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Abstract

The Pacific margin of Mexico is formed by Upper Jurassic—Lower Cretaceous
arc-related successions of the Guerrero Terrane. The Guerrero Terrane in southwestern
Mexico is divided into three subterranes: from west to east: the Zihuatanejo—Huetamo
subterrane, Arcelia — Palmar Chico subterrane, and Teloloapan subterrane.

This thesis research targets the Teloloapan subterrane and is aimed at establishing
its stratigraphy, sedimentology, petrography and geochemistry as the basis for an
improved understanding of its tectonic history. The Teloloapan subterrane contains a
thick Lower Cretaceous age sequence of volcanic, volcaniclastic, and carbonate rocks
(the arc-related succession), which is covered by Upper Cretaceous mostly deep-water
siliciclastic rocks (the sedimentary cover successions). All rocks are strongly deformed.

The arc-related succession contains three formations (Villa Ayala, Acapetlahuaya
and Teloloapan formations) showing concordant and transitional boundaries. Facies
analysis of the Villa Ayala and Acapetlahuaya formations (Berriasian—Late Aptian)
records the construction of volcanic build-ups and their destruction by gravity-current
processes that formed slope-apron deposits. Carbonate rocks of the Teloloapan Formation
developed on top of extinct volcanoes and formed an Aptian—Albian carbonate platform.

The Miahuatepec and Mezcala formations constitute the sedimentary cover
succession. The Mezcala Formation is comprised of interbedded sandstone and shale with
minor thin-bedded limestone and calcareous breccias. The Miahuatepec Formation is a

thick sequence of interbedded sandstone and shale with minor thin-bedded limestone.
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Facies analysis shows both units were deposited by low- to high- concentration turbidity
currents on the middle to lower parts of submarine fans.

Volcaniclastic and epiclastic sandstones from the arc-related succession are rich in
volcanic lithic grains derived from contemporaneous volcanic source. They have an
undissected to transitional arc provenance (terminology of W. R. Dickinson).
Geochemical data indicate a mafic to felsic volcanic source with a calc-alkaline affinity.
REE patterns are similar to those of evolved intraoceanic arcs.

Sandstones from the Mezcala Formation show quartzolithic and carbonate-rich
petrofacies, while the sandstones of the Miahuatepec Formation are mainly quartzolithic.
Both formations were derived by erosion of volcanic sources and have a transitional to
dissected arc provenance. The Mezcala Formation also has a coeval formations
contribution from the erosion of platform carbonates of the Teloloapan Formation.
Geochemistry of the Miahuatepec Formation supports a calc-alkaline volcanic source
with REE patterns similar to those of evolved intraoceanic arcs.

The tectonic history of southwestern Mexico seems to be characterized by
intraoceanic arcs (Late Jurassic-Early Cretaceous), followed by cessation of volcanism
and development of an island-arc carbonate platform (Albian-Cenomanian) in the
Teloloapan area. Contemporaneously, a jump in subduction forms the volcanic rocks of
the Arcelia — Palmar Chico subterrane. The Guerrero Terrane was accreted to the

“cratonic” Mixteca Terrane during the Late Cretaceous.
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CHAPTER 1. INTRODUCTION

1.1. STATEMENT OF THE PROBLEM

Western Mexico is the southward extension of the Cordilleran system of western
North America, and originated by accretion of oceanic terranes during Late Mesozoic to
Early Cenozoic time (Campa and Coney, 1983). Low-grade metamorphosed volcanic and
volcaniclastic Mesozoic rocks known as the Guerrero Terrane are exposed along the
Pacific margin of Mexico (Figure 1). This terrane represents the active margin during
Late Jurassic to Early Cretaceous time (Campa and Coney, 1983). Because of its
intriguing origin, age, wide distribution, and lithological diversity, several authors have
studied the Guerrero Terrane since the middle 1970s.

In contrast to the western side of Mexico, a contemporary passive margin
developed by Jurassic extensional and strike-slip tectonics related to the opening of the
Gulf of Mexico along the eastern side of Mexico. This contrasting tectonic setting
initiated the growth of carbonate platforms followed by pelagic carbonate and siliciclastic
deposits during Late Cretaceous time.

The Guerrero Terrane originally was considered as a huge mosaic of volcanic and
volcanosedimentary rocks (Campa and Coney, 1983). Recently, however, it was
subdivided into three north-south-trending, parallel subterranes (Ramirez et al., 1991;
Centeno et al.,, 1993), based on lithology, structural geology and geochemical

characteristics, and separated by regional tectonic discontinuities: (a) the Teloloapan



subterrane; (b) the Arcelia — Palmar Chico subterrane; and (c) the Zihuatanejo-Huetamo
subterrane (Figure 2). The Teloloapan subterrane is the main focus of this thesis.

The Teloloapan subterrane is located on the eastern side of the Guerrero Terrane
(Figure 2). In this area, three lithostratigraphic assemblages, separated by west-dipping
thrust faults, are exposed. These assemblages are, from east to west (Figure 3): (1) the
Guerrero-Morelos platform, which is considered to be a passive-margin succession
formed of Albian—-Cenomanian carbonates to Upper Cretaceous clastic sedimentary rocks
(Fries, 1960); (2) the Teloloapan subterrane consisting of Lower Cretaceous volcanic and
volcaniclastic rocks and arc-related limestones covered by Upper Cretaceous siliciclastic
rocks (Campa et al., 1974; Guerrero et al., 1990; Talavera, 1993); and (3) the Arcelia —
Palmar Chico subterrane consisting of Albian—Cenomanian Cretaceous tholeiitic island-
arc volcanic and plutonic rocks, capped by radiolarian tuffaceous chert associated with
black shales (Davila and Guerrero, 1990; Delgado et al., 1990; Ramirez et al., 1991;
Talavera, 1993).

Early studies suggested that the Guerrero Terrane represented an allochthonous
magmatic arc which formed during either eastward subduction (Campa and Ramirez,
1979; Campa and Coney, 1983) or westward subduction (Coney, 1983). These
hypotheses were broadly based on regional stratigraphy and structural data. However, the
affinities, paleogeographic position, and age of the magmatic-arc sequences were
unknown or poorly constrained. Subsequently, tectonic interpretations have become

more complicated as new structural, stratigraphic and geochemical information have been



Explanation
CHI  Chihuahua
CA Caborca
COA Coahuila
M Maya
SM Sierra Madre
G Guerrero
J Juarez
CHI (0] Oaxaca
Ml Mixteco
D 1Al XO Xo
Vv Vizcaino
COA SMO S. M. Occidental
TMV Trans-Mexican
Torreon A Volcanic Belt

Figurel. Tectonostratigraphic terranes of Mexico (From Campa and Coney, 1983).

Names of major urban centers are mixed upper and lower cases.
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gathered, and are the basis for two main models. The first model recognizes an island arc
built on a transitional crust (partly oceanic and partly continental) of Late Jurassic to
Early Cretaceous age (Elias and Sanchez, 1992; Tardy et al., 1992; 1994; Dickinson and
Lawton, 2001). The second model hypothesizes several allochthonous arcs associated
with backarc basins of different ages, mainly Early Cretaceous (Ramirez et al., 1991;
Talavera, 1993; Centeno et al., 1993).

The uncertain tectonic framework is in part related to the poorly understood
stratigraphy of the volcanic and volcaniclastic rocks of the Guerrero Terrane and its
sedimentary cover successions, resulting in different proposed ages and terminologies for
the sequences (see Figure 4, and Campa et al.,, 1974; De Cserna and Fries, 1981; De
Cserna, 1983; Guerrero et al,, 1990; Elias and Sanchez, 1992; Cabral, 1995). The
deformation and folding in the rocks can lead to misinterpretation of the stratigraphy
because of structural repetition. Finally, few or no detailed sedimentological and
provenance studies have been done in the different parts of the Guerrero Terrane. This
lack of reliable stratigraphic and depositional data has prevented both a correct
interpretation of the arc-related basin(s), and a rigorous evaluation of the different
tectonic models proposed for the Guerrero Terrane and its sedimentary cover successions.

This study has five objectives designed to significantly advance the knowledge of
the Guerrrero Terrane:

1. To provide stratigraphic control for the volcanosedimentary and the

sedimentary cover successions of the Teloloapan area (Teloloapan subterrane)

based on field relationships;



. To compile previous data and new identifications of both macrofossils and
microfossils to provide better age control on the depositional facies and
petrological evolution of the basin;

To conduct a depositional and compositional study of the volcaniclastic (arc)
units and sedimentary cover (post-arc) rocks through analysis of the vertical
distribution and character of lithofacies;

. To provide a regional context for the depositional and compositional analysis
by comparing the study area with neighboring “suspect” assemblages: the
Arcelia — Palmar Chico and the Zihuatanejo-Huetamo subterranes; and

To integrate the stratigraphic, sedimentologic, petrologic and geochemical
data to evaluate and explain the tectonic evolution of the Guerrero Terrane in

southwestern Mexico.

1.2. PREVIOUS WORK

The first geological studies of the volcanic and volcaniclastic rocks in the region

interpreted these as a "eugeosynclinal" sequence (Fries, 1960; De Cserna, 1965). In later

studies, employing plate tectonic theory, Campa and Ramirez (1979) interpreted the area

as a magmatic arc sequence. Finally, Campa and Coney (1983), using the terrane

concept, divided the arc sequences and defined the Guerrero Terrane.

The Guerrero Terrane was interpreted as a complex allochthonous terrane that

extends along the western margin of Mexico (Campa and Coney, 1983). In terms of

paleogeography, the Teloloapan area was defined to be an island-arc sequence, the
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Huetamo area was considered a marginal-sea basin, and the Zihuatanejo region was
interpreted as a subduction complex (Campa and Ramirez, 1979; Campa and Coney,
1983). In this thesis they are termed Teloloapan and Zihuatanejo-Huetamo subterranes,
respectively. Recently, studies based on regional stratigraphical, structural, petrological,
and geochemical data (mainly in volcanic rocks) have proposed different and
controversial tectonic models for the Guerrero Terrane, mentioned in § 1.1 and
considered at length in chapter 5 (Ramirez et al., 1991; Elias and Sanchez, 1992; Tardy et
al., 1992, 1994; Talavera, 1993; Centeno et al., 1993; Dickinson and Lawton, 2001).

Regional studies have established, in a general way, the stratigraphy and basin
evolution of the Teloloapan subterrane (see Figure 4, and Fries, 1960; Ontiveros, 1973;
Campa et al., 1974; De Cserna et al., 1978; Guerrero et al., 1990; Elias and Séanchez,
1992; Sanchez, 1993; Cabral, 1995). Paleontological and radiometric data have suggested
quite different ages for the sequence: Precambrian to Triassic (Fries, 1960, De Cserna et
al., 1978); Triassic to Early Cretaceous (Elias and Sanchez, 1992; Sanchez, 1993); Late
Jurassic to Early Cretaceous (Campa et al., 1974 and 1980; Campa and Ramirez, 1979);
and Early Cretaceous (Guerrero et al., 1990; Campa and Iriondo, 2003).

Despite extensive geological studies carried out in the Guerrero Terrane, the
sedimentology, sedimentary petrography, provenance, and sedimentary geochemistry

have been little studied. Available documentation on these topics is reviewed below.
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Based on regional lithofacies analysis in Michoacan and Guerrero states, De
Cserna et al. (1978) proposed an Albian through Turonian basin evolution for the area
during the Early Cretaceous; while volcanic activity was hypothesized to have occurred
only in Late Cretaceous time.

Johnson et al. (1991), in the Huetamo region of the Zihuatanejo-Huetamo
subterrane (Figure 2), assigned turbidites and debris-flow deposits to a deep-sea
environment. However, their main contribution was the application of LandSat images as
a new technique to elucidate the stratigraphy. Subsequently, Guerrero (1997) proposed a
sedimentological model, in the same Huetamo area, of deep- to shallow-water deposition
based on lithofacies analysis. He also divided the sandstones and volcaniclastic rocks of
the Huetamo area into several compositional suites and suggested a petrofacies evolution
for the region.

Petrographic studies of siliciclastic rocks of the Guerrero Terrane have been
conducted by Rodriguez (1994) in the Teloloapan subterrane; and Centeno (1994) and
Guerrero (1997) in the Zihuatanejo-Huetamo subterrane.

Several geochemical studies of the volcanic rocks of the Guerrero Terrane have
been conducted to define the magmatic signatures of the different areas; for example, a
calc-alkaline affinity for the Teloloapan subterrane (Talavera, 1993), tholeiitic affinity for
the Arcelia — Palmar Chico subterrane (Ortiz and Lapierre, 1991; Talavera, 1993), and
tholeiitic, calc-alkaline, and shoshonitic affinities for the Zihuatanejo—Huetamo

subterrane (Talavera, 1993; Centeno, 1994; Freydier et al., 1996, 1997).
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1.3. DISTRIBUTION, GEOLOGICAL SETTING, AND STRUCTURAL
GEOLOGY OF THE TELOLOAPAN SUBTERRANE

The Teloloapan subterrane (Figures 2 and 3) is exposed in the easternmost part of
the Guerrero Terrane, close to of the adjacent Mixteca Terrane (Campa and Coney, 1983)
which is the postulated passive margin represented by the Albian—-Cenomanian Morelos-
Guerrero Platform. The Teloloapan subterrane is characterized structurally by a complex
thrust-fault system that verges eastward. Its rocks are deformed and metamorphosed to
low-grade, prehnite-pumpellyite and greenschist facies (Campa et al., 1974; Talavera,
1993). The volcanic and volcaniclastic rocks in the Teloloapan subterrane are basaltic to
andesitic pillowed and massive lava flows, volcanic breccias, and coarse- to fine-grained
volcaniclastic rocks deposited in a marine depositional environment. Compositions are
calc-alkaline with geochemical and isotopic characteristics that suggest formation in an
intra-oceanic, but evolved island arc (Talavera, 1993). The volcanic and volcaniclastic
sequence (the Villa Ayala Formation, Figure 4) changes upward transitionally either to a
thick limestone package in the east (The Teloloapan Formation) that contains carbonate
platform to slope deposits, or to distal tuff deposits in the west (the Acapetlahuaya
Formation), overlain transitionally by an Albian—-Cenomanian thin-bedded limestone
sequence, termed the Amatepec Formation (not studied in this thesis).

Two siliciclastic units cover the carbonates in the east and west of the study area
(Figures 3 and 4). Fine-grained siliciclastic rocks of the Mezcala Formation complete the
Upper Cretaceous stratigraphic column where they overlie the Teloloapan Formation

along the eastern edge of the Teloloapan subterrane. The Mezcala Formation is made up
11



of interbedded shale and sandstone, with scattered calcareous debris-flow deposits and
thin-bedded limestone deposits as well as siliceous rocks, all deposited in a deep-water
setting (Fries, 1960; De Cserna et al., 1978; Ontiveros, 1973; Ramirez et al., 1990). To
the west, highly altered and deformed coarse- to fine-grained and thick- to thin-bedded
sandstone of the Miahuatepec Formation is exposed above the Amatepec Formation
where the Teloloapan subterrane is in structural contact with the Arcelia — Palmar Chico
subterrane (Figure 3).

The Teloloapan subterrane was strongly deformed during the Laramide orogeny.
There is a complex pattern of east-vergent isoclinal folds associated with penetrative
foliation. Thrust faults define the western and eastern boundaries of the Teloloapan
subterrane (Campa et al., 1974; Ramirez et al., 1991; Talavera, 1993; Salinas, 1994).

The Teloloapan subterrane shows at least two phases of deformation, and some
authors (Elias, 1989; Tolson, 1993) have specified three phases of deformation in the
Tejupilco region, north of the study area. The first deformation produced large recumbent
folds showing an axial-planar cleavage and bedding-cleavage relationships indicating
overturning to the east. The second deformation is characterized by schistosity surface
and crenulation schistosity, with general strike of N70°-100°, displaying a well-defined
mineral lineation and stretching of clasts and pillow lavas. Fine-grained tuffs and
sandstones of the Acapetlahuaya, Mezcala, and Miahuatepec formations, as well as the
thin-bedded carbonates of the Amatepec Formation, show a well-developed parallel
cleavage, which intersects the bedding plahcs, as well as fold axial planes that can be

used to establish whether units are upright or inverted. The same units are highly
12



deformed in their finest grained portions in a ductile way, producing small-scale folds
showing a wide range of features, such as asymmetric, isoclinal, curvilinear folds,
pressure solution, and tectonic stylolites. Intense penetrative deformation in the
Teloloapan subterrane has been defined as "broken formation" textures in the Teloloapan
area (Cabral, 1995). In thin oriented sections, cut parallel to L1 and perpendicular to S1
in dark micrites or pelites, conspicuous asymmetrical structures include sigmoidal
phyllosilicates and quartz or calcite pressure shadows flanking pyrite cubes. The
asymmetry of these features supports the eastern sense of tectonic transport (Salinas,

1994).

1.4. DISSERTATION FORMAT

Results of this Ph.D. research are presented in five chapters (chapters 2-6),
followed by a chapter summarizing the conclusions (chapter 7). Each chapter finishes
with a discussion and comparison with neighboring areas, in order to obtain a regional
view of the problem.

Chapter two (Arc-related successions: stratigraphy and facies) describes the
stratigraphy and facies of the arc-related succession. The chapter gives detailed
lithostratigraphic and petrologic descriptions. The main contributions of this chapter are
the confirmation of an Early Cretaceous age for the arc-related sucession, and

documentation of the facies evolution of the arc sequence.
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Chapter three (Sedimentary Cover Successions: stratigraphy and facies)
documents the stratigraphy and facies in the Upper Cretaceous formations that comprise
the post-arc sedimentary cover successions.

Chapter four (Environmental interpretation and basin development) interprets
the lithofacies present in both the arc-related sequence and the sedimentary cover
succession. A depositional history and paleoenvironmental interpretation is proposed for
each formation of the Teloloapan subterrane.

Chapter five (petrography, geochemistry and provenance) describes the
sandstone and volcaniclastic petrography and provenance of the arc-related and
sedimentary cover successions. The petrographic results are used to document the
similarities and differences between the clastic and volcaniclastic rocks, as well as the
sedimentary cover sequences, while the provenance analysis constrains the analysis of the
tectonic evolution. Finally, the chapter describes the geochemistry of the volcaniclastic
rocks of both the arc-related and the sedimentary cover successions, and makes
inferences as to the tectonic affinity of the volcanic source rocks.

The stratigraphic, sedimentological, petrographic, and sedimentary geochemical
data are used in chapter six (Tectonic evolution of the Teloloapan subterrane and
implications for origin of the Guerrero Terrane) to interpret provenance and to
develop a tectonic model for the Teloloapan subterrane. Furthermore, regional and local
information from neighboring areas is utilized to constrain this tectonic model. Thus,

chapter six integrates all the data, summarizes the geological evolution of the Teloloapan
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subterrane, and extends this model to the southwestern part of the Guerrero Terrane and
its role in the evolution of the Pacific margin of Mexico.
Finally, chapter seven (Conclusions) provides an overview of the major

contributions of the research.

1.5. COLLABORATION

The field work, section measurement, and sample collection for petrography,
geochemistry, macro- and microfossil analysis are entirely the work of the author of this
thesis. Subsequently, paleontological specialists from different Mexican institutions
identified the fossils. Radiolarian specimens were prepared and classified by M. Sci.
Victor Davila-Alcocer (Instituto de Geologia, Universidad Nacional Auténoma de
Meéxico). Dr. Elizabeth Lara (Instituto Mexicano del Petréleo) classified the calcareous
nannoplankton (coccoliths). Ms. Sci. Victoria Gonzilez-Casildo (Paleontology
Department, Instituto Politécnico Nacional) identified the planktonic foraminifera and
calcispherulid microfossils. Ms. Sci. Maria Eugenia G6mez-Luna (Instituto Mexicano del
Petréleo) classified the ammonites. Finally, Dr. Blanca E. Buitrén-Sanchez (Instituto de
Geologia, Universidad Nacional Auténoma de México) identified the nerineids and
rudists. All other analyses were completed by the author or by the research technicians in

the geochemical laboratories of Memorial University of Newfoundland.
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CHAPTER 2. ARC-RELATED SUCCESSIONS: STRATIGRAPHY AND FACIES

2.1. INTRODUCTION, CLASSIFICATION AND TERMINOLOGY

The study area, approximately 1000 kmz, is chiefly covered by two 1:50,000 -
scale topographic maps: the Teloloapan and Arcelia maps of the Mexican cartographic
office (INEGI). Two distinctive geologic elements delimit the study area: the
westernmost limit is the thrust fault that brings the Arcelia — Palmar Chico subterrane
over the Teloloapan subterrane; the easternmost limit is the Morelos-Guerrero Platform,
considered as the passive margin of the Mixteco Terrane.

The study area is located in the northern part of the state of Guerrero, and is part
of the Guerrero Terrane (Campa and Coney, 1983). The rocks in the area strike north -
south and are bounded by regional and local faults (Figure 3). The lithological diversity
in the region is high, including Lower Cretaceous volcanic, volcaniclastic, and calcareous
rocks with low-grade metamorphism in the lowermost units (the arc-related succession,
termed here the Villa Ayala, Acapetlahuaya, and Teloloapan formations), to Upper
Cretaceous, unmetamorphosed, fine-grained siliciclastic rocks interbedded with thin-
bedded limestone and scattered siliceous levels (the sedimentary cover succession,
termed here the Mezcala and Miahuatepec formations).

Deformation and low-grade metamorphism of the arc-related rocks are the main
obstacles to establishing a stratigraphic framework. Deformation causes stratigraphic
repetition and low-grade metamorphism produces strong alteration that partially obscures

the welding effect in pyroclastic rocks and some of the original sedimentary structures in
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volcaniclastic rocks. Despite these problems, the relationships among units are in some
areas clear and help to explain the stratigraphic evolution of the sequences. For brevity,
the prefix "meta" to signify low-grade metamorphism in the rocks is dropped and terms
such as "metavolcanic" and "metasedimentary" are not used in the thesis.

Formal structural study was not conducted; however, structural studies of other
authors (Salinas, 1994; Cabral, 1995; see § 1.3) and the author’s own structural
observations were used to elucidate the stratigraphy in the field and to avoid duplicate
measurement of unit thicknesses. Way-up criteria (e.g., graded bedding and sole
markings among others) were used to recognize the base and top of the sequences.

The North America Stratigraphic Code (1984) was followed to revise the
stratigraphic nomenclature in the area. Recommendations include: (1) redefinition and
elevation of the Villa Ayala and Acapetlahuaya formations, to formal status; and (2)
separation of an arc-related carbonate platform from passive-margin rocks of the Morelos
Formation, and redefinition of the Teloloapan Formation to include the arc-related
carbonate unit. The second recommendation places the carbonate-platform rocks in the
Guerrero Terrane (the Morelos Formation) in the Mixteco Terrane.

None of the units studied here have been subjected to a detailed paleontological
study in the thesis area, but new samples collected for this thesis demonstrate an Early
Cretaceous age for the arc-related succession. This is supported by biostratigraphic and
radiometric ages reported by other authors. The Early Cretaceous age proposed here for

the arc-related succession is the youngest age ever proposed for this sequence (Figures 4

and 5).
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The arc-related succession in the thesis area includes both primary volcanic and
volcaniclastic rocks. Nevertheless, facies analysis was conducted mainly on the latter.
Talavera (1993) characterized the primary volcanic rocks and they will be described only
briefly to document their relationships with the volcaniclastic rocks.

Most of the volcaniclastic rocks in the Villa Ayala and Acapetlahuaya formations
were deposited by subaqueous gravity flows in deep-water environments. The facies
classification and interpretations applied to these rocks are based on the deep-water facies
scheme of Pickering et al. (1989). Similarly, pyroclastic rocks are described and
interpreted using criteria provided by a number of authors (e.g., Busby-Spera, 1987;
1988; Cas and Wright; 1987, 1991; Kokelaar and Busby, 1992).

Classifications of bed thickness and grain size for the volcaniclastic rocks are
those proposed by Ingram (1954) and Chough and Sohn (1990), respectively (Table L)
Tuffs are subdivided into fine- and coarse-grained varieties as proposed by Fisher and
Schmincke (1984). Facies are described based on lithology, textures, sedimentary
structures, biological features, bedding thickness, and bed contacts. As proposed by Cas
and Wright (1987, 1991), descriptive facies terminology is used for the volcaniclastic
rocks. Finally, an alphabetic and numeric code is used following Pickering et al. (1989)
for all the facies.

The term "volcaniclastic" is used as a wide non-genetic term that includes
autoclastic and epiclastic rocks directly erupted or derived from the erosion of

contemporaneous or redeposited volcanic material. Units derived by weathering and/or
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erosion of penecontemporaneous or older volcanic rocks are described as epiclastic rocks
(Fisher and Schmincke, 1984; Lajoie and Stix, 1992).

The term "pyroclastic flow" is here restricted to deposits with some evidence of
emplacement by volcanic eruptions. Welding textures, presence of fiamme, euhedral
phenocrysts, highly angular volcanic lithic fragments, abundance of broken crystals, and
a monolithic composition of the volcanic rock fragments are used to indicate a
pyroclastic rather than an epiclastic origin (cf. White and Busby-Spera, 1987). Cas and
Wright (1987) stated that a detailed description and paleoenvironmental interpretation of
the bounding facies is essential in determining the possibility of subqueous welding in
pyroclastic flow deposits. Fisher and Schmincke (1984) noted that subaqueous
pyroclastic flow deposits resemble turbidites and thus may remobilized pyroclastic debris
originally deposited by fallout or other processes on flanks of active volcanoes. However,
Fisher and Smith (1991) argued that accumulations of pyroclastic particles that are
carried to their final site of deposition by transporting agents (e.g. turbidity currents) are
not epiclastic because are not formed by weathering.

The terminology in this thesis conforms to the viewpoint of Fisher and Schmincke
(1984) and Fisher and Smith (1991) that epiclastic deposits must be derived by
weathering and/or erosion. Units formed principally of pyroclasts, with a monolithic
composition and no evidence of prior weathering, are therefore described using the
terminology for pyroclastic rocks. For example, as advocated by Orton (1996), "tuff" is
used in this thesis for lithified units of ash-sized volcanic particles (texturally equivalent

to sandstones). As a result, "tuff" indicates the near-exclusive pyroclastic composition
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and/or origin of the particles, rather than the mode of their final emplacement, which
might include settling through the water column with or without bottom-current
redistribution, or lateral redistribution by turbitidy currents without contamination by
older detritus. During the surficial redistribution of such materials, or even during settling
of ash through the water column, contemporaneous microfossils may be incorporated.
After accumulation, benthic organism like mollusks or benthic foraminifera may be
burrow into the pyroclastic deposits, forming a mixed biogenic-pyroclastic sediments.
"Ash turbidites" is used when pyroclastic origin is not completely sure.

Lithologic description of carbonate rocks of the Teloloapan Formation is based on
the classification scheme of Embry and Klovan (1971). This classification, based on
Dunham (1962), emphasizes the depositional textures of the carbonates rocks. The
carbonate facies are characterized by their lithology, bed thickness, contacts, textural
features, and organic material such as macrofossils and microfossils present in each
facies. This field information was complemented with petrographic descriptions of more
than 100 thin sections.

This chapter also contrasts the new ages and stratigraphic terminology with older
concepts, and discusses controversies related to the proposed existence of pre-Mesozoic
basement in the area, as suggested by other authors (Figure 4). The stratigraphic
relationships of the arc-related succession are described in detail in order to obtain a

better understanding of the sedimentary evolution of the area.
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Table 1. Classifications of bed thickness and grain size

A. Bed thickness* Thickness (cm)
Very thin beds 1-3
Thin beds 3-10
Medium beds 10-30
Thick beds 30-100
Very thick beds >100

B. Grain size+ Diameter (mm)
Silt <0.0625
Very fine sand 0.0625-0.125
Fine sand 0.125-0.25
Medium sand 0.25-0.50
Coarse sand 0.50-1
Very coarse sand 1-2
Granule 2-4
Pebble 4-64
Cobble 64-256
Boulders >256

C. Grain size++ Diameter (mm)
Fine-grained ash <0.0625
Medium-grained ash 0.063-0.5
Coarse-grained ash 0.5-1
Very coarse-grained ash 1-2
Fine-grained lapilli 24
Medium grained lapilli 4-16
Coarse-grained lapilli 16-64
Fine-grained blocks 64-256
Coarse-grained blocks >256

* Ingram (1954); + Wentworth (1922); ++ Chough and Sohn (1990)
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2.2. LITHOSTRATIGRAPHIC STUDIES OF THE TELOLOAPAN
SUBTERRANE

Despite the many geological studies conducted in the Teloloapan area, only a few
have dealt, superficially, with the stratigraphy of the region (Campa et al., 1974; De
Cserna, 1983; Ramirez et al., 1990; Cabral, 1995). Nevertheless, there are many regional
studies that include hypothetical stratigraphic tables despite the controversial age of
various units. The stratigraphic controversies in the Teloloapan area are mainly related to
the age of, and possible basement to, the volcanosedimentary sequence, as well as to the
significance of the carbonate platform rocks.

The Teloloapan subterrane does not have a formal stratigraphy. Because of the
structural complexity, metamorphism, and dearth of well preserved fossils, these rocks
have been assigned to the Precambrian, Paleozoic and/or Triassic (Fries, 1960; De
Cserna, 1983); Triassic to Upper Jurassic (Elias and Sanchez, 1992; Sanchez, 1993);
Upper Jurassic to Lower Cretaceous (Campa et al., 1974 and 1980); and Lower
Cretaceous (Guerrero et al., 1990; Ramirez et al., 1990; Campa and Iriondo, 2003).

Fries (1960) originally defined the volcanosedimentary sequence cropping out in
the Taxco-Taxco El Viejo area, 35 km northeast of the study area (see Figure 1), as
"Esquisto Taxco" and "Roca Verde Taxco Viejo". He assigned a Paleozoic age to the
former and a Triassic age to the latter based on lithological correlation with similar rocks
from the Zacatecas region in central Mexico. However, Fries did not correlate this

sequence with the Teloloapan subterrane, although other authors subsequently have
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(Ontiveros, 1973; De Cserna et al., 1978; De Cserna and Fries, 1981; De Cserna, 1983;
Elias and Sanchez, 1992; Cabral, 1995).

In a regional study, Ontiveros (1973) studied the stratigraphy of the Taxco-
Teloloapan area and concluded that the volcanosedimentary rocks cropping out in the
Teloloapan region belong to the "Esquisto Taxco" and the "Roca Verde Taxco Viejo",
postulating a Late Jurassic or Early Cretaceous age for the former and a pre—Cretaceous
age for the latter. Both ages were argued solely on the basis of lithology, and possible
unconformities with overlapping units.

Subsequently, Campa et al. (1974) defined the Teloloapan volcanosedimentary
rocks as the "Secuencia Volcanosedimentaria de Teloloapan-Ixtapan de la Sal", and
postulated a Late Jurassic to Early Cretaceous age based on scattered ammonites and
microfauna. They divided the sequence into two units termed metavolcanic and
metasedimentary rocks. In later articles, Campa and coauthors (Campa and Ramirez,
1979; Campa et al., 1980) reiterated their support for a Late Jurassic to Early Cretaceous
age, rather than a Paleozoic-Triassic age.

Recently, Guerrero et al. (1990) and Ramirez et al. (1990) proposed an Early
Cretaceous age for the Teloloapan arc-related successions based on Aptian fauna found in
the uppermost levels of the volcaniclastic sequence and concordant stratigraphic contacts
throughout all units. Furthermore, informal names and lithological divisions were
proposed for the arc-related succession. The same Early Cretaceous age has been

advocated in internal reports of PEMEX, the Mexican national oil company (Gonzalez,

1991).
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Elias and Sanchez (1992) proposed that the volcanosedimentary sequence
cropping out in the Tejupilco area, north of the thesis area (their Teloloapan-Tejupilco
Sequence, see Figures 2 and 4) might represent an arc assemblage older than the rest of
the Guerrero Terrane. However, this unit has been considered as part of the Late Jurassic
to Early Cretaceous arc assemblage by other authors (Campa and Ramirez, 1979;
Ramirez et al., 1991; Garcia and Talavera, 1994).

Gneissic rocks cropping out in the Tejupilco region have been interpreted as the
basement of the Teloloapan volcaniclastic sequence (Parga, 1981; Elias, 1981; Elias and
Sanchez, 1992). Pursuing this idea, Ortega (1981) studied the metamorphic belts of
southern Mexico and included the rocks of the Teloloapan subterrane in the "Tierra
Caliente Complex". He also included all the volcanosedimentary rocks cropping out from
Zihuatanejo to Taxco as part of this complex and assigned it a Late Paleozoic to
Cretaceous age based on previous publications. Ortega (1981) assumed a granitic
basement for the complex.

Campa et al. (1980) divided the volcanosedimentary rocks of the Sierra Madre del
Sur into different assemblages and included the sedimentary and volcanosedimentary
rocks of the Teloloapan subterrane in the "Teloloapan—Ixtapan assemblage". Later,
Campa and Coney (1983) assigned all these sequences to the Guerrero Terrane, and
interpreted a Late Jurassic to Early Cretaceous age for the arc sequences along the Pacific
margin of Mexico. No basement rocks were recognized for these sequences.

Supporters and non-supporters of the hypothesis that basement rocks are

preserved have provided evidence for their points of view. Elias and Sénchez (1992)
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reported a preliminary late Permian Rb-Sr age for a granitoid rock and suggested a
peraluminous affinity for the rock based on petrographic studies. However, they
concluded that the contact with the volcanosedimentary rocks is tectonic. Recently, Elias
and Ortega (1997) reported high-grade metamorphic xenoliths in Oligocene rhyodacitic
rocks, suggesting the existence of pre-Mesozoic basement, probably Precambrian,
beneath the Guerrero Terrane. On the other hand, Ramirez (1984) concluded based on
intrusive field relationships that the gneissic rock in the Tejupilco region is an Upper
Cretaceous age intrusion. Based on mapping, stratigraphic, structural, and petrographic
data, Garcia and Talavera (1994) proposed that this orthogneiss might represent a
syntectonic intrusion because the intrusive contact is itself not deformed.

Another long-standing problem concerns the middle Cretaceous carbonate rocks
cropping out in the Teloloapan and Huetamo regions. Two interpretations have been put
forward for these Albian—Cenomanian carbonate platforms. One group has postulated
that the carbonates are related to the middle Cretaceous (Albian—Cenomanian) Tethyan
transgression into the Gulf of Mexico (Fries, 1960; Ontiveros, 1973; De Cserna et al.,
1978; Johnson et al., 1991). In this scenario, carbonate rocks represent part of a
postulated passive margin that existed during this time. However, in southern Mexico,
long distances generally separate outcrops of carbonates so that continuity with the
Tethyan passive margins cannot be proven. Nevertheless, researchers in this first group
have interpreted the lack of carbonate rocks between the Teloloapan and Huetamo areas
either as the result of non-deposition or as a lateral facies change into an intervening

deep-water setting (De Cserna et al., 1978; Johnson et al, 1991).
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Another group has reported an older age (Aptian—Albian) for the carbonate rocks
in the Teloloapan and Huetamo areas. They have postulated that these rocks are more
related to an island-arc setting than to a passive margin (Guerrero et al., 1990, 1991,
Ramirez et al., 1990, 1991). This postulated arc-related carbonate bank has been named
the Teloloapan platform. A close association with the arc is based on gradational contact
between the carbonate and volcanosedimentary sequences. The view that these
carbonates are related to an arc terrane is also supported by Cabral (1995), although he
interpreted a disconformity between the carbonate and volcaniclastic rocks.

Because of a lack of detailed stratigraphic and paleontological studies in the arc-
related and associated sequences, neither a formal stratigraphic terminology nor a precise
age for the sequences has been established. This thesis aims to erect a coherent
stratigraphic framework and age model based on previous geological studies and the new

paleontological data obtained during the study.

2.3. LOWER CRETACEOUS LITHOSTRATIGRAPHY: THE ARC-RELATED
SUCCESSION

Stratigraphic repetitions and inversions are common because of the high level of
deformation. Therefore, the full stratigraphic thickness is difficult to determine.
Nevertheless, a coherent volcanic and volcaniclastic succession has been recognized
based on way-up criteria and structural features.

The succession consists of a thick sequence of volcanic and volcaniclastic rocks.

The best outcrops are distributed in the east—central part of the field area (Figure 3).
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Three formations, here defined as Villa Ayala, Acapetlahuaya, and Teloloapan, comprise
the arc-related succession. This section contains the basic stratigraphic descriptions.

Facies descriptions and field photograps are provided in § 2.6.

2.3.1. The Villa Ayala Formation
a. History and name

Ontiveros (1973) correlated the volcaniclastic rocks of the Teloloapan area with
the "Roca Verde Taxco Viejo", described in the Taxco region by Fries (1960) as foliated
and low-grade metamorphosed andesitic tuff, breccias and lavas. Ontiveros (1973)
described the unit as tuff and yellow siltstone interbedded with lavas and calcareous
breccias, all slightly metamorphosed.

Based on stratigraphic and petrographic characteristics, Campa et al. (1974)
formally divided the volcaniclastic rocks into two lithostratigraphic units: (1) a volcanic
unit, including tuffs, agglomerates, and lavas; and (2) a metasedimentary unit, containing
phyllites, sandstones, quartzites and foliated limestones. They defined these rocks as the
"Secuencia Volcano-Sedimentaria de Teloloapan-Ixtapan de la Sal" and assigned a Late
Jurassic (Tithonian) to Early Cretaceous (Neocomian) age.

Guerrero et al. (1990) informally redefined the arc-related succession as the Villa
Ayala and Acapetlahuaya formations and attributed a Ha