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Tibetan Magmatism Database

James B. Chapman1 and Paul Kapp1

1Department of Geosciences, University of Arizona, Tucson, AZ, USA

Abstract A database containing previously published geochronologic, geochemical, and isotopic data
on Mesozoic to Quaternary igneous rocks in the Himalayan-Tibetan orogenic system are 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 EHft

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, 50, and 15 Ma. They are characterized
by inboard arc migration and a temporal and spatial shift to more evolved isotopic compositions.

Plain Language Summary A new database with a web-based interface is presented that contains
compiled geochronologic, geochemical, and isotopic data on igneous rocks in the Himalaya-Tibetan orogen.

1. 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 deposits (Yin & Harrison, 2000). When
combined with other geologic information, the age, composition, and trace element and isotope geochem-
istry 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 (Platt & England, 1994; Turner et al., 1993, 1996), (2) subduction of Indian continental
lower crust and mantle lithosphere (DeCelles et al., 2002; Ding et al., 2003; Owens & Zandt, 1997; Powell,
1986), (3) intracontinental subduction of continental lithosphere (Arnaud et al., 1992; Deng, 1989; 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 (Lee et al., 2009; Xu
et al., 2008; Yin & Harrison, 2000), (6) crustal anataxis (Chung et al., 2003; Hou et al., 2012; Wang et al., 2005),
(7) gravitational collapse (Burchfiel & Royden, 1985; Dewey et al., 1988; Harrison et al., 1992; Kapp & Guynn,
2004), and (8) lower crustal flow (Grujic et al., 2002; Lee & Whitehouse, 2007; Royden et al., 1997), 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., Chapman et al., 2017; Chung et al., 2009; DeCelles et al.,
2011; Yin, 2010; Zhu et al., 2011). 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
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.

2. Database

The data are contained in a Google SheetsTM 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
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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
(Figure 1).

The map view is linked to Google MapsTM and has the same features as Google MapsTM, including road, ter-
rain, and satellite imagery basemaps. Upon loading, the map view shows several circles of different colors
(Figure 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
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Figure 1. Screenshot of the online interface for the Tibetan magmatism database. Major features and functions are labeled.
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up an information box in map view and highlight the sample information in the data table (Figure 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 (Figure 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, click-
ing once on the left endpoint on the ‘‘Age’’ filter will load all samples with age information. Changes to the
filters are reflected in the map view and data table. The number of samples that meet the filter criteria is
shown at the top left and bottom left of the data table (Figure 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 (Figure 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 loca-
tion 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 (Figure 1).

3. 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 ExcelTM format by
selecting the ‘‘Reference Table’’ button at the bottom right of the website (Figure 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 (8N latitude and 8E 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 2r
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 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 ele-
ment 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 nor-
malization, ENdt and EHft values are reported using present-day 143Nd/144NdCHUR 5 0.512638 and
176Hf/177HfCHUR 5 0.28286 (Faure & Mensing, 2005). 87Sr/86Sri and ENdt are whole rock values and are
reported as presented in the data source. EHft and d18O (in &) are commonly measured in zircon extracted
from the rock sample. d18O values may include whole rock and mineral analyses other than zircon (e.g.,
quartz) and may involve differing normalization schemes. d18O data are presented chiefly to help quickly
identify studies that analyzed oxygen isotopes in any material. Some EHft values are from whole rock analy-
ses, however, there is only minor Hf isotope fractionation between zircon and the parent whole rock (Kinny
& Maas, 2003). ‘‘Interpreted’’ d18O and EHft 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 data set. 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).

4. Example Application

To demonstrate the scientific usefulness of the database, samples from the central (858E–958E longitude)
Gangdese batholith in the southern Lhasa terrane are plotted (Figure 2). The data identify three high-flux
events (HFE) that peak at 93, 50, and 15 Ma, consistent with previous data compilations from the Gangdese
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arc (Ji et al., 2009; Zhu et al., 2011). Although periodic HFE are present in almost all magmatic arcs, the pri-
mary 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 sub-
ducted Neo-Tethyan oceanic slab after initial India-Asia collision (Yin & Harrison, 2000; Zhu et al., 2011). The
15 Ma event has been attributed to delamination of Asian mantle lithosphere concomitant with and per-
haps 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 (Figure 2a). The inboard
migration of magmatism is also associated with an inboard decrease in EHft (Figure 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 (Figure 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; Figure 2a) is consistent with underthrusting of Indian litho-
sphere following break off of Indian continental lithosphere in the early Miocene (Chemenda et al., 2000;
DeCelles et al., 2011; Replumaz et al., 2010). The 10–20 Ma trend in Figure 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).

5. 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 publi-
cally accessible. Magmatic rock data are particularly powerful in the aggregate, and the database is antici-
pated to help generate and test hypotheses. Data from the Gangdese batholith in the southern Lhasa
terrane were compiled as an example of how the database may be utilized. The compilation identifies three
HFE (93, 50, and 15 Ma) that occur before, during, and after initial India-Asia collision. Despite the varied
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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 sam-
ple 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 histo-
gram and kernel density estimate (KDE) for the age of the samples. Figure 2a 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 Figure 2a that have ENdt or EHft isotopic information available (uncertainties not shown for clarity) plotted against sample location. Both whole rock ENdt

and zircon EHft data are shown, with ENdt converted to EHft using the terrestrial array of Vervoort et al. (1999). Spatial isotopic trends are labeled by HFE.
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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 delamina-
tion or convective removal of Asian continental lithosphere.
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