79.2 36.4 19.9 0.5
Chapman TinReef 23May16-Spot 20_reef 2666 69804 3.3 21.5500 1.0 0.0198 2.6 0.0031 2.4 0.92 19.9 0.5 19.9 0.5 18.7 24.8 19.9 0.5
Chapman TinReef 23May16-Spot 11_reef 2255 49946 4.7 21.1491 1.1 0.0202 2.4 0.0031 2.1 0.89 20.0 0.4 20.3 0.5 63.6 26.0 20.0 0.4
Chapman TinReef 23May16-Spot 14_reef 2261 12422 5.1 21.6051 1.1 0.0201 2.1 0.0031 1.7 0.84 20.3 0.3 20.2 0.4 12.5 27.1 20.3 0.3
Chapman TinReef 23May16-Spot 15_reef 1357 12189 4.5 15.8981 4.0 0.0274 4.7 0.0032 2.4 0.52 20.3 0.5 27.4 1.3 704.9 84.8 20.3 0.5
Chapman TinReef 23May16-Spot 19_reef 2550 9452 4.7 21.8157 1.2 0.0201 2.5 0.0032 2.2 0.88 20.5 0.4 20.2 0.5 10.8 28.9 20.5 0.4
Chapman TinReef 23May16-Spot 12_reef 1650 35776 5.8 20.9617 1.3 0.0210 2.3 0.0032 1.8 0.81 20.5 0.4 21.1 0.5 84.7 31.6 20.5 0.4
Chapman TinReef 23May16-Spot 13_reef 1438 12397 3.6 21.6406 2.1 0.0204 3.1 0.0032 2.3 0.73 20.6 0.5 20.5 0.6 8.6 50.5 20.6 0.5
Chapman TinReef 23May16-Spot 17_reef 1953 47357 4.2 21.0525 1.2 0.0212 2.7 0.0032 2.4 0.89 20.8 0.5 21.3 0.6 74.5 28.5 20.8 0.5
Chapman TinReef 23May16-Spot 18_reef 1010 749 5.6 9.5715 10.7 0.0483 11.4 0.0034 4.0 0.35 21.6 0.9 47.9 5.3 1705.1 197.3 21.6 0.9

Sample: Tinaja
Chapman TinReef 23May16-Spot 8_tin 415 11778 1.1 19.1580 2.8 0.0391 3.7 0.0054 2.4 0.65 34.9 0.8 39.0 1.4 294.0 63.9 34.9 0.8
Chapman TinReef 23May16-Spot 4_tin 260 5384 1.7 22.8401 3.2 0.0332 3.9 0.0055 2.2 0.57 35.3 0.8 33.1 1.3 122.9 80.1 35.3 0.8
Chapman TinReef 23May16-Spot 6_tin 286 1785 1.6 25.7504 2.1 0.0298 3.8 0.0056 3.2 0.83 35.8 1.1 29.8 1.1 427.9 55.4 35.8 1.1
Chapman TinReef 23May16-Spot 3_tin 292 2097 2.0 25.1877 2.4 0.0307 3.6 0.0056 2.7 0.75 36.0 1.0 30.7 1.1 370.3 61.3 36.0 1.0
Chapman TinReef 23May16-Spot 5_tin 131 4908 2.6 22.5055 3.4 0.0349 4.5 0.0057 2.9 0.64 36.6 1.0 34.8 1.5 86.6 83.8 36.6 1.0
Chapman TinReef 23May16-Spot 7_tin 20 18251 1.6 13.3239 1.5 1.9369 3.6 0.1872 3.2 0.91 1106.0 33.0 1093.9 23.9 1069.9 29.5 1069.9 29.5
Chapman TinReef 23May16-Spot 10_tin 24 26131 1.6 12.8619 0.8 1.9527 4.1 0.1822 4.0 0.98 1078.7 40.1 1099.4 27.7 1140.5 16.5 1140.5 16.5
Chapman TinReef 23May16-Spot 9_tin 574 3098409 2.2 9.5191 0.6 4.2766 2.1 0.2953 2.0 0.96 1667.7 29.7 1688.9 17.3 1715.2 10.2 1715.2 10.2
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Supplementary File 2: Zircon Lu-Hf isotopic data. 
 

 
 
  

Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

*Analyses in red were not included in mean Ep_Hf(t) calculations

Sample: UTEP
DAFOV-UTEP:59 20.2 4.6 0.282620 0.000030 0.001317 0.055549 0.282619 -5.8 1.0 -4.9 46.10
DAFOV-UTEP:33 46.7 3.5 0.282730 0.000038 0.002936 0.124962 0.282728 -1.9 1.4 -1.0 46.20
DAFOV-UTEP:64 17.4 3.8 0.282633 0.000028 0.001242 0.050646 0.282632 -5.4 1.0 -4.4 46.40
DAFOV-UTEP:3 32.2 4.2 0.282570 0.000024 0.001869 0.085494 0.282568 -7.6 0.9 -6.6 46.50
DAFOV-UTEP:83 26.6 3.5 0.282677 0.000033 0.002885 0.111156 0.282674 -3.8 1.2 -2.9 46.60

Sample: JDP
DAFOV-JDP:103 10.6 5.6 0.282365 0.000024 0.000690 0.024494 0.282364 -14.9 0.8 -13.3 72.00
DAFOV-JDP:53 17.7 5.4 0.282333 0.000024 0.001140 0.050489 0.282332 -16.0 0.8 -14.4 72.00
DAFOV-JDP:22 15.9 4.5 0.282423 0.000029 0.000948 0.040879 0.282422 -12.8 1.0 -11.2 72.00
DAFOV-JDP:51 22.1 4.9 0.282364 0.000029 0.001588 0.071886 0.282362 -14.9 1.0 -13.3 74.00
DAFOV-JDP:95 14.5 6.1 0.282314 0.000021 0.000896 0.039412 0.282313 -16.7 0.7 -15.1 74.00
DAFOV-JDP:25 14.6 4.8 0.281971 0.000028 0.000794 0.032454 0.281950 -28.8 1.0 1.7 1391.00
DAFOV-JDP:49 13.7 4.7 0.281842 0.000031 0.000850 0.036418 0.281815 -33.4 1.1 3.4 1672.00
DAFOV-JDP:19 20.0 4.5 0.281892 0.000028 0.001068 0.046898 0.281858 -31.6 1.0 5.0 1674.00

Sample: Buckeye
DAFOV-BUCKEYE:45 26.1 5.4 0.282669 0.000026 0.001696 0.070145 0.282669 -4.1 0.9 -3.7 20.00
DAFOV-BUCKEYE:46 49.4 4.2 0.282637 0.000030 0.003000 0.135517 0.282636 -5.2 1.1 -4.8 20.00
DAFOV-BUCKEYE:76 32.9 4.3 0.282694 0.000034 0.002221 0.099590 0.282693 -3.2 1.2 -2.8 20.00
DAFOV-BUCKEYE:6 47.9 3.5 0.282652 0.000032 0.002436 0.112527 0.282652 -4.7 1.1 -4.3 20.00
DAFOV-BUCKEYE:2 38.9 4.5 0.282647 0.000027 0.002151 0.099133 0.282647 -4.9 1.0 -4.4 20.00
DAFOV-BUCKEYE:92 17.3 4.5 0.282669 0.000022 0.001162 0.051315 0.282668 -4.1 0.8 -3.7 21.00

Sample: Prescott
DAFOV-PRESCOTT:97 10.8 4.1 0.282493 0.000031 0.000807 0.034364 0.282491 -10.3 1.1 -8.7 77.00
DAFOV-PRESCOTT:13 13.0 4.9 0.282455 0.000020 0.000722 0.031146 0.282454 -11.7 0.7 -10.0 79.00
DAFOV-PRESCOTT:24 19.7 3.7 0.282478 0.000019 0.001202 0.053079 0.282476 -10.9 0.7 -9.1 81.00
DAFOV-PRESCOTT:62 9.6 4.0 0.282444 0.000019 0.000588 0.024644 0.282443 -12.0 0.7 -10.3 81.00
DAFOV-PRESCOTT:60 13.3 3.7 0.282503 0.000028 0.000877 0.038169 0.282501 -10.0 1.0 -8.2 82.00
DAFOV-PRESCOTT:26 10.3 4.1 0.281962 0.000026 0.000567 0.023952 0.281944 -29.1 0.9 7.4 1648.00

Sample: Keene
DAFOV_KEANE_SPOT#: 13 31.6 2.2 0.282942 0.000039 0.001623 0.087895 0.282939 5.5 1.4 7.7 101
DAFOV_KEANE_SPOT#: 12 28.2 2.4 0.282893 0.000032 0.001422 0.077890 0.282891 3.8 1.1 6.0 102
DAFOV_KEANE_SPOT#: 16 41.2 2.1 0.282858 0.000039 0.002611 0.134305 0.282853 2.6 1.4 4.7 102
DAFOV#1_KEANE_SPOT#: 22 22.7 3.1 0.282905 0.000036 0.001236 0.144403 0.282903 4.3 1.3 6.4 102
DAFOV_KEANE_SPOT#: 35 57.5 2.2 0.282733 0.000036 0.002939 0.063623 0.282727 -1.8 1.3 0.2 102
DAFOV#1_KEANE_SPOT#: 21 25.7 2.8 0.282934 0.000034 0.001343 0.071297 0.282931 5.3 1.2 7.4 103
DAFOV#1_KEANE_SPOT#: 32 20.6 3.4 0.282925 0.000029 0.001097 0.056269 0.282923 4.9 1.0 7.2 103
DAFOV#1_KEANE_SPOT#: 29 14.6 3.5 0.282893 0.000037 0.000831 0.041586 0.282891 3.8 1.3 6.1 103
DAFOV#1_KEANE_SPOT#: 30 21.7 3.0 0.282907 0.000038 0.001155 0.060322 0.282905 4.3 1.4 6.5 103
DAFOV#1_KEANE_SPOT#: 25 23.6 3.0 0.282888 0.000034 0.001325 0.068606 0.282885 3.6 1.2 5.8 104
DAFOV#1_KEANE_SPOT#: 27 15.3 2.8 0.282516 0.000030 0.000754 0.041673 0.282510 -9.5 1.1 -1.1 386
DAFOV#1_KEANE_SPOT#: 19 21.1 2.7 0.282131 0.000031 0.001037 0.056709 0.282103 -23.1 1.1 7.6 1409

Sample: S-Barstow
DAFOV#1_S.BARSTOW_SPOT#: 59 58.6 2.9 0.282622 0.000037 0.003202 0.162573 0.282613 -5.8 1.3 -2.6 159
DAFOV#1_S.BARSTOW_SPOT#: 49 36.7 3.0 0.282502 0.000037 0.001954 0.101702 0.282496 -10.0 1.3 -6.7 160
DAFOV#1_S.BARSTOW_SPOT#: 64 171.5 2.5 0.282635 0.000066 0.009143 0.497117 0.282608 -5.3 2.3 -2.7 161
DAFOV#1_S.BARSTOW_SPOT#: 69 128.1 2.5 0.282504 0.000051 0.006783 0.347805 0.282484 -9.9 1.8 -7.1 161
DAFOV#1_S.BARSTOW_SPOT#: 48 60.4 2.8 0.282555 0.000028 0.003327 0.167833 0.282545 -8.1 1.0 -4.9 162
DAFOV#1_S.BARSTOW_SPOT#: 53 69.7 2.6 0.282487 0.000046 0.003798 0.192590 0.282476 -10.5 1.6 -7.3 162
DAFOV#1_S.BARSTOW_SPOT#: 60 47.4 2.5 0.282486 0.000041 0.002319 0.131578 0.282479 -10.6 1.4 -7.2 162
DAFOV#1_S.BARSTOW_SPOT#: 46 85.9 3.2 0.282512 0.000032 0.004620 0.224081 0.282498 -9.6 1.1 -6.5 163
DAFOV#1_S.BARSTOW_SPOT#: 57 65.9 2.7 0.282546 0.000043 0.003622 0.185878 0.282535 -8.5 1.5 -5.2 164
DAFOV#1_S.BARSTOW_SPOT#: 56 32.0 2.7 0.282396 0.000042 0.001598 0.084842 0.282391 -13.8 1.5 -10.2 166
DAFOV#1_S.BARSTOW_SPOT#: 55 26.5 3.1 0.282047 0.000033 0.001511 0.074690 0.282013 -26.1 1.2 -0.4 1201
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Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

Sample: Barstow-T
DAFOV_BARSTOW-T_SPOT#: 64 17.6 2.5 0.282736 0.000034 0.000859 0.046135 0.282736 -1.7 1.2 -1.3 18
DAFOV_BARSTOW-T_SPOT#: 52 27.1 2.3 0.282681 0.000034 0.001454 0.074972 0.282680 -3.7 1.2 -3.3 18
DAFOV_BARSTOW-T_SPOT#: 53 27.1 2.2 0.282672 0.000035 0.001452 0.074682 0.282672 -4.0 1.2 -3.6 18
DAFOV_BARSTOW-T_SPOT#: 55 21.0 2.8 0.282525 0.000033 0.001089 0.058650 0.282524 -9.2 1.2 -8.8 18
DAFOV_BARSTOW-T_SPOT#: 47 39.8 3.4 0.282539 0.000033 0.002016 0.110780 0.282538 -8.7 1.2 -8.3 19
DAFOV_BARSTOW-T_SPOT#: 62 11.3 2.7 0.282649 0.000045 0.000583 0.030899 0.282649 -4.8 1.6 -4.4 19
DAFOV_BARSTOW-T_SPOT#: 61 45.2 4.0 0.282567 0.000024 0.002244 0.124753 0.282566 -7.7 0.9 -7.3 19
DAFOV_BARSTOW-T_SPOT#: 57 23.5 2.7 0.282694 0.000035 0.001198 0.065576 0.282693 -3.2 1.2 -2.8 19
DAFOV_BARSTOW-T_SPOT#: 50 17.2 2.6 0.282620 0.000032 0.000908 0.047892 0.282618 -5.8 1.1 -3.9 89
DAFOV_BARSTOW-T_SPOT#: 49 22.5 2.7 0.282545 0.000029 0.001226 0.062158 0.282543 -8.5 1.0 -6.3 102
DAFOV_BARSTOW-T_SPOT#: 67 32.2 2.0 0.282537 0.000033 0.001979 0.089927 0.282532 -8.8 1.2 -5.8 143

Sample: Snaggletooth
DAFOV#1_SNAGG_SPOT#: 16 17.0 2.3 0.282715 0.000029 0.000855 0.047360 0.282715 -2.5 1.0 -2.0 20
DAFOV#1_SNAGG_SPOT#: 32 19.0 2.2 0.282693 0.000036 0.000968 0.052506 0.282692 -3.3 1.3 -2.8 20
DAFOV_#1_SNAGGLE: 25 17.3 1.7 0.282539 0.000042 0.000907 0.048224 0.282539 -8.7 1.5 -8.3 20
DAFOV_#1_SNAGGLE: 18 18.7 2.1 0.282594 0.000036 0.001003 0.052460 0.282593 -6.8 1.3 -6.3 20
DAFOV_#1_SNAGGLE: 31 15.3 1.9 0.282577 0.000033 0.000808 0.042287 0.282576 -7.4 1.2 -6.9 20
DAFOV_#1_SNAGGLE: 21 39.9 1.8 0.282678 0.000049 0.001824 0.107114 0.282677 -3.8 1.7 -3.4 20
DAFOV_#1_SNAGGLE: 29 20.9 2.3 0.282572 0.000047 0.001084 0.058746 0.282572 -7.5 1.7 -7.1 21
DAFOV_#1_SNAGGLE: 20 22.3 2.2 0.282580 0.000032 0.001171 0.062069 0.282579 -7.3 1.1 -6.8 21
DAFOV_#1_SNAGGLE: 19 24.9 2.4 0.282549 0.000025 0.001262 0.069101 0.282548 -8.4 0.9 -7.9 21
DAFOV_#1_SNAGGLE: 35 19.6 2.2 0.282581 0.000040 0.001001 0.055342 0.282581 -7.2 1.4 -6.8 21

Sample: Finger
DAFOV#2_FINGER_SPOT: 23 34.2 2.4 0.282335 0.000041 0.001994 0.102228 0.282328 -15.9 1.4 -12.4 169
DAFOV#2_FINGER_SPOT: 25 13.6 2.7 0.282389 0.000033 0.000759 0.037335 0.282387 -14.0 1.2 -10.3 169
DAFOV#2_FINGER_SPOT: 19 43.0 2.4 0.282420 0.000031 0.002430 0.121097 0.282412 -12.9 1.1 -9.4 170
DAFOV#2_FINGER_SPOT: 26 21.3 2.2 0.282477 0.000041 0.001226 0.059104 0.282473 -10.9 1.4 -7.3 170
DAFOV#2_FINGER_SPOT: 20 14.0 2.7 0.282403 0.000033 0.001223 0.061120 0.282399 -13.5 1.2 -9.9 170
DAFOV#2_FINGER_SPOT: 35 36.0 2.5 0.282402 0.000037 0.001932 0.100124 0.282396 -13.5 1.3 -10.0 170
DAFOV#2_FINGER_SPOT: 16 45.8 2.1 0.282402 0.000033 0.002464 0.127578 0.282394 -13.5 1.2 -10.0 171
DAFOV#2_FINGER_SPOT: 21 25.7 2.4 0.282479 0.000040 0.001373 0.071626 0.282474 -10.8 1.4 -7.2 171
DAFOV#2_FINGER_SPOT: 33 44.3 2.2 0.282400 0.000041 0.002395 0.122791 0.282392 -13.6 1.5 -10.1 171
DAFOV#2_FINGER_SPOT: 24 48.0 1.9 0.282440 0.000038 0.002539 0.132887 0.282432 -12.2 1.3 -8.7 172

Sample: Hope
DAFOV#2_HOPE_SPOT: 59 22.5 2.6 0.282420 0.000030 0.001377 0.062605 0.282418 -12.9 1.1 -11.4 72
DAFOV#2_HOPE_SPOT: 70 18.6 2.7 0.282324 0.000032 0.001211 0.052241 0.282323 -16.3 1.1 -14.7 72
DAFOV#2_HOPE_SPOT: 58 26.1 2.7 0.282436 0.000034 0.001604 0.072611 0.282434 -12.3 1.2 -10.8 73
DAFOV#2_HOPE_SPOT: 47 30.1 2.8 0.282455 0.000032 0.001789 0.082942 0.282452 -11.7 1.1 -10.1 74
DAFOV#2_HOPE_SPOT: 46 12.5 2.3 0.282401 0.000042 0.000789 0.035684 0.282400 -13.6 1.5 -12.0 74
DAFOV#2_HOPE_SPOT: 62 31.3 2.3 0.282506 0.000046 0.001830 0.085462 0.282503 -9.9 1.6 -8.3 74
DAFOV#2_HOPE_SPOT: 49 38.0 2.4 0.282449 0.000041 0.002112 0.098568 0.282446 -11.9 1.4 -10.3 74
DAFOV#2_HOPE_SPOT: 54 14.0 2.5 0.282462 0.000032 0.000865 0.039103 0.282461 -11.4 1.1 -9.8 74
DAFOV#2_HOPE_SPOT: 55 9.4 2.7 0.282383 0.000036 0.000608 0.025835 0.282382 -14.2 1.3 -12.6 74
DAFOV#2_HOPE_SPOT: 63 13.3 3.5 0.282445 0.000032 0.000936 0.037010 0.282443 -12.0 1.1 -10.4 74

Sample: Riverside
DAFOV#2_RIVERSIDE_SPOT: 16 22.1 2.8 0.282613 0.000037 0.001411 0.061139 0.282610 -6.1 1.3 -4.0 100
DAFOV#2_RIVERSIDE_SPOT: 27 31.7 2.5 0.282382 0.000041 0.001887 0.088449 0.282378 -14.3 1.5 -12.2 100
DAFOV#2_RIVERSIDE_SPOT: 25 21.7 2.8 0.282388 0.000035 0.001327 0.059995 0.282385 -14.0 1.2 -11.9 100
DAFOV#2_RIVERSIDE_SPOT: 19 32.2 2.5 0.282598 0.000045 0.002002 0.089095 0.282595 -6.6 1.6 -4.5 100
DAFOV#2_RIVERSIDE_SPOT: 21 29.6 2.9 0.282618 0.000027 0.001881 0.081629 0.282614 -5.9 0.9 -3.8 100
DAFOV#2_RIVERSIDE_SPOT: 32 15.6 3.2 0.282546 0.000027 0.001014 0.043290 0.282544 -8.5 1.0 -6.3 101
DAFOV#2_RIVERSIDE_SPOT: 14 32.5 2.9 0.282592 0.000037 0.002025 0.089703 0.282588 -6.8 1.3 -4.7 101
DAFOV#2_RIVERSIDE_SPOT: 13 27.1 2.8 0.282666 0.000030 0.001747 0.074948 0.282663 -4.2 1.0 -2.1 100
DAFOV#2_RIVERSIDE_SPOT: 23 22.0 2.9 0.282567 0.000032 0.001465 0.060698 0.282565 -7.7 1.1 -5.5 102
DAFOV#2_RIVERSIDE_SPOT: 31 32.6 2.5 0.281788 0.000043 0.001765 0.092182 0.281732 -35.3 1.5 0.1 1655
DAFOV#2_RIVERSIDE_SPOT: 22 16.4 2.9 0.281817 0.000036 0.000881 0.045901 0.281789 -34.2 1.3 2.1 1657
DAFOV#2_RIVERSIDE_SPOT: 30 12.4 2.8 0.281857 0.000030 0.000652 0.033512 0.281837 -32.8 1.1 3.9 1663
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Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

Sample: Strawberry
DAFOV#2_STRAWBERRY_SPOT: 59 98.7 1.8 0.282422 0.000069 0.005003 0.274167 0.282408 -12.8 2.4 -10.0 149
DAFOV#2_STRAWBERRY_SPOT: 69 22.3 2.4 0.282465 0.000033 0.001236 0.062254 0.282461 -11.3 1.2 -8.1 149
DAFOV#2_STRAWBERRY_SPOT: 62 31.6 2.5 0.282473 0.000039 0.001735 0.088867 0.282468 -11.0 1.4 -7.8 153
DAFOV#2_STRAWBERRY_SPOT: 68 34.1 2.6 0.282421 0.000035 0.001811 0.094949 0.282416 -12.9 1.2 -9.7 149
DAFOV#2_STRAWBERRY_SPOT: 46 39.6 2.2 0.282374 0.000044 0.002048 0.105258 0.282368 -14.5 1.6 -11.4 150
DAFOV#2_STRAWBERRY_SPOT: 63 29.3 1.8 0.282478 0.000036 0.001597 0.080889 0.282474 -10.9 1.3 -7.7 150
DAFOV#2_STRAWBERRY_SPOT: 51 40.2 2.3 0.282341 0.000044 0.002095 0.110872 0.282335 -15.7 1.6 -12.6 151
DAFOV#2_STRAWBERRY_SPOT: 61 24.3 2.8 0.282464 0.000036 0.001391 0.066772 0.282460 -11.4 1.3 -8.2 151
DAFOV#2_STRAWBERRY_SPOT: 47 73.3 1.7 0.282436 0.000056 0.004017 0.206928 0.282424 -12.3 2.0 -9.4 151
DAFOV#2_STRAWBERRY_SPOT: 55 45.5 1.5 0.282382 0.000051 0.002357 0.126233 0.282375 -14.2 1.8 -11.1 152

Sample: Cochise
DAFOV#4_COCHISE_SPOT: 33 43.0 2.4 0.282563 0.000036 0.002137 0.119501 0.282562 -7.8 1.3 -7.3 25
DAFOV#4_COCHISE_SPOT: 13 65.6 2.9 0.282561 0.000036 0.003230 0.181635 0.282559 -7.9 1.3 -7.4 26
DAFOV#4_COCHISE_SPOT: 24 51.0 2.0 0.282534 0.000042 0.002490 0.141741 0.282532 -8.9 1.5 -8.4 26
DAFOV#4_COCHISE_SPOT: 18 50.7 2.4 0.282583 0.000046 0.002533 0.140786 0.282582 -7.1 1.6 -6.6 26
DAFOV#4_COCHISE_SPOT: 21 35.2 2.6 0.282560 0.000033 0.001901 0.097778 0.282559 -7.9 1.2 -7.4 26
DAFOV#4_COCHISE_SPOT: 16 45.6 2.3 0.282564 0.000034 0.002243 0.126807 0.282563 -7.8 1.2 -7.3 26
DAFOV#4_COCHISE_SPOT: 35 34.9 2.0 0.282602 0.000042 0.001763 0.098124 0.282601 -6.5 1.5 -5.9 26
DAFOV#4_COCHISE_SPOT: 15 57.1 2.8 0.282591 0.000037 0.002867 0.153871 0.282590 -6.9 1.3 -6.3 26
DAFOV#4_COCHISE_SPOT: 31 45.1 1.9 0.282493 0.000045 0.002314 0.125785 0.282492 -10.3 1.6 -9.8 25
DAFOV#4_COCHISE_SPOT: 17 33.0 2.1 0.282637 0.000047 0.001691 0.093354 0.282636 -5.2 1.7 -4.7 26

Sample: dragoon
DAFOV#4_DRAGOON_SPOT: 50 58.7 2.3 0.282438 0.000036 0.002792 0.165971 0.282436 -12.3 1.3 -11.1 55
DAFOV#4_DRAGOON_SPOT: 56 38.4 2.9 0.282403 0.000031 0.001823 0.104916 0.282401 -13.5 1.1 -12.4 55
DAFOV#4_DRAGOON_SPOT: 68 48.3 2.9 0.282490 0.000040 0.002603 0.134363 0.282488 -10.4 1.4 -9.3 56
DAFOV#4_DRAGOON_SPOT: 54 12.9 2.4 0.282455 0.000036 0.000662 0.036096 0.282454 -11.7 1.3 -10.4 57
DAFOV#4_DRAGOON_SPOT: 52 66.9 2.7 0.282292 0.000048 0.003628 0.193260 0.282288 -17.4 1.7 -16.4 54
DAFOV#4_DRAGOON_SPOT: 63 35.6 3.0 0.282381 0.000035 0.001618 0.098323 0.282379 -14.3 1.2 -13.1 58
DAFOV#4_DRAGOON_SPOT: 55 28.1 2.5 0.282205 0.000037 0.001398 0.078089 0.282203 -20.5 1.3 -19.1 67
DAFOV#4_DRAGOON_SPOT: 67 26.6 2.3 0.282082 0.000044 0.001210 0.067392 0.282080 -24.9 1.5 -23.0 86
DAFOV#4_DRAGOON_SPOT: 59 23.1 2.9 0.282291 0.000035 0.001220 0.064236 0.282283 -17.5 1.2 -10.6 320
DAFOV#4_DRAGOON_SPOT: 69 26.3 2.4 0.282229 0.000041 0.001491 0.072471 0.282184 -19.7 1.5 14.6 1588

Sample: Granite-Gap
DAFOV#4_GRANITEGAP_SPOT: 63 26.9 1.2 0.282572 0.000042 0.001277 0.063084 0.282571 -7.5 1.5 -6.8 34
DAFOV#4_GRANITEGAP_SPOT: 46 31.3 2.1 0.282516 0.000037 0.001688 0.086954 0.282515 -9.5 1.3 -8.8 34
DAFOV#4_GRANITEGAP_SPOT: 69 17.3 2.4 0.282483 0.000037 0.000941 0.047978 0.282482 -10.7 1.3 -9.9 34
DAFOV#4_GRANITEGAP_SPOT: 48 21.0 2.6 0.282452 0.000034 0.001185 0.058506 0.282451 -11.8 1.2 -11.1 34
DAFOV#4_GRANITEGAP_SPOT: 54 31.1 2.8 0.282498 0.000037 0.001949 0.086664 0.282497 -10.1 1.3 -9.4 34
DAFOV#4_GRANITEGAP_SPOT: 65 53.5 2.2 0.282411 0.000047 0.002837 0.147043 0.282409 -13.2 1.7 -12.5 34
DAFOV#4_GRANITEGAP_SPOT: 61 22.3 2.6 0.282535 0.000034 0.001309 0.062472 0.282535 -8.8 1.2 -8.1 34
DAFOV#4_GRANITEGAP_SPOT: 57 41.7 3.0 0.282468 0.000037 0.002288 0.107162 0.282467 -11.2 1.3 -10.5 35
DAFOV#4_GRANITEGAP_SPOT: 59 33.7 2.4 0.282551 0.000031 0.001861 0.092971 0.282550 -8.3 1.1 -7.5 35
DAFOV#4_GRANITEGAP_SPOT: 52 34.9 2.5 0.282539 0.000044 0.002009 0.097721 0.282537 -8.7 1.5 -8.0 35

Sample: Joshua
DAFOV#4_JOSHUA_SPOT: 33 85.3 3.3 0.282088 0.000052 0.003990 0.217784 0.282083 -24.6 1.8 -23.2 72
DAFOV#4_JOSHUA_SPOT: 29 9.8 3.1 0.282464 0.000037 0.000622 0.027424 0.282463 -11.4 1.3 -9.8 73
DAFOV#4_JOSHUA_SPOT: 19 7.7 3.0 0.282446 0.000029 0.000459 0.021551 0.282446 -12.0 1.0 -10.4 74
DAFOV#4_JOSHUA_SPOT: 26 17.3 2.6 0.282397 0.000033 0.001016 0.048220 0.282395 -13.7 1.2 -12.0 80
DAFOV#4_JOSHUA_SPOT: 17 12.4 2.8 0.282112 0.000030 0.000673 0.034919 0.282111 -23.8 1.1 -21.3 113
DAFOV#4_JOSHUA_SPOT: 34 24.1 2.4 0.282408 0.000037 0.001316 0.067539 0.282405 -13.3 1.3 -10.8 122
DAFOV#4_JOSHUA_SPOT: 13 34.5 2.9 0.282178 0.000040 0.002116 0.095121 0.282170 -21.5 1.4 -16.9 221
DAFOV#4_JOSHUA_SPOT: 15 19.5 2.6 0.281970 0.000046 0.000994 0.051465 0.281940 -28.8 1.6 6.9 1631
DAFOV#4_JOSHUA_SPOT: 32 9.6 3.0 0.281765 0.000048 0.000552 0.029568 0.281748 -36.1 1.7 0.4 1645
DAFOV#4_JOSHUA_SPOT: 22 28.0 3.1 0.281811 0.000034 0.001578 0.077255 0.281761 -34.5 1.2 0.9 1648
DAFOV#4_JOSHUA_SPOT: 12 34.8 3.0 0.281754 0.000044 0.001783 0.093187 0.281698 -36.4 1.5 -0.8 1670
DAFOV#4_JOSHUA_SPOT: 21 48.3 2.8 0.282041 0.000035 0.002495 0.128209 0.281960 -26.3 1.2 9.3 1703
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Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

Sample: Quartzite
DAFOV_#1_QUARTZITE: 70 26.8 2.6 0.282388 0.000035 0.001503 0.074612 0.282383 -14.0 1.2 -10.6 164
DAFOV_#1_QUARTZITE: 68 18.1 3.9 0.282349 0.000031 0.001232 0.050012 0.282345 -15.4 1.1 -11.9 164
DAFOV_#1_QUARTZITE: 63 54.2 2.0 0.282445 0.000049 0.002910 0.151472 0.282436 -12.0 1.7 -8.7 164
DAFOV_#1_QUARTZITE: 50 38.1 3.3 0.282382 0.000027 0.002242 0.103443 0.282375 -14.3 0.9 -10.9 163
DAFOV_#1_QUARTZITE: 69 20.9 3.5 0.282370 0.000031 0.001283 0.057741 0.282367 -14.7 1.1 -11.2 163
DAFOV_#1_QUARTZITE: 61 42.3 3.1 0.282365 0.000033 0.002461 0.118075 0.282357 -14.9 1.2 -11.5 165
DAFOV_#1_QUARTZITE: 67 25.2 2.3 0.282350 0.000047 0.001323 0.069937 0.282346 -15.4 1.6 -11.9 165
DAFOV_#1_QUARTZITE: 48 23.1 2.2 0.282437 0.000058 0.001474 0.070924 0.282432 -12.3 2.1 -8.8 166
DAFOV_#1_QUARTZITE: 55 29.6 3.2 0.282443 0.000031 0.001806 0.086051 0.282437 -12.1 1.1 -8.6 167
DAFOV_#1_QUARTZITE: 66 9.2 2.6 0.282386 0.000029 0.000547 0.026202 0.282384 -14.1 1.0 -10.5 167

Sample: Cooke
DAFOV_#5_COOKE: 70 23.3 2.6 0.282472 0.000037 0.001325 0.064861 0.282472 -11.1 1.3 -10.2 39
DAFOV_#5_COOKE: 61 30.3 2.5 0.282504 0.000042 0.001657 0.083954 0.282503 -9.9 1.5 -9.1 39
DAFOV_#5_COOKE: 55 6.5 2.2 0.282602 0.000037 0.000399 0.018195 0.282602 -6.5 1.3 -5.6 40
DAFOV_#5_COOKE: 68 6.8 2.6 0.282583 0.000037 0.000423 0.019063 0.282582 -7.2 1.3 -6.3 40
DAFOV_#5_COOKE: 64 15.4 2.5 0.282544 0.000039 0.000899 0.042514 0.282544 -8.5 1.4 -7.6 40
DAFOV_#5_COOKE: 65 25.6 2.5 0.282102 0.000034 0.001387 0.071474 0.282063 -24.2 1.2 7.5 1468
DAFOV_#5_COOKE: 63 25.5 2.7 0.282053 0.000030 0.001341 0.071603 0.282016 -25.9 1.1 6.1 1481
DAFOV_#5_COOKE: 58 23.4 2.3 0.282061 0.000032 0.001247 0.064511 0.282024 -25.6 1.1 8.1 1555
DAFOV_#5_COOKE: 62 20.6 2.5 0.282086 0.000041 0.001104 0.056636 0.282053 -24.7 1.4 10.1 1598
DAFOV_#5_COOKE: 52 43.9 1.9 0.282190 0.000045 0.002341 0.121685 0.282118 -21.0 1.6 13.2 1633
DAFOV_#5_COOKE: 57 22.6 2.8 0.282019 0.000033 0.001249 0.062735 0.281981 -27.1 1.2 8.5 1637

Sample: Coxcomb
DAFOV_#5_COXCOMB: 25 9.1 2.5 0.282439 0.000031 0.000817 0.026087 0.282438 -12.2 1.1 -10.6 74
DAFOV_#5_COXCOMB: 27 7.1 3.0 0.282371 0.000027 0.000474 0.019526 0.282371 -14.6 1.0 -13.0 74
DAFOV_#5_COXCOMB: 29 9.2 3.2 0.282526 0.000032 0.000673 0.025947 0.282525 -9.2 1.1 -7.5 76
DAFOV_#5_COXCOMB: 30 17.5 1.6 0.282449 0.000062 0.001280 0.046487 0.282448 -11.9 2.2 -10.2 76
DAFOV_#5_COXCOMB: 12 9.5 2.3 0.282416 0.000038 0.000739 0.026282 0.282415 -13.1 1.4 -11.4 76
DAFOV_#5_COXCOMB: 24 21.9 4.0 0.282407 0.000033 0.001248 0.059452 0.282405 -13.4 1.2 -11.7 76
DAFOV_#5_COXCOMB: 33 39.9 4.4 0.282477 0.000033 0.002112 0.107185 0.282474 -10.9 1.2 -9.3 77
DAFOV_#5_COXCOMB: 19 16.7 3.8 0.282344 0.000025 0.001150 0.044877 0.282342 -15.6 0.9 -14.0 77
DAFOV_#5_COXCOMB: 18 10.9 3.9 0.282496 0.000025 0.000744 0.030423 0.282495 -10.2 0.9 -8.3 89
DAFOV_#5_COXCOMB: 13 10.6 2.9 0.282496 0.000029 0.000630 0.029376 0.282495 -10.2 1.0 -8.2 91
DAFOV_#5_COXCOMB: 34 11.5 2.6 0.282384 0.000040 0.000636 0.032011 0.282383 -14.2 1.4 -11.6 117
DAFOV_#5_COXCOMB: 15 16.7 2.6 0.282369 0.000031 0.001162 0.045631 0.282365 -14.7 1.1 -10.9 179

Sample: Hueco
DAFOV_#5_HUECO: 22 74.1 1.5 0.282667 0.000047 0.003694 0.206875 0.282664 -4.2 1.7 -3.5 34
DAFOV_#5_HUECO: 17 40.8 1.3 0.282727 0.000053 0.002092 0.113431 0.282726 -2.0 1.9 -1.3 34
DAFOV_#5_HUECO: 23 42.2 1.5 0.282697 0.000047 0.002121 0.117090 0.282696 -3.1 1.7 -2.4 35
DAFOV_#5_HUECO: 31 59.9 1.6 0.282825 0.000051 0.002957 0.166278 0.282823 1.4 1.8 2.1 35
DAFOV_#5_HUECO: 35 52.6 1.6 0.282759 0.000048 0.002658 0.146325 0.282757 -0.9 1.7 -0.2 35
DAFOV_#5_HUECO: 28 67.1 1.9 0.282783 0.000038 0.003312 0.186524 0.282781 -0.1 1.3 0.6 35
DAFOV_#5_HUECO: 26 66.5 1.5 0.282716 0.000062 0.003755 0.188302 0.282714 -2.4 2.2 -1.7 35
DAFOV_#5_HUECO: 32 67.9 1.5 0.282640 0.000050 0.003447 0.188577 0.282638 -5.1 1.8 -4.4 35

Sample: Rosamond
DAFOV_ROSAMOND_SPOT#: 23 6.4 3.3 0.282585 0.000028 0.000411 0.017726 0.282584 -7.1 1.0 -5.2 87
DAFOV_ROSAMOND_SPOT#: 33 4.9 3.3 0.282516 0.000030 0.000316 0.013572 0.282515 -9.5 1.1 -7.6 87
DAFOV_ROSAMOND_SPOT#: 13 19.4 3.3 0.282540 0.000035 0.001117 0.053453 0.282538 -8.7 1.2 -6.8 88
DAFOV_ROSAMOND_SPOT#: 18 16.1 2.8 0.282661 0.000027 0.000817 0.044690 0.282660 -4.4 1.0 -2.5 88
DAFOV_ROSAMOND_SPOT#: 31 14.8 3.4 0.282535 0.000030 0.000797 0.040910 0.282533 -8.8 1.1 -6.9 89
DAFOV_ROSAMOND_SPOT#: 16 15.7 3.2 0.282574 0.000026 0.000982 0.043921 0.282572 -7.5 0.9 -5.5 90
DAFOV_ROSAMOND_SPOT#: 30 13.8 3.4 0.282669 0.000027 0.000730 0.038315 0.282667 -4.1 1.0 -2.2 90
DAFOV_ROSAMOND_SPOT#: 32 10.1 2.8 0.282619 0.000029 0.000540 0.028059 0.282618 -5.9 1.0 -3.9 90
DAFOV_ROSAMOND_SPOT#: 22 8.6 3.4 0.282633 0.000030 0.000470 0.023769 0.282632 -5.4 1.1 -3.4 91
DAFOV_ROSAMOND_SPOT#: 35 15.2 3.1 0.282110 0.000034 0.000775 0.044114 0.282090 -23.9 1.2 6.1 1364
DAFOV_ROSAMOND_SPOT#: 27 28.7 3.7 0.281953 0.000041 0.002279 0.110772 0.281887 -29.4 1.4 2.5 1521
DAFOV_ROSAMOND_SPOT#: 28 25.5 3.6 0.282141 0.000040 0.001663 0.070179 0.282088 -22.8 1.4 13.1 1673
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Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

Sample: Granite-Mtn
DAFOV_GRANITE MTN_SPOT#: 25 20.3 3.6 0.282355 0.000025 0.000981 0.055992 0.282354 -15.2 0.9 -13.7 70
DAFOV_GRANITE MTN_SPOT#: 21 22.9 4.0 0.282437 0.000018 0.001226 0.064021 0.282436 -12.3 0.7 -10.8 71
DAFOV_GRANITE MTN_SPOT#: 19 16.6 3.6 0.282364 0.000025 0.000965 0.046150 0.282363 -14.9 0.9 -13.3 71
DAFOV_GRANITE MTN_SPOT#: 14 16.7 3.7 0.282412 0.000027 0.000995 0.046792 0.282411 -13.2 1.0 -11.6 71
DAFOV_GRANITE MTN_SPOT#: 6 20.2 3.5 0.282400 0.000034 0.001117 0.054130 0.282399 -13.6 1.2 -12.1 72
DAFOV_GRANITE MTN_SPOT#: 8 9.6 3.4 0.282382 0.000026 0.000624 0.025821 0.282381 -14.2 0.9 -12.7 72
DAFOV_GRANITE MTN_SPOT#: 11 11.7 3.9 0.282416 0.000022 0.000655 0.032487 0.282416 -13.0 0.8 -11.5 72
DAFOV_GRANITE MTN_SPOT#: 23 10.9 3.4 0.282410 0.000028 0.000648 0.030391 0.282409 -13.3 1.0 -11.7 73
DAFOV_GRANITE MTN_SPOT#: 9 23.7 2.1 0.282376 0.000044 0.001199 0.064819 0.282374 -14.5 1.5 -12.9 74
DAFOV_GRANITE MTN_SPOT#: 20 11.8 3.6 0.282161 0.000026 0.000634 0.032535 0.282144 -22.1 0.9 9.3 1421
DAFOV_GRANITE MTN_SPOT#: 1 9.3 3.2 0.282014 0.000034 0.000497 0.024459 0.282000 -27.3 1.2 4.3 1427
DAFOV_GRANITE MTN_SPOT#: 10 30.9 2.7 0.282003 0.000028 0.001590 0.087311 0.281954 -27.6 1.0 7.1 1617
DAFOV_GRANITE MTN_SPOT#: 4 28.3 4.0 0.282007 0.000033 0.001482 0.078305 0.281961 -27.5 1.2 7.8 1640

Sample: Yucca
DAFOV_YUCCA_SPOT#: 52 35.7 3.5 0.282401 0.000029 0.001644 0.089121 0.282399 -13.6 1.0 -12.0 74
DAFOV_YUCCA_SPOT#: 53 52.4 3.3 0.282519 0.000032 0.002618 0.146584 0.282516 -9.4 1.1 -7.9 75
DAFOV_YUCCA_SPOT#: 36 24.7 2.9 0.282529 0.000031 0.001257 0.063828 0.282528 -9.0 1.1 -7.4 76
DAFOV_YUCCA_SPOT#: 46 17.1 3.1 0.282578 0.000034 0.000918 0.048321 0.282577 -7.3 1.2 -5.7 76
DAFOV_YUCCA_SPOT#: 58 15.6 2.9 0.282526 0.000032 0.000814 0.043325 0.282525 -9.2 1.1 -7.5 77
DAFOV_YUCCA_SPOT#: 54 34.2 3.8 0.282547 0.000033 0.001419 0.079688 0.282545 -8.4 1.2 -6.8 77
DAFOV_YUCCA_SPOT#: 51 23.1 2.5 0.282504 0.000034 0.000985 0.053096 0.282502 -10.0 1.2 -8.3 78
DAFOV_YUCCA_SPOT#: 42 21.6 3.1 0.282437 0.000025 0.001117 0.060342 0.282436 -12.3 0.9 -10.6 79
DAFOV_YUCCA_SPOT#: 48 23.3 3.2 0.282491 0.000028 0.001269 0.065599 0.282488 -10.4 1.0 -8.3 97
DAFOV_YUCCA_SPOT#: 38 17.6 2.6 0.282560 0.000037 0.000989 0.049617 0.282558 -7.9 1.3 -4.8 144
DAFOV_YUCCA_SPOT#: 37 10.1 3.4 0.281777 0.000026 0.000524 0.028586 0.281775 -35.7 0.9 -31.9 173
DAFOV_YUCCA_SPOT#: 50 20.1 3.6 0.282437 0.000025 0.001079 0.055022 0.282433 -12.3 0.9 -8.2 191
DAFOV_YUCCA_SPOT#: 55 20.7 3.1 0.282289 0.000025 0.001172 0.057120 0.282284 -17.5 0.9 -12.5 234
DAFOV_YUCCA_SPOT#: 44 31.5 3.3 0.281841 0.000032 0.001745 0.085881 0.281786 -33.4 1.1 1.8 1648
DAFOV_YUCCA_SPOT#: 43 9.9 3.3 0.281686 0.000030 0.000559 0.027055 0.281668 -38.9 1.0 -1.5 1688

Sample: Ajo
MIZER_AJO1309:1C 18.3 2.3 0.2824942 0.0000340 0.0016834 0.2824921 -10.3 1.2 -8.9 68
MIZER_AJO1309:1R 9.5 2.9 0.2824698 0.0000307 0.0007129 0.2824689 -11.1 1.1 -9.7 66
MIZER_AJO1309:2C 12.1 2.7 0.2825016 0.0000323 0.0008782 0.2825005 -10.0 1.1 -8.5 68
MIZER_AJO1309:2R 7.1 2.9 0.2825046 0.0000242 0.0005332 0.2825039 -9.9 0.9 -8.4 69
MIZER_AJO1309:4C 10.4 2.8 0.2824670 0.0000290 0.0010261 0.2824657 -11.2 1.0 -9.8 68
MIZER_AJO1309:4R 9.0 2.8 0.2825211 0.0000267 0.0006940 0.2825202 -9.3 0.9 -7.9 68
MIZER_AJO1309:11R 9.0 2.8 0.2825157 0.0000285 0.0006724 0.2825148 -9.5 1.0 -8.1 67
MIZER_AJO1309:5C 9.5 2.6 0.2825210 0.0000284 0.0008176 0.2825199 -9.3 1.0 -7.8 69

Sample: Chino
MIZER_CMD16:15C 17.9 2.8 0.2826146 0.0000310 0.0013211 0.2826131 -6.0 1.1 -4.8 59
MIZER_CMD16:15R 11.8 2.9 0.2826477 0.0000261 0.0009263 0.2826467 -4.9 0.9 -3.6 59
MIZER_CMD16:14C 11.3 2.9 0.2826328 0.0000337 0.0009881 0.2826317 -5.4 1.2 -4.1 60
MIZER_CMD16:14R 9.0 3.1 0.2826447 0.0000347 0.0007664 0.2826439 -5.0 1.2 -3.7 59
MIZER_CMD16:5C 16.5 2.8 0.2825922 0.0000289 0.0013659 0.2825907 -6.8 1.0 -5.6 60
MIZER_CMD16:5R 12.3 2.9 0.2826383 0.0000328 0.0009205 0.2826372 -5.2 1.2 -3.8 63
MIZER_CMD16:3C 17.8 2.9 0.2827041 0.0000258 0.0014166 0.2827025 -2.9 0.9 -1.6 59
MIZER_CMD16:3R 11.7 2.9 0.2826239 0.0000301 0.0008830 0.2826229 -5.7 1.1 -4.4 59
MIZER_CMD16:2C 16.7 2.7 0.2826101 0.0000341 0.0013609 0.2826086 -6.2 1.2 -4.9 60
MIZER_CMD16:2R 11.0 2.6 0.2826619 0.0000305 0.0008380 0.2826610 -4.4 1.1 -3.1 58
MIZER_CMD16:1C 13.7 2.5 0.2826209 0.0000324 0.0012199 0.2826195 -5.8 1.1 -4.5 59
MIZER_CMD16:1R 9.1 2.9 0.2826605 0.0000320 0.0006871 0.2826597 -4.4 1.1 -3.1 61
MIZER_CMD16:10C 16.4 2.9 0.2826393 0.0000279 0.0013326 0.2826378 -5.2 1.0 -3.9 60
MIZER_CMD16:10R 9.8 2.8 0.2826815 0.0000278 0.0007431 0.2826807 -3.7 1.0 -2.4 58
MIZER_CMD16:11C 14.3 2.7 0.2826411 0.0000311 0.0011594 0.2826399 -5.1 1.1 -3.8 58
MIZER_CMD16:11R 8.0 2.9 0.2825779 0.0000255 0.0006293 0.2825772 -7.3 0.9 -6.1 58
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Sample Volts Hf 176Hf/177Hf ± (1σ) 176Lu/177Hf 176Yb/177Hf 176Hf/177Hf (T) E-Hf (0) -Hf (0) ± (1σ E-Hf (T) Age (Ma)
(176Yb + 176Lu) / 176Hf (%)

Sample: Lakeshore
MIZER_PE76:16C 13.2 3.2 0.2824713 0.0000253 0.0009470 0.2824700 -11.1 0.9 -9.6 71
MIZER_PE76:16R 19.2 3.5 0.2825186 0.0000240 0.0014115 0.2825168 -9.4 0.8 -8.0 69
MIZER_PE76:14R 14.1 3.4 0.2824520 0.0000322 0.0010507 0.2824506 -11.8 1.1 -10.3 69
MIZER_PE76:17C 15.0 3.1 0.2824689 0.0000322 0.0011133 0.2824674 -11.2 1.1 -9.7 69
MIZER_PE76:17R 16.8 3.2 0.2824772 0.0000258 0.0012504 0.2824755 -10.9 0.9 -9.3 72
MIZER_PE76:2C 13.9 3.1 0.2824575 0.0000295 0.0010772 0.2824561 -11.6 1.0 -10.1 71
MIZER_PE76:2R 13.5 3.3 0.2824511 0.0000313 0.0010347 0.2824496 -11.8 1.1 -10.2 74
MIZER_PE76:10C 28.6 3.2 0.2823605 0.0000339 0.0018434 0.2823580 -15.0 1.2 -13.5 72
MIZER_PE76:10R 20.2 3.2 0.2825122 0.0000318 0.0016532 0.2825100 -9.6 1.1 -8.2 70

Sample: San Juan
MIZER_SJEAST:16R 8.4 2.7 0.2826464 0.0000294 0.0008689 0.2826454 -4.9 1.0 -3.6 58
MIZER_SJEAST:12R 10.6 3.2 0.2826402 0.0000289 0.0008428 0.2826392 -5.1 1.0 -3.8 59
MIZER_SJEAST:17C 7.2 2.2 0.2826629 0.0000325 0.0005795 0.2826622 -4.3 1.2 -3.0 59
MIZER_SJEAST:2C 9.5 2.5 0.2826558 0.0000291 0.0007381 0.2826550 -4.6 1.0 -3.3 59
MIZER_SJEAST:3C 8.2 3.2 0.2826469 0.0000304 0.0007733 0.2826460 -4.9 1.1 -3.6 59
MIZER_SJEAST:4C 13.1 3.6 0.2826401 0.0000265 0.0011522 0.2826388 -5.1 0.9 -3.9 59
MIZER_SJEAST:1C 9.3 2.4 0.2827194 0.0000368 0.0007524 0.2827185 -2.3 1.3 -1.0 60
MIZER_SJEAST:9R 8.1 3.3 0.2826165 0.0000290 0.0006896 0.2826158 -6.0 1.0 -4.7 60
MIZER_SJEAST:13R 9.5 3.1 0.2823687 0.0000317 0.0006519 0.2823675 -14.7 1.1 -12.4 106
MIZER_SJEAST:9C 14.5 1.8 0.2823419 0.0000377 0.0008661 0.2823219 -15.7 1.3 11.0 1220
MIZER_SJEAST:16C 23.4 3.2 0.2819740 0.0000313 0.0014163 0.2819360 -28.7 1.1 1.9 1418
MIZER_SJEAST:12C 8.5 2.6 0.2821210 0.0000365 0.0005994 0.2821045 -23.5 1.3 8.7 1455
MIZER_SJEAST:19C 17.7 2.8 0.2819499 0.0000347 0.0012408 0.2819137 -29.5 1.2 3.8 1539
MIZER_SJEAST:13C 25.2 2.9 0.2821357 0.0000311 0.0015720 0.2820897 -23.0 1.1 10.3 1546

Sample: Tyrone
MIZER_T11QMP:1 12.0 2.7 0.2826038 0.0000319 0.0009610 0.2826029 -6.4 1.1 -5.2 54.9
MIZER_T11QMP:2 8.3 2.7 0.2825803 0.0000275 0.0007482 0.2825795 -7.2 1.0 -6.0 54.9
MIZER_T11QMP:3 8.2 2.7 0.2826047 0.0000311 0.0007054 0.2826040 -6.4 1.1 -5.2 54.9
MIZER_T11QMP:4 18.5 3.3 0.2821211 0.0000270 0.0013748 0.2821197 -23.5 1.0 -22.3 54.9
MIZER_T11QMP:5 8.2 2.6 0.2826219 0.0000330 0.0009165 0.2826210 -5.8 1.2 -4.6 54.9
MIZER_T11QMP:6 8.5 2.6 0.2826635 0.0000296 0.0007323 0.2826628 -4.3 1.0 -3.1 54.9
MIZER_T11QMP:7 11.0 2.7 0.2825130 0.0000257 0.0007618 0.2825122 -9.6 0.9 -8.4 54.9
MIZER_T11QMP:8 8.8 2.9 0.2825656 0.0000347 0.0007867 0.2825648 -7.8 1.2 -6.6 54.9
MIZER_T11QMP:9 11.1 2.6 0.2825569 0.0000328 0.0008826 0.2825560 -8.1 1.2 -6.9 54.9
MIZER_T11QMP:10 7.9 2.6 0.2826536 0.0000345 0.0011052 0.2826524 -4.6 1.2 -3.5 54.9

Sample: Tinaja
JBC_TIN_3 44.5 1.3 0.282917 0.000050 0.002349 0.119955 0.282916 4.7 1.8 5.4 36
JBC_TIN_4 47.7 1.3 0.282756 0.000058 0.002496 0.128169 0.282754 -1.0 2.0 -0.3 35
JBC_TIN_5 31.8 1.3 0.282758 0.000063 0.001841 0.091355 0.282757 -1.0 2.2 -0.2 37
JBC_TIN_6 56.5 1.3 0.282654 0.000054 0.002963 0.153151 0.282652 -4.6 1.9 -3.9 36
JBC_TIN_8 27.1 1.3 0.282659 0.000048 0.001486 0.075908 0.282658 -4.5 1.7 -3.7 35
JBC_TIN_7 22.0 1.5 0.282520 0.000048 0.001252 0.059727 0.282495 -9.4 1.7 13.7 1070
JBC_TIN_10 24.9 1.4 0.282283 0.000045 0.001433 0.067767 0.282252 -17.8 1.6 6.7 1141

Sample: Reefer
JBC_REEF_20 30.5 2.2 0.282905 0.000032 0.001885 0.086517 0.282905 4.3 1.1 4.7 20
JBC_REEF_11 22.4 2.3 0.282954 0.000038 0.001299 0.059915 0.282954 6.0 1.4 6.4 20
JBC_REEF_12 20.9 2.2 0.282885 0.000038 0.001277 0.057457 0.282885 3.5 1.3 4.0 21
JBC_REEF_15 22.8 2.1 0.282886 0.000043 0.001469 0.065420 0.282885 3.6 1.5 4.0 20
JBC_REEF_13 32.6 2.2 0.282872 0.000044 0.001889 0.087294 0.282872 3.1 1.6 3.5 21
JBC_REEF_14 23.6 2.5 0.282866 0.000031 0.001474 0.066946 0.282866 2.9 1.1 3.3 20
JBC_REEF_17 22.1 2.1 0.282948 0.000041 0.001272 0.057855 0.282947 5.8 1.5 6.2 21
JBC_REEF_19 27.9 2.2 0.282875 0.000046 0.001704 0.077925 0.282874 3.2 1.6 3.6 21
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Supplementary File 3: Zircon oxygen isotope SIMS data from the WISCSIMS lab

File Sample ID δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA)

16OH/16O

20170124@114.asc OX_1 KIM-5-A1 3.041 0.223 2.399 1.549 1.548 7.75E-04
20170124@115.asc OX_1 KIM-5-A2 3.123 0.205 2.373 1.533 1.548 7.94E-04
20170124@116.asc OX_1 KIM-5-B1 3.013 0.249 2.358 1.525 1.547 8.25E-04
20170124@117.asc OX_1 KIM-5-C1 2.823 0.163 2.346 1.516 1.548 7.83E-04

average and 2SD 5.09 -2.08 3.00 0.25

20170124@118.asc OX_1 Reefer-01 8.45 0.20 6.370 0.236 2.339 1.509 1.550 7.77E-04
20170124@119.asc OX_1 Reefer-02 8.51 0.20 6.424 0.214 2.317 1.504 1.541 8.31E-04
20170124@120.asc OX_1 Reefer-03 8.51 0.20 6.431 0.242 2.284 1.484 1.539 8.18E-04
20170124@121.asc OX_1 Reefer-04 8.36 0.20 6.277 0.232 2.274 1.471 1.546 8.81E-04
20170124@122.asc OX_1 Reefer-05 8.34 0.20 6.253 0.198 2.310 1.482 1.559 8.13E-04
20170124@123.asc OX_1 Reefer-06 8.25 0.20 6.168 0.155 2.258 1.468 1.538 8.19E-04
20170124@124.asc OX_1 Reefer-07 8.33 0.20 6.245 0.201 2.224 1.443 1.541 8.73E-04
20170124@125.asc OX_1 Reefer-08 8.26 0.20 6.176 0.218 2.213 1.438 1.539 8.33E-04
20170124@126.asc OX_1 Reefer-09 8.51 0.20 6.430 0.262 2.217 1.438 1.542 7.84E-04
20170124@127.asc OX_1 Reefer-10 8.42 0.20 6.334 0.196 2.203 1.432 1.539 8.18E-04

20170124@128.asc OX_1 KIM-5-C2 3.126 0.170 2.211 1.428 1.548 8.12E-04
20170124@129.asc OX_1 KIM-5-C3 2.941 0.232 2.189 1.423 1.538 8.20E-04
20170124@130.asc OX_1 KIM-5-B2 2.985 0.295 2.323 1.511 1.537 7.88E-04
20170124@131.asc OX_1 KIM-5-B3 3.054 0.226 2.325 1.508 1.542 8.05E-04

average and 2SD 3.03 0.16
bracket average and 2SD 5.09 -2.07 3.01 0.20

20170124@132.asc OX_1 29palms-01 5.01 0.18 2.934 0.236 2.318 1.501 1.544 8.81E-04
20170124@133.asc OX_1 29palms-02 5.01 0.18 2.926 0.227 2.312 1.494 1.548 8.78E-04
20170124@134.asc OX_1 29palms-03 5.24 0.18 3.158 0.201 2.306 1.492 1.545 8.80E-04
20170124@135.asc OX_1 29palms-04 5.22 0.18 3.141 0.223 2.320 1.490 1.557 9.00E-04
20170124@136.asc OX_1 29palms-05 4.87 0.18 2.791 0.261 2.290 1.484 1.543 9.34E-04
20170124@137.asc OX_1 29palms-06 5.39 0.18 3.313 0.251 2.279 1.482 1.538 8.86E-04
20170124@138.asc OX_1 29palms-07 5.11 0.18 3.029 0.215 2.351 1.494 1.573 8.99E-04
20170124@139.asc OX_1 29palms-08 5.44 0.18 3.361 0.219 2.270 1.480 1.534 8.24E-04
20170124@140.asc OX_1 29palms-09 5.02 0.18 2.945 0.279 2.238 1.457 1.537 8.44E-04
20170124@141.asc OX_1 29palms-10 5.09 0.18 3.008 0.242 2.218 1.442 1.538 9.19E-04

20170124@142.asc OX_1 KIM-5-A3 2.996 0.247 2.335 1.503 1.553 8.06E-04
20170124@143.asc OX_1 KIM-5-A4 3.084 0.227 2.371 1.520 1.560 8.08E-04
20170124@144.asc OX_1 KIM-5-B4 3.052 0.201 2.351 1.521 1.546 7.97E-04
20170124@145.asc OX_1 KIM-5-C4 2.848 0.210 2.330 1.513 1.540 7.90E-04

average and 2SD 3.00 0.21
bracket average and 2SD 5.09 -2.07 3.01 0.18

20170124@146.asc OX_1 strawberry-01 4.74 0.15 2.643 0.214 2.394 1.530 1.565 8.93E-04
20170124@147.asc OX_1 strawberry-02 5.49 0.15 3.391 0.273 2.331 1.519 1.534 8.78E-04
20170124@148.asc OX_1 strawberry-03 5.65 0.15 3.555 0.207 2.277 1.478 1.540 8.76E-04
20170124@149.asc OX_1 strawberry-04 4.90 0.15 2.806 0.192 2.242 1.455 1.541 9.48E-04
20170124@150.asc OX_1 strawberry-05 6.09 0.15 3.991 0.239 2.222 1.443 1.540 8.10E-04
20170124@151.asc OX_1 strawberry-06 5.41 0.15 3.311 0.280 2.205 1.432 1.540 9.25E-04
20170124@152.asc OX_1 strawberry-07 4.96 0.15 2.867 0.184 2.215 1.431 1.548 9.19E-04
20170124@153.asc OX_1 strawberry-08 5.36 0.15 3.261 0.258 2.181 1.423 1.533 9.11E-04

20170124@154.asc OX_1 Tinaja-01 5.59 0.15 3.493 0.225 2.144 1.405 1.526 9.00E-04
20170124@155.asc OX_1 Tinaja-02 5.49 0.15 3.397 0.186 2.176 1.411 1.542 1.02E-03

20170124@156.asc OX_1KIM-5-C5 2.995 0.169 2.234 1.448 1.542 8.01E-04
20170124@157.asc OX_1 KIM-5-A5 3.035 0.220 2.253 1.461 1.542 8.33E-04
20170124@158.asc OX_1 KIM-5-B5 2.930 0.253 2.394 1.560 1.535 7.67E-04
20170124@159.asc OX_1 KIM-5-C6 3.011 0.217 2.375 1.548 1.534 7.82E-04

average and 2SD 2.99 0.09
bracket average and 2SD 5.09 -2.09 2.99 0.15
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File Sample ID δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA)

16OH/16O

20170124@160.asc OX_1 Tinaja-03 5.22 0.15 3.076 0.254 2.380 1.546 1.540 8.36E-04
20170124@161.asc OX_1 Tinaja-04 5.04 0.15 2.901 0.220 2.381 1.547 1.539 8.63E-04
20170124@162.asc OX_1 Tinaja-05 5.21 0.15 3.073 0.194 2.378 1.546 1.538 8.39E-04
20170124@163.asc OX_1 Tinaja-06 5.42 0.15 3.282 0.229 2.358 1.542 1.529 8.34E-04
20170124@164.asc OX_1 Tinaja-07 5.37 0.15 3.232 0.205 2.386 1.540 1.549 8.28E-04
20170124@165.asc OX_1 Tinaja-08 5.20 0.15 3.056 0.162 2.359 1.547 1.525 8.78E-04
20170124@166.asc OX_1 Tinaja-09 5.12 0.15 2.982 0.264 2.358 1.533 1.538 8.90E-04
20170124@167.asc OX_1 Tinaja-10 5.12 0.15 2.980 0.224 2.335 1.514 1.542 8.66E-04

20170124@168.asc OX_1 Qtzite-01 5.38 0.15 3.236 0.199 2.327 1.506 1.545 8.93E-04
20170124@169.asc OX_1 Qtzite-02 4.89 0.15 2.749 0.229 2.329 1.497 1.556 1.20E-03
20170124@170.asc OX_1 Qtzite-03 5.42 0.15 3.274 0.289 2.366 1.507 1.569 2.08E-03
20170124@171.asc OX_1 Qtzite-04 4.80 0.15 2.660 0.201 2.302 1.495 1.540 1.25E-03
20170124@172.asc OX_1 Qtzite-05 5.63 0.15 3.488 0.187 2.232 1.456 1.533 8.40E-04
20170124@173.asc OX_1 Qtzite-06 5.44 0.15 3.296 0.191 2.225 1.443 1.541 9.69E-04
20170124@174.asc OX_1 Qtzite-07 5.21 0.15 3.069 0.225 2.220 1.437 1.545 9.77E-04

20170124@175.asc OX_1 KIM-5-C7 2.793 0.217 2.339 1.513 1.546 7.70E-04
20170124@176.asc OX_1 KIM-5-B6 2.955 0.235 2.342 1.520 1.541 7.64E-04
20170124@177.asc OX_1 KIM-5-A6, NMRreset 2.958 0.232 2.319 1.501 1.545 7.85E-04
20170124@178.asc OX_1 KIM-5-A7 2.910 0.212 2.312 1.496 1.545 7.85E-04

average and 2SD 2.90 0.15
bracket average and 2SD 5.09 -2.13 2.95 0.15

20170124@179.asc OX_1 Qtzite-08 5.10 0.20 2.922 0.184 2.395 1.511 1.585 1.19E-03
20170124@180.asc OX_1 Qtzite-09 5.09 0.20 2.918 0.193 2.323 1.507 1.542 1.29E-03

20170124@181.asc OX_1 Keane-01 6.50 0.20 4.318 0.246 2.289 1.477 1.549 2.01E-03
20170124@182.asc OX_1 Keane-02 7.56 0.20 5.381 0.256 2.240 1.464 1.531 1.24E-03
20170124@183.asc OX_1 Keane-03 7.22 0.20 5.043 0.188 2.250 1.458 1.543 7.67E-04
20170124@184.asc OX_1 Keane-04 7.05 0.20 4.872 0.225 2.229 1.453 1.534 9.40E-04
20170124@185.asc OX_1 Keane-05 7.04 0.20 4.862 0.229 2.226 1.458 1.527 1.08E-03
20170124@186.asc OX_1 Keane-06 6.93 0.20 4.747 0.266 2.221 1.445 1.537 1.03E-03
20170124@187.asc OX_1 Keane-07 7.12 0.20 4.939 0.259 2.180 1.422 1.533 7.75E-04
20170124@188.asc OX_1 Keane-08 6.62 0.20 4.439 0.184 2.260 1.442 1.568 7.56E-04
20170124@189.asc OX_1 Keane-09 13.64 0.20 11.449 0.579 2.027 1.435 1.413 2.27E-03
20170124@190.asc OX_1 Keane-10 6.90 0.20 4.718 0.218 2.145 1.397 1.535 7.83E-04

20170124@191.asc OX_1 KIM-5-A8 3.090 0.257 2.404 1.543 1.558 7.58E-04
20170124@192.asc OX_1 KIM-5-A9 2.945 0.211 2.438 1.578 1.545 7.55E-04
20170124@193.asc OX_1 KIM-5-B7 2.902 0.218 2.455 1.587 1.547 7.25E-04
20170124@194.asc OX_1 KIM-5-C8 2.763 0.239 2.438 1.584 1.539 7.37E-04

average and 2SD 2.93 0.27
bracket average and 2SD 5.09 -2.16 2.91 0.20

20170124@195.asc OX_1 Cooke-01 5.05 0.31 2.972 0.193 2.477 1.609 1.539 7.74E-04
20170124@196.asc OX_1 Cooke-02 5.17 0.31 3.087 0.214 2.427 1.581 1.535 7.43E-04
20170124@197.asc OX_1 Cooke-03 3.47 0.31 1.394 0.216 2.426 1.568 1.547 7.41E-04
20170124@198.asc OX_1 Cooke-04 5.48 0.31 3.395 0.265 2.457 1.602 1.534 7.56E-04
20170124@199.asc OX_1 Cooke-05 5.26 0.31 3.174 0.226 2.433 1.597 1.523 7.56E-04
20170124@200.asc OX_1 Cooke-06 (core) 2.76 0.31 0.686 0.247 2.363 1.547 1.527 8.27E-04
20170124@201.asc OX_1 Cooke-07 4.99 0.31 2.911 0.285 2.353 1.523 1.545 8.27E-04
20170124@202.asc OX_1 Cooke-08 5.59 0.31 3.504 0.270 2.338 1.519 1.539 7.40E-04
20170124@203.asc OX_1 Cooke-09 5.58 0.31 3.500 0.167 2.311 1.507 1.534 7.44E-04
20170124@204.asc OX_1 Cooke-10 5.16 0.31 3.081 0.202 2.335 1.516 1.540 7.74E-04
20170124@205.asc OX_1 Cooke-11 (core) 3.29 0.31 1.211 0.195 2.308 1.505 1.533 7.71E-04
20170124@206.asc OX_1 Cooke-12 11.49 0.31 9.394 0.501 2.110 1.485 1.421 1.36E-03
20170124@207.asc OX_1 Cooke-13 5.19 0.31 3.103 0.244 2.278 1.487 1.532 7.97E-04
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VSMOW

2SD 
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Mass Bias 
(‰)

δ18O ‰ 
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16OH/16O

20170124@208.asc OX_1 Hope-01 5.58 0.31 3.499 0.197 2.243 1.457 1.539 7.79E-04
20170124@209.asc OX_1 Hope-02 5.76 0.31 3.675 0.250 2.225 1.450 1.534 7.64E-04

20170124@210.asc OX_1 KIM-5-B8 3.140 0.279 2.218 1.447 1.533 7.54E-04
20170124@211.asc OX_1 KIM-5-B9 3.219 0.220 2.199 1.439 1.528 7.65E-04
20170124@212.asc OX_1 KIM-5-C9 2.888 0.237 2.330 1.514 1.539 7.52E-04
20170124@213.asc OX_1 KIM-5-A10 3.118 0.281 2.311 1.500 1.541 7.66E-04

average and 2SD 3.09 0.28
bracket average and 2SD 5.09 -2.07 3.01 0.31

20170124@214.asc OX_1 Hope-03 5.58 0.24 3.622 0.215 2.296 1.493 1.538 7.45E-04
20170124@215.asc OX_1 Hope-04 5.37 0.24 3.416 0.190 2.307 1.495 1.543 8.22E-04
20170124@216.asc OX_1 Hope-05 5.53 0.24 3.578 0.216 2.310 1.497 1.543 7.33E-04
20170124@217.asc OX_1 Hope-06 5.81 0.24 3.853 0.209 2.310 1.498 1.542 7.29E-04
20170124@218.asc OX_1 Hope-07 5.74 0.24 3.782 0.211 2.294 1.491 1.538 8.63E-04
20170124@219.asc OX_1 Hope-08 5.65 0.24 3.697 0.206 2.365 1.499 1.578 9.15E-04

20170124@220.asc OX_1 Joshua-01 5.95 0.24 3.998 0.223 2.274 1.481 1.535 8.27E-04
20170124@221.asc OX_1 Joshua-02 5.97 0.24 4.018 0.242 2.281 1.459 1.564 9.98E-04
20170124@222.asc OX_1 Joshua-03 6.95 0.24 4.995 0.239 2.246 1.451 1.548 7.79E-04
20170124@223.asc OX_1 Joshua-04 6.15 0.24 4.194 0.296 2.327 1.473 1.579 7.34E-04
20170124@224.asc OX_1 Joshua-05 5.58 0.24 3.629 0.255 2.246 1.467 1.531 7.45E-04
20170124@225.asc OX_1 Joshua-06 7.28 0.24 5.322 0.287 2.186 1.430 1.528 9.38E-04
20170124@226.asc OX_1 Joshua-07 6.54 0.24 4.579 0.258 2.171 1.416 1.533 7.82E-04
20170124@227.asc OX_1 Joshua-08 (core) 2.00 0.24 0.047 0.201 2.184 1.412 1.547 8.90E-04
20170124@228.asc OX_1 Joshua-09 5.61 0.24 3.651 0.219 2.163 1.402 1.542 7.47E-04

20170124@229.asc OX_1 KIM-5-B10 3.246 0.217 2.152 1.401 1.536 7.63E-04
20170124@230.asc OX_1 KIM-5-B11 3.145 0.206 2.158 1.396 1.546 7.59E-04
20170124@231.asc OX_1 KIM-5-C10 3.065 0.225 2.140 1.407 1.521 7.71E-04
20170124@232.asc OX_1 KIM-5-A11 3.264 0.228 2.381 1.540 1.546 7.49E-04

average and 2SD 3.18 0.19
bracket average and 2SD 5.09 -1.94 3.14 0.24

20170124@233.asc OX_1 Hueco-01 4.77 0.20 2.822 0.292 2.401 1.557 1.542 8.18E-04
20170124@234.asc OX_1 Hueco-02 4.53 0.20 2.583 0.219 2.495 1.586 1.573 7.54E-04
20170124@235.asc OX_1 Hueco-03 4.80 0.20 2.859 0.263 2.418 1.584 1.526 8.16E-04
20170124@236.asc OX_1 Hueco-04 4.86 0.20 2.914 0.199 2.406 1.562 1.541 7.79E-04
20170124@237.asc OX_1 Hueco-05 4.92 0.20 2.972 0.237 2.389 1.559 1.532 7.54E-04
20170124@238.asc OX_1 Hueco-06 4.70 0.20 2.758 0.250 2.455 1.596 1.538 7.51E-04
20170124@239.asc OX_1 Hueco-07 5.04 0.20 3.100 0.241 2.427 1.595 1.522 7.76E-04
20170124@240.asc OX_1 Hueco-08 4.61 0.20 2.667 0.197 2.390 1.555 1.537 8.25E-04
20170124@241.asc OX_1 Hueco-09 4.80 0.20 2.852 0.198 2.359 1.539 1.533 8.11E-04

20170124@242.asc OX_1 Yucca-01 6.72 0.20 4.771 0.221 2.373 1.537 1.543 8.07E-04
20170124@243.asc OX_1 Yucca-02 7.96 0.20 6.011 0.233 2.371 1.539 1.540 8.27E-04
20170124@244.asc OX_1 Yucca-03 7.35 0.20 5.403 0.266 2.396 1.563 1.533 7.74E-04
20170124@245.asc OX_1 Yucca-04 6.31 0.20 4.367 0.233 2.405 1.572 1.530 6.97E-04
20170124@246.asc OX_1 Yucca-05 6.62 0.20 4.669 0.201 2.353 1.532 1.536 7.57E-04
20170124@247.asc OX_1 Yucca-06 6.42 0.20 4.469 0.221 2.297 1.512 1.520 7.10E-04

20170124@248.asc OX_1 KIM-5-C11 3.011 0.246 2.430 1.546 1.572 7.04E-04
20170124@249.asc OX_1 KIM-5-C12 3.044 0.246 2.342 1.545 1.516 7.34E-04
20170124@250.asc OX_1 KIM-5-B12 3.251 0.234 2.288 1.500 1.525 7.76E-04
20170124@251.asc OX_1 KIM-5-B13 3.139 0.174 2.285 1.486 1.537 7.38E-04

average and 2SD 3.11 0.22
bracket average and 2SD 5.09 -1.93 3.15 0.20
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16OH/16O

20170124@252.asc OX_1 Yucca-07 7.31 0.20 5.283 0.200 2.262 1.478 1.531 8.07E-04
20170124@253.asc OX_1 Yucca-08 7.77 0.20 5.737 0.214 2.271 1.466 1.549 8.86E-04
20170124@254.asc OX_1 Yucca-09 4.17 0.20 2.148 0.359 2.254 1.470 1.533 7.73E-04
20170124@255.asc OX_1 Yucca-10 7.10 0.20 5.069 0.284 2.389 1.518 1.574 6.74E-04

20170124@256.asc OX_1 Finger-01 6.42 0.20 4.394 0.199 2.237 1.471 1.521 9.99E-04
20170124@257.asc OX_1 Finger-02 6.33 0.20 4.301 0.252 2.206 1.430 1.543 7.91E-04
20170124@258.asc OX_1 Finger-03 5.97 0.20 3.944 0.173 2.195 1.423 1.542 7.86E-04
20170124@259.asc OX_1 Finger-04 6.38 0.20 4.352 0.230 2.184 1.418 1.541 8.16E-04
20170124@260.asc OX_1 Finger-05 6.22 0.20 4.194 0.219 2.180 1.410 1.546 8.48E-04
20170124@261.asc OX_1 Finger-06 6.14 0.20 4.116 0.256 2.169 1.406 1.543 8.17E-04
20170124@262.asc OX_1 Finger-07 6.25 0.20 4.219 0.265 2.291 1.435 1.597 8.44E-04
20170124@263.asc OX_1 Finger-08 6.20 0.20 4.175 0.219 2.160 1.419 1.522 7.60E-04
20170124@264.asc OX_1 Finger-09 6.34 0.20 4.316 0.190 2.123 1.382 1.537 8.25E-04

20170124@265.asc OX_1 KIM-5-A12 2.970 0.181 2.374 1.525 1.557 7.29E-04
20170124@266.asc OX_1 KIM-5-A13 3.105 0.187 2.409 1.557 1.547 7.24E-04
20170124@267.asc OX_1 KIM-5-A14 3.067 0.248 2.552 1.604 1.591 6.96E-04
20170124@268.asc OX_1 KIM-5-A15 2.930 0.227 2.449 1.609 1.522 7.36E-04

average and 2SD 3.02 0.16
bracket average and 2SD 5.09 -2.02 3.06 0.20

20170124@269.asc OX_1 Riverside-01 5.29 0.16 3.176 0.206 2.410 1.563 1.541 7.31E-04
20170124@270.asc OX_1 Riverside-02 5.22 0.16 3.106 0.196 2.383 1.556 1.532 7.19E-04
20170124@271.asc OX_1 Riverside-03 5.46 0.16 3.345 0.173 2.382 1.556 1.531 7.33E-04
20170124@272.asc OX_1 Riverside-04 5.07 0.16 2.961 0.233 2.392 1.558 1.535 7.27E-04
20170124@273.asc OX_1 Riverside-05 5.70 0.16 3.588 0.240 2.384 1.560 1.527 7.00E-04
20170124@274.asc OX_1 Riverside-06 5.78 0.16 3.669 0.239 2.427 1.566 1.550 7.93E-04
20170124@275.asc OX_1 Riverside-07 5.53 0.16 3.414 0.228 2.405 1.564 1.537 6.74E-04

20170124@276.asc OX_1 Snaggle-01 6.37 0.16 4.258 0.284 2.442 1.595 1.531 7.07E-04
20170124@277.asc OX_1 Snaggle-02 6.48 0.16 4.362 0.230 2.432 1.596 1.524 7.13E-04
20170124@278.asc OX_1 Snaggle-03 6.61 0.16 4.492 0.237 2.372 1.545 1.535 7.27E-04
20170124@279.asc OX_1 Snaggle-04 6.36 0.16 4.246 0.191 2.349 1.532 1.533 7.00E-04
20170124@280.asc OX_1 Snaggle-05 6.55 0.16 4.437 0.166 2.459 1.557 1.580 6.98E-04
20170124@281.asc OX_1 Snaggle-06 6.47 0.16 4.353 0.254 2.346 1.548 1.516 6.51E-04

20170124@282.asc OX_1 KIM-5-C13 2.981 0.236 2.320 1.513 1.533 7.17E-04
20170124@283.asc OX_1 KIM-5-C14 3.016 0.215 2.312 1.510 1.531 7.26E-04
20170124@284.asc OX_1 KIM-5-C15 2.896 0.212 2.320 1.536 1.510 7.27E-04
20170124@285.asc OX_1 KIM-5-C16 2.866 0.235 2.414 1.546 1.561 7.12E-04

average and 2SD 2.94 0.14
bracket average and 2SD 5.09 -2.10 2.98 0.16
average and 2SD 0.22
1/24 bracket average and 2SD 3.02 0.23
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16OH/16O

20170125@292.asc OX_1 KIM-5-C-test D2=785 3.222 0.196 2.382 1.542 1.545 6.31E-04
20170125@293.asc OX_1 KIM-5-C-test 3.111 0.219 2.369 1.534 1.544 6.80E-04
20170125@294.asc OX_1 KIM-5-C-test 3.141 0.226 2.361 1.529 1.544 6.58E-04
20170125@295.asc OX_1 KIM-5-C-test 3.084 0.221 2.348 1.523 1.542 6.66E-04

average and 2SD 3.14 0.12

20170125@296.asc OX_1 Snaggle-07 6.58 0.14 -1.89 4.687 0.241 2.332 1.510 1.544 6.58E-04
20170125@297.asc OX_1 Snaggle-08 6.34 0.14 -1.89 4.444 0.206 2.329 1.503 1.549 6.67E-04
20170125@298.asc OX_1 Snaggle-09 6.12 0.14 -1.89 4.218 0.211 2.315 1.493 1.550 6.75E-04

20170125@299.asc OX_1 Coxcomb-01 6.96 0.14 -1.89 5.059 0.179 2.285 1.482 1.542 6.47E-04
20170125@300.asc OX_1 Coxcomb-02 7.23 0.14 -1.89 5.333 0.279 2.264 1.474 1.536 6.62E-04
20170125@301.asc OX_1 Coxcomb-03 7.01 0.14 -1.89 5.111 0.225 2.270 1.462 1.553 7.01E-04
20170125@302.asc OX_1 Coxcomb-04 7.14 0.14 -1.89 5.239 0.194 2.250 1.452 1.550 7.06E-04
20170125@303.asc OX_1 Coxcomb-05 6.96 0.14 -1.89 5.061 0.214 2.232 1.441 1.549 6.54E-04
20170125@304.asc OX_1 Coxcomb-06 5.35 0.14 -1.89 3.459 0.179 2.213 1.431 1.546 7.27E-04
20170125@305.asc OX_1 Coxcomb-07 6.96 0.14 -1.89 5.062 0.199 2.208 1.426 1.548 6.60E-04
20170125@306.asc OX_1 Coxcomb-08 7.26 0.14 -1.89 5.364 0.207 2.190 1.414 1.548 7.03E-04

20170125@307.asc OX_1 GraniteMtn-01 6.27 0.14 -1.89 4.368 0.183 2.170 1.405 1.545 6.66E-04

20170125@308.asc OX_1 KIM-5-B14 3.230 0.255 2.384 1.530 1.558 6.08E-04
20170125@309.asc OX_1 KIM-5-B15 3.274 0.265 2.407 1.559 1.544 5.99E-04
20170125@310.asc OX_1 KIM-5-B16 3.255 0.256 2.420 1.568 1.543 6.02E-04
20170125@311.asc OX_1 KIM-5-B17 3.242 0.181 2.403 1.569 1.531 6.03E-04

average and 2SD 3.25 0.04
bracket average and 2SD 5.09 -1.89 3.19 0.14

20170125@312.asc OX_1 GraniteMtn-02 6.07 0.09 -1.85 4.211 0.249 2.407 1.563 1.540 6.24E-04
20170125@313.asc OX_1 GraniteMtn-03 6.23 0.09 -1.85 4.366 0.238 2.398 1.560 1.537 6.34E-04
20170125@314.asc OX_1 GraniteMtn-04 6.18 0.09 -1.85 4.315 0.167 2.391 1.560 1.532 5.94E-04
20170125@315.asc OX_1 GraniteMtn-05 6.38 0.09 -1.85 4.517 0.236 2.386 1.556 1.534 6.47E-04
20170125@316.asc OX_1 GraniteMtn-06 6.16 0.09 -1.85 4.300 0.175 2.366 1.545 1.531 6.47E-04
20170125@317.asc OX_1 GraniteMtn-07 6.08 0.09 -1.85 4.214 0.203 2.378 1.541 1.543 6.90E-04
20170125@318.asc OX_1 GraniteMtn-08 6.20 0.09 -1.85 4.342 0.165 2.371 1.535 1.544 7.06E-04

20170125@319.asc OX_1 Coxcomb-09 7.13 0.09 -1.85 5.264 0.215 2.363 1.530 1.545 6.65E-04
20170125@320.asc OX_1 Coxcomb-10 6.99 0.09 -1.85 5.126 0.266 2.333 1.492 1.563 7.12E-04
20170125@321.asc OX_1 Coxcomb-11 7.09 0.09 -1.85 5.223 0.219 2.336 1.509 1.547 6.31E-04

20170125@322.asc OX_1 KIM-5-A16 3.167 0.168 2.335 1.508 1.548 1.35E-03
20170125@323.asc OX_1 KIM-5-A17 3.245 0.252 2.333 1.509 1.546 6.41E-04
20170125@324.asc OX_1 KIM-5-A18 3.156 0.239 2.332 1.507 1.547 6.35E-04
20170125@325.asc OX_1 KIM-5-A19 3.276 0.263 2.305 1.503 1.533 6.38E-04

average and 2SD 3.21 0.12
bracket average and 2SD 5.09 -1.85 3.23 0.09
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File Sample ID δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA)

16OH/16O

20170125@328.asc OX_2 KIM-5-B1 3.196 0.242 2.261 1.458 1.551 5.82E-04
20170125@329.asc OX_2 KIM-5-C1 3.319 0.203 2.258 1.460 1.546 6.01E-04
20170125@330.asc OX_2 KIM-5-D1 3.373 0.23 2.244 1.457 1.540 6.13E-04
20170125@331.asc OX_2 KIM-5-D2 3.373 0.226 2.233 1.454 1.536 6.37E-04

average and 2SD 3.32 0.17

20170125@332.asc OX_2 Cochise-01 6.30 0.17 -1.82 4.465 0.194 2.340 1.512 1.547 7.38E-04
20170125@333.asc OX_2 Cochise-02 6.34 0.17 -1.82 4.504 0.262 2.356 1.523 1.547 6.98E-04
20170125@334.asc OX_2 Cochise-03 6.17 0.17 -1.82 4.331 0.254 2.347 1.526 1.538 6.44E-04
20170125@335.asc OX_2 Cochise-04 6.55 0.17 -1.82 4.716 0.237 2.343 1.523 1.538 6.74E-04
20170125@336.asc OX_2 Cochise-05 6.29 0.17 -1.82 4.450 0.223 2.341 1.519 1.541 6.73E-04
20170125@337.asc OX_2 Cochise-06 5.56 0.17 -1.82 3.724 0.195 2.340 1.518 1.542 8.16E-04
20170125@338.asc OX_2 Cochise-07 6.31 0.17 -1.82 4.473 0.230 2.341 1.517 1.543 6.65E-04
20170125@339.asc OX_2 Cochise-08 6.27 0.17 -1.82 4.430 0.234 2.345 1.517 1.546 6.74E-04
20170125@340.asc OX_2 Cochise-09 6.01 0.17 -1.82 4.170 0.200 2.337 1.517 1.541 6.33E-04
20170125@341.asc OX_2 Cochise-10 6.25 0.17 -1.82 4.416 0.254 2.335 1.516 1.540 6.71E-04

20170125@342.asc OX_2 Dragoon-01 (rim) 5.89 0.17 -1.82 4.054 0.234 2.332 1.514 1.540 6.60E-04
20170125@343.asc OX_2 Dragoon-02 (rim) 7.77 0.17 -1.82 5.927 0.184 2.333 1.512 1.543 6.01E-04

20170125@344.asc OX_2 KIM-5-B2 3.176 0.260 2.317 1.504 1.541 5.92E-04
20170125@345.asc OX_2 KIM-5-B3 3.219 0.246 2.328 1.513 1.539 5.94E-04
20170125@346.asc OX_2 KIM-5-B4 3.202 0.220 2.301 1.499 1.536 6.03E-04
20170125@347.asc OX_2 KIM-5-B5 3.188 0.235 2.300 1.490 1.544 6.08E-04

average and 2SD 3.20 0.04
bracket average and 2SD 5.09 -1.82 3.26 0.17

20170125@348.asc OX_2 Dragoon-03 (rim) 6.02 0.05 -1.88 4.125 0.193 2.279 1.496 1.523 6.61E-04
20170125@349.asc OX_2 Dragoon-04 (rim) 8.22 0.05 -1.88 6.320 0.230 2.282 1.489 1.533 5.93E-04
20170125@350.asc OX_2 Dragoon-05 (rim) 6.07 0.05 -1.88 4.173 0.277 2.267 1.483 1.528 6.62E-04
20170125@351.asc OX_2 Dragoon-06 (rim) 6.16 0.05 -1.88 4.266 0.208 2.270 1.474 1.541 6.57E-04
20170125@352.asc OX_2 Dragoon-07 (rim) 6.04 0.05 -1.88 4.143 0.213 2.242 1.468 1.527 6.05E-04
20170125@353.asc OX_2 Dragoon-08 (rim) 7.06 0.05 -1.88 5.167 0.290 2.248 1.463 1.537 6.92E-04
20170125@354.asc OX_2 Dragoon-09 (rim) 9.15 0.05 -1.88 7.249 0.251 2.251 1.465 1.537 5.99E-04
20170125@355.asc OX_2 Dragoon-10 (rim) 6.00 0.05 -1.88 4.105 0.288 2.242 1.459 1.536 7.19E-04
20170125@356.asc OX_2 Dragoon-11 (rim) 6.49 0.05 -1.88 4.590 0.216 2.249 1.452 1.549 6.09E-04
20170125@357.asc OX_2 Dragoon-12 (rim) 5.88 0.05 -1.88 3.987 0.186 2.252 1.447 1.556 7.06E-04

20170125@358.asc OX_2 sBarstow-01 5.65 0.05 -1.88 3.757 0.216 2.220 1.442 1.539 6.96E-04
20170125@359.asc OX_2 sBarstow-02 5.46 0.05 -1.88 3.565 0.280 2.202 1.429 1.540 6.90E-04
20170125@360.asc OX_2 sBarstow-03 5.60 0.05 -1.88 3.702 0.242 2.206 1.428 1.545 8.25E-04

20170125@361.asc OX_2 KIM-5-C2 3.231 0.204 2.194 1.425 1.540 6.33E-04
20170125@362.asc OX_2 KIM-5-C3 3.149 0.182 2.195 1.421 1.544 6.30E-04
20170125@363.asc OX_2 KIM-5-C4 3.215 0.240 2.195 1.421 1.545 6.42E-04
20170125@364.asc OX_2 KIM-5-C5 3.191 0.254 2.179 1.416 1.539 6.78E-04

average and 2SD 3.20 0.07
bracket average and 2SD 5.09 -1.88 3.20 0.05

20170125@365.asc OX_2 sBarstow-04 4.76 0.12 -1.87 2.873 0.272 2.556 1.636 1.563 6.82E-04
20170125@366.asc OX_2 sBarstow-05 5.32 0.12 -1.87 3.433 0.275 2.618 1.694 1.546 6.72E-04
20170125@367.asc OX_2 sBarstow-06 5.50 0.12 -1.87 3.619 0.225 2.661 1.721 1.546 7.15E-04
20170125@368.asc OX_2 sBarstow-07 5.04 0.12 -1.87 3.153 0.287 2.669 1.732 1.541 6.68E-04
20170125@369.asc OX_2 sBarstow-08 5.51 0.12 -1.87 3.627 0.267 2.668 1.734 1.539 7.11E-04
20170125@370.asc OX_2 sBarstow-09 5.27 0.12 -1.87 3.385 0.214 2.636 1.737 1.517 6.76E-04
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File Sample ID δ18O ‰ 
VSMOW

2SD 
(ext.)

Mass Bias 
(‰)

δ18O ‰ 
measured

2SE 
(int.)

16O 
(Gcps)

IP (nA) Yield 
(Gcps/nA)

16OH/16O

20170125@371.asc OX_2 GraniteGap-01 4.86 0.12 -1.87 2.974 0.233 2.676 1.740 1.538 6.17E-04
20170125@372.asc OX_2 GraniteGap-02 5.48 0.12 -1.87 3.597 0.223 2.679 1.739 1.540 6.17E-04
20170125@373.asc OX_2 GraniteGap-03 4.58 0.12 -1.87 2.694 0.234 2.626 1.750 1.500 7.46E-04
20170125@374.asc OX_2 GraniteGap-04 5.33 0.12 -1.87 3.445 0.272 2.546 1.663 1.531 6.85E-04
20170125@375.asc OX_2 GraniteGap-05 4.74 0.12 -1.87 2.854 0.218 2.547 1.637 1.556 6.57E-04
20170125@376.asc OX_2 GraniteGap-06 5.23 0.12 -1.87 3.342 0.219 2.528 1.638 1.543 7.48E-04
20170125@377.asc OX_2 GraniteGap-07c 5.46 0.12 -1.87 3.580 0.253 2.480 1.619 1.532 6.35E-04
20170125@378.asc OX_2 GraniteGap-08 5.26 0.12 -1.87 3.380 0.240 2.478 1.613 1.537 6.31E-04
20170125@379.asc OX_2 GraniteGap-09 5.74 0.12 -1.87 3.856 0.237 2.479 1.612 1.538 6.50E-04

20170125@380.asc OX_2 KIM-5-D3 3.302 0.246 2.469 1.610 1.534 6.02E-04
20170125@381.asc OX_2 KIM-5-D4 3.146 0.273 2.469 1.607 1.537 5.91E-04
20170125@382.asc OX_2 KIM-5-D5 3.152 0.283 2.461 1.606 1.532 5.93E-04
20170125@383.asc OX_2 KIM-5-D6 3.267 0.277 2.477 1.609 1.540 5.94E-04

average and 2SD 3.22 0.16
bracket average and 2SD 5.09 -1.87 3.21 0.12

20170125@399.asc OX_2 KIM-5-B6 3.024 0.244 2.370 1.539 1.540 5.93E-04
20170125@400.asc OX_2 KIM-5-B7 3.010 0.261 2.363 1.528 1.547 5.92E-04
20170125@401.asc OX_2 KIM-5-B8 3.087 0.222 2.348 1.525 1.539 5.99E-04
20170125@402.asc OX_2 KIM-5-B9 3.141 0.214 2.354 1.525 1.544 6.05E-04

average and 2SD 3.07 0.12
bracket average and 2SD 5.09 -1.94 3.14 0.21

20170125@418.asc OX_2 KIM-5-C6 3.254 0.248 2.239 1.456
20170125@419.asc OX_2 KIM-5-C7 3.153 0.197 2.230 1.453
20170125@420.asc OX_2 KIM-5-C8 3.074 0.193 2.209 1.445
20170125@421.asc OX_2 KIM-5-C9 3.109 0.273 2.199 1.438

average and 2SD 3.15 0.16
bracket average and 2SD 5.09 -1.97 3.11 0.16

20170125@431.asc OX_2 Dragoon-13  (core) 9.05 0.18 -1.90 7.134 0.227 2.175 1.417 1.535 6.01E-04
20170125@432.asc OX_2 Dragoon-14  (core) 8.62 0.18 -1.90 6.707 0.159 2.288 1.481 1.546 6.31E-04
20170125@433.asc OX_2 Dragoon-15  (core) 9.67 0.18 -1.90 7.757 0.223 2.281 1.491 1.530 5.90E-04
20170125@434.asc OX_2 Dragoon-16  (core) 6.36 0.18 -1.90 4.451 0.279 2.300 1.494 1.540 7.43E-04
20170125@435.asc OX_2 Dragoon-17 (rim) 5.94 0.18 -1.90 4.028 0.212 2.299 1.495 1.538 6.89E-04
20170125@436.asc OX_2 Dragoon-18 (rim) 7.51 0.18 -1.90 5.602 0.218 2.281 1.492 1.529 6.86E-04
20170125@437.asc OX_2 Dragoon-19  (core) 8.05 0.18 -1.90 6.141 0.236 2.289 1.485 1.542 6.95E-04

20170125@438.asc OX_2 KIM-5-D7 3.160 0.232 2.312 1.492 1.549 6.12E-04
20170125@439.asc OX_2 KIM-5-D8 3.128 0.205 2.300 1.490 1.543 6.09E-04
20170125@440.asc OX_2 KIM-5-D9 3.333 0.203 2.276 1.481 1.536 6.05E-04
20170125@441.asc OX_2 KIM-5-D10 3.256 0.249 2.286 1.487 1.538 6.16E-04

average and 2SD 3.22 0.19
bracket average and 2SD 5.09 -1.90 3.18 0.18
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
UBA 026 McMillan_etal_2000 27 32.5200 -107.1200 -4.5 -3.2 57.3
UBA 023 McMillan_etal_2000 27 32.5200 -107.1200 -4.3 -2.9 56.7
UBA 032 McMillan_etal_2000 27 32.5200 -107.1200 -3.9 -2.4 56.8
UBA010 McMillan_etal_2000 27 32.4500 -107.2500 -3.4 -1.7 51.9
UBA 034 McMillan_etal_2000 27 32.5200 -107.1200 -2.7 -0.7 54.0
UBA011 McMillan_etal_2000 27 32.4500 -107.2500 -2.7 -0.7 50.8
UBA 029 McMillan_etal_2000 27 32.5200 -107.1200 -1.8 0.5 51.5
UBA 025 McMillan_etal_2000 27 32.5200 -107.1200 0.8 4.0 48.8
RP013 McMillan_etal_2000 38 32.4000 -107.4300 -4.5 -3.2 62.9
RP009 McMillan_etal_2000 38 32.4000 -107.4300 -3.4 -1.7 58.0
PP-022 McMillan_etal_2000 45 32.4700 -106.8000 -3.9 -2.4 61.0
VA015 McMillan_etal_2000 47 32.1117 -106.6619 -4.8 -3.6 70.9
CA014 McMillan_etal_2000 47.1 31.8000 -106.5200 -2.7 -0.7 63.2
QL-85-1 Anthony & Titley, 1988 58 31.8778 -111.1778 -8.6 69.6
TWB-PA Anthony & Titley, 1988 58 31.8778 -111.1778 -8.4 69.4
RSMR3-2 Anthony & Titley, 1988 63 31.8778 -111.1778 -7.5 68.3
RS-MR-5X (isotope dAnthony & Titley, 1988 63 31.8778 -111.1778 -6.3 65.7
RS-MR-5 Anthony & Titley, 1988 63 31.8778 -111.1778 -5.9 65.7
KR-3 Anthony & Titley, 1988 65 31.8778 -111.1778 -6.7 75.6
KD-GR2-5 Anthony & Titley, 1988 67 31.8778 -111.1778 -2.9 57.9
KD-GR2-1 Anthony & Titley, 1988 67 31.8778 -111.1778 -2.8 61.1
D-MR2-2 Anthony & Titley, 1988 68 31.8778 -111.1778 -7.0 59.3
CIM8142 Farmer_etal_1989 1 35.2333 -115.7167 -5.6 -4.7
Ci-12 Farmer_etal_1995 3 35.3385 -115.6320 5.6 10.6 46.7
BW-6 Bradshaw_etal_1993 5 34.2844 -114.1113 5.5 10.5 48.3
CA_4 Kempton_etal_1991 8 35.0000 -118.0000 6.3 11.5 47.8
BW-3 Bradshaw_etal_1993 10 34.5100 -114.0753 -6.3 -5.7 53.6
BW-4 Bradshaw_etal_1993 10 34.5105 -114.0755 -4.2 -2.7 51.6
1215-1 Miller_etal_2000 18 34.3314 -114.7642 -11.5 -12.6 63.0
P-2C Miller_etal_2000 18 34.7582 -115.1400 -9.6 -10.1 66.1
EP-1 Miller_etal_2000 18 34.6982 -115.1500 -9.3 -9.7 56.2
TU-B Miller_etal_2000 18 34.6182 -115.1100 -9.2 -9.5 57.5
A-14 Miller_etal_2000 18 34.3835 -114.7707 -9.0 -9.3 68.2
SV-3 Miller_etal_2000 18 34.5382 -115.3700 -8.3 -8.3 54.3
LP-KB Miller_etal_2000 18 34.6182 -115.0700 -8.2 -8.2 59.3
LP-UB3 Miller_etal_2000 18 34.6182 -115.0700 -7.4 -7.1 61.1
A-2 Miller_etal_2000 18 34.3785 -114.7620 -7.0 -6.5 53.5
MARB-2 Miller_etal_2000 18 34.6683 -115.6412 -6.9 -6.4 71.9
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2

MARB-522-22 Miller_etal_2000 18 34.6810 -115.6381 -6.7 -6.1 53.0
ST-HA-2 Miller_etal_2000 18 34.5000 -114.8600 -6.6 -6.1 66.0
AG-2 Miller_etal_2000 18 34.7745 -116.2424 -6.1 -5.3 63.2
MARB-522-24 Miller_etal_2000 18 34.6854 -115.6498 -5.9 -5.0 73.6
PLB Miller_etal_2000 18 34.7882 -115.0700 -5.6 -4.7 53.8
MARB-522-23 Miller_etal_2000 18 34.6801 -115.6390 -5.5 -4.6 52.7
PCST-37 Miller_etal_2000 18 34.5000 -114.8600 -5.4 -4.4 71.0
a-3 Miller_etal_2000 18 35.3025 -116.1702 -5.3 -4.2 53.4
SV-2 Miller_etal_2000 18 34.5382 -115.3700 -5.0 -3.8 48.6
OPAL-4 Miller_etal_2000 18 35.0939 -117.1117 -4.2 -2.7
BARS-2 Miller_etal_2000 18 34.8768 -116.8900 -4.1 -2.6 70.0
11--90 Miller_etal_2000 18 34.7670 -116.2840 -3.8 -2.3 52.7
LVHL-2 Miller_etal_2000 18 34.6450 -115.9625 -3.8 -2.3 65.8
A-4-2 Miller_etal_2000 18 34.8055 -116.6698 -3.7 -2.1 69.1
22-10A Miller_etal_2000 18 34.8250 -116.3085 -3.5 -1.8 64.3
ECVF1549 Miller_etal_2000 18 35.4000 -116.9700 -2.7 -0.7 0.0
OM9313 Miller_etal_2000 18 35.1500 -117.2600 -2.3 -0.1 53.5
91fi102 Miller_etal_2000 18 35.3682 -116.6900 -1.9 0.4 65.7
A-3-1 Miller_etal_2000 18 34.3814 -114.7652 -1.9 0.4 44.5
82-25 Miller_etal_2000 18 34.8098 -116.3182 -1.7 0.7 68.3
91fi12p Miller_etal_2000 18 35.4982 -116.8700 -1.3 1.2 56.0
90fi38 Miller_etal_2000 18 35.3382 -116.8100 -1.2 1.3 63.3
NBPS-6 Miller_etal_2000 18 34.4957 -116.1492 -1.1 1.4 48.9
PK914b Miller_etal_2000 18 35.5589 -117.1181 -0.5 2.2 50.9
90fi39 Miller_etal_2000 18 35.3382 -116.8000 -0.5 2.3 75.6
90fi28 Miller_etal_2000 18 35.4982 -116.8600 -0.3 2.6 64.0
KRMR-4 Miller_etal_2000 18 34.8994 -117.5116 -0.3 2.6
91fi9p Miller_etal_2000 18 35.4977 -116.8674 0.1 3.1 55.1
ECVF1340 Miller_etal_2000 18 35.5500 -116.9900 0.3 3.3 0.0
ECVF1431 Miller_etal_2000 18 35.4700 -117.0300 0.3 3.3 59.8
OPAL-2 Miller_etal_2000 18 35.0939 -117.1117 0.3 3.4
13-22 Miller_etal_2000 18 34.7724 -116.2432 0.5 3.7 53.1
91fi5 Miller_etal_2000 18 35.3382 -116.7900 0.6 3.7 51.5
ECVF1332 Miller_etal_2000 18 35.4800 -117.0300 0.7 4.0 74.9
12--3 Miller_etal_2000 18 34.7817 -116.2442 0.8 4.1 50.0
ECVF1425 Miller_etal_2000 18 35.5500 -117.0200 1.2 4.6 56.9
ECVF1514 Miller_etal_2000 18 35.4300 -117.2000 1.3 4.7 77.2
pk914c Miller_etal_2000 18 35.5589 -117.1181 1.6 5.1 52.5
EP9315 Miller_etal_2000 18 35.2616 -117.4854 2.8 6.8
SADL-1 Miller_etal_2000 18 35.0595 -117.6253 3.6 7.9 49.1
89fi6 Miller_etal_2000 18 35.3052 -116.6809 3.8 8.1 48.2
ALVO-3 Miller_etal_2000 18 35.0640 -116.5454 4.3 8.8 48.7
93fi12 Miller_etal_2000 18 35.3282 -116.7500 4.4 8.9 49.1
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
SA9311 Miller_etal_2000 18 34.8994 -117.5116 4.8 9.4
OM9312 Miller_etal_2000 18 35.1400 -117.2600 8.4 14.3 51.3
MO-1 Bradshaw_etal_1993 21 34.6833 -114.3107 -5.7 -4.8 48.5
MO-1 Bradshaw_etal_1993 21 34.6833 -114.3107 -5.7 -4.8 48.5
D31 Lang_1992 72 34.8386 -113.7669 -13.7 -15.7 70.7
D11 Lang_1992 72 34.8242 -113.7378 -12.2 -13.7 61.9
B61 Lang_1992 72 34.5883 -113.2078 -12.1 -13.5 69.9
B51 Lang_1992 73 34.5881 -113.2142 -11.2 -12.3 66.1
B42 Lang_1992 75 34.5683 -113.2303 -10.8 -11.7 65.2
B33 Lang_1992 77 34.5989 -113.1117 -12.3 -13.8 59.1
B3a1 Lang_1992 77 34.5839 -113.2036 -10.2 -10.9 66.6
B22 Lang_1992 78 34.5694 -113.2375 -11.2 -12.2 76.1
B3b1 Lang_1992 78 34.5711 -113.2458 -9.9 -10.5 66.3
DVB-108 Ramo_etal_2002 93 35.3161 -115.5508 -12.8 -14.5 67.9
DVB-113 Ramo_etal_2002 93 35.1639 -115.4436 -11.4 -12.6 73.8
DVB-112 Ramo_etal_2002 93 35.1203 -115.4014 -3.5 -1.8 46.6
DVB-117 Ramo_etal_2002 95 35.6361 -116.2750 -15.9 -18.7 73.9
DVB-114B Ramo_etal_2002 95 35.6767 -116.6681 -13.0 -14.7 66.8
DVB-114A Ramo_etal_2002 95 35.6767 -116.6681 -11.3 -12.4 65.0
DVB-131 Ramo_etal_2002 95 35.1939 -116.1431 -6.3 -5.6 77.0
DVB-110 Ramo_etal_2002 97 35.3153 -115.5822 -13.5 -15.4 70.2
DVB-129 Ramo_etal_2002 97 35.1883 -115.5964 -9.8 -10.4 73.1
DVB-107 Ramo_etal_2002 97 35.4061 -115.9453 -8.5 -8.6 68.5
DVB-111 Ramo_etal_2002 97 35.1544 -115.3319 -6.6 -6.0 60.5
TC-42 Sams_Saleeby_1988 98 35.2283 -118.4961 -1.9 0.4 58.9
TC-42 Sams_Saleeby_1988 98 35.2283 -118.4961 -1.9 0.4 58.9

2 Sams_Saleeby_1988 99 34.9256 -118.9279 4.0 8.4
CM-9 Sams_Saleeby_1988 100 35.0408 -118.5683 -3.2 -1.3 62.8
CM-9 Sams_Saleeby_1988 100 35.0408 -118.5683 -3.2 -1.3 62.8
PC-35 PC35-P Sams_Saleeby_1988 110 34.9194 -118.7961 1.0 4.4 79.4
CM-630 GC-1 Sams_Saleeby_1988 115 35.1250 -118.7228 1.3 4.7 61.9
WR-643 GC-14 Sams_Saleeby_1988 117 35.0244 -118.7067 0.2 3.2 73.8
DVB-109 Ramo_etal_2002 145 35.3406 -115.6767 -13.4 -15.3 76.5
ID929C Glazner_etal_2008 148 34.6991 -117.0989 -9.7 -10.3 74.1
ID929A Glazner_etal_2008 148 34.6963 -117.0994 -8.0 -7.9 75.4
ID929B Glazner_etal_2008 148 34.6996 -117.0989 -7.8 -7.7 69.3
ID9210A Glazner_etal_2008 148 34.5246 -116.7339 -6.2 -5.5 74.0
ID9210D Glazner_etal_2008 148 34.5382 -116.7183 -5.5 -4.6 73.3
CRO35.4 Glazner_etal_2008 148 35.1357 -116.2975 -5.2 -4.2 56.4
ID9210B Glazner_etal_2008 148 34.5288 -116.7236 -4.4 -3.0 67.8
ID9210F Glazner_etal_2008 148 35.5746 -116.6092 -2.2 -0.1 48.9
DVB-116 Ramo_etal_2002 179 35.5761 -115.3544 -9.0 -9.3 58.5
DVB-132A Ramo_etal_2002 179 35.5131 -116.2583 -8.1 -8.1 63.6
DVB-132B Ramo_etal_2002 179 35.5131 -116.2583 -8.0 -7.9 52.3
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
9-94-41 NAVDAT 15 33.5789 -112.8717 -7.5 -7.2 50.8
5-93-3 NAVDAT 16 34.3628 -112.2175 -2.5 -0.5 45.8
12-94-2 NAVDAT 16 34.4914 -111.6900 -1.8 0.5 47.0
3-93-59 NAVDAT 16 33.9658 -112.0686 -5.5 -4.5 48.1
4-93-5 NAVDAT 16 33.8750 -111.8750 -3.5 -1.9 49.7
11-94-1 NAVDAT 16 33.5936 -112.0861 -6.8 -6.3 51.2
4-93-51A NAVDAT 16.2 33.8903 -112.2103 0.0 2.9 50.2
CV 12 NAVDAT 16.7 34.1306 -118.7614 6.3 11.5 50.8
CV 195B NAVDAT 16.7 34.1500 -118.9000 6.1 11.2 55.4
CV 117 NAVDAT 16.7 34.2098 -118.9218 6.3 11.5 55.6
CV 107 NAVDAT 16.7 34.2409 -118.8817 6.4 11.6 57.5
CV 121 NAVDAT 16.7 34.2358 -118.8660 6.5 11.8 57.9
CV 187 NAVDAT 16.7 34.0945 -118.9385 5.7 10.7 59.6
CV 151 NAVDAT 16.7 34.1411 -118.9686 7.4 12.9 62.3
CV 162 NAVDAT 16.7 34.1457 -118.9655 8.3 14.3 62.8
CV 177 NAVDAT 16.7 34.1001 -118.8388 6.0 11.1 64.1
CV 102B NAVDAT 16.7 34.1598 -119.0270 7.1 12.6 65.9
CV 116 NAVDAT 16.7 34.2141 -118.9281 6.2 11.4 66.7
CB7 NAVDAT 17.5 34.7600 -119.9800 8.3 14.2 46.2
CB3 NAVDAT 17.5 34.7600 -119.9800 9.2 15.4 46.7
CB5 NAVDAT 17.5 34.7600 -119.9800 9.3 15.6 47.2
Lp89-6 NAVDAT 17.55 33.8000 -107.7670 1.8 5.4 46.2
Lp89-5 NAVDAT 17.55 33.8000 -107.7670 0.6 3.7 46.6
Jk89-9 NAVDAT 17.55 33.8125 -108.4750 3.7 8.0 47.7
Jk89-5 NAVDAT 17.55 33.8125 -108.4750 4.1 8.6 48.2
Jk88-4 NAVDAT 17.55 33.8125 -108.4750 -1.3 1.1 50.1
A-3-1 NAVDAT 18 34.3814 -114.7652 -1.9 0.4 44.5
SV-2 NAVDAT 18 34.5382 -115.3700 -5.0 -3.8 48.6
NBPS-6 NAVDAT 18 34.4957 -116.1492 -1.1 1.4 48.9
12--3 NAVDAT 18 34.7817 -116.2442 0.8 4.1 50.0
11--90 NAVDAT 18 34.7670 -116.2840 -3.8 -2.3 52.7
MARB-522-23 NAVDAT 18 34.6801 -115.6390 -5.5 -4.6 52.7
MARB-522-22 NAVDAT 18 34.6810 -115.6381 -6.7 -6.1 53.0
13-22 NAVDAT 18 34.7724 -116.2432 0.5 3.7 53.1
A-2 NAVDAT 18 34.3785 -114.7620 -7.0 -6.5 53.5
PLB NAVDAT 18 34.7882 -115.0700 -5.6 -4.7 53.8
SV-3 NAVDAT 18 34.5382 -115.3700 -8.3 -8.3 54.3
EP-1 NAVDAT 18 34.6982 -115.1500 -9.3 -9.7 56.2
TU-B NAVDAT 18 34.6182 -115.1100 -9.2 -9.5 57.5
LP-KB NAVDAT 18 34.6182 -115.0700 -8.2 -8.2 59.3
LP-UB3 NAVDAT 18 34.6182 -115.0700 -7.4 -7.1 61.1
1215-1 NAVDAT 18 34.3314 -114.7642 -11.5 -12.6 63.0
AG-2 NAVDAT 18 34.7745 -116.2424 -6.1 -5.3 63.2
22-10A NAVDAT 18 34.8250 -116.3085 -3.5 -1.8 64.3
LVHL-2 NAVDAT 18 34.6450 -115.9625 -3.8 -2.3 65.8
ST-HA-2 NAVDAT 18 34.5000 -114.8600 -6.6 -6.1 66.0
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
P-2C NAVDAT 18 34.7582 -115.1400 -9.6 -10.1 66.1
A-14 NAVDAT 18 34.3835 -114.7707 -9.0 -9.3 68.2
82-25 NAVDAT 18 34.8098 -116.3182 -1.7 0.7 68.3
A-4-2 NAVDAT 18 34.8055 -116.6698 -3.7 -2.1 69.1
BARS-2 NAVDAT 18 34.8768 -116.8900 -4.1 -2.6 70.0
PCST-37 NAVDAT 18 34.5000 -114.8600 -5.4 -4.4 71.0
MARB-2 NAVDAT 18 34.6683 -115.6412 -6.9 -6.4 71.9
MARB-522-24 NAVDAT 18 34.6854 -115.6498 -5.9 -5.0 73.6
1-92-3 NAVDAT 18.9 34.3497 -112.1925 -12.1 -13.5 59.2
9-94-31 NAVDAT 19.9 33.3528 -112.8522 -10.5 -11.3 61.4
MH-1 NAVDAT 20.5 34.6807 -114.3117 -7.3 -7.0 46.0
MO-5 NAVDAT 20.5 34.6821 -114.3117 -5.4 -4.4 50.9
MO-6 NAVDAT 20.5 34.6820 -114.3118 -7.2 -6.9 53.6
MO-1 NAVDAT 21 34.6833 -114.3107 -5.7 -4.8 48.5
Lr87-1 NAVDAT 21.1 33.0292 -108.1667 -4.4 -3.1 51.7
9-94-16 NAVDAT 21.3 33.7500 -111.8750 -8.1 -8.1 48.8
B188-11 NAVDAT 21.3 33.1833 -108.0292 -3.9 -2.3 50.6
B188-12 NAVDAT 21.3 33.1833 -108.0292 -3.9 -2.3 51.0
H-1 NAVDAT 21.5 34.4248 -114.2504 -2.1 0.1 45.4
Jk88-7 NAVDAT 21.9 33.7625 -108.5333 -6.3 -5.7 54.0
Jk88-6 NAVDAT 21.9 33.7625 -108.5375 -5.5 -4.5 56.0
Lp89-l NAVDAT 22.2 33.7375 -107.8000 -5.2 -4.1 54.3
Mm89-6 NAVDAT 22.7 34.0208 -108.3500 -6.3 -5.7 55.4
PR3-72 NAVDAT 23 34.7800 -119.0900 3.8 8.1 47.1
PR3-55 NAVDAT 23 34.7800 -119.0900 4.1 8.5 48.0
VQ1 NAVDAT 23 34.4900 -118.2900 1.0 4.3 58.2
NV31 NAVDAT 23 34.7500 -118.5500 1.6 5.2 68.3
NV25 NAVDAT 23 34.7500 -118.5500 1.8 5.4 70.2
Bw88-10 NAVDAT 23.1 33.4042 -108.5750 -5.4 -4.4 52.9
Bw88-8 NAVDAT 23.1 33.4500 -108.6083 -6.5 -5.9 57.0
Bw88-5 NAVDAT 23.1 33.4500 -108.6083 -4.6 -3.3 59.7
Bm88-3 NAVDAT 23.9 33.3792 -108.2292 -8.1 -8.1 60.8
Bs87-5 NAVDAT 25 32.7208 -107.3460 -5.0 -3.8 50.9
Bl88-12 NAVDAT 25 33.1833 -108.0290 -4.0 -2.5 51.0
Bs87-3 NAVDAT 25 32.7208 -107.3460 -6.3 -5.7 51.6
Lr87-1 NAVDAT 25 33.0292 -108.1670 -4.4 -3.0 51.7
Jk89-13 NAVDAT 25 33.7500 -108.5250 -4.7 -3.5 53.3
J87-11 NAVDAT 25 32.7208 -107.3460 -4.4 -3.1 53.4
Lp89-1 NAVDAT 25 33.7375 -107.8000 -5.1 -4.0 54.3
Mm89-6 NAVDAT 25 34.0292 -108.3500 -5.7 -4.8 55.4
G-40 NAVDAT 25 33.8200 -108.7800 -7.3 -7.0 57.9
A81-23 NAVDAT 25 33.4800 -108.9300 -7.1 -6.7 59.3
5-92-19 NAVDAT 26.5 33.8750 -111.8750 -2.2 0.0 62.4
UBA 025 NAVDAT 27 32.5200 -107.1200 0.2 3.3 48.8
UBA011 NAVDAT 27 32.4500 -107.2500 -3.1 -1.3 50.8
G-23 NAVDAT 28 33.6300 -109.1200 -7.2 -6.8 74.8
G-48 NAVDAT 28 33.7500 -108.5700 -8.0 -7.9 77.4
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
G-11 NAVDAT 28 33.2800 -108.7300 -6.6 -6.0 82.0
CERROS NAVDAT 28.3 34.6700 -108.3500 0.9 4.1 46.7
G-15A NAVDAT 28.7 33.7800 -108.5300 -6.8 -6.3 71.7
H9-77 NAVDAT 28.9 33.8500 -108.0300 -6.7 -6.1 71.2
G-32 NAVDAT 29 33.6300 -108.9000 -7.0 -6.5 76.2
TTC NAVDAT 29.7 33.7500 -108.7200 -5.7 -4.9 74.2
G-55 NAVDAT 30.1 33.7500 -108.9700 -7.9 -7.7 62.8
Bs87-3 NAVDAT 30.4 32.7208 -107.8792 -6.1 -5.3 52.0
GM-1 NAVDAT 32 31.5833 -105.5833 3.6 7.9 57.4
DM-5 NAVDAT 32 31.9000 -105.5167 5.3 10.1 59.0
CD-7 NAVDAT 32 31.9000 -105.4000 3.1 7.2 60.8
TtwR17r NAVDAT 33.7 32.2944 -106.6110 -6.2 -5.4 60.1
G-8 NAVDAT 34 33.4300 -108.8500 -8.6 -8.7 67.2
Tss28 NAVDAT 35.46 32.2961 -106.6082 -4.8 -3.6 68.1
TssR15 NAVDAT 35.46 32.2957 -106.6098 -4.7 -3.5 68.4
TssA6 NAVDAT 35.46 32.2989 -106.5865 -6.8 -6.4 72.7

6191 NAVDAT 35.69 32.3153 -106.4833 -2.0 0.2 47.9
Tmo4-7 NAVDAT 35.69 32.3519 -106.5159 -4.0 -2.5 53.3
5592I NAVDAT 35.69 32.3139 -106.4806 -4.2 -2.7 55.5
492I NAVDAT 35.69 32.2583 -106.5278 -1.3 1.2 56.0

1092 NAVDAT 35.69 32.3486 -106.5167 -3.5 -1.8 56.6
4391 NAVDAT 35.69 32.3333 -106.4889 -5.0 -3.8 57.0
4491 NAVDAT 35.69 32.3333 -106.4889 -2.5 -0.5 57.1
5592 NAVDAT 35.69 32.3139 -106.4806 -4.8 -3.6 57.2

592 NAVDAT 35.69 32.3486 -106.5167 -3.5 -1.9 57.5
5692 NAVDAT 35.69 32.3139 -106.4792 -4.9 -3.8 58.3

Tmo6-9 NAVDAT 35.69 32.3517 -106.5192 -2.8 -0.9 59.6
3002 NAVDAT 35.69 32.3333 -106.5083 -3.6 -1.9 59.9

42164 NAVDAT 35.69 32.3447 -106.5167 -2.8 -0.9 60.4
6491 NAVDAT 35.69 32.3162 -106.4887 -3.2 -1.5 60.5
4992 NAVDAT 35.69 32.3139 -106.4861 -4.5 -3.1 61.4
7591 NAVDAT 35.69 32.3139 -106.4847 -4.9 -3.7 61.6
1491 NAVDAT 35.69 32.3417 -106.4875 -4.6 -3.3 61.7
1591 NAVDAT 35.69 32.3417 -106.4889 -2.4 -0.3 62.1
2392 NAVDAT 35.69 32.2875 -106.5278 -3.5 -1.8 62.1
6391 NAVDAT 35.69 32.3181 -106.4917 -4.3 -2.9 62.7
1391 NAVDAT 35.69 32.3583 -106.5056 -3.2 -1.4 62.8
4392 NAVDAT 35.69 32.3083 -106.4917 -2.5 -0.4 62.8
6591 NAVDAT 35.69 32.3139 -106.4986 -2.3 -0.2 62.9

TC2 NAVDAT 35.69 32.3559 -106.5068 -2.2 -0.1 63.1
7291 NAVDAT 35.69 32.3133 -106.4833 -5.3 -4.2 63.2
5292 NAVDAT 35.69 32.3153 -106.4833 -4.6 -3.3 63.6
3592 NAVDAT 35.69 32.3458 -106.5000 -2.7 -0.7 64.2
3007 NAVDAT 35.69 32.3250 -106.5000 -2.6 -0.6 64.6
2092 NAVDAT 35.69 32.2792 -106.5222 -2.6 -0.6 65.0
3006 NAVDAT 35.69 32.3353 -106.5000 -2.8 -0.8 65.5
5091 NAVDAT 35.69 32.3347 -106.4889 -3.2 -1.5 65.6
2292 NAVDAT 35.69 32.2792 -106.5222 -2.5 -0.4 66.0
3292 NAVDAT 35.69 32.2958 -106.5167 -2.3 -0.2 66.1

491 NAVDAT 35.69 32.4125 -106.5917 -4.9 -3.8 66.3
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2

1692 NAVDAT 35.69 32.2694 -106.5167 -2.8 -0.9 66.4
2701 NAVDAT 35.69 32.2861 -106.5347 -2.4 -0.4 66.7
5092 NAVDAT 35.69 32.3139 -106.4833 -4.7 -3.4 67.0
2902 NAVDAT 35.69 32.2847 -106.5514 -2.8 -0.9 67.2
4292 NAVDAT 35.69 32.3083 -106.4917 -4.7 -3.5 68.3
1292 NAVDAT 35.69 32.2583 -106.5111 -2.8 -0.9 68.3
2992 NAVDAT 35.69 32.2833 -106.5472 -2.7 -0.7 68.4
1891 NAVDAT 35.69 32.3583 -106.5083 -4.8 -3.5 68.6

492 NAVDAT 35.69 32.2583 -106.5278 -4.0 -2.5 68.7
2891 NAVDAT 35.69 32.3583 -106.5083 -5.0 -3.9 68.9
4591 NAVDAT 35.69 32.3333 -106.4889 -4.3 -2.9 69.0

Tmo3 NAVDAT 35.69 32.3812 -106.5791 -4.4 -3.1 69.1
2791 NAVDAT 35.69 32.3583 -106.5083 -4.6 -3.3 69.2
3892 NAVDAT 35.69 32.2917 -106.5333 -4.7 -3.4 69.3

591 NAVDAT 35.69 32.4125 -106.5917 -4.9 -3.7 69.6
691 NAVDAT 35.69 32.4125 -106.5917 -5.0 -3.9 69.7

SUM NAVDAT 35.69 32.3454 -106.5636 -4.1 -2.6 70.9
RE1 NAVDAT 35.69 32.3676 -106.5878 -4.0 -2.5 71.1

2906 NAVDAT 35.69 32.2944 -106.5083 -2.7 -0.7 71.4
3591 NAVDAT 35.69 32.4153 -106.5917 -5.1 -3.9 73.1
3491 NAVDAT 35.69 32.4153 -106.5917 -4.9 -3.7 73.1
3691 NAVDAT 35.69 32.4153 -106.5917 -4.9 -3.7 73.3
1691 NAVDAT 35.69 32.3417 -106.4861 -5.0 -3.9 73.3
3791 NAVDAT 35.69 32.2611 -106.5333 -5.1 -4.0 73.5

292 NAVDAT 35.69 32.2611 -106.5403 -5.1 -3.9 74.4
TmoeD1 NAVDAT 35.69 32.3027 -106.5351 -5.9 -5.1 74.5

192 NAVDAT 35.69 32.3411 -106.4917 -5.2 -4.1 76.1
AS-5 NAVDAT 36.8 32.0500 -105.5500 3.7 7.9 55.2
Al-11 NAVDAT 36.8 32.0333 -105.6333 3.4 7.5 58.9
RP009 NAVDAT 38 32.3750 -107.3750 -3.9 -2.3 58.0
Tc88-2 NAVDAT 47.5 33.0667 -108.0040 -4.7 -3.4 52.6
Rp88-8 NAVDAT 47.5 32.7500 -107.9210 -5.9 -5.1 55.5
C43 NAVDAT 52 32.6619 -110.4796 -4.5 -3.1 62.2
SF33 NAVDAT 58 32.9503 -109.6731 -3.2 -1.4 65.8
SF32 NAVDAT 58 32.9519 -109.6725 -3.2 -1.4 67.4
SF34 NAVDAT 58 32.9394 -109.6056 -8.7 -8.8 69.7
CH31 NAVDAT 60 33.0625 -110.7333 -6.6 -6.0 64.8
CH32 NAVDAT 60 33.0653 -110.7264 -6.5 -5.9 66.8
R31 NAVDAT 60 33.1789 -111.0389 -7.9 -7.8 71.8
R32 NAVDAT 60 33.1511 -110.0506 -9.1 -9.5 72.3
C31 NAVDAT 60 32.7486 -110.4806 -4.9 -3.7 73.7
C22 NAVDAT 62 32.7417 -110.4792 -5.2 -4.1 68.6
CK1 NAVDAT 64 34.2075 -112.3369 -10.8 -11.8 66.9
R42 NAVDAT 64 33.1806 -111.0583 -9.6 -10.2 68.6
R2a7 NAVDAT 64 33.0694 -111.0820 -9.9 -10.5 75.1
R21 NAVDAT 65 33.0506 -110.0631 -6.0 -5.2 68.9
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coverted Ep_Hft(t)
SAMPLE ID Source AGE LAT LONG Ep_Nd(t) SiO2
T43 NAVDAT 66 31.6550 -110.0264 -7.2 -6.8 78.1
SF21 NAVDAT 69 32.9336 -109.6195 -4.5 -3.1 63.2
R1a4 NAVDAT 70 33.1592 -110.9028 -6.1 -5.4 58.9
CH14 NAVDAT 70 33.0653 -110.7264 -6.3 -5.6 61.9
CH11 NAVDAT 70 33.0803 -110.7186 -6.3 -5.6 66.8
R1a2 NAVDAT 70 33.1508 -110.8936 -7.0 -6.6 67.4
R11 NAVDAT 72 33.1333 -110.9992 -9.6 -10.1 58.0
D11 NAVDAT 72 34.8242 -113.7378 -12.2 -13.7 61.9
CB41 NAVDAT 72 34.4928 -112.5844 -9.2 -9.5 65.3
CB31 NAVDAT 72 34.4914 -112.5831 -9.3 -9.7 66.4
B61 NAVDAT 72 34.5883 -113.2078 -12.1 -13.5 69.9
D31 NAVDAT 72 34.8386 -113.7669 -13.7 -15.7 70.7
T32 NAVDAT 72 31.6833 -110.0833 -7.5 -7.3 71.7
B51 NAVDAT 73 34.5881 -113.2142 -11.2 -12.3 66.1
CB11 NAVDAT 74 34.4956 -112.5919 -13.5 -15.4 52.9
CB23 NAVDAT 74 34.4928 -112.5781 -10.3 -11.0 68.2
SF17 NAVDAT 75 32.9556 -109.6208 0.6 3.8 58.6
C13 NAVDAT 75 32.7706 -110.4828 -1.6 0.7 59.7
B42 NAVDAT 75 34.5683 -113.2303 -10.8 -11.7 65.2
C12 NAVDAT 75 32.1044 -110.4778 -2.5 -0.4 79.4
CH1 NAVDAT 76 33.0669 -110.7258 -0.2 2.6 48.6
T11 NAVDAT 76 31.6250 -110.1708 -3.9 -2.3 53.2
T22 NAVDAT 76 31.6194 -110.1667 -6.9 -6.4 64.8
T21 NAVDAT 76 31.7333 -110.1083 -6.5 -5.9 66.6
T2a5 NAVDAT 76 31.6917 -110.0833 -7.2 -6.8 71.5
B33 NAVDAT 77 34.5989 -113.1117 -12.3 -13.8 59.1
B3a1 NAVDAT 77 34.5839 -113.2036 -10.2 -10.9 66.6
B3b1 NAVDAT 78 34.5711 -113.2458 -9.9 -10.5 66.3
B22 NAVDAT 78 34.5694 -113.2375 -11.2 -12.2 76.1
PC-35 PC35-P NAVDAT 110 34.9194 -118.7961 1.0 4.4 79.4
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converted to del18O_zircon
sample Source Latitude long del18O material Age (Ma)
TROP-1 Glazner_Oneil_1989 34 -118.17 11.5 qtz 9.2 20
TROP-2 Glazner_Oneil_1989 34 -118.17 10.8 qtz 8.5 20
A7-2 Glazner_Oneil_1989 34 -117.93 10.4 qtz 8.1 20
KRMR-3 Glazner_Oneil_1989 34 -117.47 11.4 plag 10.4 20
OPAL-2 Glazner_Oneil_1989 34 -117.17 9 plag 8 20
OPAL-4 Glazner_Oneil_1989 34 -117.17 9.7 plag 8.7 20
BARS-2 Glazner_Oneil_1989 34 -116.89 9.6 plag 8.6 20
A4-2 Glazner_Oneil_1989 34 -116.67 10.3 plag 9.3 20
82-25 Glazner_Oneil_1989 34 -116.32 10.2 plag 9.2 20
42982 Glazner_Oneil_1989 34 -116.23 9.2 plag 8.2 20
SODA-2 Glazner_Oneil_1989 34 -116.2 8.4 plag 7.4 20
LUDL-D Glazner_Oneil_1989 34 -116.2 8.7 plag 7.7 20
LVHL-2 Glazner_Oneil_1989 34 -115.96 9.4 plag 8.4 20
MARB-2 Glazner_Oneil_1989 34 -115.64 9.3 plag 8.3 20
12018503 Glazner_Oneil_1989 34 -115.38 7.4 san 5.95 20
PF-9 Glazner_Oneil_1989 34 -115.38 7.4 san 5.95 20
T2 Glazner_Oneil_1989 34 -115.38 7.5 san 6.05 20
CS-138-T Glazner_Oneil_1989 34 -115.07 7 san 5.55 20
CS-62-T Glazner_Oneil_1989 34 -115.07 7.6 san 6.15 20
JP84TM-127 Glazner_Oneil_1989 34 -114.76 7.9 plag 6.9 20
RT83TM-99 Glazner_Oneil_1989 34 -114.76 6.9 plag 5.9 20
RT83TM-100 Glazner_Oneil_1989 34 -114.76 7.1 plag 6.1 20
PST Glazner_Oneil_1989 34 -114.35 7.9 san 6.45 20
S45 Lackey et al., 2005 34.89222 -118.91 6.9 zircon 6.9 105
S36 Lackey et al., 2005 34.90833 -118.72 6.32 zircon 6.32 113
S40 Lackey et al., 2005 34.90833 -118.79 7.88 zircon 7.88 115
S44 Lackey et al., 2005 34.91306 -118.92 7.45 zircon 7.45 101
S42 Lackey et al., 2005 34.91639 -118.79 7.9 zircon 7.9 112
S43 Lackey et al., 2005 34.91639 -118.91 6.63 zircon 6.63 115
S41 Lackey et al., 2005 34.91944 -118.8 7.79 zircon 7.79 110
S35 Lackey et al., 2005 34.92528 -118.68 7.89 zircon 7.89 117
S39 Lackey et al., 2005 34.92778 -118.8 6.99 zircon 6.99 117
S38 Lackey et al., 2005 34.93694 -118.82 8.03 zircon 8.03 113
S37 Lackey et al., 2005 34.94139 -118.83 7.92 zircon 7.92 114
S34 Lackey et al., 2005 34.94389 -118.66 7.43 zircon 7.43 113
S20 Lackey et al., 2005 34.95833 -118.49 7.9 zircon 7.9 117
S33 Lackey et al., 2005 34.97417 -118.73 6.98 zircon 6.98 102
S32 Lackey et al., 2005 34.98306 -118.72 7.11 zircon 7.11 102
S31 Lackey et al., 2005 34.98444 -118.72 6.78 zircon 6.78 115
S28 Lackey et al., 2005 34.99083 -118.54 7.15 zircon 7.15 102
S30 Lackey et al., 2005 34.99194 -118.73 6.77 zircon 6.77 115
S29 Lackey et al., 2005 35.02444 -118.71 7.85 zircon 7.85 117
S18 Lackey et al., 2005 35.03194 -118.48 7.99 zircon 7.99 101
S27 Lackey et al., 2005 35.04083 -118.57 7.77 zircon 7.77 100
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converted to del18O_zircon
sample Source Latitude long del18O material Age (Ma)
S17 Lackey et al., 2005 35.05 -118.51 7.95 zircon 7.95 97
S16 Lackey et al., 2005 35.05306 -118.41 7.91 zircon 7.91 90
S15 Lackey et al., 2005 35.07694 -118.5 7.77 zircon 7.77 105
S14 Lackey et al., 2005 35.08389 -118.46 9.54 zircon 9.54 96
S13 Lackey et al., 2005 35.09306 -118.46 8.61 zircon 8.61 95
S12 Lackey et al., 2005 35.095 -118.47 9.06 zircon 9.06 81
S11 Lackey et al., 2005 35.09611 -118.47 8.56 zircon 8.56 93
S25 Lackey et al., 2005 35.125 -118.72 7.67 zircon 7.67 115
S26 Lackey et al., 2005 35.13972 -118.62 7.83 zircon 7.83 100
S24 Lackey et al., 2005 35.18389 -118.65 7.71 zircon 7.71 100
S23 Lackey et al., 2005 35.21056 -118.66 7.28 zircon 7.28 101
S10 Lackey et al., 2005 35.21833 -118.46 9.41 zircon 9.41 90
S19 Lackey et al., 2005 35.22444 -118.48 8.42 zircon 8.42 97
S21 Lackey et al., 2005 35.22833 -118.5 7.36 zircon 7.36 98
S22 Lackey et al., 2005 35.22972 -118.49 7.37 zircon 7.37 97
S9 Lackey et al., 2005 35.44694 -118.38 8.18 zircon 8.18 95
S6 Lackey et al., 2005 35.57694 -118.42 8.5 zircon 8.5 105
S7 Lackey et al., 2005 35.58806 -118.3 8.88 zircon 8.88 98
S8 Lackey et al., 2005 35.62111 -118.34 9.21 zircon 9.21 100
S5 Lackey et al., 2005 35.65694 -118.48 7.66 zircon 7.66 90
S4 Lackey et al., 2005 35.67694 -118.36 7.8 zircon 7.8 98
S3 Lackey et al., 2005 35.83 -118.44 7.94 zircon 7.94 101
S2 Lackey et al., 2005 35.85389 -118.44 8.21 zircon 8.21 85
S1 Lackey et al., 2005 35.88194 -118.45 7.95 zircon 7.95 83
A-1 Glazner_etal_1991 34.5458 -115.79 6.7 WR 6.2 0.1
A-6 Glazner_etal_1991 34.5448 -115.79 6.5 WR 6 0.1
A-9 Glazner_etal_1991 34.5449 -115.79 6.6 WR 6.1 0.1
A-12 Glazner_etal_1991 34.5454 -115.79 6.4 WR 5.9 0.1
A-14 Glazner_etal_1991 34.5433 -115.79 6.4 WR 5.9 0.1
A-15 Glazner_etal_1991 34.5424 -115.79 6.4 WR 5.9 0.1
A-19 Glazner_etal_1991 34.5447 -115.79 6.5 WR 6 0.1
A-22 Glazner_etal_1991 34.5459 -115.79 6.6 WR 6.1 0.1
A-25 Glazner_etal_1991 34.5419 -115.8 6.7 WR 6.2 0.1
A-28 Glazner_etal_1991 34.5517 -115.8 6.2 WR 5.7 0.1
P-11 Glazner_etal_1991 34.7449 -116.37 6.5 WR 6 0.0375
P-12 Glazner_etal_1991 34.7433 -116.37 6.4 WR 5.9 0.0375
P-19 Glazner_etal_1991 34.7416 -116.37 6.1 WR 5.6 0.0375
P-21 Glazner_etal_1991 34.7416 -116.37 6.2 WR 5.7 0.0375
P-22 Glazner_etal_1991 34.7445 -116.37 6.7 WR 6.2 0.0375
P-24 Glazner_etal_1991 34.7465 -116.37 6.3 WR 5.8 0.0375
P-28 Glazner_etal_1991 34.7491 -116.37 6.7 WR 6.2 0.0375
P-31 Glazner_etal_1991 34.7492 -116.39 6.3 WR 5.8 0.0375
P-35 Glazner_etal_1991 34.7552 -116.44 6.4 WR 5.9 0.0375
GR-036-WR Young_etal_1992 34.858 -115.75 6.5 WR 5.8 155
GR-035 Young_etal_1992 34.858 -115.75 7 WR 6.3 155
GR-032 Young_etal_1992 34.858 -115.75 7.3 WR 6.6 155
GR-022 Young_etal_1992 34.858 -115.75 7.1 WR 6.4 155
GR-016 Young_etal_1992 34.858 -115.75 7.1 WR 6.4 155
GR-006 Young_etal_1992 34.844 -115.74 7.6 WR 6.9 155
GR-002 Young_etal_1992 34.832 -115.66 5.7 WR 5 155
GR-009 Young_etal_1992 34.858 -115.75 7 WR 6.3 155
BR-001 Young_etal_1992 34.613 -115.7 5.3 WR 4.6 155
BR-002 Young_etal_1992 34.613 -115.7 5.8 WR 5.1 155
GR-036-P1 Young_etal_1992 34.858 -115.75 6.6 WR 6.1 155
GR-036-HbF Young_etal_1992 34.858 -115.75 5.9 WR 5.4 155
GR-036-Qtz Young_etal_1992 34.858 -115.75 9.4 WR 7.1 155
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Abstract 

 A database containing previously published geochronologic, geochemical, and isotopic 

data on Mesozoic to Quaternary igneous rocks in the Himalayan-Tibetan orogenic system is 

presented.  The database is intended to serve as a repository for new and existing igneous rock 

data and is publicly accessible through a web-based platform that includes an interactive map 

and data table interface with search, filtering, and download options.  To illustrate the utility of 

the database, the age, location, and εHft composition of magmatism from the central Gangdese 

batholith in the southern Lhasa terrane are compared.  The data identify three high-flux events, 

which peak at 93 Ma, 50 Ma, and 15 Ma.  They are characterized by inboard arc migration and a 

temporal and spatial shift to more evolved isotopic compositions. 

 

Introduction 

 The Himalayan-Tibetan orogenic system is the archetype for Cenozoic to present 

continental collision, the development of large orogenic plateaus, and for collision-related ore 



742 
 

deposits (Yin and Harrison, 2000).  When combined with other geologic information, the age, 

composition, and trace element and isotope geochemistry of igneous rocks from the Himalayan 

orogen and Tibetan Plateau provide insight into the tectonics and geodynamics of India-Asia 

collision (Yin, 2006; 2010).  Classic tectonic problems/processes that rely upon the igneous rock 

record in the India-Asia collision include: 1) convective removal of the continental mantle 

lithosphere (Turner et al, 1993; 1996; Platt and England, 1994), 2) subduction of Indian 

continental lower crust and mantle lithosphere (Powell, 1986; Ding et al., 2003; DeCelles et al., 

2002; Owens and Zandt, 2007), 3) intracontinental subduction of continental lithosphere (Deng, 

1989; Arnaud et al., 1992; Roger et al., 2000; Tapponnier et al., 2001; Wang et al., 2001), 4) 

oceanic slab roll-back during closure of the Neo-Tethys ocean (Yin et al., 1994), 5) oceanic slab 

break-off following continental collision (Yin and Harrison, 2000; Xu et al., 2008; Lee et al., 

2009), 6) crustal anataxis (Chung et al., 2003; Wang et al., 2005; Hou et al., 2012), 7) 

gravitational collapse (Burchfield and Royden, 1985; Dewey, 1988; Harrison et al., 1992; Kapp 

and Guynn, 2004), and 8) lower crustal flow (Royden et al., 1997; Grujic et al., 2002; Lee and 

Whitehouse, 2007) among many others. 

 This database is an effort to centralize Tibetan geochronologic, geochemical, and isotopic 

data for the Earth science community and has grown out of numerous ad hoc databases that we 

and others have created to examine specific phenomena or processes (e.g., Chung et al., 2009; 

Yin et al., 2010; DeCelles et al., 2011; Zhu et al., 2011; Chapman et al., 2017).  Data from the 

Himalayan orogen and Tibetan Plateau have proliferated rapidly since the advent of LA-ICP-MS 

zircon U-Pb and zircon Lu-Hf isotopic analyses.  The database is inspired by other widely-

utilized igneous rock databases that focus on a specific area or orogenic system, including the 

North American volcanic and intrusive rock database (NAVDAT; http://www.navdat.org) and 
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the Central Andes geochemical GPS database (Mamani et al., 2010; http://andes.gzg.geo.uni-

goettingen.de), both of which examine Mesozoic to recent magmatism.   

 

 

Database 

 The data are contained in a Google Sheets™ web-based spreadsheet that is read by a web 

application, Awesome Table (https://awesome-table.com), where the data are reformatted and 

organized, before being embedded into a host website.  Online access to the Tibetan magmatism 

database is currently available at: http://www.jaychapman.org/tibet-magmatism-database.html 

and is optimized for most major internet browsers.  The layout of the online interface contains an 

interactive data table, map, and a series of filters (Fig. 1).   

 The map view is linked to Google Maps™ and has the same features as Google Maps™ 

including road, terrain, and satellite imagery basemaps.  Upon loading, the map view shows 

several circles of different colors (Fig. 1).  The number in each circle is the number of samples in 

the region covered by that circle.  By zooming in or selecting a circle, the samples within that 

area appear.  Selecting a sample location will bring up an information box in map view and 

highlight the sample information in the data table (Fig. 1).  Included in the information box is a 

reference with a hyperlink to the online data source, usually a journal article.   

 Below the map view is a search bar for sample names and a series of filters that can be 

manipulated by clicking and dragging the endpoints (Fig. 1).  Clicking the left endpoint once is 

equivalent with a “not null” filter and will bring up all samples that contain the type of data 

specific to that filter.  For example, clicking once on the left end-point on the “Age” filter will 

load all samples with age information.  Changes to the filters are reflected in the map view and 
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data table.  The number of samples that meet the filter criteria is shown at the top-left and 

bottom-left of the data table (Fig. 1). 

 The data table displays up to five samples at a time and additional samples can be viewed 

by clicking the left or right arrows at the top-right or bottom-right of the data table (Fig. 1).  Data 

can be ordered in ascending or descending values by selecting a column header.  Selecting a 

sample in the data table brings up the location and information box for that sample in the map 

view.  Filtered data can be downloaded as a comma-separated values (csv) file by selecting the 

down arrow at the bottom left of the data table (Fig. 1).   

 

Data 

 All samples are igneous rocks and data come from sources that have been peer-reviewed.  

Unpublished data are excluded.  A table of references to the original data source is available in 

Microsoft Excel™ format by selecting the “Reference Table” button at the bottom right of the 

website (Fig. 1).  In general, samples with no geographic location information are excluded.  In 

cases where sample locations were only presented on a map in the data source, the map was 

georeferenced and sample locations estimated.  Locations are recorded in decimal degree format 

(°N latitude and °E longitude) using the WGS 84 reference coordinate system. 

 Sample ages are crystallization ages (in Ma) and based on the mean or “interpreted” age 

reported in the data source.  Age uncertainties are reported as provided in the data source and are 

not always provided at the 2σ level.  Age data come from a variety of geochronologic methods, 

but are mainly zircon U-Pb data.  Commonly, many samples are geochemically analyzed from a 

single location or igneous body, but only a few samples are dated.  In these cases, an 
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approximate age is assigned to each sample, however, no age uncertainty is assigned in the 

database.  Only Mesozoic and Cenozoic samples are presently included in the database. 

 Major elements are reported in wt. % and trace elements are reported in ppm.  Where 

applicable, trace element normalization values are from McDonough and Sun (1995).  All 

radiogenic isotope ratios are reported at the time of crystallization.  Lu-Hf and Sm-Nd isotopic 

data are reported using epsilon notation.  For normalization, εNdt and εHft values are reported 

using present-day 143Nd/144NdCHUR = 0.512638 and 176Hf/177HfCHUR = 0.28286 (Faure and 

Mensing, 2005).  87Sr/86Sri and εNdt are whole rock values and are reported as presented in the 

data source.  εHft and δ18O (in ‰) are commonly measured in zircon extracted from the rock 

sample.  δ18O values may include whole rock and mineral analyses other than zircon (e.g., 

quartz) and may involve differing normalization schemes.  δ18O data are presented chiefly to 

help quickly identify studies that analyzed oxygen isotopes in any material.  Some εHft values 

are from whole rock analyses, however, there is only minor Hf isotope fractionation between 

zircon and the parent whole rock (Kinny and Maas, 2003).  “Interpreted” δ18O and εHft values 

are reported if presented in the data source, otherwise an unweighted mean from multiple single 

analyses (e.g., zircon analyses) is reported.   

 Data coverage is uneven and influenced by sampling bias.  For example, the region 

surrounding Lhasa (city) represents ~15% of the total dataset.  Near Lhasa, and in other places, 

data were preferentially generated from regions with recognized ore deposits.  Other regions, 

such as the northern and northeastern Tibetan Plateau, are under sampled.  The majority of data 

from the Himalaya are associated with leucogranite in the Greater Himalayan sequence and 

northern Himalayan gneiss domes (Yin, 2006).   
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Example Application 

 To demonstrate the scientific usefulness of the database, samples from the central (85 to 

95° E longitude) Gangdese batholith in the southern Lhasa terrane are plotted (Fig. 2).  The data 

identify three high-flux events (HFE) that peak at 93 Ma, 50 Ma, and 15 Ma, consistent with 

previous data compilations from the Gangdese arc (Ji et al., 2009; Zhu et al., 2011).  Although 

periodic HFE are present in almost all magmatic arcs, the primary mechanisms responsible for 

HFE are still debated (Ducea et al., 2015).  The 93 Ma event precedes India-Asia collision and 

has been attributed to ridge subduction or roll-back of the Neo-Tethyan oceanic slab (Kapp et al., 

2007; Zhang et al., 2010).  The 50 Ma event has been attributed to break-off of the subducted 

Neo-Tethyan oceanic slab after initial India-Asia collision (Yin and Harrison, 2000; Zhu et al., 

2015).  The 15 Ma event has been attributed to delamination of Asian mantle lithosphere 

concomitant with and perhaps accelerated by underthrusting of Indian lithosphere (Chung et al., 

2009; Sundell et al., 2013).   

 Each HFE is characterized by broadening or inboard migration of magmatism (Fig. 2A).  

The inboard migration of magmatism is also associated with an inboard decrease in εHft (Fig. 

2B), which has been interpreted to reflect a spatial change from asthenospheric to lithospheric 

mantle melt source regions (Chapman et al., 2017).  HFE are commonly associated with 

temporal isotopic “pull-downs” to more evolved compositions (DeCelles et al., 2009).  The data 

from the Gangdese arc suggests that these pull-downs may also be associated with arc migration 

(Fig. 2B).   

 The northward younging trend of <20 Ma magmatism in the Gangdese batholith and 

complete shut-off of the Gangdese arc by ~8 Ma (dashed arrow; Fig. 2A) is consistent with 

underthrusting of Indian lithosphere following break off of Indian continental lithosphere in the 
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early Miocene (Chemenda et al., 2000; Replumaz et al., 2010; DeCelles et al., 2011).  The 10-20 

Ma trend in Fig. 2B indicates a more isotopically evolved source north of the Indus-Yarlung 

suture zone compared to magmatism >50 Ma.  The 10-20 Ma trend may be related a greater 

component of lower crustal melting, metasomatization of the Asian mantle lithosphere by 

melting/devolatilization of the underthrust Indian lithosphere (Ding et al., 2003), and/or 

southward viscous entrainment of isotopically evolved Northern Lhasa terrane mantle 

lithosphere with the subducting Indian plate (Kelly et al., 2016). 

 

Conclusions 

 Geochronologic, geochemical, and isotopic data on Mesozoic to recent igneous rocks 

from the Himalayan-Tibetan orogen and the Tibetan Plateau region are compiled in a web-based 

database.  An online interface to easily explore, filter, and download the data contained in the 

database has been created and made publically accessible.  Magmatic rock data is particular 

powerful in the aggregate and the database is anticipated to help generate and test hypotheses.  

Data from the Gangdese batholith in the southern Lhasa terrane was compiled as an example of 

how the database may be utilized.  The compilation identifies three HFE (93 Ma, 50 Ma, and 15 

Ma) that occur before, during, and after initial India-Asia collision.  Despite the varied tectonic 

environments, each HFE is characterized by northward migration of magmatism and more 

evolved isotopic compositions of magmatism located farther north from the Indus-Yarlung 

suture zone.  The 15 Ma HFE is characterized by a northward younging trend and a more 

isotopically evolved melt source region in the northern Gangdese batholith that may be related to 

underthrusting of Indian lithosphere and delamination or convective removal of Asian 

continental lithosphere. 
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Figures 
 

 
 
Figure 1: 
Screenshot of the online interface for the Tibetan magmatism database.  Major features and 
functions are labeled. 
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Figure 2: 
A) Mid-Cretaceous and younger igneous rock ages (circles; uncertainties not shown for clarity) 
from the central Gangdese batholith plotted against sample location, shown as distance ~North of 
the Indus-Yarlung suture zone (IYSZ), measured perpendicular to the trend of the suture zone.  
Also shown is a histogram and kernel density estimate (KDE) for the age of the samples.  Panel 
A shows that the location of magmatism broadened or migrated inboard (North) during major 
flare-up or high flux events (HFE).  There is also a prominent northward younging trend of 
magmatism between 20 and 8 Ma.  B) A subset of data from panel A that have εNdt or εHft 
isotopic information available (uncertainties not shown for clarity) plotted against sample 
location.  Both whole rock εNdt and zircon εHft data are shown, with εNdt converted to εHft 
using the terrestrial array of Vervoort et al. (1999).  Spatial isotopic trends are labelled by HFE. 
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