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ABSTRACT

central México and the biota contained in them are analyzed in this paper.

The fossil flora and fauna are contained in Permian strata that correspond
to the Guacamaya Formation in the states of Hidalgo and Veracruz; to the
Patlanoaya, Los Hornos, Cuxtepeque, and Matzitzi Formations in the state of
Puebla; to the Olinald Formation in the state of Guerrero; to the Ihualtepec,
Ixtaltepec, and Yododefie Formations in the state of Oaxaca; and to the Paso
Hondo Formation in the state of Chiapas.

The microfaunistic association of Olinala fusulinids can be correlated with
the Guadalupe Mountains and the La Mar Formation of Texas in the U.S.A., and
with the Difunta Formation of Coahuila and strata of the states of Sonora,
Guerrero, and Oaxaca in Mexico. Fusulinids from the Olinala, Thualtepec, and
Yododefie Formations suggest that during the Late Permian (Wordian-Capitanian),
these organisms were part of the same paleogeographic province that comprised
Texas, Arizona, New Mexico, and California in the United States, and northern
Sonora, Chihuahua, Coahuila, extending into central Mexico.

4 I \he Permian marine and continental sedimentary sequences in south
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INTRODUCTION

The marine and continental outcrops from the
upper Paleozoic of Mexico are scarce relative to their
territorial extent because the region experienced de-
formation caused by complex plate interactions. In
addition, the Paleozoic rocks are covered by a thick
sequence of Mesozoic and Cenozoic sediments and
Cenozoic volcanic rocks.

Nevertheless, the scarce outcrops of the upper
Paleozoic rocks contain abundant invertebrates, in-
cluding fusulinid foraminifers, bryozoa, brachiopods,
mollusks, ostracods, crinoids, and algae. The conti-
nental flora fossils are scarce but identifiable. The pur-
poses of this paper are: (1) to integrate the paleon-
tology data available for the Permian in Mexico, (2) to
establish regional stratigraphic correlations, and (3)
to provide new insights into the Permian paleogeo-
graphic subprovinces.

This work is important because it contributes in-
formation about the lithology, flora, and fauna from
different marine and continental sequences of cen-
tral and southern Mexico.

PREVIOUS WORKS

Several investigations have been made of the
upper Paleozoic of Mexico, mainly of the Permian
in central and southern Mexico: Aguilera (1896)
made the first geological study in the Tehuacan,
Puebla, region. Thompson and Miller (1944) de-
scribed fusulinids of the Paso Hondo Formation in
southeastern Chiapas. Carrillo-Bravo (1961, 1965)
discovered Permian plants of Leonardian age in the
Tlahuelompa-San Mateo region in Hidalgo and
Veracruz states. Silva-Pineda (1970) described flora
of the upper Paleozoic from the south of Puebla (Mat-
zitzi Formation). Buitron-Sanchez (1977) published
the discovery of the gastropod Bellerophon (Bellero-
phon) crassus Meek and Worthen in the Paso Hondo
Formation of Chiapas. Patifo-Ruiz and Moreno-
Cano (1981) discovered rocks from the upper Paleo-
zoic in the Calnali, Hidalgo, region. Flores de Dios
and Buitrén-Sanchez (1982) revised the stratigraphy
of the La Montafia de Guerrero and described the
Olinald Formation. Corona-Esquivel (1983) studied
the stratigraphy of the Olinala-Tecocoyunca, Guer-
rero, region. Gonzalez-Arreola and Corona-Esquivel
(1984) presented new determinations of Permian am-
monites from Olinald, Guerrero. In 1986, Vazquez-
Echeverria discovered Paleozoic marine rocks in the
San Salvador Patlanoaya region southwest of Puebla,

which he described informally as the Patlanoaya For-
mation. Villasefior et al. (1987) cited fossils from the
same region. Enciso de la Vega (1988) reported a new
Permian locality dated by fusulinids in Cuxtepeque-
Peria Colorada, Puebla.

New investigations in the 1990s were made by
Vachard et al. (1993), who presented a preliminary
study of the Olinald escarpment. Gonzalez-Arreola
et al. (1994) studied Permian fauna of the Los Arcos
Formation (Olinald Formation) in Guerrero. Canta-
Chapa (1997) pointed out that Permian sedimentary
sequences in Mexico are generally divided into lower
and upper parts, depending on the presence of
goniatites. The lower section is characterized by the
presence of Perrinites in the states of Chihuahua,
Coahuila, Puebla, and Chiapas, and the upper part is
characterized by the presence of the goniatites Waa-
genoceras and some ceratites (xenodiscids) in Sonora,
Coahuila, and Guerrero (Olinald). Vachard et al.
(1997a) reported a new locality with abundant Lower
Permian age invertebrates in Pemuxco, Hidalgo.
Vachard et al. (1997b) discussed upper Paleozoic sed-
imentary sequences in relation to the Mixteco and
Oaxaca Terranes. Vachard et al. (1997¢), and Vachard
and Pantoja (1997) published papers on the evolu-
tion of Mexico during the late Paleozoic. Weber
(1997a, b) reviewed new fossil material of the Mat-
zitzi Formation and suggested a Leonardian age for
this unit. Lopez-Lopez (1997) described late Paleo-
zoic brachiopods from the Olinald, Guerrero, region.
Vachard et al. (1998) studied the facies and environ-
ments of the upper Paleozoic (Patlanoaya Formation).
Arellano et al. (1998) studied a turbiditic sequence with
abundant Permian fossils from Pemuxco, Hidalgo.
Sanchez-Zavala et al. (1999) did a stratigraphic re-
view of the Paleozoic of Mexico and its relation to
Gondwana and Laurasia.

Recently, Esquivel-Macias (2000) and Esquivel-
Macias et al. (2000) reported on the late Paleozoic
brachiopods and crinoids of Olinald, Guerrero, and
Patlanoaya and Cuxtepeque, Puebla. Vachard et al.
(2000a) described fusulinid fauna of the Patlanoaya,
Puebla, region. Silva-Pineda et al. (2000) revised the
Permian conifers of the Guacamaya, Patlanoaya, and
Olinal4 Formations. Flores de Dios et al. (2000a, b)
presented a study of the Upper Permian Olinald,
Thualtepec, and Yododefie Formations of the Zapo-
teco and Mixteco Terranes in southern Mexico. Silva-
Romo and Mendoza-Rosales (2000) discovered upper
Paleozoic plants in Piedra Hueca, Puebla. Ramirez et al.
(2000) discovered Permian rocks that he named the
““Los Hornos Formation’’ in the Hornos de Zaragoza,
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Figure 1. Tectonostratigraphic terranes and Permian localities with outcrops of marine and continental sequences of

South-Central Mexico.

Puebla. Hernandez-Lascares (2000) and Galvan-
Mendoza (2000) studied the stratigraphy and paleo-
ecology of the Matzitzi Formation in Puebla.

GEOTECTONIC SETTING

The unmetamorphosed Paleozoic marine and
continental sequences that crop out in southern
Mexico show great lithological complexity and vary-
ing facies, including continental, reef, and marine

facies. The relations between these sequences are
obscured by widely separated and limited outcrops.
The localities where they have been reported are:
Tifiu, Santiago, Ixtaltepec, Yododefie, Matzitzi, Pat-
lanoaya, Olinal4, Piedra Hueca, and Cuxtepeque
(Figure 1).

The basement for these formations is the Acatlan
Complex in the Mixteco Terrane and the Oaxaquefio
Complex in the Zapoteco Terrane (Campa-Urefa
and Coney, 1983). The first unit deposited over both
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terranes was the Matzitzi Formation of Pennsylvanian-
Permian age (Figure 1). The collision between these
two terranes occurred before this time. A brief sum-
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Figure 2. Stratigraphic column of the Guacamaya
Formation, Pemuxco, Hidalgo.

mary of the main Paleozoic formations and their
associated flora and fauna follows.

GUACAMAYA FORMATION
(WOLFCAMPIAN-LEONARDIAN)

The Guacamaya Formation was described by
Carrillo-Bravo (1961) as a sandstone conglomerate
and shale association exposed in the Huizachal-
Peregrina anticlinorium, Tamaulipas, and in the
Huayacocotla anticlinorium, in the Sierra Madre
Oriental (Figure 1). Carrillo-Bravo (1965) collected
Permian flora and fauna between Tlahuelompa,
Hidalgo, and San Mateo, Veracruz. The flora consists
of Sphenopsida (Equisetum, Calamites, Annularia),
Pteridosperms (Neuropteris, cf. Odontopteris, cf. Cal-
lipteris, ctf. Gigantopteris), ferns (Pecopteris arborescens
Brongniart, P. onita Brongniart, Sphenopteris, Neurop-
teris), and conifers (Cordaites, Walchia). The marine
strata contain fusulinid foraminefers of the genus
Skinnerella and Staffella of Wolfcampian-Leonardian
age and the remains of brachiopods-espiriferids. The
strata also has abundant fusulinids determined to be
schwagerinids (Schwagerina, Schwagerina cf. S. thomp-
soni, Schwagerina cf. S. chiapanensis, Triticites, Triticites
aff. T. victoriaensis, Pseudofusulina, Pseudoschwagerina,
Paraschwagerina, Schubertella and Monodiexodina).

In the region of Calnali in northeastern Hidalgo,
in rocks of the same formation, Silva-Pineda (1987)
reported scarce flora and Early Permian fragments
(Wolfcampian-Leonardian) represented by Equise-
tales (Equisetum), ferns (Pecopteris arborescens Brong-
niart), Benettitales (Taeniopteris), Pteridosperms (cf.
Gangamopteris, cf. Neuropteris, cf. Odontopteris) and
conifers (cf. Walchia). Patifio-Ruiz and Moreno-Cano
(1981) reported fusulinids (Triticites sp.), algae (Komia
sp.), and brachiopods (Neospirifer cf. N. Fascimger,
Dictyoclostus) in the Guacamaya Formation.

In Pemuxco, Hidalgo, Arellano et al. (1998) re-
ported 1081 m of turbiditic sequence (Figure 2) that
records continental slope, distal facies, and lime-
stone olistotromes deposition.

The carbonate blocks yielded crinoids, fenestillid-
bryozoans, brachiopods, algae (Tubiphytes sp. and
Epimastopora sp.) and fusulinids of the genus Skinner-
ella characteristic of the lower Leonardian. The ma-
crofauna is represented by brachiopods including
Rhipidomella, Neospirifer, Wellerella, Retarai, Spirifer-
ellia, Composita argentea (Hall), Hustedia mormoni
(Marcou), Hystricina, Crurithyris, Derbyia, Kozlowskia
cf. K. capaci d’Orbigny, Chonetina, Conocardium
bivalves, Edmondia, Aviculopinna, Schizodus and the
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Permian Bellerophon gastropod. The lower contact of
this formation is with the Huizcopala gneiss, and it
lies below the Huizachal Formation.

Ochoa-Camarillo (1996) described Permian volcanic-
sedimentary rocks (Tuzancoa Formation) near Huaya-
cocotla anticlinorium, Hidalgo. This unit consists of
volcanic breccia with intercalations of calcareous
lenses that contain fusulinids and crinoids, tuffa-
ceous sandstone shale, and basal sandstone and tuff
intervals with fern rests, Pteridosperms and conifers,
ammonites (Perrinites sp.), crinoids (Cylindrocauliscus
fiski Moore and Jeffords, Cyclocaudex insaturatus Moore
and Jeffords) and brachiopods (Neospirifer sp.). De-
spite lithological differences, Ochoa-Camarillo (1996)
suggested that the Tuzancoa Formation could corre-
spond to the Guacamaya Formation (Carrillo-Bravo,
1965).

PATLANOAYA FORMATION
(WOLFCAMPIAN-LEONARDIAN)

This unit was informally proposed by Vazquez-
Echeverria (1986), who described it as 500 m of ma-
rine to littoral sandstone, conglomeratic sandstone-
siltstone, limestone, clayish limestone, and sandy
limestone (Figure 3). Its locality is found 1 km north
of San Salvador Patlanoaya, near Izucar de Mata-
moros, Puebla. This formation overlies the Acatlan
Complex and underlies in angular discordance the
Middle Jurassic Tecomasuchil Formation.

Brunner (1987) did a biostratigraphic study of the
Paleozoic carbonate rocks that crop out in San Sal-
vador Patlanoaya, described Pseudofulinella from the
Wolfcampian, and reported the algae Tubiphytes ge-
nus and the Tubertina and Eotubertina foraminifer
from the Leonardian. In addition, she identified a
species of Parafusulina from the middle Leonardian.
Villasefior et al. (1987) reported Mississipian-Permian
fossils from the same formation. For the Lower Per-
mian (Wolfcampian), they mentioned Properrinites
ammonites associated with Wellerella sp., Schizodus
sp., Palaeomutela (Palaeomutela) sp., Bactricites sp.,
and Omphalonema sp. In our study, we also found
plants previously studied by Villasefior et al. (1987).
The plants of this formation are represented by Su-
paia merriani White, cf. Sigillaria sp., and Walchia sp.
The Supaia genus described by Read and Mamay
(1964) of Permian age in New Mexico and Arizona is
reported for the first time in Mexico. The Sigillaria
genus is widely distributed in the Pennsylvanian and
Permian, and Walchia is characteristic of the Penn-
sylvanian and Permian from several regions of the

world. Vachard et al. (2000a) described Carboniferous
and Permian fusulinids of the Patlanoaya Formation,
citing as index genus Triticeites and Kansanella from

ale
Sandstone

Nodular silty shale
Sandstone

Nodular silty shale
Sandstone
Nodular silty shale

Sandstone

Nodular silty shale

Sandstone

Shale

Sandstone
Shale
Sandstone
Shale

Sandstone
Shale

LOWER
LEONARDIAN

Conglomerate

Shale

WOLFCAMPIAN |

525 m

Chert-sandy limestone

Chert-sandy limestone
Sandstone
Shale

Silty limestone

VIRGILIAN

z Sandstone
;q Conglomeratic sandstone
;-j ——— Sandstone
o =
>-‘:)Z. I I I .
2/ ———r] Limestone
) |2 T T T
£ |7 = .

= [———] Siltstone

Sandy limestone

Shale

Limestone

MIDDI E

PATLANOAYA FORMATION

Shale

7 Limestone
= Shal
w5 ale
% A Sandstone
a2 Sandstone
> Conglomeratic sandstone
5| - AN .
TR R Metamorphic
EILE S

Figure 3. Stratigraphic column of the Patlanoaya For-
mation, San Salvador Patlanoaya, Puebla (modified from
Brunner, 1987).



CONTENTS SEARCH

HOME

Permian Continental and Marine Biota Of South-Central Mexico: A Synthesis / 467

the Missourian and lower Virgilian (Pennsylvanian), a
Pseudofusulina and Rugosochunella from the Wolfcam-
pian (Permian), and a Paraskinnerella and Skinerella
from the middle Leonardian. Vachard et al. (2000b)
published a biostratigraphic and paleogeographic
distribution of Permian fusulinids (Wolfcampian-
Leonardian) from Mexico and its application in re-
constructing the paleogeography of Mexico’s upper
Paleozoic suspect terranes.

LOS HORNOS FORMATION (WORDIAN)

The Los Hornos Formation was proposed by Ram-
irez et al. (2000). It is a sequence of approximately
60 m of conglomerate and sandstone, fossiliferous
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Figure 4. Stratigraphic column of the Los Hornos Formation, Los Hornos de Zaragoza,
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limestone (gastropods, echinoderms, bivalves, fusulu-
nids, and crinoids), and sandstone and shale (Figure 4),
which is exposed north of the Hornos Zaragoza com-
munity. These strata yielded the fusulinids Para-
fusulina splendes and P. cf. Deliciasensis species of
Wordian age. The upper contact is structural with the
La Noria—Hornos de Zaragoza granite (late Devonian)
and the lower contact with the Tecomate Formation.

CUXTEPEQUE FORMATION(LEONARDIAN)

This formation was described by Enciso de la Vega
(1988) in the Mixteca region of Puebla, near the
northwestern border of Oaxaca State and east of the
town of Progreso. The section consists of limestone
and chert of unknown thick-
ness that contain the fusulin-
ids Swagerina cf. gruperaensis
and Parafusulina cf. durhami
of Leonardian age.

MATZITZI FORMATION
(PENNSYLVANIAN-
PERMIAN)

The Matzitzi Formation
crops out 40 km southwest
of the city of Tehuacan,
Puebla. The unit consists of
sandstone with intercala-
tions of shale and conglom-
erate and occasional coal ho-
rizons. This succession con-
tains well-preserved Late
Pennsylvanian flora, which
was described by Silva-Pineda
(1970) as ferns (Pecopteris),
lepidodendrales (Lepidoden-
dron, Sigillaria), Pteridos-
permales (Neuropteris) and
Sphenopsida (Calamites). New
plant findings in the Mat-
zitzi were described by Weber
et al. (1989) as Fascipteris,
Taeniopteris, Pterophyllum Rhip-
idopsis or Gynkgoites, Spheno-
phyllum, Holcospermum, An-
nularia, Lonesomia, and a sim-
ilar sample of Glossopteris, all
of which suggest a younger
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age for these rocks. On the other hand, Weber and
Cevallos (1994) assigned this sequence a Leonardian
age.

The Matzitzi overlies in angular unconformity
crystalline rocks of the Oaxaquefio and Acatlan com-
plexes, and unconformably underlies Mesozoic and
Cenozoic rocks (Hernandez-Lascares, 2000).

OLINALA FORMATION
(WORDIAN-CAPITANIAN)

Flores de Dios and Buitron-Sanchez (1982) pro-
posed the formal name of Olinald Formation for a
Permian marine clastic that crops out near Olinala.
This formation consists, from older to younger, of 70
m of conglomerate whose clasts contain brachiopods
and plants (Corona-Esquivel, 1983), carbonates, and
clastic rocks. Vachard et al. (1993) first assigned these
strata a Late Permian (Wordian-Capitanian) age. The
lower and middle parts of the formation contain
ammonites-goniatitids (Waagenoceras) from the Word-
ian, the brachiopods Paranorella imperialis Cloud, and
plants Neuropteris sp., Taeniopteris sp., T.fallax Goep-
pert and cf. Cordaites sp. The presence of a small leaf
of ct. Cordaites sp., compared with the great charac-
teristic forms of this genus, is rare; nevertheless, sev-
eral authors have reported leafs of small dimensions.
In addition, Taeniopteris, a genus generally found in
the Permian-Triassic of several regions of the world is
contained in these rocks. This unit represents the
youngest Permian rocks reported for Mexico.

This unit rests unconformably on the Lower Pa-
leozoic Acatlan Complex, and it is unconformably
overlain by the Middle Jurassic Cualac Conglomerate.

IHUALTEPEC FORMATION
(MISSISSIPIAN-PERMIAN)

Southeast of San Juan Ihualtepec village, in eastern
Oaxaca State, a partial section of black argillites was
first reported by Martinez-Keemp (1986), who as-
signed them a tentative Late Paleozoic age based on
field relations. Flores de Dios et al. (1992) reported
the crinoid Florucyclus granulosos and Cyclocaudez
costatus species (Moore and Jeffords, 1968) and the
fenestelid Bryozoan sp. bryozoa, confirming the
Mississipian-Permian age of these rocks. Vachard
et al. (1997¢) identified the fusulunids Parafusulina
deliciasensis sp. (Dumbar and Skinner) of Wordian
age. The presence of this microfossil permits the

Wordian paleogeographic reconstruction from
California and Texas to Sonora, Coahuila, Guer-
rero, and Oaxaca in Mexico.

The upper contact is an unconformity with the
Lower Jurassic Cualac Conglomerate, and the lower
contact is an unconformity with the Acatlan Complex.

IXTALTEPEC FORMATION
(PENNSYLVANIAN-PERMIAN)

In the Santiago Ixtaltepec area, the Ixtaltepec
Formation consists of platform calcareous sandstone,
shale, and siltstone that contain Pennsylvanian
bivalves, brachiopods, bryozoans, crinoids, gastro-
pods, and trilobites, and also Permian crinoids Cy-
clocaudex and Pentacrinus (Morales and Ciomas, 1984).
Limestone-bearing conglomerates in this region
yielded the Permian fusulinids Shwagerina elkoensis
and Boultina heezen.

The Ixtaltepec Formation is overlain by the Tifiu
Formation, and the basal contact is a shear zone
between the Santiago and Ixtaltepec Formations.

YODODENE FORMATION (PERMIAN)

In Nochixtlan-Ixtaltepec, Oaxaca, marine strata
rocks were formally reported by Pantoja-Alor (1970,
1993), who defined the Yododefie Formation as a
limestone-bearing red conglomerate with intercala-
tions of sandstone and siltstone. He established a
tentative Late and Early Permian age for these rocks,
based solely on fields relations. Our sample collec-
tion yielded the Leonardian fusulinids Skinnerella
biconica Skinner and Parafusulina brooksensis Ross.
The presence of Skinnerella biconica in clasts of the
Yododerie Formation indicates that they must have
been sourced from a still unidentified or totally
eroded limestone succession that would have been
contemporaneous with the upper Permian Olinala
Formation. One piece of indirect evidence for a
Permian-Early Cretaceous age for the Yododefie For-
mation is that it does not show the structural de-
formation that affected the Pennsylvanian Ixtaltepec
Formation (Centeno-Garcia et al., 1997).

Conglomerates in the sequence of red beds con-
tain limestone clasts with fusulinids that have been
identified as Skinerella biconica Skiner and Parafusu-
lina brookensis Ros, which indicates an early-middle
Leonardian age, as well as Parafusuluna brookensis
discovered in the Leonardian stratotype at the top
of the Hessian (middle Leonardian). These fusulinids
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also are characteristic of the microfaunas of the Bone
Spring Formation (Leonardian stratotype) of Texas
in the U.S.A.

The Yododefie Formation limestone clasts repre-
sent a carbonate deposition event, which must have
occurred during the late Permian (at least middle
Leonardian in the Oaxaca Terrane). No other Triassic
to Cretaceous rocks have yet been found that would
determine the age of the sedimentary evolution of
the Oaxaca Terrane.

Upper Paleozoic carbonate deposits were reported
in Olinala, Guerrero (Flores de Dios and Buitrén-
Sanchez, 1982), and Ihualtepec, Oaxaca (Vachard et al.,
1993, 1997). These Paleozoic units represent part of
the sedimentary cover of the Mixteco Terrane. Both
Oaxaquia and Mixteco terranes were stable during
the upper Paleozoic, providing appropriate condi-
tions for carbonate sedimentation.

The Yododenie Formation overlies in slight un-
conformity the Ixtaltepec Formation and is, in turn,
unconformably overlain by a Mesozoic conglomerate.

PASO HONDO, GRUPERA, AND VAINILLA
FORMATIONS (PERMIAN)

Thompson and Miller (1944) divided the upper
Paleozoic section in the Paso Hondo area, Chiapas,
into three lithostratigraphic units: the Paso Hondo
Formation, the Grupera Formation, and the La
Vainilla Formation. Miillerried (1963) identified the
ammonites Waagenoceras from the Paso Hondo spe-
cies. This ammonite was reported as Perrinites hilli
(Smith) by Miller and Furnish in 1941, who dis-
covered these ammonites as characteristic species of
Leonardian from Coahuila, Texas, New Mexico, and
Oklahoma. The Grupera Formation is Wolfcampian,
based on Schwagerina chiapasensis and S. Gruperaensis.
The La Vainilla Formation contains crinoids, brach-
iopods, and fusulinids Schwagerina figueroai and, there-
fore, is younger than Wolcampian and older than
Leonardian.

In the Chicomuselo region, in the southern part of
Chiapas, Buitron-Sanchez (1977) described the gas-
tropod Belerophon (Bellerophon) crassus Meek and
Worthen of middle Permian age, which is associated
with the fusulinids Schwagerina, Eoverbeekina, Stafella,
Nankinella, and marine algae (Tubiphytes). The age
assigned to the Paso Hondo Formation is Permian
(Leonardian) based on fusulinids, already men-
tioned, that are indicator foraminifers of a tropical
or subtropical sea (Herndndez-Garcia, 1973).

DISCUSSION

In South-Central Mexico, outcrops of the Guaca-
maya, Patlanoaya, Los Hornos, Cuxtepeque, Mat-
zitzi, Olinald, Thualtepec, Ixtaltepec, Yododerie, and
Paso Hondo Formations contain Permian continen-
tal and marine biota that allow for a precise strat-
igraphic correlation (Figure 5).

The Guacamaya Formation of Wolfcampian-Leo-
nardian age crops out in the states of Tamaulipas,
Hidalgo, and Veracruz and contains Leonardian fos-
sil flora represented by the Pecopteris, Sphenopteris,
Neuropteris, ct. Odontopteris, cf. Callipteris, cf. Gigan-
topteris, Cordaites, and Walchia genus. Fossil fauna
include abundant fusulinids, among them Skinnerella
genus, characteristic of the lower Leonardian, and
fragments of crinoids (Cylindrocauliscus, Cyclocaudex),
bryozoans, and algae (Tubiphytes). The Patlanoaya
Formation (Wolfcampian-Leonardian) is exposed in
the Izucar de Matamoros, Puebla region, and con-
tains flora (cf. Sigillaria sp., Neuropteris sp., Supaia
merriani White, Walchia sp.), fusulinids (Pseudofusu-
lina, Rugosochusenella), and crinoids (Cyclocaudex).
The Los Hornos Formation crops out to the north of
Los Hornos de Zaragoza, Puebla, and contains Leo-
nardian fauna (Paraskinnerella, Skinnerella). The Olin-
alad Formation crops out near Olinald, and contains
Wordian Waagenoceras, fusulinids (Parafusilina, Rau-
serella, Codonofusiella) and the brachiopod Paranor-
ella. Scarce flora include Neuropteris sp., Taeniopteris
sp. cf. T.Fallax Goeppert, and cf. Cordaites sp. The
contact with the upper carbonate portion represents,
in terms of sedimentology, a contact by subaereal
erosion. The sequence is a carbonate ramp where the
inner ramp is characterized by shallow-water bound-
stone, crinoid packstone-grainstone, and grainstone,
in which bivalves, gastropods, and microfossils are
found. Also found are Parachaetes, in carbonate sand
benches containing mainly crinoids in floatstone.

The middle part of the ramp is built by crinoids,
bryozoans, bivalves, brachiopods, small foraminifers
(Abadella ex gr. Conformis) and fusulinids (Codono-
fusiella extensa Skinner and Wilde, Parafusulina bosei
Dumbar and Skinner, Schbertella gr. S.Australis
Thompson and Miller) in sandstone and limestone
of Wordian-Capitanian age.

The deep part of the ramp is a muddy carbonate
mound (Lime Mound) of cianobacteria (Tubyphites
aelisacus), calcareous sponges (Porichtofenis), and
bryozoans, which trap a fine calcareous mud that
gives origin to a typical stromatolitic structure. The
fusulinid association of the Olinalé can be correlated
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Figure 5. Stratigraphic correlation between the Mixteco and Oaxaca Terranes.

to the Guadalupe Mountains of Texas, the La Mar
Formation of California, the Difunta Formation of
Coahuila, and with Sonora, Guerrero, and Oaxaca in
Meéxico.

The Ihualtepec Formation is limestone and silici-
clastics with fusulinids (Parafusulina) of early—middle
Wordian age (zones PG2 or PG3). The paleogeograph-
ic association of Parafusulina is with northern Cal-
ifornia and Texas in the U.S.A. and with the states of
Sonora, Coahuila, Guerrero, and Oaxaca in México,
and also with the middle Permian Paso Hondo For-
mation in Chicomuselo in southern Chiapas. The

Thualtepec contains the gastropod Bellerophon (Bel-
lerophon) crassus Meek and Worthen of middle Per-
mian age, the fusulinids Schwagerina, Eoverbekina,
Stafella, and Nankinell, and Leonardian marine algae
and continental plants. The Permian is considered an
arid period during which several groups of plants
became extinct and only a few elements continued
into the Mesozoic.

Depositional environments involved platforms
and mixed ramps (carbonate and siliciclastics). Sedi-
mentary sequences have a marked andesitic volcanic
influence. A complex paleogeography depicts North
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CONCLUSIONS

The marine and conti-
nental fossil biota are found
in Permian-age rocks that
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correspond to the Guaca-
maya Formation in the state
of Hidalgo and Veracruz; the
Patlanoaya, Los Hornos, Cux-
tepeque, and Matzitzi For-
mations in the state of Pueb-
la; Olinala Formation in the

State of Guerrero; Ihualte-

Figure 6. Permian paleogeographic map. Abbreviations: AM = Mérida Andes
(Venezuela); CH = Chiapas State; CV = Ciudad Victoria (Tamaulipas); DM = Diablo
Mountains (Texas); EA = El Antimonio (Sonora); ET = El Tigre (Sonora); GM = Glass
Mountains (Texas); GUA = Guatemala; GUE = Guerrero State; H = Hidalgo; JU =
Juchatengo (Oaxaca); LD = Las Delicias (Coahuila); MM = Maya Mountains (Belize);
MZP = Matzitzi (Puebla); NCG = Nuevo Casas Grandes (Chihuahua); OX = Oaxaca
State; PDG = Placer de Guadalupe (Chihuahua); PE = Pemuxco (Hidalgo); PHCH = Paso
Hondo (Chiapas); SC = Central Sonora; SF = San Felipe (Baja California Norte); SP =
Sierra de Perija (Colombia); SR = Sierra de Santa Rita (Chihuahua); SSP = San Salvador
Patlanoaya (Puebla); TSM = Tlahuelompa-San Mateo (Hidalgo-Veracruz).

pec, Ixtaltepec, and Yodo-
defie Formations in the state
of Oaxaca; and the Paso Hon-
do Formation in the state of
Chiapas.

Outcrops in the states of
Veracruz and Hidalgo, show
a thin strata of continental

and South America separated by the Maya Block, a
subduction zone along the western margin of the
continent, with marine sedimentation in the west
and continental sedimentation in the east (Figure 6).
The Yododefie Formation crops out in the Nochix-
tlan Ixtaltepec area and consists of limestone-bearing
conglomerates deposited in alluvial fan systems.
Some clasts contain the fusulinids Schwagerina
elkoensis and Boultonia heezen, which have also been
reported in Nevada in the U.S.A. On the other hand,
middle Wolfcampian fusulinids such as Skinnerella
biconica Skinner and Parafusulina brookensis Leonar-
dian are recognized in the Bone Spring Formation.

siliciclastic turbiditic se-

quence in the base, prograd-

ing upward to a marine-
strata sequence that belongs to the Guacamaya
Formation (Otlamalacatla-Tuzancoa). The continen-
tal rocks contain plants that consist of Sphenopsida
(Equisetum, Calamites, Annularia), Pteridosperms,
(Neuropteris, cf. Odontopteris, cf. Callipteris, cf. Gigan-
topteris), ferns (Pecopteris arborescens Brongniart, P.
onita Brongniart, Sphenopteris, Neuropteris), and con-
ifers (Cordaites, Walchia). The marine strata contains
crinoids of the genus Skinnerella and Staffella from
the Wolfcampian-Leonardian, crinoids (Cyclocaudex
plenus, Preptopremum rugosum, cyclocrista cheney), fenes-
tillid Bryozoans, algae, and spiriferid-brachiopods
remains.
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The Permian biota of Patlanoaya Formation,
located to the southeast of Izucar de Matamoros,
Puebla, comprises a limited flora represented by lep-
idodendral (cf. Sigillaria.), Pteridosperms (Neuropteris
sp., Supaia marriani White), and conifers (Walchia).
Invertebrates are abundant. Between them are found
fusulinids (Pseudofusulina, Rugosochusenela) and
ammonites Properrinites of Wolfcampian age. The
Patlanoaya Formation also contains brachiopods
(Wellerella sp.), bivalves (Schizodus, Palaeomutela),
ammonites (Perrinites hilli Smith), gastropods (Om-
phalonema), fusulinids (Paraskinnerella,Skinnerella),
and algae (Tubiphytes obscurus Maslov) of Leonardian
age.

The Los Hornos Formation that crops out in the
Hornos de Zaragoza, Puebla region, contains a ma-
rine fauna constituted of gastropods (Straparollus),
bivalves, fusulinids (Paraskinnerella, Skinnerella), cri-
noids (Cyclocaudex plenus Moore and Jeffords), and
icnofossils; the faunistic associations define a lower
Permian age (Leonardian).

The Cuxtepeque Formation crops out in the
occidental hillside of the Cuxtepeque hill, near the
Pefia Colorada settlement on the boundary between
the states of Puebla and Oaxaca; the marine biota
consist of crinoids and fusulinid fragments of the
specie Schwuagerina cf. S. gruperaensis and Para-
fusulina cf. P. durhami from the Leonardian.

The Matzitzi Formation crops out in the Tehuacan,
Puebla region, and is characterized by its abundant
and well-preserved flora from the Pennsylvanian-
Permian represented by several ferns species(Pecop-
teris and Fascipteris), lepidodendrales (Lepidodendron,
Sigillaria), Pteridospermales (Neuropteris, Holcosper-
mun), esphenopsids (Sphenophylum, Calamites, An-
nularia), and cycas (Taeniopteris, Pterophyllum).

The Olinala Formation consists of Permian marine
rocks from the Wolfcampian-Capitanian with nu-
merous fusulinid foraminifera (Parafusulina bosei
Dunbar and Skinner, Rauserella erratica Dunbar, Co-
donofusiella extensa Skinner and Wilde), ammonites
(Waagenoceras, Stacheoceras, Agathiceras), brachio-
pods (Paranorella imperialis Cloud, Dictyoclostus de-
pressus Cooper, Composita sp., Wellerella sp., Orbicu-
loidea aff. O. missouriensis (Shumard), Cancrinella sp.,
Composita grandis Cooper). Associated marine rocks
of shallow-water fragments of the continental plants
cyca-benettitals (Taeniopteris cf. T.fallax Goeppert),
Pteridosperms (Neuropteris sp.), conifers (cf. Cordaites
sp.), and equisetales were found.

In the northwest of Oaxaca, limestones of the
Thualtepec Formation crop out with Schwuagerinids

and Parafusulina deliciasensis Dunbar and Skinner (P.
maleyi) from the lower-middle Wordian, and the
crinoids Cyclocaudex typicus Moore and Jeffords,
Cyclocrista lineata Moore and Jeffords, Pentagonopteris
insculptus Moore and Jeffords, and Pentaridica rhoti
Moore and Jeffords.

The Pennsylvanian-Permian Ixtaltepec Formation
consists of shale, siltstone, sandstone, and a minor
proportion of limestone that has brachiopods, gas-
tropods, corals, trilobites, crinoids, and index fossils
of Pennsylvanian age. This faunal association suggest
a reef and perireef environment. The geologic con-
tact between the Santiago and Ixtaltepec Formations
is defined by a shear zone. The slip is similar to the
one observed with the Tifiu Formation, representing
in both structures a slip northward. In the region of
Santiago Ixtaltepec, Oaxaca, red conglomerates with
limestone clasts contain the species Schwuagerina el-
koensis and Boultonia heezeni, Permian index fusulinids.

The existence of Permian-age fusulinids in clasts of
the Yododefie Formation, which not affected by the
structural deformation detected in older units, such
as the Ixtaltepec Formation, indicates a post-Permian
to Lower Cretaceous age for the unit.

The Paso Hondo fossiliferous limestone that crops
out in the southeast of Chiapas contains the gas-
tropod Bellerophon (Bellerophon) crassus Meek and
Worthen from the middle Permian, which is associ-
ated with the fusulinids Schwagerina, Eoverbekina,
Stafella, and Nankinella, ostracods, corals, brachio-
pods, crinoids, and marine algae of the Tubiphytes
genus. In addition, well-preserved continental plants
remain as impressions in carbonaceous shale.

The Permian paleogeography can be interpreted as
large continental areas to the south (North America,
Maya and South America Blocks) bordered by coastal
environments, and a siliciclastic platform westward
with some carbonate banks. It is interpreted as a
deep-sea zone eastward, in which thick siliciclastic
sequences were accumulated in submarine fans.

The volcanic influence is associated with the pres-
ence of a subduction zone, also to the east, that causes
volcanism with volcanic rock of andesitic composition.
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