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Abstract 

The Guerrero terrane of western Mexico is characterized by an Upper Jurassic

Lower Cretaceous volcanic-sedimentary sequence of arc affinity. The arc assemblage 

rests unconformably on partially metamorphosed rocks of possible Triassic-Jurassic age. 

These "basement units," the Arteaga and Placeres Complexes and the Zacatecas 

Formation, are composed of deformed turbidites, basalts, volcanic-derived graywackes, 

and blocks of chert and limestone. 

Sandstones from the basement units are mostly quartzitic and have a recycled 
orogen - subduction complex provenance. They have negative ENdi (-5 to -7), model Nd 

ages of 1.3 Ga., and enrichment in light REE, indicating that they were supplied from an 

evolved continental crust. The volcanic graywackes are derived from juvenile 

sources.(depleted in LREE and ENd= +6), though they represent a small volume of 

sediments. Primary sources for these turbidites might be the Grenville belt or NW South 

America. Basement rocks in western North America are not suitable sources because they 

are more isotopically evolved. Igneous rocks from the basement units are of MORB 

affinity (depleted LREE and ENdi= + 10 to +6). 

The Jurassic(?)-Cretaceous arc volcanic rocks have ENdi (+7.9 to +3.9) and REE 

patterns similar to those of evolved intraoceanic island arcs. Sandstones related to the arc 

assemblage are predominantly volcaniclastic. These sediments have positive ENdi values 

(+3 to +6) and REE with IA V-affinity. 

The Guerrero terrane seems to be characterized by two major tectonic 

assemblages. The Triassic-Middle Jurassic "basement assemblage" that corresponds to an 

ocean-floor assemblage with sediments derived from continental sources, and the Late 

Jurassic-Cretaceous arc assemblage formed in an oceanic island arc setting. During the 

Laramide orogeny the arc was placed against nuclear Mexico. Then, the polarity of the 

sedimentation changed from westward to eastward, and sediments derived from the arc

assemblage flooded nuclear Mexico. This process marks the "continentalization" of the 

Guerrero terrane, which on average represents a large addition of juvenile crust to the 

western North American Cordillera during Mesozoic time. 
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INTRODUCTION 

The Ncrth American Cordillera extends into Mexico as a mosaic of 

tectonostratigraphic terranes that constitute up to 80% of the Republic. The largest and 

the youngest of them, the Guerrero terrane, makes up most of western Mexico (Figure 

1.1). This ten'ane was originally defined by Campa and Coney (1983) as a distinct 

assemblage that differs in its evolutionary history with respect to adjacent terranes. It is 

mostly characterized by a submarine arc-related volcanic-sedimentary sequence of Upper 

Jurassic-Cretaceous age (Campa and Coney, 1983). Exposures of older rocks have been 

found in scattered localities. However their internal stratigraphy and contact relationships 

with the arc sequence have not been defined. 

Several tectonic models have been presented for the evolution of the arc 

assemblage. Some authors considered that the arc developed far out in the Pacific Ocean 

and was accreted to nuclear Mexico in late Cretaceous time by the closing of an oceanic 

basin via a subduction system dipping westward (Tardy et al., 1991; 1992). However, 

other authors suggested that the Guerrero terrane might represent a marginal arc (de 

Cserna, 1978; Campa and Ramirez, 1979), that developed relatively close to the 

continent. In general, the tectonic models found in the literature are related to the Late 

Jurassic-Cretaceous evolution of the Guerrero terrane, presenting exclusively preliminary 

reconstruction of the arc-assemblage, without considering the nature of its basement and 

its role in the evolution of western Mexico. 

Geochemical and isotopic studies of volcanic rocks, as well as characterization of 

sedimentary sequences, have been used for interpreting the paleotectonic and 

paleogeographic evolution of some terranes of the North American Cordillera from 

Alaska to southern Mexico (Dickinson, 1992; Dickinson et al., 1983; Yanez et al., 1988, 

etc.). Although many of these terranes are of continental or continental margin character, 

several are of oceanic affinity (Figure 1.1). Those of oceanic affinity are mostly 

characterized by ocean island arc assemblages, continental slope assemblages and ocean

basin related sequences that accreted to nuclear North America at different times. For 

example, Wrangellia and Stikine terranes in the Canadian Cordillera (Figure 1.1) contain 

volcanic rocks and associated sediments that show almost no influence of continent-
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Figure 1.1. Location of the Guerrero terrane and other terranes/assemblages of oceanic/ 

oceanic-arc affinity in North America, Greater Antilles, and South America. 
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derived material (Samson et al., 1990, 1991). This suggests they evolved in intraoceanic 

environments, sedimentologically isolated from continental sources until their accretion 

to North America in mid-Cretaceous time (Samson et al., 1990). Other terranes, however, 

include clastic sequences of recycled continental material, as is indicated by the 

composition and isotopic signature of their sediments (Dickinson, et al., 1979; Ingersoll 

et al., 1986; Yanez et aI., 1988; Nelson and Bentz, 1990; Lynn et al., 1992). 

The purpose of my research is to provide constraints on the paleogeography and 

tectonic evolution of the Guerrero terrane. Detailed mapping of important areas was 

carried out in order to solve specific geological relationships (Figure 1.2). Moreover, 

regional traverses were done in the southern parts of the Guerrero terrane, along with an 

integral compilation of the arc-assemblage stratigraphy, in order to obtain a geological 

framework for geochemical and isotopic analysis. 

Field mapping was designed to establish: 1) the stratigraphic and structural 

characteristics of possible "basement rocks" upon which the arc-assemblage evolved, 2) 

the contact relationships between the arc and older rocks, 3) regional relationships among 

the arc-assemblage units, 4) the timing of deformation, and 5) the tectonic setting. 

The field work was mostly focused on the Zihuatanejo and Huetamo subterranes, 

and the Zacatecas region in the northeastern limit of the terrane (Figure 1.2). Areas with 

major exposures of pre-arc-assemblage units were selected, such as the Arteaga

Tumbiscatio area (Figure 1.2), located close to the Pacific coast, where the Arteaga 

Complex occurs. Other minor outcrops are the Placeres Complex in southern Huetamo 

subterrane, and the Zacatecas Formation at the northeastern margin of the Guerrero 

terrane. Two regional traverses from Taxco to Colima (Figure 1.3) were also carried out. 

Samples of volcanic rocks and sediments were collected from both the basement 

and the arc-assemblage for specific analysis, such as : 1) micro and macro invertebrate 

paleontologic determinations of fossils from the.Arteaga Complex and overlaying arc

assemblage, 2) petrographic modal composition analysis of sandstones, 3) petrographic 

determinations of metamorphic facies, and 4) trace element and Nd isotopic analysis from 

volcanic and sedimentary rocks. The data obtained have been used in order to constrain: 

1) depositional and deformational ages of the main assemblages, 2) the composition of 

the basement of the Guerrero terrane, and its tectonic affinity, 3) provenance of the 
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sediments, distribution of sedimentary patterns, and tectonic implications; and 4) the 

nature of the magmatism and crustal constitution. 

Conclusions derived from this study, which represent a major contribution to the 

understanding of the evolution of the Guerrero terrane and its role in the tectonics of the 

southern North American Cordillera, include: 

1) A previously unrecognized ocean-floor assemblage, that constitutes the basement of 

large areas of the Guerrero terrane. 

2) Evidence of a deformational event prior to the development of the Jurassic-Cretaceous 

arc assemblage. 

3) A different subdivision of the Guerrero terrane from that used in the past (Campa and 

Coney, 1984) into three subterranes: the Zihuatanejo-Huetamo, the Zacatecas subterrane, 

and the Teloloapan subterrane including the Arcelia-Palmar Chico basin assemblage. The 

Guanajuato assemblage is considered as a separate tectonic unit. 

4) The juvenile nature of the crust of large areas of the Guerrero terrane which sets some 

constraints on the crustal growth processes of North America. 

5) The continental influence in the composition of Guerrero sediments through the 

geological history of the terrane. This makes the Guerrero terrane different from other 

terranes of the North American Cordillera, such as Wrangellia, Alexander, or Stikine 

terranes, that have little continent-derived material. 

The results are presented in five main chapters. Chapter one presents the regional 

geology of the arc-assemblage. It includes the geology of the Arteaga-Tumbiscatio region 

which represents one of the most complete stratigraphic columns of the Guerrero terrane, 

and includes large exposures of the arc basement. This chapter also encompasses the 

geology of other areas were the basement units crop out (Placeres and Zacatecas), and a 

discussion of the evolution, paleogeography and regional implications. Chapter two 

contains the results of the geochemical and isotopic analysis of the igneous rocks of the 

Guerrero terrane and a discussion of their origin and tectonic affinity. Chapter three is a 

summary of the results prepared for publication. Chapter four includes a detailed study of 
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the sediments related to both the basement and the arc assemblages. General discussion 

and conclusions of the project are presented in chapter five. 
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CHAPTER 1. REGIONAL GEOLOGY 

The Guerrero terrane, located in the western part of Mexico, was originally 

defined as a distinct tectonostratigraphic terrane that differs in its evolutionary history 

with respect to adjacent terranes (Campa and Coney, 1983). It is characterized by an 

Upper Jurassic (?)-Lower Cretaceous volcano-sedimentary sequence of arc affinity. 

Exposures of older rocks that may represent its basement have been recognized in 

scattered localities (Figure 1.3). The stratigraphy of the Guerrero Terrane has not been 

well determined. Geological mapping is scattered, from isolated areas, and without 

continuity. In this chapter I present a compilation of previous work in the Guerrero 

terrane. In part, this has served as a framework for interpreting the geochemical and 

isotopic results. 

Campa and Coney (1983) subdivided the southern part of the Guerrero terrane 

into three subterranes, Teloloapan, Huetamo and Zihuatanejo (Figure 1.3), based on their 

differences in structural styles, grade of metamorphism and lack of lateral continuity 

among them. The Cretaceous sequence related to the arc assemblage is characterized by a 

complex stratigraphy. Its lithologic units are discontinuous and randomly distributed, 

with rapid facies changes, and with internal minor unconformities. The main lithological 

units are described here by age. The regional relationships and their importance for 

tectonic interpretations are also discussed in this chapter. The data are complemented by 

field work. I have done two regional traverses in the terrane and also investigated some 

important contact relationships. 

1.1. ZIHUAT ANEJO SUBTERRANE 

The Zihuatanejo subterrane is located along the Pacific Coast (Figure 1.3). There 

are three regions where the stratigraphy has been well determined: the Colima region, 

where detailed mapping has been done by PEMEX; the Arteaga-Tumbiscatio region 

described in detail in section 1.2; and the Zihuatanejo region. 
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1.la. The Colima Region 

The stratigraphy of the Colima region was established by Oviedo (1981), Aguayo 

(1983), and others. Although the base of the column is not exposed, the units that crop 

out can be grouped in three main lithologic assemblages. These lithologies have an 

irregular geographic distribution, frequent lateral facies changes, and internal minor 

erosional unconformities. 

Berriasian-A.ptian: The oldest rocks that crop out, or have been cut by drilling, are the 

Lower Cretaceous Tecalitlan, Alberca and Encino Fonnations. They are composed 

mostly of andesitic-basaltic lava flows with some rhyolite, interbedded with pyroclastic 

(intennediate tuffs and ignimbrites) and epiclastic deposits (Figures 1.3 and 1.4). This 

volcaniclastic sequence was deposited mostly in a submarine environment, and records 

the major period of of arc magmatism. Total thickness is unknown, but up to 2400 m 

have been measured from boreholes, without reaching the base (Grajales and Lopez, 

1984). Samples of sediments, lavas and tuff were collected from the Tecalitlan Fonnation 

for petrography, geochemical and isotopic analysis (see chapters 2, 3 and 4). 

Albian-Cenomanian: Apparently, the volcanic activity decreased during Early Albian 

time, and almost ceased by mid-late Albian, as suggested by the stratigraphic record. 

During Late Albian-Cenomanian time, thick calcareous sequences were deposited. One of 

the main fonnations deposited during this period is the Tepalcatepec Formation, made up 

of limestone packets fonning relatively small patches surrounded by lava flows, 

interbedded with some horizons of volcaniclastic and clastic rhythmic deposits, tuff and 

rhyolites, and some evaporites (Figures 1.3 and 1.4) (Grajales and Lopez, 1984). These 

units were deposited mostly in submarine and transitional environments, although some 

subaerial layers have been recorded in southern areas. The subaerial units are made up of 

volcaniclastic rocks with dinosaur footprints and rain drop marks (Ferrusquia et aI., 

1978). The maximum observed thickness is 2250 measured from a bore hole (Grajales 

and Lopez, 1984) 

The Albian-Cenomanian Madrid Fonnation (Grajales and Lopez, 1984) consists 

of limestone, calcareous shale, gypsum, and occasional andesitic flows and tuffs, mostly 

at the base. A bore hole in central Colima State measured up to 3600 m of mostly 

limestone (Figure 1.4) (Grajales and Lopez, 1984). 
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Post-Cenomanian: A conglomeratic unit, formed by limestone fragments, is folded 

together with underlying Cenomanian limestone, and has been considered as Turonian in 

age, based on its stratigraphic position (Figure 1.4) (Parga, 1979). 

l.lh. The Zihuatanejo region 

The Zihuatanejo region (Figure 1.3 and 1.4) also has a well-exposed record of the 

arc stratigraphy. This area was recently mapped in detail by Vidal-Serratos (1991) who 

described the following units. They are described from stratigraphic bottom to top. 

Las OUas complex 

This unit is made up of basalts, interbedded shale and sandstone (quartz-rich 

sandstone), ultramafic bodies, and blocks of metamorphic rocks that show a melange-like 

structure. Blueschist facies were found by Talavera-Mendoza (1993). Geochemical 

compositions of the basalts are typical of oceanic arc magmas (Talavera-Mendoza, 1993; 

chapter 3 this study). Isotopic dating from basic rocks show two sets of ages, Albian 

(112±3, 96.3+2.5) from 40Ar{39 Ar and KlAr, and Oligocene (40 to .33 Ma.) from KlAr 

(Delgado, 1982; Delgado et al., 1990). The unit is highly deformed (broken formation), 

and metamorphosed. The Las Ollas complex is interpreted by Vidal-Serratos (1991) and 

Talavera-Mendoza (1993) as a subduction complex that is composed in some areas by a 

sedimentary matrix and others by serpentine matrix. Talavera-Mendoza (1993) suggested 

that the subduction complex was related to the arc assemblage and was dipping toward 

the east. 

Zihuatanejo Formation 

The Zihuatanejo Formation (Vidal Serratos,1991) is composed of three members: 

The Posquelite member is a poorly sorted matrix:rich conglomerate that forms massive 

horizons of several meters in thickness with no internal gradation. Its sedimentologic 

features suggest that it probably was deposited by auto suspended submarine debris flows 

(Davis, 1983). The Posquelite conglomerate is made up of slightly foliated granite, 

quartz-mica schist, metamorphosed quartz-rich sandstone, gneiss, and massive quartz 

fragments (Figure 1.5). Fragments of meta-sediments and granite were collected for 
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geochemical and isotopic analysis, and are discussed in chapters four and five. The age of 

the sequence is unknown, but it is stratigraphicaly underneath the Ixtapa member of 

Albian age. This unit might be correlative to the Tecalitlan and Alberca Formations in the 

Colima region. 

The !xtapa member is made up of massive limestone, calcareous shale, and calcareous 

autobreccia that contain Albian fossils (Figure 1.4). It is correlative to the Madrid 

Formation in Colima. 

The La Union member is composed of redbeds with interbedded shales, sandstone 

conglomerate and breccia interbedded with andesitic and rhyolitic flows. This unit 

correlates with the Tepalcatepec Formation in Colima. 

In the same area mapped by Vidal-Serratos (1991) in the Zihuatanejo region, I 

observed that large volumes of andesitic lava flows and volcaniclastic rocks underlay the 

limestone beds of the Ixtapa member, and apparently overlay the Posquelite conglomerate 

(Figure 1.4). I suggest that these volcanic rocks probably correlate with the Tecalitlan 

Formation in Colima. 

Scattered outcrops of a rhythmic shale and sandstone are observed in the 

Zihuatanejo region. The age of these sediments and their relationship with the arc 

assemblage have not been determined. However, they seem to be interbedded with the 

volcano-sedimentary rocks of the arc-assemblage. Vidal Serratos (1991) named these 

clastic deposits the Lagunilla Formation. 

The arc related sequence in the Zihuatanejo region is deformed in wide regional 

folds, with some tight minor folding present mainly in less resistant units formed by 

interbedded shale and sandstone. Thickness of the sequence in the Zihuatanejo area has 

not been calculated. Depositional environments in the sequence are mostly shallow 

marine. 



25 

t.tc. The Arteaga-Tumbiscatio Region 

The Arteaga-Tumbiscatio area (Figure 1.2), near the Pacific coast of the State of 

Michoacan comprises one of the most complete stratigraphic columns of the Guerrero 

terrane. It presents large exposures of the basement rocks (Arteaga Complex) of the 

Guerrero terrane and a significant section of the Late Jurassic(?)-Cretaceous arc 

sequence, as well as several granitic intrusions of variable ages that record some of the 

major tectonic events in the evolution of the Guerrero terrane. 

Possible correlative units to the Arteaga complex have been reported in the States 

of Zacatecas and San Luis Potosi (Zacatecas Formation) (Figure 1.2), on the north-eastern 

edge of the Guerrero terrane, and southern Huetamo (Placeres Complex) (Figure 1.2), in 

the State of Guerrero. A short description of these localities, and a discussion of their 

tectonic implications, is included in this section. 

Previous Studies. 

There are no published geological maps or reports on the geology of the Arteaga

Tumbiscatio area. Its regional stratigraphy has been approximately defined by Petroleos 

Mexicanos (PEMEX), the Mexican national oil company, in several internal reports 

(Gutierrez, 1975; and Guzman, 1976, etc.). The metamorphic volcanic-sedimentary 

sequence that crops out in the region was mentioned first by Gutierrez (1975). He 

referred to this sequence as the Arteaga Schist, made up of metamorphosed pelites, 

sandstones and conglomerates. Campa et al. (1982) collected fossils of radiolarians from 

chert interbedded with an unmetamorphosed volcanic-sedimentary sequence in the same 

area, and considered these rocks to be different from the Arteaga Schist described by 

Gutierrez (1975). The fossils were dated as Late Triassic (Ladinian-Carnian) in age 

(Campa et al., 1982). Grajales and L6pez (1984) briefly described the same metamorphic 

sequence as an association of metapelites and meta-sandstones, radiolarites, and pillow 

lavas, and suggested that they might be related to a deep-marine depositional 

environment. The same authors carried out the only isotopic dating (KlAr) available from 

the Arteaga Complex. The field mapping I have carried out revealed that the volcanic

sedimentary sequence mentioned by Campa et al. (1982) and the Arteaga Schist of 

Gutierrez (1975) are the same unit. 
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Some Late Jurassic(?)-Cretaceous arc-related lithologies were described by 

Gutierrez (1975), such as the Playitas Formation, that he considered to be a basal 

conglomerate, and a limestone unit of Albian-Cenomanian age. However, details of the 

stratigraphy, structure and origin of these rocks, as well as the contact relationships with 

the basement rocks were not determined. 

Stratigraphy 

Two main lithologic assemblages have been recognized in the Arteaga 

Tumbiscatio region. The metamorphic volcanic-sedimentary sequence of possible Early 

Mesozoic age, described originally as the Arteaga Schist, and the Late Jurassic(?)

Cretaceous arc-related assemblage. 

I suggest a change of the name Arteaga schist to Arteaga Complex, because of its 

lithological diversity and its complex structure. Although the complex has no direct 

geographic connection with the city of Arteaga (from which the name was taken), I 

considered it important to keep this name, because it has been generally used for referring 

to this sequence. 

The Cretaceous sequence related to the arc assemblage is characterized by a 

complex stratigraphy. These lithologic units are discontinuous, with rapid facies changes, 

and with internal minor unconformities. I divided the arc sequence in a preliminary way 

into four formations: the Agua de los Indios, Barranca, Playitas and Resumidero 

formations that are briefly described here. Cenozoic units cover unconformably the 

Mesozoic rocks, they are mostly red beds, rhyolitic-dacitic flows and dikes, and 

ignimbrites. 

Basement assemblage: The Arteaga Complex 

The Arteaga complex is composed of several lithologic units (Figures 1.5 and 

1.6). The most significant of those is the Varales Formation that constitutes 

approximately 60% of the mapped area, and it is composed almost exclusively of 

terrigenous sediments. The second most abundant unit is the Charapo Formation that is 

made up of basaltic pillow lavas, flows, and aphanitic magmatic bodies (shallow 
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intrusives and dikes?) (Figure 1.5). Minor units are the Jaltomate Formation, Las Juntas 

diorite, Macias meta-granite, and the erratic blocks of limestone and chert (Figures 1.5 

and 1.6). 

Varales Formation 

The Varales Formation is mostly composed of siliciclastic sediments, such as 

black shale, quartz-rich sandstone (Figure 1.7), and some black chert, which are 

occasionally interbedded with scarce packets (some up to 200 meters thick) of green 

metasediments of the Jaltomate Formation (Figures 1.5 and 1.6). 

The shale and sandstone are interbedded, forming a rhythmic sequence (Figure 

1.7). The thickness of the layers is quite variable, from zones with beds 2 cm thick to 

beds up to 2 m (Figure 1.7). The sandstone/shale ratio is also quite variable. Some 

segments of the stratigraphic column are formed exclusively of sandstone (packets up to 

several tens of meters thick), and some are formed exclusively by shale, which is less 

abundant. Coarse-grained sediments are very rare; the scarce conglomerates form small 

lenticular beds. The color of the shale/sandstone sequence varies from iron blue to deep 

gray, with shales mostly black and gray. The sparse chert layers interbedded within this 

clastic sequence are black, thin-bedded layers. 

Sedimentary structures of the Varales Formation are characteristic of distal 

turbidite deposits. Facies B, C and E of Bouma series have been recognized. Normal 

grading stratification is characteristic of the unit. Syn-sedimentary folding is rare, but 

present. Cross stratification (mostly kappa-cross-stratification (Allen, 1963», flute 

marking and discontinuous sandstone layers are common. Autobreccia at the base of the 

sandstone layers originated by turbiditic currents is frequently found. Fossils in the 

Varales Formation are very rare and poorly preserved. Only micro fossils have been 

found, such as radiolarian and foraminifera. However, the deformation and 

recrystallization do not permit identification of the species. Small coal fragments, 

probably derived from plant species, are abundant. Trace fossils, that belong to the 

Cruziana facies (Seilacher, 1967) are also found. Original thickness is unknown, but the 

minimum thickness of the Varales sediments, observed between two paquets of lavas, is 

1500 m approximately. Provenance and composition of the Varales siliciclastics are 

discussed in chapter four. 



31 

Figure 1.7. Interbedded sandstone and shale of the Varales Formation, Arteaga Complex. 

This outcrop is located along the Tumbiscatfo River, about 3 km south of the town of 

Tumbiscatio. In this area, the Varales Formation does not show intense deformation and 

metamorphism. 
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laltomate Formation 

The Jaltomate Formation (Figure 1.5 and 1.6) consists of pelites and very fme 

grained graywackes that stand out from the Varales Formation because of their light 

green color (Figure 1.8). 'These sediments are composed primarily of microcrystalline 

clay-minerals, K-feldspar, plagioclase, calcite and quartz. In addition, the sediments have 

sericite, chlorite, epidote, actinolite and some clinozoisite that are secondary minerals 

related to the regional metamorphism and also the contact metamorphism associated with 

the granitic intrusions. Those minerals are indicative of greenschist to lowest amphibolite 

facies. Bedding is very thin, with occasional thin limestone horizons (Figure 1.9). This 

unit shows zones of intense deformation, with incipient to well developed foliation, 

approximately parallel to stratification. The J altomate Formation forms packets 

intercalated with sediments of the Varales Formation. The contact between those units is 

transitional in places where it is still preserved without shearing, and consists of a narrow 

zone of interbedded black and green sediments (Figure 1.8). The thickness of the 

Jaltomate Formation is variable; because of deformation, it forms isolated blocks from a 

few meters up to tens of meters thick (Figure 1.5). The largest exposure of the Jaltomate 

Formation is located close to the EI Jaltomate ranch (Figure 1.5), where it forms a thick 

unit of approximately 900 m of structural thickness. 

Charapo Formation 

The Charapo formation is made up of basaltic pillow lava flows (Figure 1.10) and 

massive blocks of basalt that could represent either deformed dikes or flows. It crops out 

in the northern area of the Arteaga-Tumbiscatio region (Figure 1.5 and 1.6). Because of 

deformation, the basaltic rocks of the Charapo Formation form blocks or lenses of up to 

100 m thick. Thin sections show a tholeiitic basalt, with fine to medium texture, 

composed of thin crystals of plagioclase and sparse small olivine. Secondary minerals 

related to alteration and metamorphism are chlorite, epidote and leucoxene. Metamorphic 

mineral association are mostly actinolite-tremolite. The geochemical and isotopic 

signature of these volcanic rocks are similar to MORB (see chapter 2). 

The inter-pillow spaces are filled by red-black chert, devitrified glass, or 

occasionally by limestone. Isolated small blocks of massive limestone seem to have some 

relationship with the lavas, since they are sometimes located close to the volcanic layers. 
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Figure 1.8. Contact relationships between the green graywackes and thin-bedded 

limestone of the Jaltomate Formation (green rock on the lower part of the photo), and the 

black shales of the Varales Formation (central area of the photo). The contact has been 

sheared by deformation. However, thin layers of black shale in the graywackes suggest 

that the contact might be originally transitional. The dark green massive rock at the top of 

the picture correspond to a deformed, but unmetamorphosed, dike probably related to the 

Mesozoic magmatism. This picture was taken along the Tumbiscatio River, 200 m north 

of the Jaltomate ranch. 
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Figure 1.9. Close up of the thin-bedded green graywackes of the laltomate Formation. 

Black, thin beds might be shales of the Varales Formation. Photo from the Apo el Viejo 

ranch. 
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Figure 1.10. Pillow lavas of the Charapo Fonnation. Photo from 1 Ian 

north-east of the Charapo ranch. 
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Most of the volcanic bodies show deformed and sheared contacts, and are always 

surrounded by sediments of the Varales Formation. However, there is one exposure of the 

lava flow were the lavas seem to be incorporating part of the sediments, and suggests that 

the volcanic activity was contemporaneous with deposition of the sediments. This 

relationship has not been observed anywhere else. Details on the geochemistry of the 

volcanic rocks are discuss in detail in the Chapter Two. 

Las Juntas diorite 

Las Juntas diorite includes scattered bodies of foliated dioiitic-gabbroic intrusives 

in the northwestern section of the mapped area (Figure 1.5). The largest of those is 

approximately 800 m in diameter and is located in Las Juntas ranch (Figure 1.5). Minor 

blocks of tens of meters thick are exposed in the south-central part of the area (Figure 

1.5). The diorite shows intense deformation and well developed foliation (Figure 1.11). 

The metamorphic mineral assemblage is made up of hornblende, sphene, and tremolite

ferric actinolite, that indicate upper green schist facies. Metamorphism associated with 

hydrothermal activity is seen in some blocks. Whether the Las Juntas diorite intruded the 

Varales Formation or not is still unclear because of the deformation that obliterates the 

original relationships. 

Other lithologies 

Other associated lithologies found in the Arteaga complex are erratic blocks of 

light green chert, limestone, and foliated granite that are not significant in abundance and 

size (Figure 1.5). The chert blocks are distinct from the chert of the Varales Formation 

because of their light green-aquamarine color (Figure 1.12), and form blocks of 

approximately 5 to 50 m diameter, with medium to fin~ bedding. They are folded and 

highly fractured, and some cracks are filled by sandstone from the Varales Formation. 

They contain abundant traces of radiolarians, however poor preservation does not allow 

paleontological determination. Some of the radiolarian ghosts have shapes that seem to be 

characteristic of Mesozoic forms (Davila, pers. com.). 

Large limestone blocks, up to tens of meters in diameter, are sporadically found in 

the sediments of the Varales Formation (Figure 1.5). Considering that the clastics of the 
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Figure 1.11. Foliated diorite of Las Juntas, located close to Las Juntas ranch. 
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Figure 1.12. Photo of one of the light green chert blocks found in the Arteaga complex. 

This chert differs from the chert layers of the Varales Formation because of its light color 

and because it forms medium to thin bedded homogeneous packets. In contrast, the chert 

in the Varales Formation is thin-bedded black chert, intercalated with shales and 

sandstone. This block is located along the Tumbiscatio River. 



44 



45 

Varales fonnation do not contain interbedded limestone or calcareous fragments, it is 

feasible that the limestone blocks represent olistoliths transported from more shallow 

marine levels. The limestone blocks are entirely recrystallized. However, some do 

preserve traces of bedding (medium to thick beds), fossils, and some contain nodules of 

black chert (Figure 1.13). Some have calcareous shale layers. The blocks are distinctive 

because they contain fragments of crinoid stems. The age of the crinoids could not be 

detennined. 

I suggest that the chert and the limestone blocks might be olistoliths since they do 

not show interbedding with other lithologies of the Arteaga Complex, and because they 

are found as isolated bodies surrounded by the siliciclastic sediments of the Varales 

Fonnation. 

An interesting unit in the complex is a foliated two-mica granite that crops out 

north of Las Juntas, in the northeastern part of the area (Figure 1.5). The well developed 

foliation trends parallel to the structures of the Varales Fonnation. The contact with 

Varales Fonnation is sheared, and the granite fonns a block of about 30 m thick. The 

main minerals are biotite and muscovite in a crystalline quartz/feldspar groundmass. 

Other foliated granitic bodies were not found in the area. The peraluminous composition 

of this granite contrasts with the subaluminous nature of the rest of the igneous rocks of 

the Arteaga complex. Grajales and Lopez (1984) obtained a KlAr date of Late Jurassic 

age (158±5 Ma), from this foliated granite, and this age is similar to ages obtained from 

the Tumbiscatio granite that will be described later, and agree with the KlAr dating 

obtained from the metasediments of the Varales Fonnation. The foliation and KlAr

isotopic dating suggest that the intrusion might be either pre- or syn-tectonic and related 

to the first phase of defonnation. 

A~e of the Arteaga Complex 

The age of deposition of the Varales F:onnation is not well constrained. As 

mentioned before, the only paleontological report from the area was made by Campa et 

al. (1982), who found radiolarian fossils of Late Triassic (Ladinian-Carnian) age. The 

authors mentioned that these fossils are very different from North American fonns, and 

are similar to faunas found in Japan. Unfortunately, this discovery was published in an 

abstract, and details on the taxonomy and location of the sample are not available. 
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Figure 1. 13. Limestone with chert nodules that form blocks probably carried by the 

siliciclastic sediments of the Varales Formation from the slope. This block is located 200 

m north of the Tamacuitas Ranch, along the Tumbiscatio River. 
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Apparently the radiolarians reported from the area occur in chert layers that cannot be 

easily correlated with the clastic sediments of the Varales Formation since they seem to 

be included in light-green chert layers (Campa, pers. comm.). 

Scarce K-Ar isotopic data are available from whole-rock and single-mineral 

samples of the meta-pelites of the Arteaga Complex (Grajales and Lopez, 1984). The data 

grouped in three ages: Early-Middle Jurassic, mid-Cretaceous, and Eocene (Figure 1.14), 

where the last two were obtained from samples collected close to granitic plutons, and are 

probably related to thermal effect of those intrusives. The Jurassic whole-rock dates range 

from 194 to 168 Ma, and a sericite-age of 189 Ma has also been reported (Grajales and 

L6pez, 1984; Torres, pers. comm.).The Early-mid Jurassic ages are probably related to 

the deformation and metamorphism of the complex. 

Although limestone with fossils as old as Neocomian are found in the arc 

assemblage in other regions of the Zihuatanejo subterrane (Grajales and L6pez, 1984), the 

oldest units that overlap the Arteaga complex are mid-Cretaceous in age (Aptian-Albian) 

(Figure 1.6). Moreover, the fact that the oldest paleontologic ages reported for the arc

assemblage of the Guerrero terrane are Late Jurassic puts some constraints on the K/Ar 

dates obtained by Grajales and Lopez (1984). 

Based on the information available, it can be suggested that rocks of the Varales 

Formation were probably deposited during Late Triassic-Early Jurassic time, and 

deformed and metamorphosed during Middle-Late Jurassic time. Units older than the 

Arteaga Complex have not been found in the Tumbiscatio-Arteaga region. 

Contact relationships 

Rocks of the arc-assemblage rest unconformably on the Arteaga complex. The 

contact is well exposed in the Agua de los Indios Mesa, where a basal conglomerate, with 

fragments of sandstone from the Varales Formation and volcanic clasts, rests in angular 

unconformity on the Arteaga complex (Figures 1.5 and 1.6). Aptian-Albian EI 

Resumidero limestone and volcanics of the Barranca Formation overlay the Arteaga 

complex in the Playitas anticline and in Resumidero mesa (Figures 1.5 and 1.6). The 

Arteaga Complex is thrust over the arc assemblage in the southeastern part of the mapped 

area (Figure 1.5). The original thickness of the complex has been obscured by folding, 
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Figure 1.14. KI Ar dates of meta-shales from the Varales Formation ofthe 

Arteaga complex. Samples 1 to 4 are the results of whole-rock analysis. 

The age of sample 5 was obtained from micas (sericite). These ages 

apparently correspond to the phase of deformation or to the thermal efects 

of post-tectonic plutons, during Middle Jurassic. Samples 6 to 8 

(whole-rock analysis) show a Late Cretaceous age. These younger ages 

might be related to Cretaceous-Tertiary granitic plutons, since the rocks 

were collected relatively close to those granites (data after Grajales and 

Lopez, 1984). 
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thrusting and shearing, related to two phases of deformation that affected the region. 

Structural thicknesses are up to 2500 meters. 

Structures 

The Arteaga complex is strongly deformed and, in some areas, metamorphosed to 

greenschist facies (Figure 1.15). The complex can be considered, from a structural point 

of view, to be a disrupted assemblage, or "broken formation". The V arales Formation 

shows a hroad variety of styles of deformation, which range from sheared, boudinaged 

(Figure 1.16) and stratigraphically disrupted beds to continuous beds with little structural 

disruption (Figure 1.7). The less deformed rocks are commonly involved in tight chevron 

folding and minor reverse faulting. The boudins in sheared areas are composed of broken 

beds of sandstone or shale. The contact between the Varales Formation and the pillow 

lavas, chert, tuff and limestone units is always sheared. These lithologies form large lens

shaped bodies of tens to hundreds of meters in size that are accompanied by minor 

boudins, from centimeters to tens of meters in size of the same lithology. These minor 

boudins are incorporated into the terrigenous matrix of the Varales Formation close to the 

contact zones. Other lithologies show a wide variety of grades of deformation, sometimes 

higher than surrounding sediments of the Varales Formation, and sometimes the 

deformation is less intense in the block than in the sediments. 

Structures related to at least two phases of deformation are well recorded, such as 

folded foliation, re-folded folds (Figure 1.17), development of a second foliation in 

angular relationship, etc. Preliminary analysis of bedding trends shows two sets (Figure 

1.18), one N 60·-20· W, and N 30· E. Considering that regional trends in the Cretaceous 

rocks are N 70· W to N 80· E, then the N 3D· E trends in Arteaga might be related to the 

fIrst phase of deformation. The Late Cretaceous deformation produced wide folding and 

some secondary thrust faulting in the Arteaga Complex (Figure 1.5). 
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1.15. Shales of the Varales Formation, Arteaga complex, tightly deformed and 

metamorphosed to greenschist facies. Photo from a road exposure in the Las Cruces

Tumbiscatio dirt road, northeastern section of the mapped area. 
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Figure 1.16. Close up of broken sandstone layers that fonned boudinage structures, in 

zome areas of the Varales Fonnation. Photo from the southern part of the map 1.5, along 

the Tumbiscatio River. 
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Figure 1. 17. Refolded folds in the sediments of the Varales Formation, Arteaga complex. 

Surfaces on the axial planes related to the fIrst generation of folds show folded stretching 

lineation (pencil indicates the trendding). 
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Figure 1. 18. Stereonet plot showing poles of bedding and foliation of sediments of the 

Varales Formation (Arteaga complex). The major concentrations correspond to N 60°-20° 

W and N 30° E directions 
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Cretaceous Arc Assemblage 

Agua de los Indios Formation 

The Agua de los Indios formation crops out in the northwestern part of the 

mapped region, in the mesa of the same name (Figure 1.5). It is made up of a basal 

conglomerate about 10 m thick that rests on top of the deformed Varales Formation of the 

Arteaga Complex (Figure 1.6). The sequence continues with a package of interbedded 

shale, thin-bedded calcareous shales, volcanic and arkosic sandstones and reworked tuff 

with abundant limestone nodules. At the top of the sequence there are some thick beds of 

red sandstone, rhyolitic tuff, sparse conglomerate and reworked tuffs that are similar to 

the Playitas Formation. The basal conglomerate is formed by well rounded, medium size 

pebbles of quartz-rich sandstone, derived from the underlying Arteaga Complex. White 

quartz, andesites and tuff pebbles are abundant, and some limestone and black slate and 

schist fragments are present in small amounts. The percentage of sandstone/metamorphic 

pebbles decreases, and volcanic/tuff fragments increases, upward in the column. 

The Agua de los Indios Formation has abundant fossils. They are mostly 

gastropods and bivalves that are characteristic of shallow marine facies. Gastropods of 

the Family Cassiopodae were found mostly at the base of the unit. These fossils belong to 

the species Mesoglauconia (Mesoglauconia) burnsi (Stanton), M. (Triglauconia) 

kleinpelli (Allison), and Gymmentome (Gymmentome) paluxiensis (Stanton), that dated 

the unit as Late Aptian to Early Albian (Vega-Vera, pers. comm.). The lithologies and 

fossil association of the Agua de los Indios Formation are very similar to the San Lucas 

Formation in Huetamo (Pantoja 1959), and to the Tecatithin Formation in Colima 

(Pantoja and Estrada, 1986, Buitron, 1986). 

The unit has been deformed in chevron style folds in the southern part of the Agua 

de los Indios Mesa. Its thickness varies from 20 IIi at the southeastern comer of the mesa 

to 350 m at the northern part. The unit is covered by irregularly shaped andesitic flows of 

the Barranca Formation, or by the Resumidero limestone (Figures 1.5, 1.6 and 1.19). 
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Barranca Formation 

The Barranca Formation is composed of andesitic lava flows, tuff and some 

volcaniclastics. Lava flows are mostly massive, sometimes with a horizon of autobreccia 

at the top of the flow, which suggests subaqueous deposition. Tuff packets can be fine

grained and massive, or may show some lithic fragments. Some layers of heterogeneous 

volcanic breccia are intercalated with the lava flows (Figure 1.20). Those breccias might 

represent cohesive debris flows or lithic tuffs (Cas and Wright, 1989). The breccia shows 

fragments of porphyritic andesite, fine-grained diorite and affanitic andesitelbasaltic 

andesite fragments; the matrix is formed by a cryptocrystalline groundmass (Figure 1.20). 

Scattered aphanitic andesitic-basaltic shallow intrusives and dikes are considered part of 

the Barranca Formation. These intrusive bodies cut the Arteaga Formation and are 

widespead in the mapped region. 

The volcanic rocks of the Barranca Formation are folded with locally present 

incipient foliation and axial-plane cleavage. Massive tuffs and lavas sometimes show 

flow layering and cooling fractures that are folded. Those structures were probably 

produced by the regional Late Cretaceous phase of deformation. It shows some incipient 

foliation in areas close to the Playitas-Jaltomate thrust fault zone. The volcanic packages 

are discontinuous and variable in thickness, from a few meters to approximately 250 m 

thick. The age is unknown, but its close relationship with the Agua de los Indios and 

Resumidero Formations suggest an Aptian-Albian age. The Barranca Formation is 

apparently contemporaneous, and probably correlates with, the Tecalitlan, Tepalcatepec, 

Alberca and Encino-Vallecitos Formations in Colima (Grajales and Lopez, 1984; Pantoja 

and Estrada, 1986). The Barranca Formation magmatism might be contemporaneous to 

some of basaltic lavas and tuffs of the Angao, Rancho Viejo and San Lucas Formations in 

the Huetamo subterrane (Campa and Ramirez, 1979, see section 1.3) and to the 

volcanism of the Villa Ayala Formation in Teloloapan subterrane (Ramirez et al., 1991; 

Guerrero et al., 1991). 

The volcanic rocks of the Barranca formation lie on top of either the Arteaga 

Complex or the Agua de los Indios Formation, and in tectonic contact with the Arteaga 

Complex in the southeastern part of the region (Playitas-Jaltomate thrust fault) (Figures 

1.5 and 1.19). These rocks apparently underlie the Playitas Formation in the southwestern 

comer of the area. 
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Figure 1. 20. Heterogeneous volcanic breccia intercalated with lava flows, both part of 

the Barranca Fonnation. 
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Resumidero Limestone 

The Resumidero limestone groups several packets of carbonate deposits with 

variable thickness that sometimes are laterally discontinuous, but that seem to be 

approximately at the same stratigraphic level. The best outcrops are found in the Agua de 

los Indios Mesa and in El Resumidero range (Figures 1.5 and 1.19). These sedimentary 

rocks are made up of massive limestone with abundant rudists, which form banks and 

preserve original growth positions (rudist reefs). The Resumidero limestone contains 

microfossils of middle-late Albian age in the Agua de los Indios Mesa, where it is 

interbedded with calcareous shales at the top. The shales have Orbitolina (Mesorbitolina) 

texana texana (Roemer, 1876) of lower early Albian age, associated with small bivalves 

and fragments of dinosaur bones. Moreover, Albian-Cenomanian fossils have also been 

found in other outcrops in the area (Grajales and Lopez, 1984). The Resumidero 

limestone can be correlated with the Madrid and Tepalcatepec Formation in Colima 

(Grajales and Lopez, 1984) (Figure 1.3). The calcareous shales that contain abundant 

Orbitolinas have been found in upper levels of the Tecatithin Formation in Cerro de 

Tuxpan Colima (Buitr6n, 1986), at the base of the Encino Formation (Pantoja and 

Estrada, 1986) and at the base of the El Caj6n Formation in Huetamo (Figure 1.23) 

(Pantoja, 1990). 

The Resumidero limestone shows some foliation and recrystallization in the 

southeastern part of the area. This deformation is related to thrusting of the Arteaga 

Complex (Playitas-Jaltomate thrust fault) (Figures 1.5 and 1.19) and to the thermal 

effects of granitic intrusions. Thickness of the limestone is variable, from 10 m to up to 

200 m in some areas. Rocks of the Playitas Formation overlay the Resumidero limestone 

in the Playitas-Jaltomate structure (Figure 1.19). Overlying units have been eroded in 

other localities in the area. 

Playitas Formation 

The Playitas Formation is made up of interbedded conglomerates, sandstone, 

tuffaceous and calcareous shale, with some discontinuous limestone layers (Figures 1.5 , 

1.6, and 1.19). The bedding is sometimes discontinuous, with variable thickness (20 cm 

to 5 m). Conglomerates are formed by well rounded to sub-rounded pebbles of volcanic 
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rocks, vein quartz, quartz-rich sandstone (derived from the Varales Formation), and rarely 

granite clasts. Sandstone is mostly volcanic-arenite and arkose (see chapter 4), and shows 

sparse cross bedding. Those sandstone and conglomerate deposits show a red col }r in 

some areas (secondary iron-oxides matrix replacement). 

Some conglomeratic beds are formed by angular, poorly sorted volcaniclastics. 

The volcanic debris have some irregularly shaped limestone clasts, as if they were 

deformed in a plastic state. I suggest that those volcanic conglomerates might represent 

debris flows or lahars that incorporated some non-lithified limestone deposits formed 

around the volcanic edifices. 

Massive tuffaceous shales vary in thickness from laminae to 10 m thick. They 

have small limestone nodules, and sometimes they include large blocks of limestone, 

which indicate they were deposited in a submarine environment, probably as both air-fall 

deposits and submarine slides. Ignimbrites also occur in this unit. 

Limestone layers (30 cm to 10 m thick), and interbedded thin-layers of calcareous 

shale and sandstone (packets of 10 m thick) are spread as large lenses in the Playitas 

Formation. These sediments contain fragments of rudists, and some microfossils of 

probable mid- to Late Cretaceous age. 

The Playitas sediments apparently rest on top of the Barranca and Resumidero 

formations (Figures 1.5, 1.6, and 1.19). The total thickness of the sequence is unknown, 

although I have measured up to 800 m in the southern part of the area. This formation 

might probably be correlated with the Tepalcatepec and Vallecitos Formation in Colima, 

and with the San Lucas Formation in the Huetamo subterrane (Figures 1.3 and 1.23) 

(Grajales and Lopez, 1984; Pantoja, 1990). 

Structures 

The defOImation of the Cretaceous arc-assemblage involved open folding and 

some thrusting (Figures 1.5 and 1.19). Internally, the sequence presents disharmonic 

deformation, with some chevron folds in less resistant units. The structures trend 

approximately N 500 E (Figures 1.5 and 1.21), except for the Playitas-Jaltomate thrust 

fault that trends almost E-W (Figure 1.5). The rocks along the thrust fault zone show a 

higher grade of deformation, mostly between the fault and the EI Pedregoso pluton that 
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Figure 1. 21. Stereonet showing the poles of bedding and foliation from the arc 

assemblage. Structures trend mostly N 50° E. 
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behaved as a rigid body (Figure 1.5). Around this intrusive, the conglomerates of the 

Playitas Formation show elongated clasts and well developed foliation in tuffs, and the 

Resumidero limestone shows recrystallization and well developed foliation. Other 

important structures are the group of strike slip and normal faults that trend N 200 E and 

cut all the Mesozoic units (Figure 1.5). 

Intrusive Rocks of the Arteaga-Tumbiscatio Region 

Tumbiscatio Granite 

The Tumbiscatio pluton (Figure 1.5) is a coarse-grained granite composed of 

quartz, K-feldspar, oligoclase-andesine, biotite, and muscovite. It intrudes the 

metamorphic rocks of the Complex, which show a zone of contact metamorphism. The 

borders of the pluton do not show foliation or lineation, suggesting that stress conditions 

were not present during emplacement. Internally it shows narrow brittle shear zones that 

might be related to Late Cretaceous deformation. Contact relationships with the arc

assemblage are unknown, because of the lack of exposures of those rocks around the 

batholith. KlAr dating performed by Grajales and Lopez (1984) from biotite shows three 

different ages: two are Early Cretaceous (127+3 and 133±11), and one is Late Jurassic 

(l55±12). These ages together with the contact relationships indicate that the 

emplacement occurred after deformation of the Arteaga Complex. This granitoid is very 

important for constraining the evolution of the area. Its peraluminous composition 

suggest that partial melts from metasedimentary rocks were involved in the magma 

generation. 

EI Pedregoso Granodiorite 

EI Pedregoso pluton is a granodiorite that crops out in the southern part of the 

mapped area, in the EI Pedregoso Ranch. This pluton is composed of quartz, orthoclase

microcline, oligoclase-andesine, quartz, biotite, hornblende, with minor apatite and 

zircon. It is emplaced in the volcano-sedimentary sequence of the Playitas Formation and 

shows a well developed foliation and lineation. Also, the zone of metamorphism and 

deformation in the Playitas Formation is very wide. This suggest the intrusion might have 

occured just before or during a period of regional compressional state of stress. 
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The El P~egoso batholith (Figure 1.5) is of mid-Cretaceous age (Albian), as 

indicated by the U/Pb isotopic dating showing an age of 105 ±3 Ma (Gehrels, pers. 

comm.) (Figure 1.22). This age coincides approximately with the Cerro de la Vieja 

Formation in Colima, and the Cutzamala Formation in Huetamo that are subaerial 

conglomerate deposits, probably related to the first stages of uplift of the region that 

preceded the deformation and consolidation of the terrane. 

The Arteaga Pluton 

The Arteaga pluton (Figure 1.5) was emplaced in the El Pedregoso batholith and 

part of the arc assemblage, and it crops out in Arteaga city in the southeastern corner of 

the mapped area. It can be classified as a granite-granodiorite with some tonalite facies. 

The main mineral components are quartz, feldspar (orthoclase and oligoclase-andesine), 

biotite and horblende. This intrusive cuts the foliation of the El Pedregoso batholith. KlAr 
dates are Eocene (57+2 and 52+4) (Grajales and Lopez, 1984), and indicate that 

emplacement occurred after the last phase of deformation. 
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Figure 1.22, U-Pb concordia diagram showing the results of six analyses of single zircon 

grains from the Pedregoso pluton, southeastern Arteaga-Tumbiscatio region. Ovals 

represent 20- analytical error envelopes (Gehrels, pers. com.) 
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1.2 HUETAMO SUBTERRANE 

The Huetamo subterrane (Figure 1.3) is formed mostly by folded but 

unmetamorphosed volcanic-sedimentary rocks related to the Jurassic(?)-Cretaceous arc 

assemblage. Small areas with exposures of metamorphic rocks are found in the southern 

part of the subterrane. These metamorphic rocks apparently represent the basement of the 

Huetamo subterrane. Figure 1.23 shows stratigraphic columns of the central, northern and 

southern parts of the subterrane. Its stratigraphy is characterized by rapid lateral facies 

changes, as in other areas of the Guerrero terrane. I studied the metamorphic sequence as 

part of this project Detailed mapping and defmition of the arc-related units has been done 

'mostly by Pantoja (1959, 1990), and Campa and Ramirez (1979). The age of the arc 

assemblage ranges from Neocomian to Cenomanian (pantoja, 1959; Campa and Ramirez, 

1979; Pantoja, 1990), although fossils of Kimmeridgian in age have been reported 

(Pantoja, 1959) (Figure 1.23). The approximate thickness of the arc-assemblage is around 

2000 meters and has been divided into six formations (Pantoja, 1959; Campa and 

Ramirez, 1979; Pantoja, 1990). However, the description of the arc-re~ated units is 

summarized here by age. 

Basement assemblage: Placeres Complex 

The Placeres complex comprises metamorphic rocks that crop out south of Ciudad 

Altamirano (de Cserna, 1978; Pantoja, 1990) in the Huetamo subterrane (Figures 1.23 

and 1.24). This unit is lithologically similar to the Arteaga complex, composed of black 

shale interbedded with quartz-rich sandstone and black chert. Some green tuffaceous 

sediments and thin bedded calcareous mudstone are sparsely interbedded with the 

terrigenous sediments. The complex also contains sheared blocks, up to tens of meters in 

size, of massive aphanitic basalts and recrystallized limestone (marble). The sequence is 

highly deformed and partially metamorphosed .to greenschist facies. The age of the 

Placeres complex is unknown. The contact between the Upper Jurassic-Cretaceous arc 

assemblage and the Placeres Complex has not been observed. However, the contrast in 

grade of metamorphism and deformation between both sequences, as well as the 

abundance of fragments of metamorphic rocks of composition similar to the Placeres 

complex in conglomerates of the arc-assemblage, suggest that the contact was initially an 
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unconformity (Figure 1.23). Considering that the oldest fossils found in the arc 

assemblage in the Huetamo subterrane are Upper Jurassic in age (Figure 1.23) (Pantoja, 

1959), the Placeres complex probably has mid-Jurassic minimum age. 

Structural trends of foliation and bedding from sediments of the Placeres complex 

are similar to those in the Arteaga complex (Figure 1.25). They are also similar in 

lithologic associations, geochemical and isotopic compositions, as well as in the 

stratigraphic relationships with the arc. These similarities and the close geographic 

proximity between the two complexes (Figure 1.2) indicate that both could have 

originally formed part of the same unit. 

Jurassic(?)-Cretaceous Arc Assemblage 

Late Jurassic (?) mid-Aptian : The lower parts of the arc assemblage stratigraphy in 

central Huetamo subterrane is made up of a thick sequence of alternating shale, sandstone 

and conglomerate, with scattered lava flows, ignimbrites and intermediate tuffs. This is 

the Angao and San Lucas Formations of Pantoja (1959) (Figures 1.23 and 1.26). Fossils 

of Late Jurassic age have been reported from the Angao Formation (Pantoja, 1959), 

although the major exposures of clastic rhythmic sequences seem to belong to the San 

Lucas Formation of Lower Cretaceous age. The arc-related sequence in southern areas of 

the Huetamo subterrane is made up of submarine andesitic lava flows (Rancho Viejo Fm) 

overlain by the San Lucas Formation. The sequence was deposited in a marine setting and 

has an average thickness of 1000 meters. Part of the Angao Formation and the San Lucas 

Formation might correlate with the Tecalitlan and Alberca Formations in the Colima 

region, and the Agua de los Indios Formation in the Arteaga-Tumbiscatio region of the 

Zihuatanejo subterrane. 

Late Aptian: A thick limestone horizon of the El Cajon Formation overlies the San Lucas 

Formation. The limestone contains orbitolinids and rudists of Upper Aptian-Lower 

Albian age. This formation is correlative with the Madrid, Tecatitlan, and the Encino 

Formations in Colima, and the Resumidero Limestone in Arteaga-Tumbiscatio region. 

Albian-Cenomanian: The sequence continues with a package of interbedded sandstone, 

conglomerate and shale, composed mostly of volcanic-derived material, as well as 
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N= 23 

Figure 1. 25 Stereonet showing the poles of bedding and foliation of sediments of the 

Placeres complex. The major concentration corresponds to N 600_200 W directions, and is 

similar to the trend observed in the Arteaga complex. 
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Figure 1.26. Intercalated thin bedded shale and sandstone from the San Lucas Formation, 

along the road from Ciudad Altamirano to Huetamo. 
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calcareous shale, and thin-bedded limestone, deposited in a submarine environment 

(Figure 1. 23). This unit is contemporaneous to the Tepalcatepec, Encino and Madrid 

Formations in Colima. The sequence is covered by massive thick packets of limestone 

(Huetamo Formation), that contain fossils of Upper Albian-Cenomanian age. This unit is 

found only in the central parts of the subterrane (Figure 1.23) (pantoja, 1990). 

Post-Albian: The sequence related to the arc assemblage in the Huetamo subterrane 

changes transitionally at the top to subaereal redbeds (Figure 1.23) of the Cutzamala 

Formation (Campa and Ramirez, 1979). This sequence is made up of mostly volcanic 

sandstone and conglomerates, which makes up the major thickness in the northern parts 

of the subterrane. 
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1.3. TELOLOAPAN SUBTERRANE 

The Teloloapan subterrane (Figure 1.3) is exposed in the easternmost parts of the 

Guerrero terrane. This subterrane is characterized structurally as a complex thrust fault 

system that verges eastward. Its rocks are severely deformed and metamorphosed in low

grade greenschist facies, and the terrane overrides either Cretaceous platform carbonates 

of the Guerrero-Morelos platform or sediments of the Mexcala Formation that apparently 

belong to the Mixteco Terrane (Figure 1. 27) (de Cserna, 1978; Campa and Ramirez, 

1979). Ramirez-Espinoza et al (1991) and Talavera-Mendoza (1993) proposed to 

subdivided the Teloloapan subterrane into two different assemblages: the Teloloapan and 

the Arcelia assemblages. The Arcelia assemblage is made up by deep marine sequences, 

and is located between the Huetamo subterrane and the Teloloapan assemblage. The 

Teloloapan assemblage, located in the easternmost areas of the terrane, shows shallow 

marine facies. This assemblage overrides rocks of the Mixteco Terrane (Figure 1.27). 

Arcelia assemblage 

The Arcelia assemblage, located estward of the Huetamo subterrane, presents 

deeper marine facies and less evolved magmatism than the Teloloapan assemblage. It is 

made up of basaltic pillow lavas and ultramafic bodies, and covered by black shales, thin

bedded calcareous shales and chert (Figure 1.27) (Talabera et al., 1990; Ramirez et al., 

1991). The chert layers contain fossils of radiolaria of Albian-Cenomanian age (Davila 

and Guerrero, 1990). The sequence changes to interbedded sandstone and shale at the top, 

that show petrographic similarities with sandstones of the San Lucas Formation (see 

chapter four). It might be possible that the Arcelia assemblage represents an extensional 

intra-arc basin, that evolved in between the Huetamo subterrane and the Teloloapan 

assemblage. 

Teloloapan assemblage 

Aptian : The aptian part of the assemblage is characterized by andesitic lava flows, 

epiclastic deposits and tuffs of the Villa Ayala Formation (Figure 1.27). This unit 
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includes fossil gastropods and bivalves of Aptian age (Ramirez-Espinoza et al.,1991; 

Guerrero-Suastegui et al., 1991). Geochemical analysis of the volcanic rocks indicate that 

the magmatism is calc-alkaline of oceanic arc affinity (Talavera et al., 1990). Those rocks 

are contemporaneous to the Tecalitlan Formation in Colima, and to part of the San Lucas 

Formation in the Huetamo subterrane. The volcanic sequence is covered by a thick 

limestone unit. Fossils found at the transitional contact zone are dated as Late Aptian

Early Albian, and suggest that the magmatism probably ceased about this time (Guerrero

Suastegui et al., 1991). 

Albian: The Teloloapan Formation is made up of thick sequences of massive limestone of 

reef facies that change laterally to deeper facies toward the west (Amatepec Formation). 

Volcanic material is almost absent in this sequence. It contains Late Aptian to Late 

Albian fossils (Figure 1.27) (Guerrero-Suastegui et al., 1991). 

Original thicknesses of the arc assemblage in Teloloapan have been obscured by 

deformation. Structural thickness is estimated to be up to 1500 meters between thrust 

sheets (Campa and Ramirez, 1979). 

Turonian-Maas~richtian: The Mexcala Formation completes the Cretaceous stratigraphic 

column of the eastern edge of the Teloloapan subterrane, and covers part of the Guerrero

Morelos platform (Figure 1.27). This formation is made up of interbedded shale and 

sandstone, with scarce calcareous beds, deposited in a submarine setting. Its age ranges 

from Turonian to Maastrichtian. This unit constitutes the first overlapping assemblage 

deposited on top of the arc-assemblage of the Guerrero and the Guerrero-Morelos 

platform of the Mixteco terrane. Details on the petrography and provenance of these 

sediments are discussed in chapters four and five. 

Taxco Schist and metamorphic rocks of Tejupi~co 

The Taxco schist as well as the metamorphic rocks of Tejupilco are composed of 

a volcanic-volcaniclastic sequence with an elevated grade of deformation and 

metamorphism that crop out near the boundary between the Guerrero and the Mixteco 

terranes (Figure 1.3). The Taxco Schist is made up of andesitic to rhyolitic lavas, tuff, 

volcaniclastics and scarce packets of interbedded shales and quartz-rich sandstones (de 
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Cserna and Fries, 1981; Talavera-Mendoza; 1993). The age of the Taxco Schist is still 

unknown. It is thrust over limestones of the Guerrero Morelos Platform and is covered by 

clastic rocks of the Mexcala Fm (Talavera-Mendoza, 1993). Its relationship with the 

Jurassic-Cretaceous arc assemblage has also not been constrained. The Taxco schist has 

been interpreted as the basement of Morelos-Guerrero Platform (de Cserna, 1978; Fries 

and de Cserna, 1981). Alternatively, these rocks have been depicted as part of the arc 

assemblage, and the intense deformation of the Taxco schist related to Late Cretaceous 

thrusting (Campa and RamIrez, 1979). However, recent geologic mapping (Talavera

Mendoza, 1993) sugest that the Taxco schist might represent a pre-Morelos-Guerrero 

Platform magmatic event that evolved on the margin of the Mixteco Terrane. Tuffs of the 

Taxco schist show isotopic signatures that are different from those obtained from 

volcanic rocks among the Guerrero terrane (see Chapter 2). 

The Taxco Schist might be correlative to rocks recently reported by Elias-Herrera 

and Sanchez-Zavala (1992), and Sanchez-Zavala (1993). These authors mentioned a 

preliminary RblSr date on a mylonitic granite of Permia~-Early Triassic age in the 

Tejupilco area that they interpreted as part of the continent edge, sheared off by the 

accretionary processes of the Guerrero terrane. They also obtained U-Pb dates on sulfide 

deposits associated with a metamorphosed volcll!1ic-sedimentary sequence that varies 

broadly in age from Carnian (227 Ma) to Oxfordian (156 Ma). Elias-Herrera and 

Sanchez-Zavala (1992) suggested that these rocks might represent an arc-assemblage 

older than the rest of the Guerrero terrane magmatism. However, the same volcanic

sedimentary rocks have been considered part of the Cretaceous arc assemblage by other 

authors (Campa and Ramirez, 1979). 
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1.4. DISCUSSION ON THE REGIONAL GEOLOGY AND DEPOSITIONAL 

ENVmONMENTS 

Basement Assemblages 

Figure 1.28 shows a schematic reconstruction of the depositional environment of 

the Arteaga Complex. Contemporaneous tectonic features are not well constrained, thus 

they were excluded in the diagram.The primary structures along with the affinity of the 

few fossils found in the sediments of the Varales Formation suggest that the unit was 

deposited in a deep ocean environment (Figure 1.28). This is confirmed by the 

association of the Varales Formation with pillow lavas of oceanic affinity (MORB) 

(Charapo Formation). It is possible that deposition of the sediments of the Varales 

Formation was contemporaneous with at least part of the magmatic activity of the 

Charapo Formation, as suggested by possible assimilation of sediments into the border of 

a pillow lava flow, although the siliciclastic sediments have never been found filling 

inter-pillow spaces. In contrast, these inter-pillow spaces are sometimes filled with 

carbonates, suggesting that magmatism occured above the carbonate compensation depth. 

The sediments of the Varales Formation were transported to the ocean floor by 

turbiditic flows, as suggested by the primary structures. It is possible that graywackes 

from the laltomate Formation were deposited during periods of quietude in between 

turbiditic flows. Since their isotopic signature does not show significant crustal 

contamination (see chapter 2), the laltomate sediments could represent either hemipelagic 

deposits derived from the erosion of oceanic basalts (see chapter 2) or alternatively, 

deep-sea ash layers derived from air-fall ashes erupted from some oceanic island arc 

(Figure 1.28). 

The erratic blocks of chert and limestone might be olistoliths carried down from a 

continental slope. Blocks of limestone could be derived from platform deposits. 

Calcareous olistholiths containing crinoid fossils of Paleozoic age are very common 

throughout the accreted ocean-floor/ocean-flank assemblages of different Mesozoic ages 

in the North American Cordillera (Dickinson, 1992; Blome, 1991; SHberling et al., 1987). 
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Figure 1. 28. Schematic paleoreconstruction of the depositional environments of the 
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Whether the Arteaga Complex originated in a marginal back-arc basin or in a 

open ocean environment is still uncertain. The only possible evidence of association with 

island arc magmatism are the graywackes of the J altomate Formation, whose 

geochemistry and Nd-isotopic signature will be discussed later. 

The Arteaga Complex was defonned and metamorphosed during Early-Middle 

Jurassic time. Whether this occurred by subduction processes or by strike slip 

defonnation is difficult to determine. High-grade metamorphic rocks, such as blueschist, 

have not been found in the area. However, it could be feasible that the Arteaga Complex 

did not experience deep erosion, and that we are actually observing superficial levels of 

an accretionary prism. 

A period of intrusion of granite plutons might have occurred after the 

defonnational event. The fact that the Tumbiscatio pluton is peraluminous suggest that 

sediments of the Varales Fonnation were involved in the genesis of the magmas. 

Thrusting and overthickening of the sequence might have carried sediments down to deep 

crustal levels. 

Arc assemblage 

A major angular unconformity between the basement units and the arc-related 

rocks has been observed exclusively in the Arteaga-Tumbiscatio area. However, the 

difference in structural trends between the basement rocks and the arc-assemblage, as 

well as the fact that clastic units from the arc assemblage have fragments derived from 

this basement, suggest that the contact was an unconformity in the Huetamo subterrane as 

well. In contrast, pre-arc sequences have not been found in the Teloloapan subterrane. 

The southern part of the Guerrero terrane was subdivided in three subterranes by 

Campa and Coney (1983), The Teloloapan, Huetamo and Zihuatanejo. I suggest to group 

the Huetamo and Zihuatanejo subterrane as one geological entity, since they seem to be 

floored by similar rocks, the arc-related sequences of both subterranes show similar 

structural styles, their units correlate, the depositional environments are similar and they 

contain fossil associations of the same species. In contrast, the Teloloapan subterrane 

shows differences in depositional environments and structures. 
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Figure 1. 29 presents a preliminary reconstruction of the Zihuatanejo-Huetamo 

subterrane during Late Jurassic-mid Cretaceous time. The paleontological and lithological 

associations of the arc-related sequences of this subterrane mostly correspond to shallow 

marine environments, with periods of subaerial sedimentation. Subsidiary closed lagoons 

allowed the development of rudist reefs and orbitolinas. Sporadic lava flows, debris flows 

and ash-falls disturbed zones with carbonate precipitation and scraped off fragments of 

unconsolidated limestone, forming the thick sequences of volcanic and volcaniclastics 

with blocks of carbonate that can be observed from Arteaga to Colima region. The 

orientation of the volcanic belt is unknown. However, volcanic flows and porphiritic 

shallow intrusives seem to be more abundant toward the actual Pacific coast than in 

internal zones of the Huetamo subterrane. The arc-related sequences in Huetamo seem to 

be characterized by volcanic debris, and the amount of lava flows is minor compared to 

sedimentary rocks. Apparently, the Huetamo region presents deeper depositional facies 

compared to the Zihuatanejo-Arteaga area. 

Figure 1.30 presents a schematic section from the }..rteaga-Tumbiscatio region to 

Taxco, and figure 1. 31 shows the major stratigraphic assemblages of the Guerrero 

terrane. Summarizing the information obtained from the regional geology of the Guerrero 

terrane, three major tectonic assemblages can be recognized: 

The Zihuatanejo-Huetamo subterrane, that is made up of a metamorphic basement 

of Late Triassic-Early Jurassic age, and represents a deformed ocean-floor assemblage. 

This unit is covered by a Late Jurassic-mid Cretaceous volcanic-sedimentary sequence of 

arc affinity (Figures 1.30 and 1.31). The magmatic activity apparently ceased during Late 

Albian time. 

The Teloloapan subterrane, whose basement is still unknown (Figure 1.30), and is 

characterized by two main assemblages. The Arcelia assemblage that shows deeper 

depositional environments, and the Teloloapan assemblage that presents shallow marine 

deposits. The age of the magmatism is mostly Neo:comian to Albian (Figure 1.31). 

The Taxco Schist probably represents a pre mid-Cretaceous magmatic event 

related to the Morelos-Guerrero Platform of the Mixteco terrane (Figure 1. 30). 
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1.5. GEOLOGY OF THE ZACATECAS·SAN LUIS POTOSI REGION, 

NORTHEASTERN LIMIT OF THE GUERRERO TERRANE 

The boundary between the Sierra Madre and Guerrero terranes runs through the 

San Luis Potosi-Zacatecas region. However, most of the area is covered by Cenozoic 

volcanic rocks, making it difficult to determine its precise location and the nature of the 

contact relationships between those terranes. 

Figure 1. 32 shows the geographic distribution of the main outcrops of pre

Cenozoic rocks of the region. The Pefi6n Blanco and Charcas areas contain the most 

complete stratigraphic section of the Sierra Madre terrane in the region (Campa and 

Coney, 1983) (Figures 1.32 and 1.33). The oldest unit in these areas is the siliciclastic 

sediments of La BaHena Formation of Triassic age (Silva-Romo,1993). La BaHena 

Formation is unconformably overlain by Upper Jurassic-Cretaceous continental volcanics 

and conglomerates, and a marine, mostly calcareous, sedimentary sequence of Late 

Jurassic to Late Cretaceous time (Figure 1.33). 

In contrast, the Guerrero terrane has important differences in stratigraphy in El 

Saucito, Fresnillo and Zacatecas areas (Figure 1.33). These areas of the Guerrero terrane 

lack Jurassic rocks, and the Lower to mid-Cretaceous sequences are mostly composed of 

volcanic rocks interbedded with micritic limestone, chert and volcaniclastics. The 

Zacatecas Formation is the oldest unit found so far in Northeastern Guerrero terrane and 

it might represent one of the key sequences for constraining the tectonic evolution of the 

Guerrero terrane. This is because its clastic sediments and fossil faunas have been 

correlated to those in La BaHena Formation that belongs to the Sierra Madre terrane. 

However, the La BaHena Formation does not have volcanic and volcaniclastic rocks, as 

does the Zacatecas Formation. 
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Sierra Madre terrane Stratigraphy 

The main units that crop out in the Pen6n Blanco and Charcas areas are: La 

Ballena, Nazas, Zuloaga, La Caja, Taraises, Tamaulipas, Indidura and Caracol formations 

(Lopez-Infanzon, 1986; Silva-Romo, 1993). 

The La BaHena Formation (Silva-Romo, 1993) was originaly described as the 

Zacatecas Formation by Labarthe et. al. (1982) in the Pen6n Blanco and Charcas areas. 

This formation is constituted almost exclusively by siliciclastic deposits, including black 

shales, quartz-rich sandstone and some conglomerates (Silva-Romo, 1993). Primary 

structures indicate that the La BaHena sediments were deposited by turbiditic currents. 

Middle and external submarine fan facies have been recognized in the Pen6n Blanco area 

(Silva-Romo,1993). Moreover, I have found gravitational folding and slump-brecciated 

sediments in the Charcas area, that suggest a slope-like depositional environment. Those 

sedimentary structures are indicative of a relativately deep marine sedimentary setting. 

Ammonites and bivalves of Late Triassic age have been reported from both Penon Blanco 

and Charcas areas, and are similar to those from the typical Zacatecas Formation (Cantu

Chapa, 1969; Silva-Romo, 1993). These fossils indicate a Late Triassic age (Silva-Romo, 

1993). 

The original thickness of La BaHena Formation is uncertain since it is tightly 

folded. A borehole at Charcas drilled 4640 meters of the unit without reaching the base of 

the sequence (Lopez-Infanzon, 1986). This unit shows structures related to two phases of 

deformation. The first deformation produced tight folding and shearing, with some 

incipient foliation, mostly parallel to bedding. The general trend of the foliation is N 400 -

600 E. The second phase of deformation affected the La Ballena Formation as well as the 

rest of the Jurassic-Cretaceous units. This is related to the Laramide orogeny and 

generated tight to open foldding and a well developed axial cleavage. On average, the 

second generation of folding shows a N 500 -200 W trend. 

The La Ballena Formation in Pen6n Blanco and Charcas, is unconformably 

overlain by the Jurassic Nazas Formation (Figures 1.32 and 1.33) (Silva-Romo, 1993) 

and/or Upper Jurassic-Cretaceous limestone deposits that belong to the Zuloaga 

Formation (Silva-Romo, 1993). 
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The Nazas Fonnation (Figure 1.33) rests unconfonnably on the La BaHena 

Fonnation (Silva-Romo, 1993). It is made up of volcanic and volcaniclastic rocks. Lavas 

and tuffs are mostly andesitic, and are interbedded with conglomerates composed mostly 

of volcanic and sandstone fragments. The sandstone clasts found in the conglomeratic 

layers show grain-modal compositions similar to those on the sandstone beds of the 

underlaying La BaHena Fonnation, and suggest that this fonnation was defonned, 

uplifted and exposed to erosion by Late Jurassic time (pre-Oxfordian-Kimerigdian) 

(Silva-Romo, 1993). 

The La BaHena and Nazas fonnations are covered unconfonnably by Upper 

Jurassic (Oxfordian-Kimmerigdian) carbonates of the Zuloaga Fonnation that were 

deposited on a "middle shelf' envonment (Figure 1.33) (Silva-Romo, 1993). 

The Zuloaga Formation changes transitionaHy to La Caja Fonnation. This is 

composed of interbedded calcareous mudstone, shales, sandstone, chert and phosphate 

limestone. Those sediments might accumulate in a relativately shallow marine open 

ocean environment (Silva-Romo, 1993). 

The La Caja Fonnation represents the first deposit of an Upper Jurassic to mid

Cretaceous (Turonian) sequence that was deposited in a subsiding setting. The La Caja 

Fonnation changes transitionaHy to the Taraises, Tamaulipas, Cuesta del Cura, and 

Indidura Fonnations. Those calcareous units were deposited on relatively deep, open 

ocean and continental-slope environments, and represent the margins of the calcareous 

platfonn of Northeastern Mexico. 

The Caracol Fonnation (Turonian to Campanian ?) is made up of interbedded 

shale, sandstone and conglomerates that are mostly composed of volcanic, chert and 

quartz fragments (Silva-Romo, 1993). 

Guerrero terrane Stratigraphy 

Marine volcanic and associated sedimentary rocks that apparently belong to the 

Guerrero terrane crop out a few kilometers west of the Peii6n Blanco area (Figure 1.32). 

Stratigraphy of the terrane is better exposed in the central and southern areas. In contrast, 
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the northeastern limit is characterized by isolated outcrops separated by. large areas of 

Cenozoic volcanic-sedimentary cover. 

Volcanic and volcaniclastic rocks interbedded with some limestone packets of 

Early Cretaceous age are exposed in EI Saucito and Fresnillo areas (Figure 1.33) (de 

Cserna, 1976; Yta, 1993). Exposures of older rocks have been recognized in scattered 

localities. The most significant of those units is the Zacatecas Formation (Figure 1.33) 

(Burckhardt and Scalia, 1906) that might represent part of the basement of the north

eastern edge of the Guerrero terrane. 

The Zacatecas Formation (Burckhardt and Scalia, 1906) is a low-grade 

metamorphosed clastic-volcaniclastic unit that crops out in a small tectonic window near 

Zacatecas city on the north-eastern edge of the Guerrero terrane (Figures 1.32 and 1.33). 

It is made up of alternating thick packets of interbedded black shale and quartz-rich 

sandstone, tuff and volcanic breccias with scarce pillow lavas and thin bedded limestone 

(Figure 1.33) (Ranson et al., 1982; and Monod and Calvet, 1991). The Zacatecas 

Formation is Norian (Upper Triassic) in age, based on its fossil record (Burckhardt and 

Scalia, 1906). Its contact relationships with the Jurassic-Cretaceous arc assemblage have 

not been determined. The unit is tectonically overlain by basaltic lavas of unknown age in 

Zacatecas City (Monod and Calvet, 1991). The Zacatecas Formation shows two 

generations of structures. The first phase of deformation originated incipient to well 

developed foliation, tight folding, and some sheared zones with mylonitic textures. The 

second phase of deformation produced open to tight folding and local thrust faulting, 

sometimes with the development of axial cleavage. 

The nearest dated exposures of Early Cretaceous volcanic-sedimentary rocks of 

the Guerrero terrane arc-assemblage are found in Fresnillo (60 Ian WNW of Zacatecas) 

and Saucito (45 km east of Zacatecas) areas (Figure 1.33) (de Cserna, 1976; Yta et al., 

1990). The volcano-sedimentary sequence in EI Saucito area is made up of basaltic pillow 

lavas and massive flows, interbedded with radiolarian cherts and pelagic limestone. This 

sequence is thrust over undated metamorphosed limestones. The chert layers contain 

radiolarian fossils of Lower Cretaceous age, similar to the radiolarians reported in the 

Fresnillo region (Davila, 1981; Yta et aI., 1990). 
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The volcanic-sedimentary sequence in the Fresnillo area is very similar to that at 

the EI Saucito area, and is mostly composed of the basaltic lavas of the Chilitos 

Fonnation (de Cserna, 1976). 

Tectonic evolution of the Northeastern limit of the Guerrero terrane 

Interpretation of the possible tectonic evolution of the northeastern limit of the 

Guerrero terrane is based on the characteristics of the lithologic assemblages and their 

relationships, as well as on the geochemical and petrologic analysis of lavas and 

sediments of important units in the region. 

Details on the petrographic and geochemical analysis of the siliciclastic sediments 

of the La Ballena and Zacatecas Fonnations are discussed in chapter four. Summarizing, 

the results suggest that the sediments of these fonnations were derived from similar 

sources. Since the sandstones from both fonnations belong to the quartzolithic suite, and 

Nd-isotopic analysis of sandstone and shale samples from both La Ballena and Zacatecas 

Fonnation have ENd(i) of -S. 

Figure 1.34 illustrates the tectonic evolution of the northeastern limit of the 

Guerrero terrane. The Triassic sequences of Zacatecas City, Pefi6n Blanco and Charcas 

(La BaHena Fonnation) were initially considered as part of the same unit (Zacatecas 

Fonnation). However, original contact relationships are still unknown. These three 

outcrops present similarities in age, stratigraphic position, relative age of defonnation, 

and composition of their clastic sediments. However, the Zacatecas Formation in 

Zacatecas City differs from the La BaHena Fonnation in Pefi6n Blanco and Charcas areas 

in the percentage of volcanic and volcaniclastic material and the grade of deformation, 

since the Zacatecas Fonnation is more metamorphosed than La Ballena. The Zacatecas 

Fonnation probably represents a defonned ocean-floor assemblage as suggested by its 

lithofacies and the MORB geochemical and isotopic affinity of its associated basaltic 

lavas (see chapter two for details). The La Ballena Fonnation, which does not contain 

volcanic rocks, seems to represent a continental-slope assemblage. 

The lithological differences between Zacatecas and La BaHena Formations 

suggest that the sequence at Zacatecas City might have suffered a large tectonic transport 
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with respect to the La Ballena Formation at Peii6n Blanco and Charcas areas (Figure 

1.34). Whether the transport occurred prior to the development of the arc-assemblage, or 

later in Late Cretaceous time (Laramide orogeny) is still uncertain. The major tectonic 

event that occured between Late Triassic and Late Jurassic (pre-Oxfordian-Kimerigdian) 

time apparently involved a considerable amount of shortening. During this event, rocks of 

the La BaHena Formation in Peii6n Blanco and Charcas were probably deformed and 

thrust over the Sierra Madre terrane. This event caused the thrusting and uplift of 

continental-slope rocks over the continental margin, and their exhumation prior to the 

deposit of the continental Nazas Formation (Figure 1.34 b). 

The exact age and mechanisms of deformation (either by strike-slip, subduction, 

or other compressional processes) of the Zacatecas Formation in Zacatecas City are still 

uncertain. Apparently, the sequence was deformed and partially metamorphosed prior to 

the development of the Cretaceous arc assemblage of the Guerrero terrane (Figure 1.34). 

Whether this deformation was related or not to its accretion to the continental margin is 

unknown (Figure 1.34b). 

The evidence for the accretion of the La Ballena Formation to the Sierra Madre 

terrane during Early-Middle Jurassic time is: a) that the La Ballena Formation is covered 

by Late Jurassic to Late Cretaceous units that show lateral continuity (with facies 

changes) with the more shallow units in the eastern parts of the Sierra Madre terrane, and 

b) the Nazas magmatism, of Upper Jurassic age, is mostly rhyolitic to andesitic and was 

deposited in a subaereal environment. In contrast, volcanic rocks of the Guerrero terrane 

at El Saucito and Fresnillo are of Cretaceous age, and were deposited in a submarine 

environment. The geochemestry of those basaltic lavas is typical of island-arc tholeiites 

(Yta et al., 1990; Ortiz et al., 1991). 

The Guerrero and Sierra Madre terranes show a different tectonic evolution 

during Late Jurassic to mid-Cretaceous time. The Lower Creaceous oceanic arc-related 

units in Zacatecas area were deposited in a reliltivately deep environment, since the 

basaltic pillow lavas are associated with chert and thin bedded micritic limestone. In 

contrast, the Sierra Madre terrane has no Cretaceous magmatism, and evolved in a 

relatively deep marine continental margin setting, probably with continuous subsidence 

(Figure 1.34c). 
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The structural style, and contrast in composition and depositional environments of 

the Jurassic-Creaceous assemblages of the Sierra Madre and Guerrero terranes suggest 

that a considerable amount of the tectonic transport occured during Late Cretaceous time 

(Laramide orogeny) (Figure 1.34c). During this phase of deformation, the Guerrero 

terrane was uplifted and thrust over the Sierra Madre terrane. Then, sediments rich in 

volcanic fragments of the Caracol Formation were derived from the erosion of the 

Guerrero terrane, and represent an important shift in the direction of the sedimentation 

patterns in Western Mexico that changed from sources located eastward to sources in the 

west (Figure 1.34d). 
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CHAPTER 2. PETROGENESIS OF IGNEOUS ROCKS OF THE GUERRERO 

TERRANE FROM TRACE ELEMENTS, Sm·Nd AND Rb·Sr ISOTOPIC DATA 

Introduction 

One of the critical issues for understanding the tectonic evolution of the Guerrero 

terrane is the origin and affinity of its igneous rocks. To achieve this, I collected samples 

of volcanic and volcaniclastic rocks from the main lithologic assemblages in key areas 

along the terrane, and analyzed them for their trace elements and Rb-Sr and Sm-Nd 

isotopic composition. 

Detailed sampling was concentrated on the volcanic units related to the basement 

assemblages. Six samples from igneous rocks of the Arteaga complex were analyzed for 

trace element concentrations and Nd-Sr isotopes. These samples included five basalts 

(Charapo Formation) and one metadiorite (Las Juntas Metadiorite). Because of their 

volcanic affinity, two samples from the graywackes of the Jaltomate Formation are also 

included in this chapter. Two samples of basalts from the Zacatecas Formation were also 

collected for trace element and Nd-Sr isotopic analyses. 

Seven samples of the Jurassic-Cretaceous arc assemblage were analyzed for trace 

element concentrations and Nd and Sr isotopes. These samples included two pyroclastic 

rocks and one sample of a diabase dike from the Teloloapan subterrane, and three tuffs 

and one basalt from the Huetamo-Zihuatanejo subterrane. 

Three samples were collected from plutons of different ages for Nd and Sr 

analyses. These samples included one from the San Telmo granite of possible Tertiary 

age (Grajales and L6pez, 1984), one from the Arteaga granodiorite of Cretaceous age, 

and one from the Jurassic (?) Tumbiscatfo graniter 

Moreover, some volcanic rocks were sampled from two localities in adjacent 

terranes in order to compare them with the volcanic rocks of the Guerrero terrane. One 

sample was collected from a basaltic dike, probably related to the volcanism of the Nazas 

Formation, that cuts La Ballena Formation in the Sierra Madre terrane. Three samples of 
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the Taxco schist (Mixteco terrane?) were analyzed for Nd-Sr isotopes and one for trace 

element concentrations. These samples included two tuffs and one andesitic lava. 

Whole-rock analyses to determine rare earth elements (R E E) and other 

incompatible trace element concentrations were performed by ICP-MS (inductively 

coupled plasma mass spectrometry), using the procedures described in Roberts and Ruiz 

(1989). The REE data were chondrite-normalized using Evensen (1978) values. 

Concentrations of other incompatible trace element, such as Y, Zr, Nb, Hf, Ta, Pb, Th, 

and U were normalized to MORB, using concentrations proposed by Pearce (1982). 

Whole-rock Rb-Sr and Sm-Nd isotopic analyses were performed on a VG-354 

mass spectrometer. Analyses were performed following procedures described in Patchett 

and Ruiz (1987). Blanks were Nd<300 pg, and Sr<l ng. Duplicates are less than ±D.2 ENd 

units. 

Major element concentrations from the Colima region in Zihuatanejo subterrane, 

donated by Las Encinas Mining Company (Blackburn, 1982), together with six analyses 

from Teloloapan subterrane performed by Ortiz (Ortiz et al, 1991), were used in order to 

characterize the volcanic suites of the arc assemblage. 

TRACE ELEMENT GEOCHEMISTRY 

Basement Assemblages 

The basaltic pillow lavas of the Charapo Formation from the Arteaga Complex 

have low REE abundance (LREE=34.41-38.79), with patterns that show chondrite

normalized light REE (LREE) depletion, and flat heavy REE (HREE) (Figure 2.1a, Table 

A 1). Their REE patterns are similar to those of N-type mid-ocean ridge basalts (N

MORB). In contrast, the aphanitic basaltic and diabase bodies have higher REE 

abundances (LREE=55.80-65.96), and do not show LREE depletion. Relatively flat REE 

patterns, as shown by the aphanitic basalts and diabase from the Charapo Formation are 

similar to those of present mid-ocean ridge basalts (MORB) or low-K island arc tholeiites 

(IAV) (Hawkesworth et al., 1977; White and Patchett, 1984; Hess, 1989; Wilson 1989). 
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Similarly, recent magmatism in the East Scotia Sea, the back arc basin associated to the 

South Sandwich island arc, have flat REE patterns (Hawkesworth et al., 1977). 

Las Juntas metadiorite of the Arteaga Complex has very low REE abundances 

(rREE= 14.58), it is depleted in LREE and has a flat HREE pattern. Its REE 

concentrations suggest that this intrusive body was probably associated with the 

magmatic activity of the Charapo Formation. The fact that the metadiorite has total REE 

abundances lower than the lavas might be related to magma fractionation processes. 

Figure 2.1 b is a trace element variation diagram designed by Pearce (1982). 

Element abundances are normalized to those in mid-ocean ridge basalts (MORB), and the 

elements are ordered in the diagram in terms of their relative incompatibility. The 

patterns produced by the trace elements analyzed from the Charapo basalts and the Las 

Juntas metadiorite are approximately flat, with abundances that are very close to those of 

actual mid-ocean ridge basalts. 

Trace element abundances from the green graywackes of the Jaltomate Formation 

(Arteaga Complex) suggest that they were derived from a volcanic source, and show 

geochemical similarities with MORB or primitive island arc volcanic rocks. One of the 

samples (sample 7(0) has very low REE concentrations (rREE=59.62), slightly enriched 

in LREE, with no significant Eu anomaly (Eu/Eu*=O.94), and flat HREE (Figure 2.2a). 

Its MORB-normalized trace element spider diagram has a pattern similar to those on 

transitional ocean floor basalts (pearce, 1982) (Figure 2.2b), with Zr, Hf, Sm, Y and Yb 

abundances close to the normalizing values. Sample 792 is more evolved geochemically. 

It has higher REE abundances (LREE= 175.18) and is more enriched in LREE, with 

small Eu anomaly, and flat HREE (Figure 2.2a). MORB-normalized trace element 

variation diagram (Figure 2.2b) from the sample 792 shows a grater enrichment in trace 

elements than sample 700. These characteristics are similar to mature island arc volcanic 

rocks. The geochemical features of sample 792 could either be originated by the 

admixture of sediments supplied by the turbiditic currents (Varales Formation) with 

sediments derived from a MORB-like volcanic source, or supplied by differentiated 

island arc lavas. 

Volcanic rocks of the Zacatecas Formation have trace element abundances similar 

to those of the Charapo Formation in the Arteaga Complex. They are characterized by 
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low REE abundances (:£REE= 26.82-32.33), chondrite-normalized REE patterns slightly 

depleted in HREE, flat HREE and do not exhibit significant Eu depletion (Figure 2.3a). 

These REE patterns are similar to patterns shown by N-MORB or undifferentiated island 

arc basalts (Hess, 1989). The Pearce trace element spider diagrams show nearly flat 

patterns that are close to normalizing values, and indicate that the trace element 

abundances of the Zacatecas basalts are very similar 

Jurassic-Cretaceous Arc Assembla~e 

The samples of volcanic rocks collected from the arc-assemblage show rare earth 

element abundances that are different from those obtained from the volcanic rocks of the 

basement assemblages. The Jurassic-Cretaceous arc-related volcanics have higher total 

REE abundances than the basement-related igneous rocks (LREE= 151.36-309.97). Their 

REE patterns show enrichment in light REE, with slight to substantial negative Eu 

anomalies, and flat HREE (Figure 2.4a) that are typical of evolved island arcs (e.g. White 

and Patchett, 1984). Their affinity to arcs is also suggested by the patterns of the spider 

diagrams of MORB-normalized trace elements shown in figure 2.4b. The enrichment in 

mobile trace elements, such as Sr, Rb and Th, are characteristic of oceanic arc 

magmatism (Figure 2.4b). 

Taxco Schist (Mixteco terrane) and Nazas Formation (Sierra Madre terrane) 

Trace element abundances of the igneous rocks associated with the Mixteco and 

Sierra Madre terranes suggest a magmatic arc affinity (Figures 2.5a and 2.5b). The 

sample collected from a dike, probably related to the Upper Jurassic Nazas Formation 

volcanism in the Sierra Madre terrane, as well as the tuff sampled from the Taxco Schist 

(pre-middle Cretaceous) which might belong to the Mixteco terrane, have relatively high 

total REE abundances (LREE= 88.96 to 105.38). They are enriched in LREE, and have 

MORB-normalized trace element patterns enriched in Th, Ta, Nb and Ce, similar to those 

from arc-related lavas (Pearce, 1982) (Figures 2.5a and 2.5b). 
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Th versus D and Pb versus D Diagrams 

Plots of Th versus D and Pb versus D on figures 2.6a and 2.6b nicely discriminate 

the volcanic rocks of the basement units from the Cretaceous arc volcanic rocks. Average 

Th, D, and Pb concentrations for continental (C) and oceanic (0) crust are also shown in 

the diagrams (values after Taylor McLennan, 1985). The low Th, D and Pb abundances 

shown by the different igneous rocks of the Arteaga complex (Charapo Formation and 

Las Juntas metadiorite), and the basalts of the Zacatecas Formation are very similar to 

those from the average oceanic crust, and suggest that both originated as ocean floor 

magmatism (Figures 2.6a and 2.6b). One of the graywacke samples from the Jaltomate 

Formation (Arteaga complex) has very low Th, U and Pb abundances, and plots relatively 

close to the Charapo Formation field (sample 700) (Figures 2.6a and 2.6b). In contrast, 

the sample 792 has higher Th, D, and Pb concentrations, and plots around the arc-related 

volcanics, that indicate a component of more differentiated material in the provenance. Its 

Th/U ratio is close to the ratios shown by the sediments of the Varales Formation. 

Contrasting with the magmatism related to the basement assemblages (Zacatecas 

and Charapo Formations), the arc-related volcanic rocks show high Th, D and Pb 

concentrations, with Th/U ratios that are similar to recent arc volcanics (1.4-3.2) (Figures 

2.6a and 2.6b). Moreover, the igneous rocks related to the Sierra Madre and Mixteco 

terranes show high Th, U and Pb abundances, and their Th/U ratios are higher (3.4-3.5) 

than those observed in recent arc volcanism, suggesting a more evolved source 

(continental volcanic arc) or continental crust contamination. 

Hf/3-Th-Ta Ternary Diagram 

Although the number of samples analyzed is limited, the data obtained is very 

coherent, and suggest an oceanic affinity for the. magmatism associated to the Arteaga 

complex and the Zacatecas Formation. Such affinity is also shown in the Hf/3-Th-Ta 

tectonomagmatic discrimination diagram (Wood et aI., 1979), where the analyzed 

samples fall within the P-MORB and the N-MORB fields (Figure 2.7). The samples 

collected from the EI Jaltomate graywackes (700 and 792) plot within the P-MORB and 

within plate fields, suggesting an ocean-floor volcanic source for these sediments (Figure 

2.7). 
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sediments from the Jaltomate Formation. In contrast, data from the 

Jurassic(?)-Cretaceous arc assemblages, and the igneous rocks from the 

Mixteco (Taxco Schist), and Sierra Madre (Nazas Formation) terranes plot 

within the destructive plate margin field. 
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The Jurassic-Cretaceous volcanic rocks, as well as the Nazas dike and the Taxco 

tuffs plot within the destructive plate margin basalts in the Hf/3-Th-Ta tectonomagmatic 

discrimination diagram (Figure 2.7) (Wood et at, 1979), confIrming their association to 

subduction processes. 

Th/Yb versus TalYb Diagram 

Variations in the source composition for the different igneous rocks of the 

Guerrero terrane is shown in the Th/Yb versus TalYb diagram (Pearce 1982) (Figure 2.8). 

Recent mid-ocean ridge basalts (MORB) and uncontaminated intra-plate basalts form a 

well defIned band in such diagram (Figure 5.8). The Th/Yb and TalYb ratios obtained 

from the igneous rocks of the Charapo Fonnation (Arteaga complex) and the Zacatecas 

Formation, as well as the graywackes from the Jaltomate Formation (Arteaga complex), 

plot within the depleted mantle source-MORB zone in this band. Subduction-related 

fluids originate an enrichment in Th that is observed in island arc and active continental 

margin magmatism (Wilson, 1989). Such enrichment is shown by the samples collected 

from the Jumssic-Cretaceous volcanic rocks of the Guerrero terrane, as well as by the 

volcanic rocks of the Mixteco and Sierra Madre terranes. The fact that some of the 

samples from the Guerrero terrane arc-related volcanic rocks plot within the active 

continental margins fIeld might be due to contamination with sediments of the Varales 

Formation (Arteaga complex) derived from sources of continental affInity (Wilson, 

1989). 

Major element analysis and characterization of the Arc-assemblage magmatism 

The Jurassic (?)-Cretaceous volcanic rocks range from tholeiites to high-K basalts 

and andesites, with some rhyolites. Major elemen't concentrations indicate both tholeiitic 

and calc-alkaline affinity (Figures 2.9 and 2.10). The potassium/silica ratios have a 

general trend slightly more enriched in potassium than the Aleutian island arc trend, 

common in mature stages of recent island arcs (Hess, 1989) (Figure 2.9). Basalts and 

basaltic andesites are mostly calc-alkaline and some plot within the low-K field (Figure 

2.9). Andesites, dacites and rhyolites plot mostly in the high-K fIeld (Figure 2.9). 
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Figure 2.8. ThIYb vs. Ta/Yb plot to show the difference between the oceanic affinity of the igneous 

rocks related to the basement assemblages (Arteaga complex and Zacatecas Formation), and the 

subduction-related magmatism of the Jurassic(?)-Cretaceous volcanics. The fact that some of the data 

from the arc assemblage plot in the active continental margins field might be due to contamination with 

continent-derived sediments of the Arteaga complex (Diagram after Pearce, 1983). 
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Figure 2. 9 Plot of wt% K20 versus wt% Si02 showing the distribution of the arc-related 

volcanic rock suites. Samples show a trend broadly similar to the Aleutians suites. 
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The tholeiitic and calc-alkaline affinity of the volcanic rocks is also corroborated 

by the plot of FeO/MgO versus Si02 content. Most of those rocks show low FeO/MgO 

values between 1 and 2, characteristic of island arc magmatism (Figure 2.10). 

The Cr , Y and Ti content in the basalts and basaltic andesites is unusually high 

compared with those in recent island arc magmas, particularly evolved magmas whose Cr 

content tends to decrease with fractionation (Pearce, 1982) (Figure 2.lla and 2.11b). 

Plots of Cr-Y and Ti-Zr fall within the "within plate" field, as well as within the arc lavas 

and MORB fields (Figures 2.11 a and 2.11 b) (pearce, 1982). 

The high potassium content and the trace element abundances of the Jurassic

Cretaceous volcanic rocks of the Guerrero terrane are similar to those observed in island 

arcs where the crust is thick (greater than ca. 20 km) allowing magma differentiation 

(Hess, 1989). 

ISOTOPE GEOCHEMISTRY 

The results of the Sm-Nd and Rb-Sr isotopic analyses are given in figures 2.12 to 

2.16 and tables C.l to C.4 in appendix C. Samples from a particular tectonostratigraphic 

assemblage tend to have similar initial ENd isotopic ratios. Consequently, the data 

obtained form three groups with specific ENd ranges (Figure 2.12): 1) the igneous rocks 

related to the basement assemblages, 2) the volcanic rocks from the Jurassic-Cretaceous 

arc assemblage, and 3) the volcanic rocks related to the Mixteco and Sierra Madre 

terranes. Plutons show ENd values that are similar to the volcanic rocks associated with 

the arc-assemblage, except for the Tumbiscatfo granite, whose results will be discuss 

later. 

The range in initial ENd values for the different igneous rocks of the basement 

assemblages is from +10.9 to +6.8. The basaltic pillow lavas of the Charapo Formation 

(Arteaga complex) are the most radiogenic, wit~ initial ENd values +10.9 to +7.3, and 

initial 143Nd/144Nd ratios (0.512975-0.512962) (calculated for early Jurassic, 190 Ma) 

that are relatively close to recent N-MORB lavas (Ito et aI., 1987). These data are 

compatible with the results obtained from the other trace element analyses, which 

indicate that the Charapo pillow lavas were derived from a LREE depleted mantIe (Figure 

2.1). The aphanitic basalts and diabases from the Charapo Formation and the Las Juntas 

meta-diorite, both from the Arteaga complex, as well as the basalts from the Zacatecas 
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Figure 2. 10 Plot of FeO/MgO versus %Si<h used to differentiate tholeiite (TIl) from calc

alkaline (CA) suites. Data from the arc assemblage show both tholeiitic and calc-alkaline 

affmity for the volcanic rocks of the a) the Colima region in the Zihuatanejo subterran~, 

and b) the Teloloapan subterrane. 
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Figure 2.12. Initial eNd values from all the igneous rocks analyzed in this study. The 

data fonn three main groups: 1) The basement-related igneous rocks that show eNd 

values, that are similar to those from oceanic basalts (MORB). 2) The arc-related 

magmatism, whose values are similar to those observed in actual island arc volcanic 

rocks. 3) The Jurassic (?) Sierra Madre and Mixteco terranes volcanic rocks, that show 

low eNd, suggesting some contamination with old crustal material. 
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Fonnation, seem to have originated from similar parent magmas, since they have similar 

flat REE patterns, and similar initial ENd values (+8.6 to +6.4) (Figure 2.12, Tables C.l 

and C.2). Apparently, the pillow lavas of the Charapo Fonnation are slightly more 

radiogenic than the rest of the igneous rocks related to the basement assemblages. This 

effect could be either due to fractionation by crystal-liquid differentiation processes 

(Wilson, 1989), or due to a discrepancy in the age of formation, since exact dates for each 

unit are not available. In other words, the Charapo pillow lavas might be much older than 

the rest of the igneous rocks from the basement assemblage. 

Figure 2.13 shows a plot of initial 143NdJl44Nd versus 87Srj86Sr ratios from the 

igneous rocks of the basement assemblages, and the fields fonned by ratios measured 

from present MORB from different ocean basins (Staudigel et al., 1984; Ito et al., 1987; 

and Hamelin et al., 1986). The range in initial 143NdJl44Nd ratios of the Guerrero terrane 

basement igneous rocks is close to those from the Indian Ocean MORB. 87Srj86Sr ratios 

range from 0.704882 to 0.703098 and are similar to those from recent MORB, except for 

the pillow lavas of the Charapo Fonnation and one sample from the Zacatecas Fonnation 

which are more radiogenic (Figure 2.13, Table C.l). The Sr enrichment of these samples 

could be related to post-magmatic alteration (De Paolo, 1988). 

The green graywackes of the Jaltomate Formation (Arteaga complex) have initial 

ENd (+5.4 to +6.9) that plot in the MORB field, and are similar to the values obtained 

from the igneous rocks of the basement assemblage. Initial 87Srj86Sr ratios are close to 

those from MORB (Figure 2.13). Those ratios are lower than the ratios expected if 

continent-derived sediments were mixed with the volcanic-derived material. The isotopic 

signature of the El Jaltomate sediments suggest that they were derived from erosion of 

either MORB or immature oceanic arc volcanics. 

The initial ENd values (+7 to +3.6) and initial87Sr~6Sr ratios (0.7035 to 0.7136) 

of the Jurassic-Cretaceous volcanic and volcaniclastic rocks of the Guerrero terrane 

(Figure 2.14, Table C.3) are close to values oeserved in recent island arc volcanics 

(Wilson, 1989). Because these rocks are not fresh, not all the samples were analyzed for 

Sr isotopes. These data are similar to those from the northeastern limit of the Guerrero 

terrane (Guanajuato) (Lapierre et al., 1992), and to results from other terranes of the 

Canadian Cordillera (Samson et al., 1990), and indicate that Precambrian crust was for 

the most part not involved in Jurassic-Cretaceous magma generation. 
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Figure 2. 13 143Ndll44Nd versus 87Sr,f86Sr for MORB from the main present ocean 

basins, and data from the igneous rocks from the basement assemblages (Arteaga coml,lex 

and Zacatecas Formation) (MORB fields after Wilson, 1989, p. 274). 
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Figure 2. 14 Initial ENd values versus 87SrJ86Sr from volcanic and volcaniclastic rocks of 

the arc assemblage, Guerrero terrane. Striped area represents the mid-ocean ridge basalts 

field (MORB), and dotted area the islad arc volcanic field (IA V). 
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In contrast, the low Nd and high Sr isotopic ratios obtained from the volcanic and 

volcaniclastic rocks from the Taxco Schist (Mixteco terrane) and The Nazas Formation 

(Sierra Madre terrane) suggest that these rocks must have incorporated some older crustal 

material during their genesis (Tables C.1, C.2 and C.4). Figure 2.12 shows the range of 

present ENd (+1.1 to -3.6) and possible initial ENd values (+2 to -4). The last values were 

calculated for mid-Jurassic time, based on the relative stratigraphic position of the 

igneous rocks. Sr isotopes were analyzed from three samples from the Taxco Schist, their 

high 87Srj86Sr ratios also indicate the incorporation of old continental crust material as do 

the Nd data (Table C.4) 

Few samples were analyzed from plutons from the Guerrero terrane. The San 

Telmo pluton, a granite to granodioritic intrusion of Tertiary age (53 Ma.), as well as the 

deformed Arteaga granodiorite of Cretaceous age (U/Pb 105 Ma.), have initial ENd and 

initial 87Srj86Sr that are similar to those in the arc assemblage volcanic rocks (Sn. Telmo 

+5.8/0.703668, and Arteaga +6.3/0.704707) (Figure 2.15, Table C.4). Their high positive 

ENd and low 87Srj86Sr ratios suggest that their magmas did not incorporate large amounts 

of recycled crustal material. In contrast, the Tumbiscatio two-mica granite has the most 

negative ENd values and highest 87Srj86Sr among the igneous rocks of the Guerrero 

terrane, with initial ENd -5 and initial 87Srj86Sr= 0.709755. The peraluminous nature of 

the Tumbiscatio granite, as indicated by its mineralogy, shows that this magmatic body 

was produced by melting of sediments. These sediments are most likely those of the 

Varales Formation. Other granitoids with negative ENd values in the Guerrero terrane 

have also been studied by Schaaf (1990) at Puerto Vallarta. Schaaf (1993) has shown that 

there is a correlation of ENd with 018 a values. The intrusives with the most negative ENd 

are the most positive 018 O. The stable isotope data strongly support the idea that the two

mica granites were produced from melting of an upper crustal sedimentary source. This 

could easily be the Varales Formation sedimentary rocks. 
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DISCUSSION 

Figure 2.16 is a plot of ENd versus age for all the igneous rocks analyzed in this 

study. Bulk earth evolution curve (CHUR) and the depleted mantle curve (OM) are also 

shown in the figure. Almost all the Guerrero terrane samples plot above the CHUR curve, 

except for the Tumbiscatio granite. This rules out the possibility that most of the crust of 

the Guerrero terrane is largely reworked, pre-existing old crust. 

Although there are some variations in trace element abundances and isotopic 

composition among the different igneous rocks related to the basement assemblages 

(Arteaga complex and Zacatecas Formation), the data are broadly consistent with 

derivation from a MORB source. In addition, these data also suggest that the igneous 

rocks from the Arteaga complex and the Zacatecas Formation are petrogenetically related 

and differ from the Jurassic (?)-Cretaceous arc magmatism. Their high ZrlRb ratios as 

well as the high Ta content suggest that these rocks could be associated with back arc 

basin spreading centers. However, the geochemical behavior of igneous rocks in this kind 

of tectonic environments is not well constrained (Wilson, 1989). 

On the basis of geochemistry alone, the graywackes of the Jaltomate Formation 

could be interpreted as derived from erosion of oceanic basalts (MORB). However, 

similar geochemical signatures are shown by sediments derived from primitive 

undifferentiated island arc basalt (Hawkes worth et al., 1977; White and Patchett, 1984; 

Hess, 1989; Wilson 1989). Recent sediments with analogous compo~itions have been 

described from the Marianas forearc basin which show MORB signature (McLennan et 

al., 1990). REE patterns of both samples from the Jaltomate Formation are similar to 

those of recent sediments from immature arcs quite removed from old continental crust 

(McLennan et al., 1990). 

As mentioned in the first chapter, the regional geology indicates that during mid

Late Jurassic time, the basement assemblages were deformed. Then, under thrusting 

could have brought the continent-derived sediment of the Varales formation down to 

lower crustal levels, and gotten involved in the generation of syn-orogenic granites. 
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The fact that the magmatism of the Jurassic-Cretaceous arc assemblage does not 

show large amounts of older crust contamination suggests that there was probably no 

overthrust of the ocean assemblages over continental crust during this tectonic event. The 

isotopic ratios for plutons emplaced in the Guerrero terrane during and after the 

deformation of the arc assemblage are also compatible with magma genesis in a region 

with limited amount of crustal contaminants available. 

In contrast, the volcanic rocks from the Taxco Schist and Nazas Formation, 

related to the older terranes that formed part of nuclear Mexico during the evolution of 

the Guerrero terrane, plot near or under the CHUR curve. These data indicate that a 

significant component of ancient crust was involved in the magma generation. 

Consequently, it confirms that the crust of the Sierra Madre and Mixteco terrane is 

different from the crust of the Guerrero terrane. 

The tectonic setting of the Nazas volcanic event has not been constrained yet. 

Some authors considered that it could be related to a continental arc belt. However, the 

clastic sequences of the Nazas Formation have been traditionally interpreted as graben fill 

deposits, associated with the opening of the Gulf of Mexico. The tectonic significance of 

the Taxco Schist is also unknown. However, both Nazas and Taxeo Schist volcanic and 

volcaniclastic rocks have geochemical and isotopic signatures similar to volcanic rocks 

associated with destructive plate margins. 
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CHAPTER 3. GUERRERO TERRANE OF MEXICO: ITS ROLE IN THE 

SOUTHERN CORDILLERA FROM NEW GEOCHEMICAL DATA 

Introduction 

Although extensive areas of the North American Cordillera from Alaska to 

southern Mexico consist of tectono-stratigraphic terranes of continental or continental 

margin character, several are of oceanic affinity (Figure 3.1). Isotopic studies ofvo1canic 

and sedimentary rocks of Wrangellia, Stikine, and Alexander terranes (Figure 3.1) 

demonstrate their juvenile nature (Samson et al., 1990). Low percentages of recycled, 

continent-derived material in the sedimentary rocks of these terranes indicate they 

evolved in intraoceanic environments until their accretion to North America in mid

Cretaceous time. The Guerrero terrane shows lithologic assemblages and depositional 

environments similar to the Cordilleran terranes mentioned above. Our data, however, 

indicate a different tectonic evolution. 

The Guerrero terrane, fIrst described by Campa and Coney (1983) (Figures 3.1, 

and 3.2), covers 700,000 km2, and is the largest in the North American Cordillera. It is 

composed mostly of Upper Jurassic(?) to mid-Cretaceous volcanic-sedimentary rocks of 

arc affinity. The terrane is important because of implications for the genesis of 

continental crust and accretionary processes in the North American Cordillera, and 

because it may also be related to similar rocks of the Caribbean and of northern South 

America (Rufz et al., 1991). However, few details are known of the crustal constitution, 

nature of the basement, stratigraphy or deformational history of the Guerrero terrane. 

This paper presents a summary of new geological, Nd-Sr isotopic, and 

geochemical data from rocks we consider to represent the basement of a large area of the 

Guerrero terrane (here named as the Arteaga complex), as well as from the Jurassic(?)

Cretaceous volcanic and volcaniclastic rocks sampled across the southern part of the 

terrane. 
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Figure 3.1. Location of Guerrero terrane (black), Ruled pattern indicates 

possible equivalent terranes in North American Cordillera, such as Wrangellia, 

Stikine, Alexander, the Franciscan melange, and Greater Antilles and South 

America (map modified from Coney and Campa, 1987). 
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Geologic framework and basement of the Guerrero Terrane. 

The Guerrero terrane consists of marine to continental volcanic, volcaniclastic, 

and associated sedimentary rocks of Jurassic (?)-Cretaceous age. The southeastern region 

(Teloloapan subterrane; Figure 3.2) is severely deformed, showing low-grade, and locally 

amphibolite facies metamorphism (Campa and Ramfrez, 1979; Elfas-Herrera, 1990). 

Structurally, this area is characterized by a complex thrust-fault system that verges 

eastward and overrides Cretaceous shelf carbonates of nuclear Mexico (Campa and 

Ram{rez, 1979). In contrast, the rest of the terrane (Huetamo and Zihuatanejo 

subterranes) is folded, but unmetamorphosed (pantoja, 1959; Campa and Ramfrez, 1979). 

The paleontologic ages of the arc assemblage range from Neocomian to Campanian 

(Pantoja, 1959; Campa and RamIrez, 1979), although poorly constrained Tithonian

Kimmeridgian fossils have also been reported (Pantoja, 1959; Campa et al., 1974). 

Apparently, the terrane was consolidated to North America in Late Cretaceous time, as 

indicated by the overlap of undeformed Early Tertiary rocks on both the Guerrero terrane 

and nuclear Mexico. 

Exposures of possible pre-arc assemblage rocks have been reported near 

Zacatecas, in the north-eastern edge of the Guerrero terrane (Ranson et aI., 1982), near 

Zihuatanejo (de Cserna et aI., 1978), near Huetamo, and in the area of Arteaga (Fig. 2). 

Metamorphic rocks that crop out in the Arteaga region were named "Arteaga Schist" by 

Gutierrez (1975); because of their complexity I name these rocks the Arteaga complex. 

The complex is composed of black shale, quartzitic sandstone, and sparse black chert, 

which we group as the Varales Formation. Contained within this formation are blocks of 

basaltic pillow lavas, light green chert, limestone interbedded with tuffaceous sandstone, 

and foliated diorites, giving the complex a "block-in-matrix" aspect. The lithologic 

associations of the Arteaga complex suggest a deep marine depositional environment. 

The Arteaga complex is strongly deformed and, in some areas, metamorphosed to 

greenschist facies. The age of the terrigenous sediments of the Varales Formation is not 

well constrained. Campa et. al. (1982) reported Triassic radiolarian (Ladinian-Carnian) 

in cherts; however, it cannot be demonstrated that the cherts are in depositional contact 

with the clastic sediments. Scarce KJAr dates for whole-rock metapelites range from 194 

to 168 Ma (M. Grajales and M. Lopez, unpublished). Thus it seems that some of the 

complex may be Triassic in age, while the Jurassic ages might be related to a pre-arc 

assemblage metamorphic event. The abundance of quartz in Varales Formation 
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sandstones suggests this region of the Guerrero terrane received sediments from a 

continental region. The arc-related units rest unconformably on top of the Arteaga 

complex (Figure 3.2). 

Isotope and Trace Element Geochemistry. 

Sandstone and shale of the Varales Formation have light rare earth element (REE) 

enrichments and a marked Eu anomaly (Figure 3.3A, Table A 1), similar to the North 

American Shale Composite pattern. Initial 87Srj86Sr ratios of the two sedimentary rocks 

at their probable depositional age of 225 Ma are very radiogenic at 0.7163 and 0.7244; 
Initial ENd is negative, -6.2 and -7.2 (Figure 3.4, Table B 1). Depleted mantle Nd model 

ages (DePaolo, 1981) for the sediments are 1.3 and 1.4 Ga. The Nd results indicate that 

the clastic sediments of the Varales Formation were derived from an evolved continental 

source, and conflrm our inference from the petrological analysis of sandstones (Centeno

Garda et aI., 1991). 

Basaltic pillow lavas of the Arteaga complex have low REE abundances with 

chondrite-normalized depleted light REE and flat heavy REE (Figure 3.3A, Table AI). 
REE patterns are similar to those of mid-ocean-ridge basalts (MORB), as are initial ENd 

values of + 13 (e.g. Ito et aI., 1987). Initial 87Srj86Sr ratios of 0.7047 are more radiogenic 

than those of MORB (Figure 3.4, Table B 1), probably because of post-magmatic 

alteration. MORB-like affinity for pillow lavas of the Arteaga complex suggests that at 

least part of the Zihuatanejo subterrane includes oceanic crust. 

The Jurassic-Cretaceous volcanic and volcaniclastic rocks are tholeiites, high-K 

basalts and andesites, and some rhyolites. They show REE patterns (Figure 3.4, B and C) 

that are typical of evolved island arcs (e.g. White and Patchett, 1984), i.e. enriched in 

light REE with slight to marked negative Eu anomalies (Table A 2). Initial 87Sr/86Sr 
ratios are 0.7034 to 0.7052, and initial ENd varies between +3.9 and +7.9 (Figure 3.4, 

Table A 2) except for a rhyolitic tuff from Taxco (Figure 3.2), which has ENd of -2.5. 

These data are similar to those from other parts of the Guerrero terrane (Lapierre et aI., 

1992), and to results from other terranes of the Canadian Cordillera (Samson et al., 1990) 

and indicate that Precambrian crust was for the most part not involved in Jurassic

Cretaceous magma generation. 
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Figure 3.3 Chondrite-nonnalized rare earth element patterns for (A) pillow lavas and 

sediments (V. Fm. = Varales Fonnation) of Arteaga complex, (B) volcanic, and (C) 

volcaniclastic rocks from Jurassic (?)-Cretaceous arc assemblage in Teloloapan, 

Huetamo, and Zihuatanejo subterranes (see Fig. 3.2). 
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Figure 3.4 Initial ENd vs. initial 87Sr/86Sr from Arteaga complex and lurassic

Cretaceous (J-K) arc assemblage. Ruled field represents ranges of mid-ocean ridge 

basalts (MORB); stipple pattern represents ranges of island-arc volcanics (IA V). 
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Discussion 

The major angular unconformity between the Arteaga complex and the arc-related 

rocks, as well as the lack of any other complex of older basement rocks, indicate that the 

Arteaga complex may represent the basement of a large area of the Guerrero terrane. The 

Arteaga complex formed partly from ocean-floor rocks, as indicated by REE and isotopes 

of the pillow lavas. However, the quartz-rich sandstones of the Varales Formation and 
their negative ENd values suggest that the oceanic crust was receiving sediments from a 

cratonic area with similar isotopic compositions to those which currently border the 

Guerrero terrane, i.e. the Acatlan complex or Oaxaca block, that both have ca. 1.4 Ga. 

model ages (Rui'z et al., 1988; Yanez et al., 1991) (Figure 3.2). From the geochemical 

point of view, these data suggest that the basement of the Guerrero terrane is actually an 

association of pure mantle-derived crustal material and a recycled Precambrian 

component. This makes the Guerrero terrane different from the Wrangellia, Alexander, or 

Stikine terranes, which contain little continent-derived material. 

The characteristics of the Arteaga complex indicate that it could either be an 

accretionary prism related to a subduction zone or a fragment of an accreted oceanic 

basin. If it is a Triassic-Jurassic-Early Cretaceous (?) accretionary prism, it could be 

related to the prolongation of the early Mesozoic continental arc of southwestern North 

America (Dickinson, 1981; Busby-Spera, 1988). However, these speculations need 

accurate paleontological studies of the Varales Formation and blocks related to it, as well 

as additional regional studies. The deformation and metamorphism of the Arteaga 

complex might have occurred in Jurassic times as indicated by the KlAr ages of the 

metasediments, but its youngest possible age is pre-Aptian on the basis of field relations 

in the Arteaga region. 

The positive ENd values and nonradiogenic 87Sr~6Sr from the Jurassic(?)

Cretaceous arc-related rocks are similar to the values for present-day evolved, 

intraoceanic island arcs, indicating that the magmatism did not sample old crust and that 

the sediments of the Arteaga complex did not significantly influence the arc assemblage. 

The Taxco area of the Teloloapan subterrane (eastern edge of the terrane) (Figure 3.2) is 

exceptional, where I sampled a rhyolitic tuff that yielded negative ENd. Another area with 

possible continental contamination is the area northwest of Arteaga, where Schaaf (1990) 

reported negative ENd values for Cretaceous granitoids of Puerto Vallarta (Figure 3.1). 
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Those plutons may have assimilated old continental crust or a thickened sequence of the 

sediments of the Arteaga complex. Therefore, the Guerrero terrane must have a 

heterogeneous basement, consisting of accreted ocean-floor materials, but also accreted 

oceanic sediments of continental origin, as well as possible fragments of more clearly 

continental affinity. However, the largest portion of the Guerrero terrane, the Jurassic (?)

Cretaceous arc, represents additions of juvenile material to the North American Cordillera 

(see also Lapierre et aI., 1992). 
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CHAPTER 4. TECTONIC SIGNIFICANCE OF DETRITAL MODES, TRACE 

ELEMENTS, AND Nd ISOTOPES OF SANDSTONES OF THE GUERRERO 

TERRANE, WESTERN MEXICO 

Introduction 

The terranes of the North American Cordillera are mostly characterized by ocean 

island arc assemblages, continental-margin assemblages and ocean-basin related 

sequences that accreted to nuclear North America at different times. The characterization 

of the sedimentary sequences related to some tectonostratigraphic terranes has been 

helpful for paleotectonic and paleogeographic interpretations (Dickinson, 1992; 

Dickinson et al., 1983). Such studies have shown that some terranes contain clastic 

sequences of recycled continental material, as indicated by the composition and isotopic 

signature of their sandstones (Dickinson, et al., 1979; Ingersoll et al., 1986; Nelson and 

Bentz, 1990; Lynn et al., 1992). Other terranes however, seem to show almost no 

influence of continental-derived material (Samson et al., 1990, 1991), suggesting they 

were sedimentologically isolated from continental sources, and evolved in an oceanic 

setting (e.g. the Wrangellia and Stikine terranes in the Canadian Cordillera). In this 

chapter I present a summary of results of petrographic and Nd isotopic analysis of 

sandstones from both the basement and arc-related assemblages of the Guerrero terrane. 

These studies are applied to characterize the sedimentary system of the terrane, to 

determine if continent-derived material was supplied to either the basement units and/or 

the arc assemblage, to evaluate possible sources for those sediments, and to suggest the 

tectonic setting of the basins of deposition. 

In order to characterize the paleogeographic setting and provenance of the 

sediments of the Guerrero terrane, sandstones were collected from the Iurassic

Cretaceous arc assemblage, and from the basement units of the Guerrero terrane. The 

results are shown in groups or suites of data from a particular stratigraphic unit or series 

of units that belong to a particular tectonic setting. Geographic and stratigraphic location 

of the samples from each suite are shown on figures 4.1 and 4.2 (symbols for each suite 

of samples are used on figures 4.3 to 4.5). The sandstone suites analyzed are: Arteaga 

(samples from the Varales Formation), Placeres, and Zacatecas (both the Zacatecas and 
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Figure 4.1. Guerrero terrane assemblages and surrounding terranes (modified from Coney 

and Campa, 1987), and location of the stratigraphic columns shown on figure 4.2. 

Schematic geologic cross sections are also shown: 
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La Ballena formations), all from the basement assemblage. The Zihuatanejo, Huetamo 

and Teloloapan suites represent data obtained from sandstones of the arc assemblage, and 

were collected from southeastern areas of the terrane. The Mexcala suite includes 

samples from the Mexcala formation collected from both the Guerrero and the Mixteco 

terranes. Finally, the suite labeled clasts in K conglomerates comprises results of modal 

analysis from sandstone boulders that were collected from conglomerates within the 

clastic Cretaceous sequences in Huetamo and Arteaga regions (Playitas and Angao 

Formations). 

Compositions were determined by point counting (around 300 points per sample), 

according to the Gazzi-Dickinson technique (Gazzi 1966; Dickinson 1970). Most of the 

selected samples were in the medium sand fraction size (0.25 to 0.5 mm of grain 

diameter), the few coarse-grained samples analyzed show identical modal composition to 

the medium-grained samples. The detrital modes of sandstones were divided into ten 

categories, listed on table 4.1, and recalculated to 100 %; Qt-F-L and Qm-F-Lt ratios 

were calculated in order to plot the ternary diagrams on figures 4.3 and 4.5. Table 4.2 

summarizes the mean and standard deviation for each sandstone suite analyzed, and table 

D.1 in appendix D presents all the data obtained from the point counting. Graphs on 

figure 4.4 were plotted using the percentages obtained from the total modal compositions 

listed in table D.l. Complementary to the sandstone petrology, some samples were 

observed under cathode luminescence, providing certain approximate information on 

temperature conditions during formation of quartz crystals. 

Finally, the data were plotted on provenance ternary diagrams for discussion of 

possible sources of the sediments (Figure 4.5). We based our interpretations on several 

studies of modern and ancient sandstone composition and provenance (e.g. Dickinson and 

Suczek, 1979; Dickinson et aI., 1983; Dickinson, 1985). 

SUITES RELATED TO THE BASEMENT ASSEMBLAGE 

The sandstones of the Arteaga suite were collected from areas where the Varales 

Formation shows slight or no metamorphism. Also, sandstones from the Placeres 

Complex, the Zacatecas Formation at Zacatecas City, as well as sandstones from La 

BaHena Formation at Pefi6n Blanco, and Charcas, are included in this analysis. 
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Figure 4.3. Classification of sandstones of the Guerrero terrane according to Folk et al. 

(1970). Sandstones collected from the basement units (Arteaga and Placeres complexes, 

and Zacatecas Formation) group in one field. Sandstones from the arc-assemblages 

defined three fields (Zihuatanejo, Huetamo and Teloloapan), that correspond 

approximately with the geographic distribution of the sub terranes proposed by Campa 

and Coney (1983). Sandstone clasts collected from the arc-related conglomeratic units 

plot within the basement units field, suggesting that the clasts were derived from those 

units. The field defined by the Late Cretaceous Mexcala Formation overlaps the three 

fields of the arc assemblage, . 



TABLE 1. CLASSIFICATION OF GRAIN TYPES 

Grain categories calculated to 100% in Table 2 

Qt Total quartz (*) 

Qm Monocrystalline quartz 
Qp Polycrystalline quartz 

Qpa Massive and foliated polycrystalline 
quartz aggregates. 

Ch Microcrystalline quartz (chert) 

F Total Feldspar 
P Plagioclase Feldspar 
K Potassium Feldspar (includes microperthite) 
Fu Undifferentiated Feldspar 

L Total Lithic Fragments 
Lv Volcanic 
Lm Metamorphic (sedimentary and volcanic) 
Ls Sedimentary 

(claystone, sandstone, and limestone) 

Framework grouping for ternary diagrams 

Folk et al. (1970) Dickinson (1983, 1985) 

Qt Qm+Qp Qt Qm+Qp+Ch 
L Ch+ _Lv+Lm+Ls L Lv+Lm+Ls 
F P+K+Fu F P+K+Fu 

Qm Qm 
Lt Qp+Ch+L 

(*) Chert is included in the quartz category in the text 
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Figure 4.3 shows the variation in composition of the sandstones of the Guerrero 

terrane, according to the classification of Folk et al. (1970). Mean values of the modal 

analysis of the different types of sandstone grains are given in table 4.2, and details on the 

composition of those grains for each suite are summarized in table 4.3. 

Arteaga suite 

The sandstone of the Arteaga suite are predominantly fine to medium-grained, 

and rarely larger than gravel size. The grain/matrix ratio varies widely, from matrix-rich 

sandstones (graywacke) to "clean" sands. Where matrix is abundant, it is mostly 

composed of quartzitic siltstone with some sericite replacement. The grains are in general 

poorly sorted, and vary from angular to sub-rounded. The sandstone of the Varales 

Formation ranges from sublitharenite to lith aren ite , according to Folk's (1970) 

classification (Figure 4.3), and are composed almost totally of quartz grains (Qt=89, F=2, 

L=9). Polycrystalline quartz is more dominant than monocrystalline quartz (38Qm<51QpL> 

(Table 4.2, Figure 4.4), and is composed of equivalent amount of crystal aggregates and 

chert grains (Qpt= 28Qpa+23Ch). The latter sometimes have radiolarian ghosts (table 4.3). 

Because of its high content of chert grains, the sandstone of the Varales Formation could 

be considered as a "Chert lith arenite" (Figures 4.3 and 4.4). Volcanic and feldspathic 

fragments are very rare, as are other grains (2Plt 3Lm, 4L~ (see tables 4.2 and 4.3). 

However the percentage of such grains might be underestimated, due to their low 

resistance to diagenesis and deformation. 

The Arteaga suite shows some light bluish violet quartz crystals under cathode 

luminescence. This effect is caused by high temperatures and "fast" cooling conditions 

(Zinkernagel, 1978), and suggest a volcanic or contact metamorphic origin. The relative 

concentration of such quartz is around 5% of whole-rock composition. All chert and 

some polycrystalline grains show no luminescence, which is characteristic of authigenic 

quartz. The rest of the quartz grains have a brown color, indicating that they might either 

be derived from erosion of a metamorphic terrane (either low or high grade), or could be 

authigenic quartz (Zinkernagel, 1978). The brown colored quartz grains are by far the 

most abundant of the monocrystalline grains. 



TABLE 2. MEAN DETRITAL MODES OF SANDSTONES OF TIlE GUERRERO TERRANE 

Sandstone Suites Qm Qp Ch P K Fu F Lv Lm Ls 

Arteaga (14n) 38±12 27±8 23±15 1±2 l±O.2 1±2 3±4 2±3 3±3 4±5 
Placeres (2n) 38±12 25±7 19±9 5±2 l±O 4±6 I0±.6 3±1 5±3 <>:to 
Zacatecas (4n) 39±4 40±7 9±O 4±O 3±1 3±1 10±.I 1±1 1±1 <>:to 
Teloloapan (9n) 15±8 7±6 4±4 7±3 1±2 4±4 I3±6 39±24 3±2 I9±9 

Mexcala (4n) 21±9 16±8 3±2 5±5 <>:to 5±4 10±.8 22±8 5±4 23±12 
Huetamo (5n) 14±14 24±14 8±6 7±10 1±2 4±6 12±18 14±14 20±15 8±8 
Zlhuatanejo (1On) 22±12 20±13 3±5 8±5 9±9 4±6 21±10 27±17 3±5 4±7 
Clast in K Cg (3n) 55±12 23±11 10±3 1±1 <>:to O±O 1±1 7±10 4±2 <>:to 

.... 
~ .... 



TABLE 3. GRAIN COMPOSITION OF SANDSTONES OF THE GUERRERO TERRANE 

lYPE ZDIUATANEJO Ht.'ETAMO TELOLOAPAN MEXCALAFM V ARALES FM.· ARTEAOA COMPLEX 

StriJhl exti!Eti~ 
StriJhl ntiactiOD>unduloee 

• ... Stript atiacllcao.dlll- Striptell1iJictiai>IIIIChjoee Stript cltiDctiOII>uadljoe IDclalioal: ~ wlndile 

.. Some .-udopolycrymlliDe llftdlce mel !lOme W/YIICUO!ea 
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C1 
PeiJ~• s-.t_,llraipta.lldl CODtac:la. -.u -llllifonnly axJIXtll (KWC:C). coabc:la. DO equi IJ'UIW•. Scarc:e folillled polycrymlline qL 

lized. AbuDduJI foliated pia Some foliated IIPJIIeL Some fOliated p-ains. Cber1 is fine -piDed to uzjUaceoaa, 

Some ftae-pwiDed chert. Cbcrt (rwe) Few fme-p-aiaed cbnt. w/chllcedouy aud qz •eialeta. IDd 
ICII'CC nllliolariao pona. 
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tnynll<'ki tc (rwe) mel Mrr-ate (rwe). 

Vale&Did 
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urocwtooe. camc..te oolitba, 
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Placeres suite 

The Placeres suite has similar textures and composition to the Arteaga suite, and 

is mostly composed of litharenites, and rarely of feldspathic lith arenite, with a high 

percentage of quartzose fragments (Qt=82,F=,L=8) (Figures 4.3 and 4.4). Graywackes 

are more abundant than clean sandstones, with a matrix made up of quartzitic siltstone. 

The grains are angular to sub angular and poor to medium sorted. Fragments larger than 

gravel size have not been found. The types of quartz grains are very similar to those in the 

Arteaga suite, with a mono- and polycrystalline mean average of 38Qm<44Qpt from 

whole-rock composition. Chert is almost as abundant as polycrystalline aggregates 

Qpt=(25Qpa+19Ch), therefore, this rock could also be considered as "chert-arenite" 

(Tables 4.2 and 4.3). However, the Placeres suite shows an increase in feldspar, compared 

to Arteaga (lOFt) (Tables 4.2 and 4.3). This suite has scarce volcanic and metamorphic 

fragments (5Lm, 3Lv, OLs) that show similar compositions to those found in Arteaga (see 

Tables 4.2 and 4.3). Cathode luminescence was not performed on the Placeres suite 

because the samples were collected close to a granitoid, and its thermal effects probably 

altered the original luminescence of the quartz grains. 

Zacatecas suite 

The Zacatecas suite includes samples collected from the Zacatecas Formation, in 

the northeastern limit of the terrane, and sandstones from the La Ballena Formation in the 

Sierra Madre terrane (Figures 4.1 and 4.2). The sandstones collected from both units 

show no differences in composition among them, and are all made up of sublitharenite

subfeldsarenite (subarkose), (Figure 4.3), and have a very high percentage of quartzose 

fragments (Qt=88,F=1O,L=2). Matrix and/or cement are rare, grains have mostly sutured 

contacts, and matrix is formed by clay minerals when it is present. The fragments are 

angular to subrounded, and are moderately well sorted. Percentage of monocrystalline 

and polycrystalline quartz grains are comparable (39Qm>49Qpv. Fragments of 

polycrystalline quartz aggregates in the Zacatecas suite are more abundant than in the 

Arteaga and Placeres suites (see table 4.3). In contrast, the percentage of chert grains in 

Zacatecas sandstone is very low (Qpt=40Qpa+9Ch), compared with Arteaga (Figure 4.4). 

Feldspar grains are more prominent (lOFv in Zacatecas sandstones than in Arteaga suite, 

and volcanic, metamorphic and sedimentary lithics are rare (lLm, lLv, DLS>. 
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SUITES RELATED TO THE LATE JURASSIC·CRET ACEOUS ARC 
ASSEMBLAGE 

The suites related to the Jurassic-Cretaceous arc-assemblage show clearly three 

sUb-populations in the Folk et al. (1970) discrimination diagram (Figure 4.3). The 

Zihuatanejo suite shows a wide range in composition (Figure 4.3), probably related to the 

stratigraphic and geographic location of the sample. The Huetamo suite belongs to the 

litharenite and lithic arkose fields according to the Folk (1970) classification and plot 

relatively close to the field defined by the basement units (Figure 4.3), except for one 

sample that has more volcanic-derived detritus. The Teloloapan suite forms a field in 

between the Zihuatanejo and Huetamo sandstones (Figure 4.3). The Mexcala suite plots 

between the Huetamo and Teloloapan fields (Figure 4.3). Sandstone clasts in K 

conglomerates are quartz-rich sublitharenites , and plot within the basement units field on 

Folk's (1970) diagram (Figure 4.3). 

Zihuatan~o suite 

The Zihuatanejo suite has a wide range in composition both vertically and 

horizontally. Sandstones collected from basal parts of the sequence (in the Arteaga 

region) are quartz-rich litharenites and subfeldsarenites (Figure 4.3). Moreover, samples 

from the middle and upper parts of the section are among litharenite, feldspathic 

litharenite, and lithic arkose (Figures 4.3 and 4.4). (Qt=45, F=21, L=34 mean from total 

samples analyzed). The amount of matrix is variable. Where prominent, it is made up of 

clay mudstone, calcareous mudstone and rarely quartzose siltstone. Cement is formed by 

clay minerals or carbonates, but iron oxides (either as original cement or as replacement) 

are also common. The Zihuatanejo sandstones are poorly to medium sorted, grain size is 

variable, and grains are subrounded to subangular. This suite is essentially a volcanic

arenite (27Lv) that can be composed of up to 90% of volcanic fragments (Figures 4.3 and 

4.4) (see table 4.3 for grain composition). Locally it is enriched in quartz fragments, 

where mono- and polycrystalline quartz percentages are equivalent (22QrnS23Qp[), and 

chert percentage is very small (Qpt=20Qpa+3Ch). Feldspar is also abundant (21FU, and 

sedimentary and metamorphic lithics are very rare (3Lrn, 4Ls) (table 4.3). 
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Huetamo suite 

The Huetamo suite was collected from the stratigraphic sequence of the Huetamo 

subterrane, but at different geographic locations (Figures 4.1 and 4.2). The suite belong to 

the litharenite and lithic arkose fields according to Folk (1970) classification (Qt=46, 

F=12, L=42) (Figure 4.3). The sandstone is medium sorted, grains are subangular to 

subrounded, and grain size is quite variable, from fine to coarse grained. Matrix content is 

very low (calcareous mudstone), and grains are cemented by either clay minerals, calcite, 

or iron oxides. The composition is variable in the column, with basal units more enriched 

in quartzose and metamorphic fragments (see table 4.3) than those at the top, where 

volcanic lithics are more abundant. On average, polycrystalline quartz aggregates are the 

dominant grains (24Qpa), as well as metamorphic lithics (20Lm) (see table 4.3 and figure 

4.4), followed by volcanic lithics and monocrystalline quartz (14Lv, 14Qrn> (see table 

4.3). Feldspar grains are also very abundant (12Ft). The Huetamo suite shows a small 

percentage of chert and other sedimentary lithic grains, such as sandstone and limestone 

grains (8Ch,8Ls). Chert and sandstone (quartz-rich) fragments are sometimes deformed. 

TeJoJoapan suite 

The Teloloapan suite consists of samples from the mid-Cretaceous clastic units 

related to the arc-assemblage in the Teloloapan subterrane, and includes the sediments 

related to the Arcelia basin assemblage (Figures 4.1 and 4.2). Their composition varies 

from litharenite to feldspathic litharenite (Qt=19, F=12, L=69) (Figure 4.3). These 

sandstones are medium to poorly sorted, fragments are angular to subrounded, and 

percentage of matrix is variable. Matrix and/or cement are either clay minerals or 

calcareous mud, where calcite replacement is very common. Volcanic grains are the most 

abundant (see table 4.3 for composition), with a mean of 50Lv from whole-rock 

composition, and sometimes constitute up to 95 % of the rock (Figures 4.3 and 4.4). 

Thus, this suite can be considered a "volcanic arenite". Fragments of sedimentary rocks 

are the second most abundant type (17Ls), they are mostly altered quartz-rich sandstone, 

mudstone and limestone fragments. Feldspar grains are also very abundant (13Ft). 

Monocrystalline quartz is more abundant than polycrystalline (12Qm>7QpV, whereas 

quartz aggregates and chert are very rare (Qpt=3Qpa+4Ch). 
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Mexcala suite 

The Mexcala suite is made up of sandstones collected from the Mexcala 

Formation in both the Guerrero and Mixteco terranes (Figure 4.1 and 4.2). Because of the 

high matrix percentage, this suite can be described as a lithic to feldspathic-lithic 

graywacke (Qt=40, F=12, L=48). The matrix is mostly calcareous mudstone or claystone, 

and some samples show calcite replacement. These are mostly fine to coarse grained 

sandstones, poorly sorted, with subangular to subrounded grains. Sedimentary fragments 

are the most abundant of the lithic grains (23Ls) (Figure 4.3), and contain a higher 

percentage of calcareous and graywacke/shale fragments than reworked sandstone grains. 

Calcareous ooliths, shell fragments and calcareous mudstone are the main constituents of 

the calcareous fragments. Sandstone fragments are quartz-rich lith arenite and feldspathic 

litharenite. Volcanic fragments are the second most abundant lithic grains (2DLv), with a 

broad variety in composition, listed in table 4.3. Percentages of monocrystalline quartz 

are also high (21Qrn), follow by polycrystalline quartz aggregates (l5Qpa), and feldspar 

fragments (12Ft> Metamorphic lithics and chert grains are only around the 5Lrn and 4Ch 

percent respectively, from the whole-rock grain composition. 

Clasts in K con~lomerates 

Conglomerates are very abundant in the Huetamo and Zihuatanejo subterranes 

(Fig. 3), and are composed mainly of volcanic fragments (tuff, basaltic andesite and 

andesite are the most common, rhyolites are also present). However, fragments of 

sandstone, slate, schist, orthogneisses, granite and rarely limestone were also found. 

Point-counting data from the sandstone-clasts are shown in all figures and tables. The 

composition of those sandstone clasts is mostly quartz-rich sublitharenites (Qt=88, F=l, 

L=l1) (Figure 4.3). Monocrystalline quartz is the most abundant grain type (55Qrn), 

followed by polycrys~alline quartz aggregates (23Qpa) and chert (lOch> (Figure 4.4). 

Metamorphic and volcanic lithic grains are less abundant (4Lrn, 7Lv), and feldspar 

fragments are very rare (1Ft). The textures (sometimes deformed) and composition of 

such clasts are similar to the Arteaga and Placeres suites (see Tables 4.2 and 4.3), which 

suggests that they might be derived from such units. 

Metamorphic and slightly foliated granite boulders were collected from the 

Posquelite Formation. in Zihuatanejo subterrane for geochemical analysis. The 
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metamorphic fragments are mostly quartz-mica orthogneisses, whose protolith probably 

was a quartz-rich sandstone. Granite clasts have biotite and some muscovite (S-type). 

SUMMARY OF PETROGRAPHIC DATA 

The modal analyses of sandstones of the Guerrero terrane show that the 

composition of the suites related to the basement units (Arteaga, Placeres and Zacatecas) 

is different from the composition of sandstones related to the arc-assemblage 

(Teloloapan, Huetamo and Zihuatanejo). As shown on figure 4.4, the main sandstone 

grain components tend to form two distinctive groups, when plotted versus percentage of 

monocrystalline quartz. Overall, the basement suites show a higher percentage of 

monocrystalline quartz and chert than suites from the arc assemblage (Figure 4.4a). The 

amount of polycrystalline quartz aggregates in the basal units is high and approximately 

constant. In contrast, the percentage of such fragments is smaller and/or more variable in 

the arc assemblage suites (Figure 4.4b). Moreover, sandstones of the arc assemblage have 

a higher percentage of volcanic lithics and feldspar compared with the basement units 

that have a very low percentage or none of these grains (Figure 4.4c, 4.4d, and 4.4e). 

Sandstones from both the basement units and the arc assemblage have similar amounts of 

metamorphic lithics, except the Huetamo suite which is enriched in those grains (Figure 

4.3 and 4.4). Heavy minerals constitute a very small fraction of the whole rock 

components « 1 %) among all the suites, and their mineralogy is listed on table 4.3. 

Sandstones of the Mexcala Formation have similar composition to those from the 

arc assemblage, as shown on figures 4.3 and 4.4. Samples of the Mexcala suite plot 

within the field defined by the arc-related sandstones. Sandstone clasts in K 

conglomerates plot within the field defined by the basement units, suggesting that they 

were derived from those units (Figur·e 4.3 and 4.4). 
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PROVENANCE INDICATORS 

The Arteaga, Placeres and Zacatecas suites have modal compositions that plot in 

the recycled orogen provenance field on the Qt/FIL and QrnIFlLt diagrams (Dickinson et 

aI., 1983) (Figure 4.5). Sandstones with similar composition have been considered as 

derived from a source analogous to an uplifted fold-thrust belt or collision suture belt that 

might have mixed with some continental cratonic material. The low percentage of both 

volcanic lithics and volcanic-derived quartz indicates little input of material derived from 

erosion of an arc system. The heavy mineral association of those suites (see table 4.3) 

suggests a source composed of acid-igneous, metamorphic, andlor reworked-sediment 

(after Pettijohn et al., 1987). Feldspar composition and the few grains with myrmekitic 

texture are indicative of a metamorphic /plutonic and perhaps volcanic source. The chert 

grains of the sandstones of the Arteaga and Placeres suites have traces of radiolarians (see 

table 3); this along with the composition of other sedimentary lithics, such as the scarce 

ironstone grains, indicate that the rocks that supply those sand fragments were originally 

deposited in a deep-marine environment. Thus, it seems that a substantial amount of 

sediment was supplied from an uplifted deep-oceanic assemblage to the Arteaga and 

Placeres complexes. Moreover, the Arteaga and Placeres suites contain some heavy 

minerals that are not present in the Zacatecas sandstones, such as epidote, hematite, 

leucoxene and olivine, minerals that are consistent with a possible oceanic 

sedimentary/basic-igneous source. Dickinson et al (1979) suggest that chert-rich 

lith arenites are probably derived from uplifted melanges or subduction complexes. 

Alternatively, local uplift of the ocean-floor that exposed the sequences to erosion could 

have supplied chert grains to a younger oceanic depositional basin. 

The arc assemblages show a dispersed distribution in the QtlFlL and QrnlFlLt 

provenance diagrams (Dickinson et al., 1983). The Zihuatanejo sandstones plot within the 

magmatic arc, as indicated in figure 6. However, some samples collected from the 

Arteaga region plot in the recycled-orogen field (Figure 4.5) (Table 4.3). The Huetamo 

suite samples plot in the recycled orogen provenance and magmatic arc provenance fields 

in the Qt/FIL and QrnlFlLt diagrams (Figure 4.5) due to mixing of material derived from 

the arc (as indicated by the composition of the volcanic lithic grains) with detritus derived 

from the basement units (lithic grains are similar to the Placeres and Arteaga lithologies, 

see table 4.3). The Teloloapan suite plots mostly in the arc provenance fields (from 

undissected to dissected) (Figure 4.5), although some samples plot in the recycled field. 
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Data obtained by Delgado et al.(1988) from sandstones related to the Arce~a region from 

the Teloloapan subterrane were included in Figure 4.5. They plot in the recycled orogen 

and arc provenance fields suggesting that those sediments might be derived from the 

same sources as the Huetamo suite. Heavy mineral associations (Table 4.3) from all the 

arc-related suites indicate a metamorphic-igneous source (pettijohn et al., 1987). 

The Mexcala Formation seems to register an important change in the sedimentary 

patterns of the Guerrero terrane. Sandstones from this suite plot between the magmatic 

arc and recycled orogen provenance (Figure 4.5). The high abundance of volcanic and 

sedimentary fragments (mostly limestone), and the grains made up of graywacke, quartz

rich sandstone and metamorphics, indicate that sediments were derived from the erosion 

of the arc assemblage (perhaps partially metamorphosed, as shown by foliated calcareous 

fragments, see table 4.3) and a metamorphic source. Heavy minerals indicate an acid

igneous and/or low-grade metamorphic source (Table 4.3). 

TRACE ELEMENT GEOCHEMISTRY 

Rare earth element (REE) and other trace element (TRE) concentrations were 

determined from some shale and sandstone rocks from the Arteaga Complex, Zacatecas, 

and La Ballena Formations. Arc-related sediments as well as the clasts of meta-quartzite 

(from Posquelite conglomerate) were collected from the Cretaceous arc assemblage in the 

Zihuatanejo subterrane. Analysis was performed by ICP-MS (inductively coupled plasma 

mass spectrometry) using the procedures described in Roberts and Ruiz (1989). The REE 

data were chondrite-normalized using Evensen (1978) values (Figures 4.6, and 4.8 to 

4.11). EulEu* anomalies were calculated based on shale abundances published by 

Sholkovitz (1988). Trace elements were normalized to the upper continental crust 

concentrations of Taylor and McLennan (1985) (Figure 4.7). 

Arteaga Complex 

The Varales Formation 

The geochemical characteristics of the sediments of the Guerrero terrane generally 

agree with the provenance interpretations made from the petrographic analysis. The 
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sediments of the Varales Formation (Arteaga complex) have chondrite-nonnalized REE 

patterns similar to average post-Archean shales (Figure 4.6) (Taylor and McLennan, 

1985; McLennan et al., 1990). They all show enrichment in light rare earth elements 

(LREE), and nearly flat heavy rare earth element (HREE) patterns. However, sandstones 

!lave relatively lower REE total abundances (~REE 79.6-99.5) compared to shales 

(~REE 204.7-220.9). Likewise, the LaNlYhN ratios are lower in sandstone samples (6 to 

7), than in shales (9 to 10) (Table A.l appendix A). Such a difference in REE abundances 

might be controlled by mineral fractionation between shale and sandstone and, 

consequently, by the high percentage of quartz grains in the sandstone, a mineral 

characterized by low REE abundances (Taylor and McLennan, 1985; McLennan et al., 

1990). Both, shales and sandstones show substantial Eu depletion, with Europium 

anomalies (EulEu*) ranging from 0.52 to 0.70, which is typical of sediments derived 

from upper continental crust sources (McLennan et al., 1990). 

Trace element concentrations also differ depending on the size of the sediment. 

Sandstones have Zr and Hf concentrations slightly higher than average Upper Continental 

Crust (UCC) (Table B.1 appendix B, figure 4.7a), although Nb, Ta, Pb, Th and U are 

lower than upper continental crust. Shales show trace element concentrations that are 

close to, and sometimes higher than, the average upper continental crust composition 

(Figure 4.7a). All ThIU and La{fh ratios are close to the ones of upper continental crust, 

except one shale sample (Figure 4.8). The enrichment in Pb, Th and U that is shown 

exclusively by shales might be related to low depositional rates, probably under anoxic 

conditions (Taylor and McLennan, 1985). 

laltomate Formation 

Two samples of green graywacke were analyzed from the laltomate Formation of 

the Arteaga complex. These sediments seem to be derived from a less evolved source, as 

shown by the low REE concentrations, slightly enriched LREE, flat HREE, and no 

significant Eu anomaly (Appendix A, table A.l, Figure 4.9a), all characteristic of recent 

sediments from immature arcs (McLennan et aI., 1990). Trace elements (TRE) were 

MORB-normalized for interpreting the possible provenance of the sediments, and show a 

pattern similar to those from transitional ocean basalts (Pearce, 1982) (Figure 4.8 and 

4.9b). The geochemical signature of the sediments of the laltomate Formation probably 

originated by mixing of small percentages of detritus supplied by the turbiditic currents 
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Figure 4.8 111IU vs Laffh ratios from sediments (sandstone and shale) from the Guerrero 

terrane assemblages. The sediments related to the basement have ratios similar to those of 

continental upper crust and NASC. EI Jaltomate graywackes show intennediate ratios in 

between oceanic and continental crust, may be due to mixing. Arc-related sediments 

show ThlU ratios close to those of oceanic crust. Data from Terrell et al. (1981) is 

included. 
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(Varales Fonnation), with sediments derived from mafic volcanic rocks. The volcanic 

material was either eroded from oceanic basalts (MORB) or undifferentiated island arc 

lavas, quite removed from old continental crust contamination (McLennan et al., 1990; 

Hawkesworth et al., 1977; White and Patchett, 1984). 

Chert Blocks 

I also analyzed a sample collected from the light-green chert blocks (olistoliths) 

that are found within the Varales Fonnation sediments. Such chert shows very low REE 

abundances, with a REE pattern parallel to Varales Fonnation sandstones (Figure 4.6), 

and EulEu* similar to average post-Archean shales (Appendix A, table A 1). The sample 

is depleted in TRE and has flat UCC-nonnalized pattern that indicate upper continental 

crust affinity (Figure 4.7a). Cherts with trace element, including rare earth element, 

signatures similar to the block that we analyzed, could probably be the source of the chert 

grains of the Varales sandstone, since both sandstone and chert show equivalent patterns. 

Zacatecas suite 

Sediments from the Zacatecas and La BaHena Fonnations show REE abundances 

similar to the Arteaga sandstone suite (Figure 4.10). Terrell et al (1981) analyzed REE 

abundances from shales collected in Zacatecas Fonnation, and show the same patterns as 

the sandstones we analyzed. Both shale and sandstone are enriched in LREE and they 

have approximately flat HREE patterns. The total REE abundance is variable (~REE 

from 27.84 to 142.75). Sandstone samples have lower ~REE than shales (Appendix A, 

table A 2, Figure 4.10). Europium anomalies (Eu/Eu*) are similar to Arteaga, from 0.54 

to 0.78, except one shale sample with small Europium anomaly of 0.84 (Terrell et al., 

1981) (Table A 2). 

Trace element concentrations in sediments from the Zacatecas and La BaHena 

Fonnations are very close to those obtained from the Arteaga sandstones. They are 

slightly enriched in Zr and Hf, and are depleted in Nb, Ta, Pb, Th and U, compared to the 

average upper continental crust (Table A 2, figure 4.7b). In contrast with the Arteaga 

sediments, there is no significant difference in TRE abundances between shales (Terrell 

et aI, 1981) and sandstones in the Zacatecas Fonnation (Figure 4.7 b) suggesting 
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differences in the sedimentary environments between such units. In other words, it might 

be possible that anoxic conditions were not present in areas where the Zacatecas and La 

Ballena fonnations were deposited. La!Th ratios are very close to upper continental crust 

ratios, in contrast with the Th/U ratios that are more variable (Figure 4.8). 

Arc Assemblage 

Cretaceous sandstones show REE concentrations equivalent to those obtained 

from interbedded volcanic rocks (see Chapter 3). Those sediments have smooth patterns, 

slightly enriched in LREE, with flat HREE, and low total abundances (Figure 4.9a, table 

A 3), characteristic of volcanism related to intraoceanic island arcs. Europium anomalies 

are very small, as expected from first cycle volcanic-arenites (Figure 4.9a, table A 3). 

Other trace element abundances from the arc-assemblage sediments are similar to 

most island arc rocks (Table B 3, figure 4.7c) (Pearce, 1982; Taylor and McLennan, 

1985), with patterns that are very close to those from mean andesite. Th/U and La/Th 

ratios are smaller than those present in upper continental crust (Figure 4.8). 

Clasts in K Conglomerates 

The rare earth element and other trace element concentrations obtained from a 

meta-sandstone clast collected from the Cretaceous conglomerates (Posquelite), in the 

Zihuatanejo subterrane, suggest that they probably were derived from the basement units 

(Varales or Zacatecas), or similar units, such as La Ballena Formation. Those clasts show 

rare earth element abundances analogous to the Zacatecas Formation, with equivalent 

LREE enrichments and marked Eu anomaly (Table A 2, figure 4.11b). The trace element 

abundances are also identical to those of the Zacatecas sandstones (Table B 2, figure 

4.7b), and Th/U and LaffH ratios are very close to the values of the Varales Formation 

(Figure 4.8). 
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ISOTOPE GEOCHEMISTRY 

The application of Sm-Nd isotopic analysis to clastic sedimentary rocks is 

dependent upon the assumption that they provide an average composition of the source 

region, which can be made up of a mixture of older igneous, metamorphic, and/or 

sedimentary precursors. It is also assumed that no fractionation of Sm from Nd occurred 

during the sedimentary process. In order to avoid possible discrepancies in Sm/Nd ratios 

due to differences in grain size, both shale and sandstone fractions were analyzed. 

Samples were collected from all the suites, except Huetamo (Figure 4.12). Initial ratios 

and initial ENd values were calculated at the ages listed on tables C 1 to 3, in Appendix C. 

Sediments from the Arteaga and Placeres complex, as well as from the Zacatecas 

and La Ballena Formations have initial epsilon neodymium (ENw) values that range from 

-5.2 to -7 (Figure 4.12). The depleted mantle (DePaolo, 1981) Nd model ages from such 

sediments range from 1.30 to 1.57 Ga. (Table C 1 and C 2). I consider that this isotopic 

signature is a good evidence of derivation almost entirely from an old crustal source. The 

isotopic composition of those sediments agrees with the provenance interpretations based 

on the petrography and trace element analysis. Major difference in the isotopic ratios 

from the fine-grained fraction compared to the coarse-grained fraction is not shown in the 

turbidites of the Varales Formation, since both sandstone and shale have similar initial 

epsilon neodymium values. 

In contrast, the sediments from the laltomate Formation of the Arteaga Complex 

show positive initial ENdi values of +6.9 to +5.7, which clearly indicates a component of 

either young undifferentiated arc or mid-ocean ridge basalts (MORB) in the provenance 

(Table C 1, figure 4.12). 

The Nd-isotopes obtained from sediments of the arc-assemblage indicate juvenile 

sources. The Cretaceous sandstones of the Zihuatanejo suite show positive ENdi. with 

values ranging between +5.9 to +2.9 (Figure 4.12), close to the ENdi obtained from 

interbedded volcanic rocks from the area (+7.9 to +3.9). In contrast, shales from the top 

of the Cretaceous arc sequence in the Teloloapan subterrane have relatively lower ENdi 

(+0.65) (Figure 4.12) than the underlying volcanic rocks that have more positive ENdi 

(+7.9 to +3.9) (see Chapters 2 and 3). The isotopic variations among the sediments of the 
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arc-assemblage is suggestive of mixing of older continental-derived material and juvenile 

material shed from the arc-related volcanic rocks. 

The clasts in K conglomerates collected from the Cretaceous Posquelite 

conglomerate (Vidal-Serratos, 1991) in Zihuatanejo subterrane have old upper continental 

crust isotopic signature. Boulders of meta-quartzarenite have negative ENdi of - 4.2 

(Figure 4.12) and model ages of 1.14 Ga. Moreover, the granite fragment has negative 

ENdi (-2.7) and an old model age of 1.24 (Table C.4, figure 4.12) that suggests it was 

derived from granitoids that have had old differentiated crustal material involved in the 

magma generation. 

Sediments of the Mexcala Formation show relatively low ENdi values (-0.6) 

suggestive of mixing of older crust-derived sediments with juvenile arc-related volcanic

derived detritus. 

The changes in the composition and isotopic signature of the sediments of the 

Guerrero terrane through time are summarized in figure 4.12. During Late Triassic to 

Middle Jurassic (1) time the sedimentary system was recycling continental material, and 

major input of juvenile material is not observed, except for the small percentage of 

volcanic-derived material of the Jaltomate Formation from the Arteaga Complex. In 

contrast, the Late Jurassic to Middle Cretaceous time constitutes a period of major 

addition of Juvenile material into the sedimentary record of the Guerrero terrane, where 

percentages of recycled material were insignificant. During Late Cretaceous time, the 

sedimentary system shifted to a new period of recycling, when sediments with continental 

isotopic signature mixed with juvenile material derived from the arc assemblage, 

originating the intermediate ENd values obtained from the Mexcala Formation. 

DISCUSSION 

Regional geological relationships, sandstone sources, and paleogeography. 

The results I obtained indicate that the sandstone suites of the Guerrero terrane 

can be grouped into three main petrofacies: 1) the quartzolithic petrofacies of recycled 

orogen provenance including the Triassic-Jurassic (1) Arteaga and Placeres complexes, 
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and the Triassic Zacatecas and La BaHena Formations, 2) the volcaniclastic petrofacies of 

magmatic arc origin including the Upper Jurassic-Cretaceous Teloloapan and Zihuatanejo 

suites, and 3) the mixed quartzolithic-volcaniclastic petrofacies shown by sandstones 

from the Upper Jurassic-Cretaceous Huetamo suite and the Upper Cretaceous Mexcala 

Formation. 

Sandstone petrography and Neodymium isotopes of the basement units (Arteaga, 

Placeres and Zacatecas) of the Guerrero terrane, suggest that their siliciclastics were 

derived from a previously deformed orogenic belt, made up of uplifted metamorphic and 

plutonic rocks. Moreover, the sandstones of the La BaHena Formation of the Sierra 

Madre terrane have similar composition to those from the Zacatecas Formation. Our data 

indicate that a small percentage of sediments were shed from volcanic sources. Although 

the sandstones from the basement units show similar geochemical and isotopic 

composition, they present two particular petrographic differences among the sandstone 

suites: 1) sandstones of the Zacatecas suite (Zacatecas and La BaHena Formations) are 

more enriched in feldspar than the Arteaga and Placeres suites; and 2) sandstones of the 

Arteaga and Placeres suites show more chert/argillite content than those of the Zacatecas 

suite. The variations in feldspar percentages could be explained by sorting of sediments 

during transportation (if the three units were deposited contemporaneously), as well as by 

. alteration and diagenetic processes. The high percentage of chert and argillite fragments 

in the Arteaga and Placeres complexes indicate that considerable amounts of detritus 

were supplied by deep-oceanic sedimentary sequences which might have been part of a 

subduction zone or alternatively, ocean-floor sequences that were uplifted by faulting. 

A possible source for the chert/argillite fragments is the hypothetical subduction 

zone that might existed along the western margin of Mexico from Late Paleozoic time, 

and previous to the accretion of the Guerrero terrane. This subduction zone is suggested 

by Torres et al. (in press), based on the regional distribution of Permian granitoids of 

continental arc affinity that form a belt along the eastern part of Mexico. 

Although there is not continuity of outcrops from Arteaga and Placeres complexes 

to the Zacatecas and La Ballena Formations, and the original stratigraphic relationships 

among them are unknown, the trace element concentrations and Nd-isotopic ratios of 

their sediments do not suggest any major difference in the composition of the sources 

among the three suites. Therefore, I suggest that either all those units were deposited in 
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interrelated areas that were receiving sediments from the same source (or sources with 

identical composition), or that the Zacatecas and La Ballena Formations supplied part of 

the sediments to the Arteaga and Placeres Complexes. 

The Precambrian model ages (TDM=1.3 to 1.5 Ga.) obtained from the sediments 

of the Arteaga, Placeres, and Zacatecas units suggest that the source areas were probably 

placed inland, eastward of the actual position of the Guerrero terrane. Apparently the 

same source area had supplied the sediments of La Ballena Formation, of the Sierra 

Madre terrane, as well. Because the sediments of the basement units contain only a very 

low percentage of volcanic fragments, their model ages might be controled by recycled 

old upper continental crust material. Thus, the most likely primary source for those 

sediments is the Grenville belt, that extends from Chihuahua to Oaxaca and constitutes 

the basement of part of the Chihuahua and Sierra Madre terranes, and the Oaxaca terrane, 

with TDM of 1.3-1.4 (Figure 4.13). Cratonic rocks of Sonora, Chihuahua and Western 

United States (Figure 4.13) are not suitable as main sources for the sediments of the 

Guerrero basement suites, since they have much older model ages (1.7-2.3 Ga.) (Ruiz et 

al., 1988; Nelson and DePaolo, 1985). Although it has been suggested that a continental 

volcanic arc was built up on those old cratonic rocks during Triassic-Jurassic tim'!, they 

volcanics would have to produce large amounts of volcaniclastic detritus with very 

positive ENd values in order to produce an admixture with the isotopic ratios that are 

present in the sediments of the basement units. However, (as mentioned before) high 

percentages of volcanic grains are not observed in the basement suites. 

Another suitable source for the sediments of the basement units is the Acathin 

Complex of the Mixteco terrane (Figure 4.13) that has similar model ages (0.7-1.6 Ga.) 

(Yanez et al., 1991). However, such basement rocks do not have large percentages of 

unmetamorphosed chert/argillite-rich units that are present as fragments in the Arteaga 

and Placeres suites. Another possible area that could supply the sediments of the 

Zacatecas, Placeres and Arteaga suites could be located in nuclear South America, but 

isotopic data are not available from those areas. 

The metamorphosed graywackes of the Jaltomate Formation are the only 

sediment that show clear evidence of young mantle-derived sources, those sediments 

might be supply either by MOR basalts or young undifferentiated intraoceanic arc-related 

rocks. However, the percentage in volume and abundance of the Jaltomate graywackes is 
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Figure 4.13 Nd model ages of crustal provinces of North America (after Nelson and 

DePaolo, 1985), and model ages of basement metamorphic complexes in Mexico (after 

Ruiz et aI., 1988; Yanez et aI., 1991). Model ages from the Guerrero terrane are from 

pillow lavas of the Arteaga complex (Centeno-Garcia et al., 1993), volcanic rocks of the 

J-K arc assemblage (Lapierre et aI., 1992; Centeno-Garcia et aI., 1993), and from Jurassic 

to Tertiary granitoids along the Pacific coast (Kohler et aI., 1988; Schaaf, 1990). 
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not significant compared to the large volumes of sediments of continental affinity of the 

Varales Fonnation. 

The relationships among the metamorphic rocks of Taxco Schist with the Arteaga 

and Placeres Complexes are still uncertain. Geologic, geochemical and isotopic 

characteristics of the Taxco Schist are discuss in chapters 1 and 2. Whether or not the 

Taxco schist was related in some way to the basement units is unknown. As mentioned 

before, the petrography and geochemistry of the sediments in Arteaga and Placeres do not 

show large amounts of volcanic-derived material. Thus considering the possibility that 

volcanic detritus from the Taxco volcanic event was supplied to the basement units but 

destroyed by transportation and diagenetic processes, it would not produce visible 

changes in the isotopic signature because the volcaniclastics of the Taxco schist have 
negative eNdi (-3.6) (Chapter 2) (Talavera-Mendoza, 1993) indicating that some 

continental crust contamination is present in this unit. In other words, if up to 70% of the 

sediments were shed from the Oaxaca/Acathin complexes (eNdi=-9.3), and up to 30% 

from volcanic sources like the Taxco tuff (eNdi=-2.6), the admixture would have 

approximately the same isotopic signature as the Arteaga/Placeres sediments (eNdi mix = 

-8.4,-7.4) (using mixing equation proposed by Lynn et al, 1992). Therefore, the role of 

such metavolcanic sequences in the evolution of the Guerrero terrane will not be 

detennined until dating and more detailed studies are completed. 

Summarizing, I suggest that the distal deep-marine turbidites of the Arteaga and 

Placeres were derived from continental areas, which could be located in the central and 

southern regions of nuclear Mexico, and as a result, the direction of the sediment 

transportation was approximately from east to west during Late Triassic-Early Jurassic 

time (Figure 4.14). An uplifted oceanic-assemblage locally supplied sediments to the 

Arteaga and Placeres areas. Although it is not well constrained whether or not the 

Arteaga, Placeres, and Zacatecas units were deposited in the same basin, the data I 

obtained suggest that there is some definite connections among the three of those 

"basement units", as well as with the La Ballena Fonnation of the Sierra Madre terrane 

(Figure 4.14). 

The Zacatecas and La Ballena Fonnations, and the Placeres and Arteaga 

complexes were defonned and partially metamorphosed prior to the c.aevelopment of the 

Upper Jurassic-Cretaceous arc assemblage (Figure 4.15). 
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During Upper Jurassic-Middle Cretaceous time, at least part of the submarine arc 

was built on top of the already deformed ocean-floor assemblages (basement units). Then 

the sediment dispersal patterns apparently changed into a more complicated system 

(Figure 4.16), as shown by the disperse plots of the sandstone modal composition of the 

arc-related units (Figures 4.3 and 4.5). Apparently, some intra-arc basins were filled 

exclusively by volcanic-derived material (e.g. Colima area). Others probably were close 

to areas where the basement units were exposed to erosion, and were filled by 

metamorphic and volcanic-derived sediments (e.g. Huetamo and Arteaga) (Figure 4.16). 

The influx of continental-derived material during the Cretaceous time is clearly shown by 

the petrography of most of the clastic units of the terrane and by the isotopic signature of 

sediments in the Teloloapan subterrane. Similarities in the sources of the sandstones from 

the Zihuatanejo and Huetamo suites, as well as the stratigraphy and paleontology, suggest 

that the Huetamo and Zihuatanejo subterranes constitute a single subterrane (Zihuatanejo

Huetamo subterrane). 

The clasts collected from the Cretaceous conglomerate in Zihuatanejo, show trace 

element concentrations, and isotopic signatures of old continental crust affinity. The 

meta-quartzarenite has a trace element and isotopic composition, as well as model ages 

(1.14 Ga), similar to Zacatecas and Arteaga sandstones. Thus those clasts could be 

derived from a higher metamorphosed part of the basement units. Metamorphic rocks of 

EI Cabo, in Baja California, could also be a suitable source for those fragments. 

The Grenville Nd model ages of 1.24 Ga for clasts collected from conglomerates 

in the Cretaceous arc-assemblage do not prove that the Guerrero terrane is floored by 

Precambrian rocks. This is particularly true considering that the isotopes of the volcanic 

and intrusive rocks of most of the Guerrero terrane, with the exception of the Puerto 

Vallarta region, have a juvenile signature. However, the granitoids of Puerto Vallarta 

have younger model ages (0.5 to 1.1 Ga) (Kohler et al., 1988). It is more feasible that 

oceanic currents carried continental sediments into the arc assemblage, as actually occurs 

in the Aleutian arc, were sediments derived from Alaska have been found along the arc 

system (Underwood and Hathon, 1989). 

Most of the arc system apparently remained below sea level throughout its 

evolution, except for localized areas in Zihuatanejo subterrane, were coastal and 

continental facies have been described (Ferrusqufa et al., 1978; Grajales and L6pez, 
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1984). Thus if the arc was placed offshore nuclear Mexico it could not leave traces in the 

sedimentary record on the eastern-bordering terranes. It is not until the Late Cretaceous 

Laramide deformation that the arc was deformed, uplifted above sea level, and placed 

against nuclear Mexico. Then, the polarity of the sedimentation changed, and detritus 

derived from the arc-assemblage were carried toward the east and shed to the Mixteco 

and Sierra Madre terranes (Figure 4.17). The change in the sedimentation patterns is 

clearly shown in the petrofacies of the Mexcala Formation that partially covers the arc 

assemblage and the platform limestone of the Mixteco terrane in the Iguala region. As 

described above, the Mexcala sediments show abundant volcanic and carbonate grains, 

and some of the carbonate fragments show some deformation. The Mexcala Formation 

shows an increment in the percentage of continentally derived material compared with the 

arc-assemblage, as indicated by the negative £Ndi (-1.56) ratios. More evidence of the 

inversion of the polarity of sedimentation were also recorded by Tardy and Maury (1973), 

in northeastern Guerrero and southern Sierra Madre terrane, where Cenomanian

Maastrichtian flysch-like sequences contain high percentages of volcanic detritus, 

probably derived from the erosion of the Guerrero arc-assemblage. 
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CHAPTER 5. DISCUSSION AND CONCLUSIONS 

DISCUSSION 

The Guerrero terrane was defined by Campa and Coney (1983) as a 

tectonostratigraphic terrane, based on early work by Pantoja (1959), Campa (1974), 

Campa and Ramirez (1979), de Cserna and Fries (1981), de Cserna (1978, 1982), de 

Cserna et al. (1978) and others. Figure 5.1 shows a generalized stratigraphic column for 

the Guerrero terrane. Its stratigraphy and lithologic associations are interpreted as formed 

mainly in a submarine arc environment (Campa, 1974; de Cserna et al., 1978; Campa and 

Coney, 1983). This arc evolved mostly during Neocomian-Cenomanian time, although 

some areas might be as old as Upper Jurassic (pantoja, 1959; Campa and Ramirez, 1979). 

The geochemical and isotopic composition of its igneous rocks suggest an oceanic 

affinity for the Guerrero terrane (chapter 2). The trace element concentrations, and the 
positive ENdi values obtained from the arc-related volcanic rocks are similar to those from 

present-day evolved intra-oceanic island arcs. Tertiary granitoids show positive initial 

epsilon neodymium values as well (ENdi +2 to +8) (Schaaf, 1990; Lapierre et al., 1992; 

also see chapter 2). This suggests that neither old sialic crust nor sediments of the 

basement assemblages had significantly influenced the composition of the arc magmas or 

the subsequent intrusions. However, some localized zones in the granitoids of the Puerto 

Vallarta area (Kohler et al; 1989; Shaaf, 1990) and the Tumbiscati'o granite that have 

negative ENdi values (-6 to +2). The period of major magmatic activity apparently had 

been from Neocomian to Albian time. When the arc magmatism ceased, the erosion of 

the arc from Albian to Cenomanian-Maaestrichtian (?) time produced thick sequences of 

volcaniclastic material. In addition, large areas of the terrane were covered by carbonate 

deposits, mostly during Albian time. The arc-assemblage was deformed and thrust over 

nuclear Mexico during Late Cretaceous time (Cenomanian to Maastrichtian ?). This event 

of deformation apparently corresponds to the Laramide orogeny. Granite to granodiorite 

plutons intruded the terrane during Late Cretaceous-Early Tertiary time. Some of those 

plutons apparently intruded contemporaneously with the deformation (e.g. El Pedregoso 

Batholith), since they have sheared bzones and incipient foliation. 
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The Guerrero terrane was originally described as an arc-assemblage that 

developed mostly during Late Jurassic Early Cretaceous time (Campa and Ramirez, 

1979; Campa and Coney, 1983). Although it was known that possible older rocks occur 

in the terrane, their nature and relationships with the arc-assemblage were unknown. Field 

mapping of areas where those older rocks occur has shown that the geological history of 

the terrane is more complex, and that it contains "basement" rocks that recorded a pre-arc 

tectonic history (Figure 5.1). I suggest that the deformed, and partially metamorphosed 

rocks of the Arteaga and Placeres complexes, and the Zacatecas Formation constitute the 

exposures of the basement upon which the arc was built (Figure 5.1). 

The Arteaga and Placeres complexes are made up mostly of siliciclastic turbiditic 

sediments, basaltic lava flows and pillow lavas, volcanic-derived graywackes, and erratic 

blocks of limestone and chert. The Zacatecas Formation has similar siliciclastic and 

volcanic rocks, although it also contains volcanic debris and interbedded thin-bedded 

limestone. Those units together are considered as the "basement assemblage" (Figure 

5.1). 

The old continental isotopic signature of the sediments (Grenville model ages), 

and the MORB affinity of its basaltic rocks suggest that the basement assemblage 

probably represents a deformed distal deep-marine deposit floored by oceanic basalts. 

There is no continuity of outcrops from Arteaga and Placeres complexes to the 

Zacatecas Formation, making it difficult to determine the original relationships among 

them. However, the data obtained from this study indicate that there were some definite 

connections between all three units of the "basement assemblage". I suggest that either 

the three were formed in areas that were receiving sediments from the same source (or 

sources with identical composition), or that the Zacatecas Formation supplied part of the 

sediments to the Arteaga and Placeres Complexes. 

Sandstone petrography and Neodymium isotopes of sediments of the basement 

units (Arteaga, Placeres and Zacatecas) suggest that their siliciclastics were derived from 

a previously deformed orogenic belt made up of uplifted metamorphic and plutonic rocks, 

perhaps with some quartzitic sedimentary rocks, with a small percentage of sediments 

derived from volcanic sources. A substantial amount of sediment was supplied to the 
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Arteaga and Placeres complexes from an uplifted oceanic assemblage, probably an 

accretionary prism. 

Although the sediments of the basement assemblage might be derived from 

multiple cycles of sedimentation/erosion, their isotopic signature suggests that the most 

likely primary source is the Grenville belt which extends from Chihuahua to Oaxaca, and 

constitutes the basement of part of the Chihuahua, Sierra Madre and Oaxaca terranes 

(Figure 4.13). Other possible primary sources for those sediments could be located in 

nuclear South America, but isotopic data are not available as yet. 

The metamorphosed graywackes of the Jaltomate Formation (Arteaga complex) 

are the only sediment of juvenile affinity found in the basement assemblage. They were 

probably derived from either MORB, or young undifferentiated arc source-rocks. 

However, the percentage of this unit is not significant compared to the large volumes of 

continent-derived siliciclastics. The exact nature of the Jaltomate graywacke is unknown, 

they might represent either volcaniclastics derived from some proximal oceanic are, or 

the products of erosion of oceanic basalts. 

The age of the basement assemblage is not well constrained. These rocks were 

probably deposited between Late Triassic to Early Jurassic time, based on radiolarians of 

Ladinian-Carnian age that have been reported by Campa et a1. (1982) from the Arteaga 

complex, and the Norian ammonites found in the Zacatecas Formation (Burckhardt and 

Scalia, 1906) (Figure 5.1). The Middle Jurassic K/Ar ages obtained from the 

metamorphic rocks of the Arteaga complex, and the fact that Jurassic-Cretaceous arc

related rocks rest unconformably on the basement assemblage in several scattered 

localities, indicate that this assemblage was probably deformed, partially metamorphosed, 

and exhumed during Middle-Upper Jurassic time (Figure 5.1). 

Whether the basement units of the Guerrero terrane represent a marginal back-arc 

basin, or an accreted fragment of open ocean floor is still uncertain. The trace element 

composition and isotopic signature of the igneous rocks of the Arteaga complex have 

some similarities with back-arc basin magmatism (chapter 2). However, lavas from the 

Zacatecas Formation are more similar to those from present E-type MORB (chapter 2). 
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Tectonic evolution of the Guerrero terrane 

Several tectonic models have been presented for the evolution of the arc 

assemblage (Coney, 1983; Cserna, 1978; Campa and Ramirez, 1979; Ramirez et at, 

1991; Tardy et al, 1991; 1992). In general, the tectonic models found in the literature are 

related to the Late Jurassic-Cretaceous evolution of the Guerrero terrane, presenting 

exclusively the reconstruction of the arc-assemblage. 

Figures 5.2 a and 5.2b show preliminary reconstructions for the pre-arc evolution 

of the Guerrero terrane. Little is known on the paleogeography of Mexico during 

Triassic-Jurassic time. Therefore, most of the tectonic features shown on these models are 

not well constrained. The continental edge probably was located along the present 

position of the non thrusted Guerrero terrane boundary during Late Paleozoic to Early 

Mesozoic time (Figure 5.2a). It is possible that some parts of this margin had developed 

active subduction zones at different times in its evolution. Subduction processes along 

this margin have been suggested by several authors, based on the regional distribution of 

volcanic and plutonic rocks in southwestern US and North-Central Mexico (Anderson 

and Silver, 1969; Anderson et al., 1990; Busby-Spera, 1988; Grajales et at, 1992; Torres 

et aI., in press). Figure 5.3 summarizes the KlAr and paleontologic ages of pre

Cretaceous rocks in Northeastern-Central Mexico, and the basement units of the Guerrero 

terrane. 

The oldest stage of subduction activity seems to be of Permian to Lower Triassic 

age (Figure 5.3), as indicated by the regional distribution of granitoids of continental arc 

affinity that form a belt along the eastern part of Mexico from Chihuahua to Oaxaca 

(Figure 5.2a) (Torres et aI., in press). Paleontological ages of the basement assemblages 

of the Guerrero terrane suggest that the deposition of those units might have occurred at 

the end or after the magmatic activity of the Permian continental arc (Figure 5.3) (uplifted 

parts of this subduction zone could be the source of the chert fragments from the 

turbidites of the Arteaga and Placeres complexes). However, there are no traces of such 

volcanism in the sediments of the Guerrero terrane basement assemblage. 

Continental arc magmatism apparently continued from the Triassic throughout 

most of the Jurassic time in southwestern United States, and some authors suggest that 

the arc might have extended to Coahuila and Chihuahua (Anderson and Silver, 1969; 
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Dickinson 1981; Busby-Spera, 1988; GrajaIes et aI., 1992), and southward·across eastern 

Mexico into Central America. However, there are no constrains on the southern limit of 

this magmatism or its relationship with the tectonic evolution of the Guerrero terrane. 

Apparently most of Mexico was exposed to erosion during the Triassic time, and 

only a few units have been preserved in the stratigraphic record. Most exposures of Upper 

Triassic rocks in Northwestern and Northeastern Mexico are continental redbeds 

(Carrillo-Bravo, 1961; Gonzalez-Leon; 1980), except for the few exposures of Upper 

Triassic marine siliciclastic rocks of the La Ballena Formation of the Sierra Madre terrane 

(section 1.3) (Silva-Romo, 1993). As mentioned before, the La BaIlena Formation has 

stratigraphic similarities with the Zacatecas Formation, and the composition of the clastic 

sediments from both units are identical. It suggests that La BaIlena Formation and the 

basement assemblage of the Guerrero terrane have a similar geologic evolution, and 

probably shared the same tectonic setting from Late Triassic to Middle Jurassic time. 

Thus, the La BaIlena Formation probably represented the continental slope facies during 

the time of deposition of the distal deep marine sediments of the Guerrero terrane 

basement assemblage (Figure 5.2a). 

Evidence of contemporaneous oceanic arc magmatism are found in the Vizcaino 

Peninsula (Figure 5.3), where a volcanic sequence of arc-affinity is overlying a unit of 

pillow lavas and chert. The chert in Vizcaino Peninsula contains radiolarian fossils of 

Triassic age. However, the species and geographic affinity of those seem to be different 

from the radiolarian found in the Arteaga complex. Radiolarians from the Vizcaino 

peninsula are similar to faunas from North America. In contrast, the radiolarian in 

Arteaga Complex are similar to Japanese faunas (Davila pers. com.). It is possible that the 

rocks in Vizcaino Peninsula represent a displaced fragment of an oceanic arc that was 

located westward of the Guerrero terrane basement assemblage during Late Triassic

Early Jurassic time (Figure 5.2a). 

During Middle-Late Jurassic time, a major deformation event occurred in the 

western region of nuclear Mexico (Figure 5.2b), and the sediments of the La Ballena 

Formation were thrust over the Sierra Madre terrane. The thrusting and deformation of 

those sediments are contemporaneous with deformation of the basement units of the 

Guerrero terrane, suggesting that they probably were interconnected and formed 

originally part of the same tectonic event. 
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Although a similar phase deformation occurred in Western United States, the 

stratigraphic and isotopic ages indicate that the deformation in Mexico is relatively older 

(Figure 5.3). The deformation event in the southwestern parts of the North American 

Cordillera has been attributed to the accretion of island arcs, which formed either well 

offshore within the Paleo-Pacific Ocean, or as fringing arcs bounding marginal seas lying 

just offshore (Dickinson, 1992). The same process might have occurred in western 

Mexico (Figures 5.2a and 5.2b), where the Triassic-Jurassic (1) basement units might 

represent a collapsed marginal oceanic basin, and the Jurassic volcanic rocks of the 

Vizcaino Peninsula might be related to a deformed oceanic arc (Figure 5.4). 

Granite plutons of Late Jurassic age intruded both the Arteaga Complex 

(Tumbiscat{o granite, 155-133 Ma.) and the Jurassic arc of the Vizcaino Peninsula (151-

130), and granite clasts (two-mica) have been found in the Cretaceous arc assemblage in 

Vizcaino (145-150 Ma.) and Zihuatanejo (Figures 5.1 and 5.4). The Tumbiscatio pluton 

(Arteaga region) is a two-mica granite. Peraluminous S-type intrusives are common in 

regions of mature continental crust, and are typically emplaced during and after periods 

of regional metamorphism. However, more accurate isotopic dating and major and trace 

element analysis are needed in order to constrain the nature and age of those intrusives. If 

those plutons are of orogenic affinity, then it is possible that the Guerrero terrane was in 

part at least consolidated to a continental margin before the development of the arc 

assemblage. 

The exact age and mechanisms of deformation of this event are still uncertain. 

Some authors have suggested that the western margin of Mexico was under left lateral 

strike slip motion, and one of the major structures related to that motion was the Mojave

Sonora megashear (Anderson and Silver, 1969). Anderson et al. (1990) suggest that part 

of the continental margin in central Mexico had active subduction, and arc magmatism, 

contemporaneous to the strike slip motion. 

It is important to point out that there is not enough evidence to suggest that the 

basement assemblages of the Guerrero terrane were or were not located relatively close to 

their present geographic position from Middle Jurassic to Cretaceous time. Based on 

KJAr ages of metasediments and granitoids in central and northeastern Mexico, it has 

been proposed that the continental arc of southwestern North America extended far south 

in central and southern nuclear Mexico throughout the Jurassic period (Grajales et al., 
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1992). In that case, it would be difficult to have the landmass, fonned by the Guerrero 

basement assemblages, in front of the continental margin proposed in figure 5.2a, because 

it would displace the subduction zone too far toward the west. However, the radiometric 

ages used by Grajales et al. (1992) group in two separated events (Figure 5.3). The 

granitoids and metasediments of Chihuahua and Coahuila dated as Early Jurassic. But the 

intrusives, located close to the limit of the Guerrero terrane, in Durango, dated at Late 

Jurassic-Early Cretaceous in age. Apparently the defonnation of the basement 

assemblage of the Guerrero terrane occurred about the end of the magmatic activity in 

Chihuahua and Coahuila. 

During Upper Jurassic-Middle Cretaceous time, at least part of the submarine arc 

that characterized the Guerrero terrane was built on top of the already defonned basement 

assemblage (Figure 5.5a). Whether the arc of the Guerrero terrane was a marginal or far 

traveled arc has been under debate for many years. Some authors considered that the arc 

was accreted to nuclear Mexico in late Cretaceous time, closing an oceanic basin located 

between the arc and the continent, via a subduction system dipping westward (Tardy et 

aI, 1991; 1992). However, other authors suggested that the Guerrero terrane might 

represent a marginal arc (Cserna, 1978; Campa and Ramirez, 1979), that developed 

relatively close to the continent. 

The comp9sition of the sediments associated to the arc assemblage does not allow 

us to pin the Gu~rrero terrane in any specific geographical position, but suggests that 

through its geological history it was within the influence of a continent. The fact that 

granite boulders found in the arc-related conglomerates of the Zihuatanejo subterrane 

have continental affinity suggests relative proximity to a continental margin. 

Paleomagnetic analyses of arc-related rocks do not show major latitude changes for the 

Guerrero terrane compared with North America, at least from Middle Cretaceous time 

(Bohnel et al., 1989); The hypothesis of a marginal arc is supported by the fact that 

subduction assemblages of Upper Jurassic-Cretaceous age have not been found inland, 

between the Guerrero terrane and nuclear Mexico, although deep marine sedimentary 

facies have been found in such an internal position (Arperos and Arcelia basins) (Figure 

5.5a). Moreover, a melange complex unit located close to the present Pacific coast (Las 

Ollas complex), dated as mid-Cretaceous, indicates that subduction might have been 

active along the western margin of the Guerrero terrane, dipping toward the east 

(Talavera-Mendoza, 1993). 
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The Laramide orogenic event apparently marked the consolidation of the 

Guerrero terrane to nuclear Mexico (Figure 5.5b). During this process an important 

inversion of the polarity of sedimentation occurred, and sediments derived from the 

Guerrero terrane were shed to the east during Cenomanian-Maastrichtian time, forming 

little basins of flysch-like sequences containing high percentages of volcanic detritus. 

This tectonic event was followed by widespread granitic plutonism exposed today along 

the Pacific coast. 

There is not enough information to constrain the relationship between the 

evolution of the Guerrero terrane and the motion of the implicated oceanic and 

continental tectonic plates (Pacific, Farallon, and North America). However, it is 

interesting to point out that some changes in the tectonic setting of the Guerrero terrane 

are contemporaneous to changes in the direction and speed of the motion of the North 

America Plate with respect to the oceanic plates. Figure 5.6 shows the relative motion 

between Mexico (fixed to North America) and the Farallon Plate, from Late Jurassic to 

Tertiary time, based on magnetic anomalies proposed by Cole (1990). Apparently, during 

the activity of the Guerrero terrane arc magmatism, the North America plate moved 

toward the north, with a slip vector almost paralell to the actual continental margin. The 

associated strike-slip motion might have originated an intricate tectonic setting, with 

oblique subduction zones and internal basins., producing the complex stratigraphy 

observed today. A change in the direction and speed between plates occurred from Late 

Cretaceous to Early Tertiary time, and the North America Plate moved toward the 

Farallon plate at relatively high rates (Figure 5.6). This motion coincides with the 

deformation associated with the Laramide Orogeny, and apparently marked the time of 

consolidation of the Guerrero terrane to nuclear Mexico (Figures 5.5b and 5.6). 
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Figure 5.6. Vectors of relative movement of North America, assuming that 
Farallon and Kula Plates were fixed on 145 Ma position. Arrows represent 
amount of motion for 15 Ma interval (Modified from Cole, 1990). 
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CONCLUSIONS 

Geologic mapping, petrology, and geochemistry suggest two stages in the 

evolution of the Guerrero terrane. The fIrst stage is recorded by the Arteaga complex, and 

may represent an accreted oceanic sequence. The second stage was the development of an 

intra-oceanic island arc on top of the Arteaga complex. 

REE and Nd isotopic data for basaltic pillow lavas of the Arteaga complex 

indicate MORB affIliation. The Arteaga comples was probably part of an oceanic basin, 

received abundant detritus shed from a continental source. However, there is no evidence 

of in-place Precambrian basement in the southern parts of the Guerrero terrane. 

The isotopic and REE data from volcanic rocks of the Jurassic(?)-Cretaceous arc 

show that Arteaga Complex materials have not been involved in the arc magma 

generation and indicate that a large area of the Guerrero terrane represents juvenile crust 

added to western Mexico. 

Sandstone petrofacies, and geochemical and isotopic analysis show that the 

sediments related to the Triassic-Jurassic Arteaga, Placeres complexes, and Zacatecas 

Formation, which probably constitutes part of the basement of the Guerrero terrane, are 

very distinctive from those of the overlying arc-assemblage. 

Sandstones of the Arteaga and Placeres complexes, as well as those of the 

Zacatecas Formation, are enriched in quartz fragments and belong to the Quartzolitic 

petrofacies. Ternary plots suggest a recycled orogenic belt provenance. Their REE and 

TRE are similar to those of NASC (North American Shale Composite), and indicate an 

upper continental crust provenance. Nd isotopes are very negative and model ages of 1.3 

Ga suggest that the sediments might be primary derived from the Grenville belt that 

extends from Northeastern NC.1h America to Eastern terranes in Mexico. The high 

percentage of detrital chert/argillite in the Arteaga and Placeres complexes suggest that 

those units might have received sediments from an uplifted accretionary prism. 

The sedimentological and lithological characteristics of the clastic rocks of the 

Arteaga and Placeres complexes, as well as their association with pillow lavas of oceanic 

affInity (MORB), indicate that such units were deposited in a marginal oceanic basin that 

developed during Triassic-Jurassic time. The sediment transport during such time was 
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mostly from east to west. In other words, sources located probably eastward of the 

Guerrero terrane (Grenville belt ?) supplied extensive amounts of continental derived 

material to the ocean-basin. Evidence of large additions of juvenile material via 

sedimentation has not been found, though the small Jaltomate Formation of the Arteaga 

complex has some juvenile oceanic affinity (either MORB or arc-derived). However, 

there are some minor tuffaceous packets in Zacatecas Formation that have not been 

analyzed. 

During Late Jurassic to mid-Cretaceous an arc developed on the deformed 

Arteaga and Placeres complexes, as well as on top of part of the Zacatecas Formation. 

The sediments related to the arc-assemblage vary broadly in composition from 

volcaniclastic to quartzolitic. The volcanic-derived sandstones have REE, TRE and Nd 

isotopes similar to those of the associated volcanic rocks. Clastic rocks from the base of 

the arc sequence in Arteaga and Huetamo regions show high percentages of metamorphic 

fragments whose composition is similar to the basement complexes. Shales from the 

Teloloapan subterrane have some continental influence, as shown by their Nd isotopes. 

In general, the REE, TRE and Nd isotopes from the arc-related sediments indicate 

that most of them were volcanic-derived material, with island arc volcanics signatures. 

Small amounts of continental-derived material were added to the Guerrero terrane during 

the evolution of the arc assemblage. Consequently, the sedimentary record of the terrane 

has undergone a period of "rejuvenation" during the Late Jurassic-mid Cretaceous time, 

when high percentages of first-cycle volcanic-derived sediments predominated over the 

percentages of recycled detritus. 

The Late Jurassic-Cretaceous island arc of the Guerrero terrane remained mostly 

bellow sea level throughout its evolution, except for localized areas in the Zihuatanejo 

sub terrane, were suba~real deposits have been found. The sedimentation patterns during 

the island arc activity were probably intricate and disperse, with internal basins that 

received material from the basement units of the deformed basement assemblage as well 

as from the arc assemblage and some from continental areas. 

The Grenville isotopic model ages of the clasts collected from conglomerates in 

the Cretaceous arc-assemblage do not prove that the Guerrero terrane is floored by 

Precambrian rocks. Considering that the isotopes of the igneous rocks among most of the 
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terrane have a juvenile signature, it is most suitable to suggest that these fragments were 

derived either a) from the sparce Guerrero terrane intrusives that have isotopic model 

ages similar to those obtained from the Arteaga complex sediments; or b) carried by 

oceanic currents from the continent. 

There is no definitive evidence of the paleogeographic position of the Guerrero 

terrane during Late Jurassic-Cretaceous time. However the nature of some of the 

sediments, added to the fact that Late Jurassic-Cretaceous rocks of Sierra Madre terrane 

as well as volcanics of the Guerrero terrane overlie the Zacatecas Formation suggest that 

the Guerrero terrane was relatively close to a continent during the development of the arc 

assemblage. 

The sedimentation pattern changed again when the arc was deformed and 

consolidated to nuclear Mexico, in Late Cretaceous time. That is shown by the 

petrofacies and isotopic signature of the sediments of the Mexcala Formation. The 

intermediate isotopic ratios of the sediments indicates a new period of recycling, with old 

continental and arc-assemblage derived material admixed. This is the time when an 

inversion of the polarity of sedimentation occurred, and the Guerrero terrane rose above 

sea level and became the source of sediments that flooded the eastern terranes. This 

process apparently represent the "continentalization" of the Guerrero terrane. 

The changes in the tectonic setting and timing of the Laramide deformation of the 

Guerrero terrane are contemporaneous with major changes in the direction and rates of 

the relative motion between the FaralIon and North America Plate. 
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APPENDIX A. RARE EARTH ELEMENT DATA 



TABLE A 1. WHOLE ROCK RARE EARTH ELEMENT ANALYSIS FROM THE ARTEAGA COMPLEX 

8Q~~l2a Sbalas SandSIQnas I EiIIQ~ I~as and massilla basalts 
Sample No. 645 657B 729 650 887 655a 655b 706a 706b 846 

La 53.20 53.82 46.90 17.63 20.87 1.52 1.62 8.01 8.59 5.91 
Ce 97.13 88.97 92.43 34.42 42.62 4.82 5.01 18.72 20.33 16.24 
Nd 41.98 42.44 38.53 15.85 20.82 6.89 6.55 13.47 15.27 14.20 
Sm 8.90 7.93 7.56 3.31 4.15 3.78 3.50 4.39 4.32 4.82 
Eu 1.73 1.69 1.34 0.66 0.96 1.82 1.80 1.52 1.66 1.74 
at 7.06 6.24 6.92 2.01 3.16 5.92 6.4 5.72 5.20 5.00 
Tb 1.05 1.01 1.20 0.42 0.64 1.23 1.40 1.10 1.10 0.92 
Er 3.83 4.22 3.75 1.71 2.30 5.34 3.94 3.87 2.87 

Tm 0.59 0.61 0.60 0.26 0.36 0.74 0.88 0.53 0.54 0.39 
Yb 3.74 4.00 3.48 1.68 2.19 4.89 5.33 3.46 3.43 2.22 
Lu 0.58 0.62 0.67 0.29 0.36 0.75 0.82 0.58 0.63 0.41 

rREE 220.89 212.93 204.72 79.56 99.54 38.79 34.41 62.54 65.96 55.80 

La/Yb 14.22 13.46 13.48 10.50 9.53 0.31 0.30 2.40 2.50 2.66 
LaN/YbN 9.61 9.10 9.12 7.10 6.44 0.21 0.20 1.56 1.69 1.80 
LaN/SmN 3.76 4.27 3.90 3.35 3.16 0.26 0.29 1.15 1.25 0.77 
GdN/YbN 1.77 1.55 1.93 1.60 1.58 1.16 1.44 1.59 1.47 2.22 
Eu/Eu· 0.62 0.66 0.52 0.61 0.70 

~ -



•••••• CONTINUE FROM TABLE A 1 

Bock type I Met-graywackes I Djorite I Chert I 
Sample No. 7 0 0 7 9 2 9 0 6 8 2 9 

La 9.03 36.03 1.41 9.66 
Ce 20.68 77.41 3.57 21.50 
Nd 13.30 39.08 3.12 9.23 
Sm 3.65 7.10 1.16 1.73 
Eu 1.31 1.82 0.54 0.40 
QI 3.52 6.01 0.52 0.92 
Tb 0.72 0.82 0.34 0.23 
E r 2.53 2.78 1.30 1.01 
Tm 0.41 0.37 0.17 0.16 
Yb 2.66 2.23 1.11 1.07 
Lu 0.38 0.49 0.23 0.18 

l:REE 59.62 175.18 14.68 47.02 

La/Vb 3.39 16.16 0.78 9.03 
LaN/YbN 2.29 10.92 0.70 6.12 
LaN/SmN 1.56 3.20 1.26 3.52 
GdN/YbN 1.51 2.57 1.40 
Eu/Eu* 0.94 0.79 0.69 

s 



TABLE A 2. WHOLE-ROCK RARE EARTH ELEMENT ANAL VSIS 
FROM THE ZACATECAS FORMATION AND JURASSIC (1) DIKE 

ZACATECAS ~ENQN BLANCQ I 

8ock~ge I ~aDdslgDe I Basalts ~aDdslg I J Dilse t!I~as I 
Sample No. Z-7 Z-12a Z -16 Z-40 Z-31 

La 9.46 2.36 2.92 26.85 14.35 
Ce 18.63 7.08 8.36 55.77 34.87 
Nd 8.28 5.61 6.78 25.86 20.09 
Sm 1.88 2.03 2.42 5.14 5.01 
Eu 0.44 0.72 0.91 1.1 1.64 
QI 1.42 2.01 3.05 4.22 5.01 
Tb 0.37 0.54 0.61 0.75 0.81 
Er 1.41 2.22 2.94 2.72 2.67 
Tm 0.18 0.38 0.43 0.49 0.42 
Vb 1.74 2.24 2.38 2.89 2.62 
Lu 0.44 0.37 0.47 0.52 0.42 

rREE 45.51 26.82 32.33 127.67 88.96 

La/Vb 5.44 1.03 1.22 9.29 5.47 
LaN/VbN 3.68 0.71 0.83 6.27 3.7 
LaN/SmN 3.17 0.73 0.77 2.29 1.8 
GdN/VbN 1.25 1.18 1.4 1.56 1.87 
Eu/Eu· 0.6 0.63 

N 
o 
IJJ 



TABLE A.3 WHOLE-ROCK RARE EARTH ELEMENT ANALYSIS FROM THE J-K ARC ASSEMBLAGE 

Bock type I Teloloanan subterrane I Huetamo I Zjhuatanejo subterrane 
Sample No. G989 G1399 G1489 G1390 G1090 930 G890 G190 G290 G790 

La 29.52 11.66 15.99 8.67 19.78 23.51 8.52 22.50 8.35 16.64 
Ce 57.66 24.73 36.56 20.71 45.96 49.61 22.01 52.83 17.89 30.28 
Nd 25.04 i 5.36 20.40 14.49 22.29 24.59 14.23 30.51 11.87 14.02 
Sm 4.67 3.98 4.09 3.64 5.88 5.49 4.09 6.58 3.25 3.17 
Eu 1.31 1.30 1.21 1.07 0.98 1.46 1.31 0.83 1.05 0.93 
QI 3.22 3.21 3.21 3.21 6.01 5.01 5.01 5.01 3.99 2.01 
Tb 0.64 0.59 0.54 0.58 1.25 0.89 0.87 1.04 0.65 0.46 
E r 2.34 2.16 1.76 2.32 5.33 1.01 3.52 4.38 2.68 1.52 

Tm 0.36 0.33 0.26 0.34 0.82 0.16 0.53 0.72 0.39 0.23 
Yb 2.50 2.07 1.72 2.39 5.38 1.07 3.26 4.89 2.56 1.52 
Lu 0.40 0.33 0.26 0.36 0.83 0.50 0.51 0.78 0.41 0.24 

l:REE 277.31 169.75 192.79 154.79 312.22 277.25 172.88 309.97 151.36 164.76 

La/Yb 11.81 5.63 9.30 3.63 3.68 21.97 2.61 4.60 3.26 10.95 
LaN/YbN 7.97 3.81 6.28 2.45 2.43 5.71 1.35 3.11 2.20 7.40 
LaN/SmN 3.98 1.84 2.46 1.50 1.77 2.69 1.00 2.15 1.62 3.30 
GdN/YbN 1.49 1.59 1.91 1.36 1.09 1.92 1.31 1.07 1.27 1.75 
Eu/Eu* 

~ 



•••••• CONTINUE FROM TABLE A 3 

BQck type I Taxco Sc, ,Clast in K cQnglQID,erate I GranitQids 
Sample No. G389 927b 927G G990 662 

La 7.58 28.66 9.34 10.67 14.52 
Ce 28.14 60.04 17.51 14.56 29.19 
Nd 1'0.55 27.13 7.89 11.79 15.25 
Sm 2.31 5.83 2.17 2.41 3.66 
Eu 0.40 1.07 0.64 0.73 0,97 
at 1.32 4.55 1.22 1.01 2.15 
Tb 0.37 0.80 0.44 0.28 0,38 
E r 1.30 2.70 1.01 0.76 1.01 
Tm 0.19 0,40 0.16 0.13 0,16 
Yb 1.26 2.32 1.07 0.73 1.07 
Lu 0.19 0.59 0.31 0.13 0.15 

!REE 105,38 135,31 42.96 104.25 69.69 

La/Yb 6.02 12.35 8.72 14.61 13.57 
LaN/YbN 4.06 8.37 4.81 9.88 5.15 
LaN/SmN 2.07 3.09 2.70 2.79 1.88 
GdN/YbN 1.55 2.02 1.50 2.26 2.23 
Eu/Eu* 0.56 

~ 
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APPENDIX B. OTHER TRACE ELEMENT DATA 



TABLE B 1. OTHER TRACE ELEMENT ANALVSIS (WHOLE-ROCK) FROM THE ARTEAGA COMPLEX 

Rock type I Shales Sandstones I Pillow lavas and massive basalis I 
Sample No. 6 4 5 657B 7 2 9 65 0 8 8 7 655 a 655 b 706 a 8 4 6 

V 39.18 17.04 29.65 22.89 
Z r 209.03 190.74 96.54 154.99 
Nb .- - 19.72 7.91 7.80 5.20 
HI 18.17 16.04 6.15 19.99 7.82 7.61 8.91 3.60 6.10 
Ta 2.73 3.56 1.74 1.09 0.97 0.56 2.72 0.92 0.60 
P b 40.87 80.19 16.33 27.65 5.64 1.12 2.01 0.88 0.98 
Th 32.13 29.19 11.84 10.76 4.82 0.35 0.37 0.46 0.32 
U 6.8817.98 2.64 2.68 1.34 0.10 0.18 0.13 0.12 

Z r/H f 
Th/U 
La/Th 
Vb/HI 

4.67 
1.66 
0.21 

1.62 
1.84 
0.25 

33.98 
4.48 
3.96 
0.57 

4.01 
1.64 
0.08 

24.40 
3.58 
4.33 
0.28 

3.61 
4.36 
0.64 

2.09 
4.33 
0.60 

26.79 
3.53 

17.56 
0.96 

25.39 
2.66 

18.26 
0.36 

to.) 

S 



...... CONTINUE FROM TABLE B 1 

Rock type I Met-graywackes I Diorite I Chert I 
Sample No. 7 0 0 7 9 2 9 0 6 8 2 9 

V 27.80 22.24 19.43 11.44 
Z r 106.06 165.93 30.53 100.47 
Nb 12.64 4.11 
Hf 2.79 6.03 
Ta 0.69 4.41 
Pb 1.04 8.13 
Th 0.59 4.63 
U 0.21 1.34 

Z r/ H' 
Th/U 
la/Th 
Vb/H' 

37.97 
2.81 

15.29 
0.95 

27.53 
3.44 
7.78 
0.37 

0.55 
0.44 
0.18 
0.04 
0.01 

55.47 
3.06 

33.10 
2.02 

1.76 
0.52 
6.90 
4.82 
0.73 

57.16 
6.64 
2.00 
0.61 

~ 
00 



TABLE B 2. TRACE ELEMENT ANALYSIS (WHOLE-ROCK) 
FROM THE ZACATECAS FORMATION AND JURASSIC (1) DIKE 

ZAQAIEQAS EE~Q~ 6LA~QO . 
BQ~1s ~g~ I SalU;fstQ[]~ I 6asalts Sam1sIQ[]~ I J Qils~ ~a;l;aS I 

Sample No. Z-7 Z-12a Z-16 Z-40 Z-31 
Y 11.28 19.90 37.25 26.75 26.69 

ZOr 349.40 55.96 80.81 275.36 203.41 
Nb 6.42 1.45 0.00 11.56 13.21 
Hf 13.18 1.65 1.29 7.61 5.05 
Ta 0.85 0.30 0.27 0.92 1.04 
Pb 6.41 0.66 1.76 8.01 1.75 
Th 4.86 0.26 0.24 7.28 3.14 
U 1.63 0.10 0.13 1.95 0.89 

Z r/H f 26.51 33.89 62.43 36.17 40.29 
Th/U 2.98 2.73 1.88 3.74 3.52 
La/Th 1.95 9.09 12.15 3.69 4.57 
Yb/Hf 0.13 1.36 1.84 0.38 0.02 

t-.) 

~ 



BQck l~g~ I 
Sample No. 

Y 
Zr 
Nb 
H' 
Ta 
Pb 
Th 
U 

Z r /H' 
Th/U 
La/Th 
Yb/H' 

TABLE B 3. OTHER TRACE EARTH ELEMENT ANALYSIS (WHOLE-ROCK) 
FROM THE J-K ARC ASSEMBLAGE 

I~IQIQagan subt~[[an~ 11::Iu~lamQ I Zibuatane.iQ subt~[[an~ 
G989 G1::-- -~189 G1390 G1090 930 G890 G190 G290 G790 

23.63 23.73 6.26 22.9 30.67 13.14 27.6 14.22 
229.83 99.35 114.35 139.53 101.79 297.27 156.9 125.04 

7.85 
5.12 2.;.: ,OJ 9.18 5.25 3.3 9.52 3.62 3.39 
1.48 0.12 -.1.1 0.6 0.81 0.18 1.02 0.66 0.34 
5.12 5.26 6.\)0 7.47 2.83 3.23 4.05 0.85 3.37 4.06 

7.7 1.63 2.86 2.56 7.07 4.25 0.61 9.9 1.32 3.96 
2.43 0.93 1.29 1.45 2.53 1.4 0.44 3.2 0.58 1.57 

44.89 32.23 36.83 34.74 12.46 26.57 30.85 31.23 43.34 36.88 
3.17 1.75 2.22 1.77 2.79 3.04 1.39 3.09 2.28 2.52 
3.83 7.15 5.59 3.39 2.8 5.54 13.97 2.27 6.33 4.2 
0.49 0.87 0.62 0.84 0.59 0.2 0.99 0.51 0.71 0.45 

"--

t-) -o 



...... CONTINUE FROM TABLE B 3 

Rock type I Taxco Sc, I Clast in K conglorn,erate I Granitoids 
Sample No. G389 927 b 927G G990 662 

V 13.27 22.39 11.89 8.36 
Z r 343.68 266.98 44.73 121.7 
Nb 9.39 3.87 
H f 6.65 10.04 2.41 
Ta 0.48 1.16 1.31 
Pb 1.22 5.71 9.61 
Th 4.05 7,8 2.43 
U 1.18 1.68 0.96 

Z r/ H f 
Th/U 
La/Th 
Vb/Hf 

51.68 
3.43 
1.87 
0.19 

26,58 
4.64 
3.67 
0.23 

18.53 
2.53 
3.84 
0.44 

3.75 
0.34 
3.05 
1.15 
0.32 

32.45 
3.59 
9.28 
0.19 

9.76 
3,3 

24.31 
4.86 
3.23 

1.5 
2,99 
0.11 

t-,) --
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APPENDIX C. Sm-Nd AND Rb-Sr ISOTOPIC DATA 



Table C.I Sm/Nd and Rb/Sr isotopic data from the different lithologies of the Arteaga Complex 

Unit/Rock type Sample Sm Nd Rb Sr 147Sm/l44Nd 143Nd/I44Nd TDM Nd Ndi 87Rb/86Sr 
Arteaga Complex 
VaraIes Formation 

Shale 648 5.05 25.11 134.48 723 0.1215 0.512218 1.36 -8.2 -6.9 5.389 
Shale 729 7.29 38.51 0.1144 0.512161 1.35 -93 -7 

Sandstone 656b 338 16.91 45.63 1934 0.1207 0.512171 1.41 -9.1 -7 6.843 
Sandstone 887 3.83 19.35 0.1196 0.512178 1.4 -9 -6.81 

CharapoFm. 
Pillow lavas G-655a-91 3.08 6.15 0.45 17858 0.3022 0.513351 -- 13.9 10.9 0.0073 
Pillow lavas G-655c-91 3.08 6.18 3.48 169.75 0.3011 0.513336 -- 13.6 10.6 0.0592'. 

706 3.64 11.64 0.1892 0.513009 0.33 7.24 
846 3.93 12.23 3.19 160.22 0.1943 0.513076 -- 854 8.6 0.506 

Jaltomatc Fm 
Tuff 700 3.6 12.97 10.01 246.89 0.1659 0.512948 0.36 6.05 6.91 0.117 
Tuff 792 6.2 31.69 25.17 458.79 0.1189 0.512801 0.41 3.18 5.4 0.158 

Las Juntas 
Metadioritc 906 0.98 2.68 10.11 208504 0.2215 0.513044 -- 7.92 7.2 0.141 
Metadioritc 906dup 0.98 2.66 9.93 207.491 0.2215 0.153047 -- 7.98 73 0.138 

Placeres Complex 
Meta-shale 302 4.66 23.78 10731 82.08 0.1185 0.512232 1.3 -7.92 -5.7 3.785 

87Sr/86Sr 

0.724021 

0.734157 

0.704893 
0.704858 

0.704681 

0.703793 
0.704403 

0.704352 
0.704414 

0.714528 

t-.) -w 



Table C.2 Sm/Nd and Rb/Sr isotopic data from the different lithologies of the Zacatecas Fonnation 
UnitJRock type Sample Sm Nd Rb Sr 147Sm/144Nd 143Nd/144Nd TDM Nd Ndi 87Rb/86Sr 87Sr/865r 
Zacatecas City 

Sediments 
Sandstone Z-7 1.96 8.49 0.1396 0.512275 1.57 -7.08 -5.45 
Volcanics 
Basalts Z-12 1.9 5.45 3.67 257.93 0.2106 0.512987 6.81 6.42 0.0411 0.705582 
Basalts Z-16 21 6.16 3.02 195.97 0.2042 0.51302 0.55 7.45 7.24 0.045 0.704292 

Peilon Blanco 
Sediments 
Sandstone Z-4O 4.95 24.75 0.1208 0.512261 1.28 -7.35 -5.18 
Volcanics 

Dike (basalt) Z-31 4.56 18.99 0.1451 0.512502 1.2 -2.65 -1.5 

N -.;:.. 



Table C.3 Sm/Nd and Rb/Sr isotopic data from the different lithologies of the Arc Assemablage and Taxco Schist 

Unit/Rock type Sample Age Sm Nd Rb Sr 147Sm/144Nd 143Nd/144Nd TDM Nd Ndi 87RbJ86Sr 87Sr/86Sr 
J-K Arc Assemblage 

Teloloapan Subtcmme 
Sediments 

Shale 939 105 3.19 15.9 0.1215 0.512657 0.65 0.37 1.38 
Mezca1a Fm. (shale) 933a 105 4.15 20.01 0.1253 0.512558 0.84 -1.56 -0.58 

Volcanics 
Teloloapan (pyroclastic) G-9-89 105 4.51 24.34 9289 463.09 0.1121 0.512766 0.44 25 3.6 0.58 0.704549 
Tejupilco (pyroclastic) G-13-89 105 3.59 15.11 14.77 583.2 0.1437 0.512999 7.1 7.9 0.0733 0.704355 

Tejupilco (diabase) G-14-89 105 4.34 21.59 34.21 1287.1 0.1256 0.512962 0.17 6.3 7.3 0.0768 0.703582 

Huetamo subterrane 
Huetamo (tuff) G-13-9O 105 3.72 15.04 40.41 767.6 0.1494 0.512997 0.17 7.1 7.6 0.1522 0.704302 

Zihuatanejo subterrane 
Arteaga (tuff) G-I0-9O 105 5.65 2298 5Q.93 85.02 0.1486 0.512826 0.54 3.7 4.3 1.733 0.707073 
Colima (tuff) G-8-90 105 4.64 15.4 8.56 2726 0.1821 0.512001 0.3 7.1 7.3 0.091 0.705369 

Encino (basalt) G-1-9O 7.1 3292 93.73 18.59 0.1303 0.512905 0.29 5.2 6.1 14.59 0.713607 
Sediments 

Encino ke) G-2-9O 105 3.52 127 20.79 138.76 0.1676 0.51294 0.39 5.9 6.3 0.433 0.705766 
Colima (sandstone G-7-9O 105 3.17 15.3 23.91 150.74 0.1251 0.512789 0.46 29 3.9 0.459 0.705797 

Ap,e unknown 
Taxco Schist (tuft) G-3-89 180 7.36 34.35 19244 13.8 0.1295 0.512452 1.02 -3.63 -1.99 40.53 0.754552 
Taxco Schist (tuft) G-5-89 180 6.49 27.12 33219 3.03 0.1449 0.51258 1.03 -1.13 0.6 323.35 
Taxco Schist(tuft) 934 180 4.99 18.61 0.1622 0.512698 1.03 1.17 271 

N -VI 



Table C.~Sm/Nd and Rb/Sr isotopic data from the Clasts collected in Conglomerates of the Arc assemblage, and Intrusive rocks 

of different ages. 

Unit/Rock type Sample Sm Nd Rb Sr 147Sm/I44Nd 143Nd/I44Nd TDM Nd Ndi 87RbJ86Sr 87Sr/86Sr 
Clast in K conglomerate 

Metaquartzite 927b 4.66 24.11 0.1167 0.512317 1.14 -6.26 -4.02 
Granite 927-G 1.75 7.197 16.38 192.34 0.1471 0.512501 1.24 -2.67 -1.47 0.246 0.709176 I 

Granitoids I 

I 

P.SnTelmo(Te?) G-9-90 2.17 11.92 32.21 612.15 0.1103 0512909 0.23 5.3 5.84 0512 0.703668 : 

Arteaga G-644 3.95 I 18.82 152.37 343.53 
--

0.1302 0.512914 0.27 
--

5.38 6.28 1.283 __ _0.7047JlL 
--- ---

t-l -0"1 
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APPENDIX D. SANDSTONE PETROGRAPHY DATA 

Table D.I Sandstone Modal Composition Table 



Sandstone Suite Qm Qp Ch PI K F Ft Lm Lv ls 
--------------------------------------------------------------------------------------------------------------------
Arteaga Complex 

208 54 24 11 0 0 0 0 0 9 0 
210 65 21 6 0 0 0 0 7 0 0 
112 48 27 10 2 ] 0 3 5 6 0 
733 35 29 22 1 0 0 2 0 0 11 
655 27 23 51 0 0 0 0 0 0 0 
751 31 23 31 3 0 0 3 3 2 9 
519 26 47 25 0 0 0 0 0 0 0 
632 33 34 24 0 0 0 0 5 3 0 
770 47 21 24 0 0 0 0 0 0 7 
774 24 18 57 0 0 0 1 0 0 0 
818 41 39 14 0 0 0 0 0 0 3 
882 31 31 21 3 0 1 5 6 1 5 
918 39 20 13 7 0 7 15 2 0 12 
920 37 30 14 2 0 1 3 3 3 11 

Placeres Complex 
335 47 20 13 6 0 8 14 3 2 0 
577 30 30 26 3 0 0 5 7 4 0 

Zacatecas Fm. 
Z-43 42 35 9 4 3 4 11 2 1 0 
Z-37 37 45 9 4 2 3 9 0 0 0 

tv -00 



Sandstone Suite Qm Qp Ch PI K F Ft Un Lv Ls 
--------------------------------------------------------------------------------------------------------------------

Teloloapan 
38 17 4 0 6 2 11 19 4 26 30 
39 9 2 14 3 0 0 3 2 47 23 
74· 20 2 2 4 1 7 13 1 41 21 
80 8 1 0 5 0 0 6 0 81 3 
108 2 0 0 8 5 6 19 0 70 8 
153 16 13 6 9 0 4 14 3 33 15 

Mexcala Fm. 
933a 27 18 6 5 0 3 9 7 19 16 
933d 29 12 0 5 0 6 11 7 23 18 
943a 18 8 3 12 0 9 21 0 33 16 
T-14 9 26 3 0 0 1 1 8 12 42 
K937 25 12 6 8 0 1 10 6 19 22 
941 28 13 5 13 0 5 18 4 9 23 
942 14 16 5 7 0 5 12 3 22 27 

Huetamo 
174 2 34 4 0 0 0 0 40 0 21 
286 5 31 11 0 1 0 2 25 20 5 
345 10· 37 13 5 0 2 7 28 4 2 
365 13 3 0 25 5 14 44 6 35 0 
380 38 17 11 5 0 3 9 3 11 10 

Zihuatanejo 
243a 11 14 3 14 2 3 19 0 49 4 
243b 17 9 5 10 3 7 19 3 24 22 
513 34 25 0 4 25 0 29 0 13 0 
515 33 44 0 2 19 0 20 0 2 0 
547 42 38 0 12 7 0 19 0 1 0 
580 22 12 2 16 14 0 30 0 34 0 
580a 15 19 0 8 19 0 27 0 38 0 
605 27 29 5 0 0 0 0 9 30 0 
772 6 8 2 5 0 5 9 15 48 12 
773 11 5 17 8 5 22 35 0 26 6 N -\0 



Sandstone Suite Qn Qp Ch Pi K F Ft lIn Lv Ls 
--------------------------------------------------------------------------------------------------------------------

Clast in K Conglomerates 
216A Play 67 10 17 0 0 0 0 6 0.01 0 
216D Play 55 32 8 0 0 0 0 3 2 0 
381C Hue 43 27 7 1 1 0 2 3 19 0 

~ 


