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ABSTRACT

The Guerrero terrane has been interpreted
either as a Mesozoic Pacific multi-arc system
accreted to North America, or as a detached
slice of the North American continental mar-
gin, which was rifted during backarc spread-
ing and subsequently accreted back to the
continental mainland. In order to test these
two scenarios, we present here a petrologic
study of metasandstones from the Santo
Tomas area, southern Mexico. Our data
document that the Guerrero terrane suture
belt contains the remnants of the Tithonian—
Cenomanian Arperos Basin. This basin dis-
plays a marked provenance asymmetry. Its
eastern margin is composed of metasedimen-
tary rocks derived from sources in the North
American continental mainland, whereas
its western margin consists of a metasedi-
mentary succession derived from volcanic
sources of the Guerrero terrane. Sedimen-
tation in the Arperos Basin was coeval with
the emplacement of Tithonian-Barremian
felsic dikes and lava flows with volcanogenic
massive sulfide deposits and Aptian—Ceno-
manian intraplate-like and mid-ocean ridge
basalts. This suggests that the Arperos Basin
evolved progressively from continentally to
oceanic floored during the Early Cretaceous
and that a mature oceanic crust was gen-
erated only ca. 15 Ma before the accretion
of the Guerrero terrane, which took place
in the late Cenomanian. On the basis of this
evidence, we favor a North American ori-
gin for the Guerrero terrane, which is then
considered to represent a west-facing North
American arc that was rifted from the con-
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tinental mainland during backarc spreading
and subsequently accreted back to nuclear
Mexico.

INTRODUCTION

The Guerrero terrane extends for ~1500 km
along the Pacific margin of Mexico (Fig. 1),
and it represents the second largest terrane of
the North American Cordillera (Campa and
Coney, 1983; Coney et al., 1980). This terrane
is composed of an Upper Triassic metamorphic
basement named the Arteaga Complex, which is
unconformably overlain by Bajocian—Cenoma-

nian submarine arc assemblages accreted to the
North American continental mainland between
the Albian and Cenomanian (Centeno-Garcia
et al., 2003; Talavera-Mendoza et al., 2007;
Centeno-Garcia et al., 2008; Martini et al., 2011).
Scattered outcrops of highly sheared and folded
metaturbidites interbedded with intraplate-like
and mid-ocean ridge (MOR) basalts are exposed
along the eastern boundary of the Guerrero ter-
rane at Zacatecas, Guanajuato, Santo Tomds,
and Arcelia (Tardy et al., 1994; Freydier et al.,
1996; Mendoza and Sudstegui, 2000; Mar-
tini et al., 2011) (Fig. 1). These rocks have
been interpreted as the vestiges of an inverted
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Figure 1. Schematic map of Mexico showing the location and extension of the North Amer-
ican continental mainland and the Guerrero terrane. Distribution of the Upper Triassic
Potosi Fan and Arteaga Complex is depicted in the figure, as well as exposures of Lower
Jurassic-Lower Cretaceous volcanic rocks of the continental mainland.
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oceanic basin named Arperos Basin, which was
originally interposed between the Guerrero ter-
rane and the North American mainland margin
(Tardy et al., 1994). Different paleogeographic
and geodynamic scenarios have been proposed
for the Arperos Basin and the Guerrero terrane
and can be summarized in two different groups.
Group 1 comprises the models that considered
the Arperos Basin a part of the paleo-Pacific
plate (Tardy et al., 1994; Dickinson and Lawton,
2001; Talavera-Mendoza et al., 2007). Accord-
ing to these scenarios, the Guerrero terrane is
interpreted as an exotic Pacific arc (Tardy et al.,
1994; Dickinson and Lawton, 2001) (Fig. 2A)
or a North America—fringing multi-arc system
developed on a paleo-Pacific oceanic substrate
that received sediments from the continental
margin (Talavera-Mendoza et al., 2007) (Fig.
2B). Alternatively, scenarios of group 2 con-
sider the Arperos Basin an oceanic backarc
basin developed along the continental margin
of North America (Cabral-Cano et al., 2000;
Elias-Herrera et al., 2000; Centeno-Garcia et al.,
2008; Martini et al., 2011) (Fig. 2C). Accord-
ing to group 2 scenarios, the Guerrero terrane
was developed on Upper Triassic metamorphic
rocks of the North American continental margin
and was rifted in the Early Cretaceous during
backarc extension.

Resolving the controversy on the origin of
the Guerrero terrane and Arperos Basin is fun-
damental in reconstructing the paleogeography
of southwestern North America and contributes
to an understanding of the tectonic processes
that shaped the margins of the continental
masses. In order to test the North American and
Pacific paleogeographic scenarios proposed
for the Arperos Basin, we present in this paper
a combined study that includes detailed map-
ping, sandstone provenance analysis, U-Pb, and
Y“Ar/¥Ar geochronology of an exposure of the
Guerrero suture belt in the Santo Tomads area,
southern Mexico (Fig. 1).

GEOLOGICAL OVERVIEW OF
THE ARPEROS BASIN

Central Mexico

In central Mexico, the Arperos Basin is
exposed at Guanajuato (Figs. 1 and 3A) and
is presently arranged in a complex fold-thrust
belt representing the suture between the North
American continental mainland and the Guer-
rero terrane (Tardy et al., 1994; Martini et al.,
2013). At Guanajuato, the Arperos Basin dis-
plays a marked provenance asymmetry. The
eastern margin of this basin is composed of
Tithonian—Aptian quartz-rich and calcareous
metaturbidites of the Esperanza assemblage,
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Group 1: Pacific origin of the Arperos Basin and Guerrero terrane
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Figure 2. Paleogeographic reconstructions proposed by previous authors for the Arperos Basin
and Guerrero terrane. Group 1 scenarios (A and B) consider the Arperos Basin part of the
paleo-Pacific oceanic plate. Consequently, the Guerrero terrane is interpreted as (A) a Pacific
exotic arc (Tardy et al., 1994; Dickinson and Lawton, 2001) or as (B) a North American—fring-
ing multi-arc system, which was developed on a paleo-Pacific oceanic substrate that received
sediments from the continental margin (Talavera-Mendoza et al., 2007). Alternatively, sce-
narios of group 2 (C) consider the Arperos Basin as an oceanic backarc basin developed along
the North American continental margin. According to these scenarios, the Guerrero terrane
was developed on Upper Triassic metamorphic rocks of the North American continental mar-
gin and was rifted in the Early Cretaceous during backarc extension (Cabral-Cano et al.,
2000; Elias-Herrera et al., 2000; Centeno-Garcia et al., 2008; Martini et al., 2011).

which were derived from sources in the North
American continental mainland (Martini et al.,
2012; Palacios-Garcia and Martini, 2014). Such
a provenance is highlighted by the presence of
ca. 210-300, ca. 450-700, and ca. 900-1650 Ma
detrital zircon derived from Upper Triassic,
quartz-rich metaturbidites of the Potosi Fan
(Fig. 1), ca. 200-164 Ma zircon grains sourced
from the Early-Middle Jurassic Nazas volcanic
province (Fig. 1), and a ca. 150-130 Ma zircon
population derived from Upper Jurassic—Lower
Cretaceous rhyodacitic volcanic rocks localized
at Guanajuato and Toliman (Martini et al., 2012;
Palacios-Garcfa and Martini, 2014) (Fig. 1).
On its western margin, the Arperos Basin is
made up of Aptian volcaniclastic metaturbidites
of the Arperos assemblage that were derived
from sources within the Guerrero terrane (Mar-
tini et al., 2012) (Fig. 3A). Metaturbidites of
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the western Arperos assemblage contain ca.
160-118 Ma detrital zircons derived from the
Guerrero terrane arc assemblages and subordi-
nate Middle Triassic to Mesoproterozoic grains
sourced from Upper Triassic metaturbidites of
the Arteaga Complex (Martini et al., 2012).

U-Pb geochronologic and geochemical
analyses indicate that the sedimentation in the
Arperos Basin was coeval with the emplacement
of Tithonian rhyodacitic dikes and lava flows
hosting volcanogenic massive sulfide (VMS)
deposits and Lower Cretaceous intraplate-like
and MOR metabasalts (Ortiz-Herndndez et al.,
1992; Freydier et al., 1996; Mortensen et al.,
2008; Martini et al., 2011).

According to paleontologic and U-Pb geo-
chronologic data, the Arperos Basin in the
Guanajuato area was closed during the late
Aptian, and it was finally overthrust by the El
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maps of the Guanajuato (A) and
Santo Tomas—Arcelia (B) areas,
showing the distribution and
contact relationships of the dif-
ferent tectono-stratigraphic
assemblages exposed across the
boundary of the Guerrero ter-
rane in central and southern
Mexico. Map of the Guana-
juato area is modified by Mar-
tinez-Reyes (1992) and Martini
et al. (2012). Map of the Santo
Tomas-Arcelia area is recom-
piled based on Freydier et al.
(1996), Elias-Herrera et al.
(2000), Mendoza and Suéstegui
(2000), Fitz-Diaz et al. (2008),
and available maps published
by the Mexican Geological Sur-
vey. MOR—mid-ocean ridge.
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Paxtle submarine arc assemblage of the Guerrero
terrane with a top-to-the-NE main direction of
tectonic transport (Chiodi et al., 1988; Lapierre
et al., 1992; Ortiz-Hernandez et al., 1992; Tardy
et al., 1994; Martini et al., 2011) (Fig. 3A).

Southern Mexico

In southern Mexico, the architecture, depo-
sitional evolution, and sedimentary provenance
of the Arperos Basin have not been previously
assessed. Possible exposures of the Arperos
Basin were tentatively proposed by Freydier
et al. (1996) based on the reconnaissance of
Lower Cretaceous calcareous metaturbidites
interbedded with MOR metabasalts in the Santo
Tomds area (Figs. 1 and 3B). The succession
described by Freydier et al. (1996) was succes-
sively analyzed in detail in the Tejupilco area
(Fig. 3B) and was described as a metavolcano-
sedimentary assemblage of the Guerrero ter-
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rane, composed of quartz-rich metaturbidites
and calcareous schists, interbedded with MOR
pillow metabasalts and metarhyolites with VMS
deposits (Elfas-Herrera et al., 2000; Mortensen
et al., 2008; Elias-Herrera et al., 2009). Avail-
able paleontologic and geochronologic data
constrain the age of the Santo Tomas—Tejupilco
assemblage in the Berriasian—-Cenomanian
(Canti-Chapa, 1968; Israde-Alcantara and Mar-
tinez-Alvarado, 1986; Elias-Herrera et al., 2000;
Elias-Herrera et al., 2009).

Another metavolcano-sedimentary assem-
blage containing intraplate-like and MOR meta-
basalts has been described in the surroundings
of Arcelia, 60 km south of Tejupilco (Mendoza
and Sudstegui, 2000) (Fig. 3B). However, its
possible correlation with the successions of the
Arperos Basin was not explored. The Arcelia
assemblage is composed of pillow and massive
metabasalt, basaltic breccia, and hyaloclastite
overlain by volcaniclastic metaturbidites and
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radiolarian cherts. These rocks are tectonically
emplaced on the metavolcano-sedimentary
assemblage of Santo Tomds—Tejupilco with a
top-to-the-NE main direction of tectonic trans-
port (Mendoza and Sudstegui, 2000; Salinas-
Prieto et al., 2000). The age of the Arcelia
assemblage is constrained in the Albian—Ceno-
manian by a radiolarian fauna (Dévila-Alcocer
and Guerrero-Sudstegui, 1990).

The Santo Tomds—Tejupilco and Arcelia
assemblages are tectonically overlain to the west
and east by submarine volcanic arc assemblages
that were emplaced with a top-to-the- NE main
direction of tectonic transport (Mendoza and
Sudstegui, 2000; Elias-Herrera, 2004; Fitz-Diaz
et al., 2008). The arc assemblage exposed east
of Tejupilco was referred to as the Teloloapan
arc assemblage, and it is composed of Titho-
nian—Aptian, calc-alkaline pillow and massive
metabasalts, basaltic breccia, and radiolarian
chert (Mendoza and Sudstegui, 2000), which
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are locally interlayered with ca. 150-139 Ma
rhyolitic lava flows hosting VMS deposits
(Mortensen et al., 2008). The arc assemblage
to the west of Tejupilco was named the Palmar
Chico assemblage and is composed of a suc-
cession lithologically and geochemically com-
parable to the one described for the Teloloapan
assemblage (Mendoza and Sudstegui, 2000).
However, available “Ar/*Ar ages from mafic
metavolcanic rocks of the Palmar Chico assem-
blage vary from 114 to 93 Ma (Delgado-Argote
et al., 1992; Elias-Herrera et al., 2000), hinder-
ing any possible stratigraphic correlation with
the Tithonian—Aptian Teloloapan assemblage.
A granitic to gabbroic intrusive body exposed
near Tiamaro, in the northern part of the Palmar
Chico assemblage (Fig. 3B), yielded U-Pb ages
of ca. 130 Ma (Garza-Gonzalez, 2007; Martini
et al., 2009). However, these ages have not been
considered in previous tectono-stratigraphic
reconstructions and paleogeographic models.
Therefore, based on the Albian—Cenomanian
age assumed for the Palmar Chico assemblage,
Talavera-Mendoza et al. (2007) developed the
idea that the Santo Tomds—Tejupilco and Arcelia
assemblages were deposited in a relatively nar-
row intraoceanic basin limited by two distinct
arc massifs of the Guerrero terrane and exclude
a correlation with the paleogeographic scenario
defined for the Arperos Basin in central Mexico.

TECTONO-STRATIGRAPHIC
FRAMEWORK OF THE SANTO
TOMAS AREA

The Santo Tomds area is located in south-
ern Mexico, ~40 km north of Tejupilco (Fig.
3B). This area is of particular interest because
it contains a volcano-sedimentary assemblage
that was tentatively correlated to the succession
of the Arperos Basin at Guanajuato (Freydier
et al., 1996). Therefore, the Santo Tomads area is
important in the search for a possible paleogeo-
graphic connection between central and south-
ern Mexico, and may contribute to understand
the origin and evolution of the Arperos Basin
and the Guerrero terrane.

Three different tectono-stratigraphic assem-
blages are exposed in the Santo Tomads area and
are arranged in a complex fold-thrust belt. These
tectono-stratigraphic assemblages are: the Santo
Tomés—Tejupilco, the Palmar Chico, and the Ojo
de Agua assemblage (Figs. 4 and 5). The Santo
Tomas—Tejupilco assemblage occupies the low-
ermost exposed structural levels (Figs. 4 and 5),
and it is composed of low-grade, greenschist-
facies calcareous schist and phyllite, alternat-
ing with scarce siliciclastic metasandstone and
pillow metabasalt (Fig. 5). Relics of primary
structures are very scarce in metasedimentary
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Figure 4. Detailed geologic map and section showing the distribution of the different units
exposed in the Santo Tomas area, as well as the extension and kinematics of the major tec-
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rocks. Locally, ripple lamination was observed
in calcareous schists, indicating that these strata
were deposited by submarine traction currents.
At least two superposed shortening phases
can be recognized in rocks of the Santo Tomds—
Tejupilco assemblage, confirming the general
structural evolution proposed by Fitz-Diaz et al.
(2008). The D, deformation phase is expressed
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by NW-SE-striking, top-to-the-NE T, ductile
shear zones and F, isoclinal folds with NW-SE—
striking, horizontal to gently NW-plunging axes
(Fig. 4). The D, phase is represented by NW-SE—
striking, top-to-the-SW T, brittle to brittle-duc-
tile shear zones and F, open to isoclinal folds
with NW-SE-striking, subhorizontal axes that
are superposed to D, structures (Fig. 4). Consid-
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Figure 5. Tectono-stratigraphic
framework of the different
assemblages recognized in the
Santo Tomas area. Photomicro-
graphs indicating the Kine-
matics of the major zones are
presented: (A and B) sigma-
porphyroclast; and (C) S-C
structures observed on cuts
parallel to the XZ-plane of the
finite ellipsoids indicate a top-
to-the-NE direction of tectonic
transport.
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ering the strong deformation affecting the Santo
Tomés-Tejupilco assemblage, it is impossible
to estimate a reliable stratigraphic thickness for
this succession.

In the western part of the study area, the
Santo Tomds—Tejupilco assemblage is tectoni-
cally overlain by the Palmar Chico assemblage
along a kilometer-scale, top-to-the-NE T, shear
zone (Figs. 4 and 5A). The Palmar Chico assem-
blage is composed of a low-grade greenschist-
facies, submarine arc succession made up of
pillow and massive metabasalt, hyaloclastite,
basaltic metatuff, meta-andesite, black chert,
metamorphosed epiclastic rocks, and scarce
metarhyolitic dikes and flows (Fig. 5). Meta-
rhyolitic dikes are well exposed 1 km NW of the
village of Santa Barbara (Fig. 4). These dikes
cut metasandstone, phyllite, and metatuff of the
Palmar Chico assemblage and locally display
fluidal peperites along their contacts (Figs. 6A
and 6B). Rhyolitic metatuff layers are inter-
bedded with metasandstone and radiolarite of
the Palmar Chico assemblage 1.5 km W of the
village of La Puerta (Fig. 6C). These metarhyo-
litic tuffs and dikes indicate that scarce felsic
volcanic activity was locally contemporaneous
with the emplacement of mafic flows of the Pal-
mar Chico assemblage.

At least two main shortening phases can
be recognized in the succession of the Palmar
Chico assemblage. Similar to the Santo Tomds—
Tejupilco assemblage, the D, shortening event

is represented by NW-SE—striking, top-to-the-
NE T, shear zones and F, isoclinal folds with an
S, axial plane foliation, whereas the D, event is
expressed by brittle to brittle-ductile, top-to-the-
SW T, shear zones and F, open to isoclinal folds
associated to an S, crenulation cleavage (Fig. 4).

In the central part of the study area, the Ojo
de Agua assemblage is tectonically sandwiched
between the Santo Tomas—Tejupilco and Palmar
Chico assemblages (Figs. 4 and 5). The Ojo de
Agua assemblage consists of low-grade, green-
schist-facies metasandstone, metaconglomer-
ate, and phyllite that display a structural pattern
analogous to the one described for the Santo
Tomés-Tejupilco and Palmar Chico assem-
blages. The lower tectonic boundary of the Ojo
de Agua assemblage is a NW-SE—striking, top-
to-the-NE, ductile T, shear zone associated to
isoclinal F, folds and an S, axial plane foliation
(Figs. 4, 5B, and 5C). NW-SE-striking, top-to-
the-SW T, shear zones and open to isoclinal F,
folds with an S, axial plane crenulation cleavage
are superposed over previous D, structures.

METASANDSTONE PETROGRAPHY

Ten, five, and twelve sections of medium- to
coarse-grained metasandstones representative
of the Santo Tomds—Tejupilco, Palmar Chico,
and Ojo de Agua assemblages, respectively,
were selected for modal analysis. The low num-
ber of sections selected from the Palmar Chico
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assemblage results from the pervasive weather-
ing of mafic volcanic and volcaniclastic rocks
in the study area, which affects the sampling
of representative metasandstones suitable for
modal analysis. In order to minimize the effect
of pressure-solution and metamorphic crystal-
lization, selected samples are from the least
deformed and least recrystallized strata that
acted as competent layers during the defor-
mation. Five hundred points were counted for
each sample using the Gazzi-Dickinson method
(Gazzi, 1966; Dickinson, 1970) and the 0% cut-
off proposed by Ingersoll et al. (1984) for the
poly-crystalline quartz grains. Grain parameters
(Dickinson, 1970; Zuffa, 1985; Critelli et al.,
1997) are defined in Table 1, whereas raw and
recalculated point-count data are presented
in Table 2.

Santo Tomas-Tejupilco Assemblage

Metasandstones from the Santo Tomds—
Tejupilco assemblage are metalitharenites and
metafeldspathic litharenites (Fig. 7A). They are
composed of ubiquitous monocrystalline quartz
(37%—-61% of the total counted grains), lithic
fragments (15%-38%), feldspar (6%—17%,
plagioclase/total feldspar ratio (P/F) = 25%—
41%), polycrystalline quartz (2%-11%), and
subordinate dense minerals (<1%) (Figs. 7B and
7C). Lithics are volcanic and low-grade metasedi-
mentary fragments (Fig. 7D). Volcanic grains
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are exclusively porphyritic, granular to seriate,
felsic fragments (Fig. 7E), and are composed
of quartz, K-feldspar, and minor plagioclase
phenocrysts in a dominantly quartz-feldspathic
groundmass (Fig. 8A). Metasedimentary grains
are moderately to well-foliated quartz-sericite
to quartz-muscovite metasiltstone and phyllite
(Fig. 8B).

Palmar Chico Assemblage

Metasandstones from the Palmar Chico
assemblage are metalithic arkoses and metafeld-
spathic litharenites (Fig. 7A). These rocks are
characterized by very low amounts of mono-
crystalline (0%—2%) and polycrystalline quartz
(2%-5%) and high abundances of feldspar
(45%—54%, PIF = 98%—-100%) and volcanic
fragments (33%—46%) (Figs. 7B-7D). The lat-
ter are almost exclusively mafic to intermediate,
lathwork to microlitic grains (Fig. 7E). Lath-
work volcanic grains are composed of sand-
sized plagioclase phenocrysts in a groundmass
of interstitial dark-brown volcanic glass and
opaque minerals (Fig. 8C). Pyroxene pheno-
crysts are scarce and pervasively oxidized.
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(B) Photomicrograph

Microlitic grains contain dark-brown volcanic
glass and variable amounts of plagioclase,
opaque minerals, and very scarce pyroxene
microlites, which are <0.0625 mm long and are
visible at high magnification (Fig. 8D). Subordi-
nate felsic volcanic grains (0%—2%) are com-
posed of quartz and feldspar phenocrysts in a
quartz-feldspathic groundmass.

Figure 6. (A) Detail of a peperite exposure developed
at the contact between a felsic dike and the metasedi-
mentary host rocks of the Palmar Chico assemblage.

showing the felsic composition

of the fluidal peperite. (C) Detail of an exposure of the
Palmar Chico assemblage, showing decimeter- to centi-
meter-thick metarhyolite layers alternating with centi-
meter-thick radiolarite beds.

QOjo de Agua Assemblage

Metasandstones from the Ojo de Agua
assemblage are dominantly metafeldspathic
litharenites, with minor metalitharenites and
metalithic arkoses (Fig. 7A). These rocks con-
tain a wider variety of framework grains rela-
tive to the other assemblages exposed in the

TABLE 1. KEY INDICES FOR FRAMEWORK COMPOSITION AND RATIO
PARAMETERS USED FOR METASANDSTONES OF THE SANTO TOMAS

Key indices Definition

Qm Monocrystalline quartz

Qp Polycrystalline quartz according to the 0% cutoff of Ingersoll et al. (1984)
Qt Total quartz (Qm + Qp)

K Potassium feldspar

P Plagioclase

F Total feldspar (K + P)

P/F Plagioclasef/total feldspar ratio

Lvl Lathwork volcanic grain

Lvmi Microlitic volcanic grain

Lvf Felsic volcanic and metavolcanic grains

Lvm Total volcanic and metavolcanic grains (Lvl + Lvmi + Lvf)

Lsm Sedimentary and low-grade metasedimentary siliciclastic grains
CE Extrabasinal calcareous grain

L Total lithic grains (Lvm + Lsm + CE)

Micro Microgranular grain

Dense Dense minerals

Misc Matrix + diagenetic, and postdiagenetic components
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study area. In order of abundance they are com-
posed of: monocrystalline quartz (30%—49%),
volcanic and metavolcanic grains (18%-31%),
feldspar (10%—-25%, P/F = 26%-76%), poly-
crystalline quartz (4%-10%), metasedimentary
siliciclastic fragments (1%—-7%), extrabasinal
carbonate (1%-4%), and subordinate micro-
granular grains and dense minerals (<1.2%)
(Figs. 7B-7D). Volcanic and metavolcanic
fragments vary from mafic to felsic and are
the most abundant lithic grains in the Ojo de
Agua metasandstones (Fig. 7D). Felsic grains
are composed of quartz, K-feldspar, and minor
plagioclase phenocrysts in a quartz-feldspathic
groundmass. Some of these grains display a
penetrative foliation defined by fine-grained
sericite (Fig. 8E). Mafic volcanic grains vary
from lathwork to microlitic, with a slight pre-
dominance of the lathwork type in most sam-
ples. Metasedimentary fragments also occur in
all analyzed samples and can be distinguished
into siliciclastic and calcareous types. Silici-
clastic grains are represented by well- to slightly
foliated quartz-sericite and quartz-muscovite
metasiltstones and scarce phyllite. Calcareous
fragments were observed only in four of the
point-counted samples. They vary from non-
foliated, slightly recrystallized micrite to per-
vasively foliated and recrystallized calcareous
grains (Fig. 8F).

U-Pb GEOCHRONOLOGY

In order to constrain the provenance and
maximum depositional age of the assem-
blages exposed in the Santo Tomads area, zir-
cons separated from five metasandstones and
one metarhyolite were dated by laser ablation
inductively-coupled plasma mass spectrometry
(LA-ICPMS) at the Laboratorio de Estudios
Isotdpicos of Centro de Geociencias, Universi-
dad Nacional Auténoma de México. Details of
the analytical data are given in Table A in the
Supplemental File', whereas a synthesis of the
results is presented in Table 3. Tera and Wasser-
burg (1972) concordia, weighted mean, and
probability density plots (Figs. 9 and 10) were
obtained using Isoplot v.3.06 (Ludwig, 2004).
Plots were constructed using the 2°Pb/>U
age for zircons younger than 1.0 Ga, whereas
grains older than 1.0 Ga were quoted using
their 2’Pb/*™Pb ages. As a statistical rejection
criterion, 10% normal and 5% reverse discor-
dancy was chosen (Harris et al., 2004; Gehrels,

'Supplemental File. U-Pb and “°Ar/**Ar geo-
chronologic data. If you are viewing the PDF of this
paper or reading it offline, please visit http://dx.doi
.org/10.1130/GES01055.S1 or the full-text article on
www.gsapubs.org to view the Supplemental File.

TABLE 2. POINT-COUNTING RAW DATA AND RECALCULATED PARAMETERS FOR METASANDSTONES OF THE SANTO TOMAS AREA
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The Arperos Basin in southern Mexico

Figure 7. (A) QFL, (B) QtFL,
(C) QmFL, (D) QpLvm(Lsm
+ CE), and (E) (Lsm + CE)
Lvf(Lvl + Lvmi) diagrams
showing the distinct composi-
tion of sandstones from the Ojo |F
de Agua, Palmar Chico, and
Santo Tomas-Tejupilco assem-
blages. Composition and prov-
enance of the analyzed sand-
stone are discussed in the text.
Compositional fields in (A) are
from Folk (1974). Provenance
fields are from Dickinson
(1985) for (B) and (C). Dashed-
line fields in (D) are from Dick-
inson and Suczek (1979), while
solid lines are from Ingersoll
and Suczek (1979).

Subarkose

Lithic arkose

Lvm

A Santo Tomas-Tejupilco assemblage
Esperanza assemblage, Arperos Basin, Guanajuato (Martini et al., 2012; Palacios-Garcia and Martini, in press)
Arperos assemblage, Arperos Basin, Guanajuato (Martini et al., 2012)

El Paxtle, submarine arc assemblage, Guanajuato (Martini et al., 2012)
Arcelia assemblage (Talavera-Mendoza et al., 2007)
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Arperos Basin
(Guanajuato)
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(Guanajuato)
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VB5-12-5 and VB5-12-6 define MDRAs of
125.3 £ 1.4 and 120.7 £ 5.2 Ma, respectively, for
the Santo Tomds—Tejupilco assemblages (Fig. 9
and Table 3). These ages are statistically undis-
tinguishable within errors and overlap with the
MDRA obtained from sample VB14-5-11(4).

Palmar Chico Assemblage

Sample VB1-2-2 is a metarhyolite collected
from a dike with peperites cutting the mafic
volcaniclastic succession of the Palmar Chico
assemblage (Figs. 4 and 5). This sample yielded
a few colorless and amber euhedral zircons
that vary in size from 20 to 170 um. Cathodo-
luminescence images of these crystals show
oscillatory zoning, locally developed around
low-luminescent xenocrystic cores. Th/U ratios
are >0.1 for all but one grain. Given the small
dimension of most grains and the recurrent
apatite and opaque inclusions, only 17 crystals
returned acceptable ages that vary from 1253
to 126 Ma (Fig. 9). Nine zircon grains yielded
ages between 135 and 126 Ma, which define
a 2Pb/*8U weighted mean of 129.5 + 2.2 Ma
(Fig. 9 and Table 3). This age is interpreted to
reflect the time of emplacement of this meta-
rhyolitic dike. Concordant to slightly discordant
ages between 1253 and 347 Ma were obtained
from seven zircon grains (Fig. 9), and these ages

are interpreted to represent xenocrysts inherited
from the Palmar Chico arc basement, which is
possibly represented by Upper Triassic turbi-
dites of the Arteaga Complex.

QOjo de Agua Assemblage

Samples VB11-5 and VB11-6 are metalith-
arenites collected from the Ojo de Agua assem-
blage (Figs. 4 and 5). These samples yielded
abundant colorless and pink zircons that vary in
size from 60 to 250 um. Cathodoluminescence
images show the predominance of concentric
oscillatory zoning. Th/U ratios are >0.1 for all
but five grains. Similar zircon populations are
present in the two samples (Figs. 9 and 10).
The most representative population is com-
posed of Upper Jurassic—Lower Cretaceous (ca.
159-113 Ma) zircons, which represent the 84%
and 73% of the total analyzed grains for sample
VBI11-5 and VBI11-6, respectively (Fig. 9B).
Only 1%-3% of the total grains yielded Middle
Jurassic ages (ca. 170-163 Ma), whereas Neo-
archean, Paleoproterozoic, Grenvillian, Pan-
African, and Ordovician zircons display abun-
dances in the range of 14% and 24%. Samples
VB11-5 and VB11-6 define MDRAs of 117.9 +
1.1 and 119.2 + 2.0 Ma, respectively, for the Ojo
de Agua assemblage (Fig. 9 and Table 3). These
ages are equivalent within errors.
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“Ar-*Ar GEOCHRONOLOGY

Sample VB12-5-11(2) is a metabasalt col-
lected from the Palmar Chico assemblage (Figs.
4 and 5). A plagioclase concentrate from this
sample was prepared and dated by the “°Ar-*Ar
method at the Laboratorio de Geocronologia of
Centro de Investigacion Cientifica y Educacién
Superior de Ensenada. Results are presented in
Figures 11A-11C, whereas details of the ana-
Iytical data and methodology are given in Table
B in the Supplemental File (see footnote 1). Two
laser step-heating experiments were performed,
and reproducible age spectra were obtained
(Fig. 11A). Due to the low potassium content in
the analyzed plagioclase, the age results display
big uncertainties. A 101.6 + 2.4 Ma plateau age
was obtained for the last four fractions of the
second experiment, which represent 80.40% of
the ¥ Ar released. The mean square of weighted
deviates for the plateau segment is 1.1, which
indicates that the plateau age includes the good-
ness of fit and the uncertainty in the J parameter.
Data of the two experiments were combined in
the *Ar/*Ar versus ¥Ar/*Ar correlation dia-
gram (Fig. 11C), where they align to define
an isochron age of 100.9 = 2.5 Ma. Consider-
ing that the analyzed basaltic flow is cut by
the 129.5 + 2.2 Ma metarhyolitic dike (sample
VB1-2-2), we interpret that the 100.9 + 2.5 Ma
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Figure 8. Photomicrographs showing details of: (A) a felsic volcanic grain and (B) a quartz-rich metasiltite fragment from metasandstones
of the Santo Tomas-Tejupilco assemblage; (C) lathwork and (D) microlitic volcanic grains from metasandstones of the Palmar Chico
assemblage; (E) a foliated felsic metavolcanic grain, and (F) a foliated extrabasinal calcareous fragment from metasandstones of the Ojo
de Agua assemblage.

“Ar-*Ar age better reflects Ar loss and partial
or total resetting rather than the time of the flow
emplacement (Table 3). This is also confirmed
by the age spectrum that suggests some thermal
disturbance after rock formation (Fig. 11A).

METASANDSTONE PROVENANCE
Santo Tomas-Tejupilco Assemblage

Metasandstones from the Santo Tomds—
Tejupilco assemblage are characterized by high
percentages of monocrystalline quartz, mod-
erate to low amounts of felsic volcanic frag-
ments and feldspar, and by the lack of mafic
and intermediate volcanic grains with lathwork
and microlitic textures (Figs. 7B—7E). These
compositional attributes discard the domi-
nantly mafic to intermediate arc assemblages
of the Guerrero terrane as possible sources for
metasandstones of the Santo Tomas—Tejupilco

1394

assemblage. Moreover, the high percentage of
monocrystalline quartz in metasandstones from
the Santo Tomds-Tejupilco assemblage cannot
be easily explained assuming a Guerrero terrane
provenance. In fact, the only quartz-rich sources
within the Guerrero terrane are Upper Triassic
metaturbidites of the Arteaga Complex (Cen-
teno-Garcia et al., 2003), which were widely
covered by the arc assemblages during the Late
Jurassic and Early Cretaceous (Centeno-Garcia
et al., 2008). Based on these considerations, a
provenance from the North American conti-
nental mainland is envisaged. Such hypothesis
is confirmed by the occurrence of Lower Juras-
sic zircons in metasandstones from the Santo
Tomés-Tejupilco assemblage. In fact, Lower
Jurassic igneous rocks are presently unknown
within the Guerrero terrane, whereas they are
well exposed in the North American continen-
tal mainland and are represented by the domi-
nantly felsic Nazas volcanic province (Bartolini
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and Spell, 1997; Barboza-Gudifio et al., 2008;
Rubio-Cisneros and Lawton, 2011).

Considering a North American mainland
provenance for the Santo Tomdas—Tejupilco
assemblage, the ca. 120-158 zircon grains in
the analyzed metasandstones were likely derived
from the Upper Jurassic—Lower Cretaceous rhyo-
dacitic dikes and lava flows that locally fringe the
western margin of nuclear Mexico at Actopan and
Taxco (Campa-Uranga et al., 2012; Abascal and
Murillo-Muiietén, 2013) (Fig. 1). Moreover, pre-
Jurassic metaigneous and metasedimentary rocks
of the North American mainland ubiquitously
contain lower Mesoproterozoic, Grenvillian, Pan-
African, Silurian—Ordovician, and Permian—Tri-
assic zircons populations (Centeno-Garcia, 2005;
Barboza-Gudifio et al., 2010; Ortega-Flores et al.,
2014) and, therefore, may represent possible
sources for the Mesoproterozoic—Triassic zircon
grains contained in metasandstones of the Santo
Tomads-Tejupilco assemblage.



TABLE 3. SUMMARY OF THE U-Pb AND “Ar/°Ar RESULTS

Interpretation

Maximum

Material
dated
Zircon

Method
U-Pb

Age
(Ma)
124.4 + 2.1

Tectonostratigraphic unit Rock type

Longitude
(W)

Latitude
(°N)

Sample

Santo Tomas—Tejupilcol Metasublitharenite

100°15'14.18”

19°12’01.09”

VB14-5-11(4)

depositional age

Maximum

assemblage
Santo Tomas—Tejupilcol

Zircon

U-Pb

1256.3+1.4

Metafeldspathic litharenite

100°17’39.57”

19°10'28.39”

VB5-12-5

depositional age

Maximum

assemblage
Santo Tomas—Tejupilcol

Zircon

U-Pb

120.7 +5.2

Metafeldspathic litharenite

100°17'39.57”

19°10'28.39”

VB5-12-6

depositional age

Age of dike

assemblage
Palmar Chico assemblage

Zircon

U-Pb

129.5+2.2

Metarhyolite (dike)

100°17'51.74”

19°11°01.27”

VB1-2-2

emplacement

Ar loss

Plagioclase

4OAr/4Ar

Palmar Chico assemblage Metabasalt (lava flow) 1009+ 25

100°18'08.72”

19°11706.84”

VB12-5-11(2)

Maximum

Zircon

U-Pb

Ojo de Agua assemblage Metalitharenite 1179+1.1

100°16'25.96”

19°11'59.87”

VB11-5

depositional age

Maximum

Zircon

U-Pb

119.2+2.0

Ojo de Agua assemblage Metalitharenite

100°16’33.38”

19°11739.64”

VB11-6

depositional age

The Arperos Basin in southern Mexico

Palmar Chico Assemblage

Metasandstones from the Palmar Chico
assemblage are dominantly composed of plagio-
clase and volcanic lithic grains with microlitic
and lathwork textures (Figs. 7B-7E). These
characteristics are typical of epiclastic deposits
of the Guerrero terrane exposed at Guanajuato
(Martini et al., 2012) (Figs. 7B-7E) and sug-
gest that metasandstones from the Palmar Chico
assemblage were essentially sourced from mafic
and intermediate volcanic sources that can
be reasonably related to metabasalt and meta-
andesite, with which they are interbedded.

QOjo de Agua Assemblage

Metasandstones from the Ojo de Agua
assemblage are composed of monocrystalline
quartz, plagioclase, volcanic lithic grains with
microlitic, lathwork, and felsic textures, minor
metasedimentary fragments, and extrabasinal
carbonates (Figs. 7B-7E). Such a variety of
framework components reflects derivation from
different sources. Mafic to intermediate vol-
canic lithic grains with microlitic and lathwork
textures are major components only in depos-
its derived from the Bajocian—Cenomanian arc
assemblages of the Guerrero terrane (Talavera-
Mendoza et al., 2007; Martini et al., 2011; Mar-
tini et al., 2012) (Figs. 7B-7E). The occurrence
of ubiquitous Middle Jurassic—-Lower Creta-
ceous zircon grains in metasandstones from the
Ojo de Agua assemblage permits a Guerrero ter-
rane provenance. On the other hand, sandstones
with percentages of monocrystalline quartz
>30% are unusual in deposits derived from the
Guerrero terrane, because of the lack of avail-
able quartz-rich sources exposed during the
Late Jurassic and Early Cretaceous (Centeno-
Garcia et al., 2008; Martini et al., 2011). High
percentages of monocrystalline quartz gener-
ally result from the recycling of quartz-rich
metasedimentary and metaigneous rocks of the
North American continental mainland (Mar-
tini et al., 2011; Palacios-Garcfa and Martini,
2014). Contributions from the North American
mainland in the metasandstones of the Ojo de
Agua assemblage are documented by the pres-
ence of sparse Middle Jurassic zircon grains
derived from the Nazas volcanic province or
Nazas-derived younger deposits. Therefore, the
composition of metasandstones from the Ojo
de Agua assemblage may result from a mix of
sources, which includes the mafic to interme-
diate arc assemblages of the Guerrero terrane
and quartz-rich rocks of nuclear Mexico. Such
interpretation implies that by the time of deposi-
tion of the Ojo de Agua assemblage, the Guer-
rero terrane was already juxtaposed to the North
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American mainland margin, and the interposed
Arperos Basin was inverted and exhumed dur-
ing the collision. Considering that, similarly to
the Santo Tomds—Tejupilco and Palmar Chico
assemblages, the Ojo de Agua metasandstones
are involved in the deformation related to the
accretion of the Guerrero terrane, we interpret
the Ojo de Agua assemblage as a syntectonic
unit deposited during the closure of the Arperos
Basin and collision of the arc assemblages
to the North American continental mainland.
Based on this scenario, the foliated limestone
and felsic volcanic grains observed exclusively
in metasandstones from the Ojo de Agua assem-
blage may be derived from the Santo Tomds—
Tejupilco succession, which was deposited
along the western margin of the North Ameri-
can mainland and subsequently sheared and
exhumed during the basin inversion.

RECONSTRUCTING THE ARPEROS
BASIN IN SOUTHERN MEXICO

Available paleontologic and geochronologic
data constrain the age of the Santo Tomds—Teju-
pilco assemblage in the Berriasian—-Cenoma-
nian (Cantd-Chapa, 1968; Israde-Alcantara and
Martinez-Alvarado, 1986; Elias-Herrera et al.,
2000; Elias-Herrera et al., 2009; this work) (Fig.
12). Calcareous and siliciclastic metaturbidites
of the Santo Tomas—Tejupilco assemblage were
previously considered part of the Guerrero ter-
rane (Elias-Herrera et al., 2000; Mendoza and
Sudstegui, 2000; Centeno-Garcia et al., 2008).
However, the provenance analysis presented in
this work documents that metasandstones of
the Santo Tomds—Tejupilco assemblage were
exclusively derived from sources in the North
American continental mainland. Based on
these considerations, we suggest that the Santo
Tomds-Tejupilco assemblage was developed
along the North American mainland margin, in
a depositional site that was sedimentologically
disconnected from the mafic to intermediate
volcanic sources of the Guerrero terrane.

At Guanajuato, central Mexico, Tithonian—
Aptian, calcareous and siliciclastic metatur-
bidites with a North American mainland
provenance are grouped into the Esperanza
assemblage (Fig. 12), which has been inter-
preted as a submarine fan complex deposited on
the eastern margin of the Arperos Basin (Martini
et al., 2011; Palacios-Garcia and Martini, 2014).
Similarly to the Santo Tomas—Tejupilco assem-
blage, metasandstones of the Esperanza assem-
blage are characterized by a high percentage
of monocrystalline quartz and low to moderate
amounts of feldspar and volcanic lithic grains
(Figs. 7B-7E) (Martini et al., 2011; Palacios-
Garcia and Martini, 2014). Volcanic grains are
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Figure 9. Tera and Wasserburg (1972) diagrams for dated metasandstone samples from the Santo Toméas-Tejupilco, Palmar Chico, and
Ojo de Agua assemblages. Plots were constructed using the 2°Pb/?#*U age for zircons younger than 1.0 Ga, whereas grains older than 1.0 Ga
were quoted using their 27Pb/?Pb ages. As a statistical rejection criterion, 10% normal and 5% reverse discordancy were chosen (Harris
et al., 2004; Gehrels, 2011), and none of these zircons are included in the plots and discussion below. The maximum depositional robust age
(MDRA) of each assemblage is constrained by the weighted mean of the youngest cluster defined by at least three zircon grains overlapping
in age at 26 (Gehrels et al., 2006). MSWD—mean square of weighted deviates.

almost exclusively felsic and suggest a sedi-
mentological disconnection with sources of the
Guerrero terrane. Furthermore, as in the Santo
Tomds and Tejupilco areas, metaturbidites at
Guanajuato are locally interbedded with Upper
Jurassic-Lower Cretaceous felsic volcanic
rocks and pillow metabasalts (Tardy et al., 1994;
Martini et al., 2011; Palacios-Garcia and Mar-
tini, 2014). Based on the similar stratigraphy,
provenance, and depositional age, we propose
a correlation between the Santo Tomds—Teju-
pilco and Esperanza assemblages and suggest
that these assemblages represent turbiditic fans
sourced from the North American mainland
and deposited along the eastern margin of the
Arperos Basin (Figs. 12 and 13A).

At Guanajuato, the western margin of the
Arperos Basin is represented by the Arperos
assemblage, which is composed of Aptian vol-
caniclastic metaturbidites derived from the
Guerrero terrane interbedded with intraplate-
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like and MOR basaltic lava flows (Tardy et al.,
1994; Martini et al., 2011) (Fig. 12). Similar
rocks are not exposed in the study area. How-
ever, in the surroundings of Arcelia, ca. 60 km
south of Tejupilco (Fig. 3B), Albian—-Cenoma-
nian volcaniclastic metaturbidites interbedded
with MOR basaltic layers overthrust the Santo
Tomds—Tejupilco assemblage with a top-to-the-
NE main direction of tectonic transport (Men-
doza and Suastegui, 2000; Salinas-Prieto et al.,
2000) (Fig. 12). Similarly to metaturbidites of
the Arperos assemblage, metasandstones in
the Arcelia area were sourced from the Guer-
rero terrane, and are dominantly composed of
plagioclase and mafic to intermediate volcanic
lithic grains (Talavera-Mendoza et al., 2007)
(Fig. 7C). Moreover, volcaniclastic metaturbi-
dites at Guanajuato and Arcelia contain a similar
Upper Jurassic—Lower Cretaceous zircon popu-
lation (Talavera-Mendoza et al., 2007; Mar-
tini et al., 2011), which permits a correlation
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between the Arperos and Arcelia assemblages
(Figs. 12 and 13A).

Based on the proposed correlations, the depo-
sitional architecture documented for the Arperos
Basin at Guanajuato can be extended in south-
ern Mexico. This scenario confirms the prov-
enance asymmetry previously proposed for
the Arperos Basin, which is composed of the
North American mainland-sourced Esperanza
and Santo Tomds—Tejupilco assemblages on its
eastern side and the Guerrero terrane-derived
Arperos and Arcelia assemblages on its western
side (Figs. 12 and 13A).

A key paleogeographic conflict in recon-
structing the Arperos Basin in southern Mexico
arises from the multi-arc setting proposed by
Talavera-Mendoza et al. (2007). Based on pre-
vious “Ar/*Ar ages, these authors argued that
the Santo Tomds—Tejupilco and Arcelia assem-
blages are bounded to the east and west by two
distinct arc successions that are the Tithonian—
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Aptian Teloloapan and the Albian—Cenomanian
Palmar Chico assemblages, respectively. This
scenario implies that the Santo Tomdas—Teju-
pilco and Arcelia assemblages were deposited
in a relatively narrow, intraoceanic basin within
the Guerrero terrane, receiving detritus from
the two arc massifs. This is in contrast with the
paleogeographic reconstruction of the Arperos
Basin at Guanajuato. In fact, in central Mex-
ico, petrologic data indicate that the Arperos
Basin was bounded by the North American
continental mainland to the east and an Upper
Jurassic-Lower Cretaceous arc assemblage of
the Guerrero terrane to the west. Such a paleo-

' 1
Age (Ma)

geographic conflict can be resolved in light of
our new geochronologic data. The 100.9 Ma
“Ar/*¥Ar isochron age obtained for a metabasalt
from the Palmar Chico assemblage is in agree-
ment with the previous Albian—-Cenomanian age
range inferred for this arc succession (Delgado-
Argote et al., 1992; Elias-Herrera et al., 2000).
However, the 129.5 Ma rhyolitic dike crosscut-
ting the analyzed metabasaltic flow indicates
that ©Ar/*Ar ages reflect Ar loss and resetting
and call for a substantial reinterpretation of the
previous isotopic ages. In light of these data,
the Teloloapan and Palmar Chico assemblages
overlap in age and contain similar submarine
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arc successions that overlie the Santo Tomds—
Tejupilco and Arcelia assemblages with a top-
to-the-NE main direction of tectonic transport
(Freydier et al., 1996; Elias-Herrera, 2004; Fitz-
Diaz et al., 2008; this work) (Fig. 12). There-
fore, we interpret the Teloloapan and Palmar
Chico assemblages as two isolated exposures of
the same allochthonous volcanic massif, which
was originally located southwest of the Santo
Tomés—Tejupilco and Arcelia assemblages and
was subsequently detached from its basement
and tectonically transported to the NE during
its collision with the North American mainland
margin (Figs. 12 and 13B). Considering such a
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Figure 11. “Ar-*Ar results
obtained for a plagioclase con-
centrate from metabasalt VB12-
5-11(2). (A) Age spectra and pla-
teau age (t,) calculated with the
weighted mean of the four frac-
tions identified by the arrow. The
uncertainty of the plateau age
given in the figure includes the
goodness of fit of the weighted
mean and the uncertainty in J.
(B) ¥Ar,/*Arg diagram indi-
cating that the plagioclase is cal-
cium rich. (C) *Ar/*Ar versus
¥Ar/*Ar correlation diagram.
The uncertainty of isochron age
(t.) given in the figure includes
the goodness of fit of the best
straight line and the uncertainty
of J. MSWD—mean square of
weighted deviates.
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Figure 12. Chronostratigraphic
columns of the Guanajuato and
Santo Tomas—Arcelia areas.
Both areas display a compara-
ble tectono-stratigraphic archi-
tecture, which is characterized
by Upper Jurassic-Lower Cre-
taceous primitive arc assem-
blages (El Paxtle, Palmar Chico,
and Teloloapan arc assem-
blages) tectonically emplaced
on the highly tectonized Titho-
nian-Cenomanian Arperos
Basin. The Arperos Basin dis-
plays a marked provenance
asymmetry: North American
mainland-sourced sedimentary
rocks were deposited at its east-
ern side (Esperanza and Santo
Tomas-Tejupilco assemblages),
whereas terrigenous rocks
derived from the Guerrero
terrane developed at its west-
ern side (Arperos and Arcelia
assemblages). E—Early; M—
Middle; L—Late.
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Figure 13. Two-step schematic evolution of the Arperos Basin in southern Mexico. (A) Between
the Tithonian and the Albian, the North American mainland-sourced turbidites of the Santo
Tomas-Tejupilco assemblage were deposited at the eastern side of the Arperos Basin. The
western side of the Arperos Basin was dominated by accumulation of turbidites derived from
the mafic to intermediate volcanic sources of the Guerrero terrane (Arcelia assemblage). Sedi-
mentation in the Arperos Basin was coeval with the emplacement of Upper Jurassic—Early
Lower Cretaceous rhyodacitic dikes and lava flows hosting volcanogenic massive sulfide
(VMS) deposits and Aptian-lower Cenomanian intraplate-like and mid-ocean ridge (MOR)
basalts, which are interpreted as the result of the progressive backarc continental extension
and subsequent oceanic spreading. (B) During the Cenomanian, the Arperos Basin collapsed
and was closed, producing the top-to-the-NE emplacement of the Palmar Chico-Teloloapan

arc assemblage on the volcano-sedimentary basinal succession.

scenario, the ca. 130 Ma pluton exposed in the
surroundings of Tiamaro can be interpreted as an
exposure of the arc roots, which were exhumed
during detachment and accretion of the volcanic
massif (Fig. 13B).

In synthesis, petrologic and geochronologic
data presented in this work document that the
paleogeographic reconstruction proposed for
the Guanajuato area can be extended in southern
Mexico as originally proposed by Freydier et al.
(1996), and these data indicate that the Arperos
Basin represented a main morphological feature
during the Late Jurassic—Early Cretaceous that
separated the arc assemblages of the Guerrero
terrane from the North American continental
mainland.

NORTH AMERICAN VERSUS PACIFIC
ORIGIN OF THE ARPEROS BASIN AND
GUERRERO TERRANE

Our stratigraphic and petrologic data sug-
gest that the volcano-sedimentary succes-
sions exposed at Guanajuato and in the Santo
Tomds—Arcelia area can be ascribed to the
Arperos Basin. Volcanic and volcaniclastic
rocks within the Arperos Basin document that
sedimentation was coeval with intrabasinal
magmatic activity. In fact, rhyodacitic dikes
and volcanic flows hosting VMS deposits were
emplaced along the Guerrero terrane and conti-
nental mainland margins during the Tithonian
and lower Early Cretaceous (Mortensen et al.,
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2008; Elias-Herrera et al., 2009; Martini et al.,
2011; this work), whereas intraplate-like and
MOR basaltic flows dominated in the Aptian—
Cenomanian (Freydier et al., 1996; Elfas-
Herrera et al., 2000; Talavera-Mendoza et al.,
2007; Martini et al., 2011) (Figs. 12 and 13A).
Felsic dikes and lava flows are peraluminous
and ubiquitously contain Paleozoic and Pre-
cambrian inherited zircons (Mortensen et al.,
2008; Martini et al., 2011; this work), which
suggests that, at least during the Tithonian and
lower Early Cretaceous, the Arperos Basin
was still floored by continental or continental-
recycled rocks. Spreading within the Arperos
Basin and development of an oceanic substrate
are constrained in the Aptian-Cenomanian by
the age of the intraplate-like and MOR basaltic
flows (Freydier et al., 1996; Elias-Herrera et al.,
2000; Talavera-Mendoza et al., 2007; Martini
et al.,, 2011). According to this scenario, the
Tithonian inception of the Palmar Chico—Telo-
loapan arc took place when the eastern bound-
ary of the Guerrero terrane was still in close
proximity to the North American continental
mainland, and oceanic crust was not yet formed
in the Arperos Basin. Based on this consider-
ation, the Pacific hypothesis on the origin of the
Guerrero terrane can be discarded, because it
implies that the Palmar Chico and Teloloapan
arc assemblages developed separately from
the North American continental mainland as a
result of the subduction of the Arperos Basin
oceanic substrate (e.g., Tardy et al., 1994; Dick-
inson and Lawton, 2001; Talavera-Mendoza
et al., 2007) (Figs. 2A and 2B). In agreement
with the paleogeographic reconstruction pro-
posed for the Guanajuato area, our data favor
the idea that the Palmar Chico and Teloloapan
assemblages represent the vestiges of a west-
facing North American arc, which formed on
top of the Upper Triassic Arteaga Complex and
was bounded to the east by the backarc Arperos
Basin (Fig. 2C). The westward rifting of the
Palmar Chico-Teloloapan arc and separation
from the North American mainland were trig-
gered by the oceanic spreading in the backarc
basin, which subsequently collapsed and led to
backarc inversion and accretion of the Guerrero
terrane arc back to nuclear Mexico.

CONCLUSIONS

Data presented in this paper permit the
reconstruction of the backarc Arperos Basin
in southern Mexico. In analogy with present-
day continent-influenced backarc basins,
metasandstone provenance analysis documents
that sedimentation within the Arperos Basin
occurred asymmetrically: North American
continent-recycled sediments were deposited
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on the eastern side, whereas Guerrero ter-
rane arc-derived clastic sediments dominated
on the western side. Sedimentation in the
Arperos Basin was coeval with the emplace-
ment of Upper Jurassic—lowermost Cretaceous
rhyodacitic dikes and lava flows hosting VMS
deposits, and Aptian—lower Cenomanian
intraplate-like and MOR basalts. These vol-
canic rocks are interpreted as the result of the
progressive backarc continental extension and
subsequent oceanic spreading. Based on these
data, the Arperos Basin evolved progressively
from continentally to oceanic floored during
the Early Cretaceous, suggesting that a mature
backarc oceanic crust was generated only ca.
15 Ma before the Guerrero terrane accretion.
These data suggest that the Guerrero terrane
represents a detached slice of the North Ameri-
can continental margin that was rifted during
backarc spreading and subsequently accreted
back to nuclear Mexico.
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