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RESUMEN 
Con base en un amilisis estratignifico realizado en tres diferentes areas del norte del Estado de Oaxaca y sur del de Puebla, se 

presenta un modelo de la evolucion paleogeognifica para el Junisico-Cretacico de la porcion norte del Terreno Mixteca. Las ca
pas mas antiguas de la secuencia mesozoica (foarciano (?)-Aaleniano), expuestas en el area de Tezoatlan-El Rosario, consisten 
de estratos de conglomerados, areniscas, limolitas y lutitas con algunas capas de carb6n. Estas capas se acumularon despues del 
cambio de un regimen tectonico de levantamiento, activo des de el Triasico Temprano, a un regimen tectoni co tensional con hun
dimiento. En respuesta a este cambio se forma un gropo de cuencas tect6nicas, acompafiadas por el desarrollo de un sistema flu
vial con pendiente general hacia el sur. La secuencia continental acumulada durante el Jurasico Medio en esta porcion del Terre
no Mixteca tiene un espesor maximo de 2,300 m y muestra fuertes cambios laterales que representan transiciones de abanicos 
aluviales a llanuras de inundacion y dep6sitos de canal. Durante el Bajociano y Bathoniano, esta region experimento transgre
siones marinas de corta duracion, provenientes del Pacffico, las cuales inundaron la parte sur del Terreno Mixteca hasta una linea 
situada entre Tezoatlan y Huajuapan de LeOn. 

Del Calloviano al Hauteriviano dominaron condiciones de sedimentacion marinas someras con depositos calcareos y de
triticos en la parte sur de la region estudiada, previamente ocupada por el sistema fluvial. La paleogeografia del Jurasico Tardio 
se caracteriz6 por una bahia somera (Bahia de Tlaxiaco) conectada hacia el sur con el Oceano Pacifico. En algun momenta entre 
el Tithoniano y el Valanginiano, es posible que se haya establecido por primera vez una comunicacion entre esta bahia y los 
cuerpos de agua conectados con el Golfo de Mexico. No existen evidencias estratigraficas para sustentar la interpretacion de una 
coneccion marina entre la Bahia de Tlaxiaco y el area correspondiente al sur de la Sierra Madre Oriental para el Calloviano y la 
mayor parte del Jurasico Tardio . 

Para el Barremiano-Aptiano no existen indicios de sedimentacion marina en la mayor parte del Terreno Mixteca, unicamente 
hacia el norte, en San Juan Raya, se ha reportado una secuencia marina continua del Valanginiano al Aptiano. Para este tiempo, 
en la region de Santo Domingo Tonala, ocurrieron episodios de volcanismo monogenetico subaereo. A partir del Albiano y hasta 
probablcmente el Turoniano, se desarroll6 una amplia plataforma calcarea sobre los terrenos Mixteca y Oaxaca, la cual probable
mente se extendia hasta la plataforma de Actopan situada al norte de la actual Faja Volcanica Transmexicana. En los tiempos 
posteriores al Turoniano ocurrio un levantamicnto general asociado a plegamiento, que afect6 la porcion norte del Terreno 
Mixteca. Unicamente en la parte suroeste cl~ este terreno parece haberse desarrollado una sedimentacion continua hasta el 
Maestrichtiano. 

PALABARAS CLAVE: Terreno Mixteca, Jurasico, Cretacico, paleogeograffa, Mexico. 

ABSTRACT 
A model of Jurassic-Cretaceous paleogeographic evolution for the northern portion of the Mixteca terrane is presented. The 

interpretation is based mainly upon stratigraphic analysis of three different areas of southern Puebla and northern Oaxaca, where 
Mezosoic beds are well exposed. The oldest beds of the Mesozoic sequence (Toarcian(?)-Aalenian) are exposed in the Tezoa
tlan-El Rosario area where they consist of conglomerate sandstone, siltstone, and shale strata with some coal layers. These beds 
accumulated after a change from an uplift tectonic regime, active since Early ,Triassic, to an extensional tectonics with 
subsidence. In response to this change a group of tectonic basins with a north-south orientation formed in the Mixtcca terrane 
together with the development of a fluvial system with a general slope toward the south. The continental sequence which 
accumulated during the Middle Jurassic in this region has a maximum thickness of 2,300 m and shows strong lateral variations, 
representing transitions from alluvial fans to floodplaius and channel deposits. During Bajocian and Bathonian this region 
experienced brief marine transgressions of Pacific origin which covered the southern part of the Mixteca terrane up to a line 
situated between Tezoatlan and Huajuapan de Leon. 

From Callovian to Hauterivian times, shallow marine conditions dominated and calcareous and detrital deposits accumulated 
in the southern part of the studied region, which had been occupied by the fluvial system. The Late Jurassic paleogeography 
featured a shallow bay (Tlaxiaco Bay) connected to the south with the Pacific Ocean. A connection between this bay and the 
Gulf of Mexico might r.ave initially occurred between Tithonian and Valanginian times. There is no evidence to support the exis
tence of a direct marine connection between the northern part of the Tlaxiaco Bay and the southern portion of the Sierra Madre 
Oriental area during Middle Jurassic and most Upper Jurassic times. 

There are no indications of Barremian-Aptian marine sedimentation in most of the Mixteca terrane. Only to the north. in the 
San Juan Raya area, a continuous marine Valanginian-Aptian sequence has been reported. During this time, subaerial monoge-
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netic volcanism locally occurred near Santo Domingo Tonala. From Albian until probably Turonian, a broad calcareous platform 
evolved over the Mixteca and Oaxaca terranes and may have extended to the Actopan platform, north of the present Mexican 
Volcanic Belt. In post-Turonian time, general uplift contemporaneous with folding affected the studied region. Only in the south
western part of the Mixteca terrane the marine sedimentation was apparently continuous until the Maestrichtian. 

KEY WORDS: Mixteca terrane, Jurassic, Cretaceous, paleogeography, Mexico. 

INTRODUCTION 

Strong vertical and lateral variations in sequences of 
the Mesozoic stratigraphic record of northern Oaxaca and 
southern Puebla suggest the confluence of different paleo
geographic elements in this region. Major contributions on 
the Mesozoic stratigraphy and inferences on the paleo
geography of this region were carried out by Felix and 
Lenk (1889), Aguilera (1906), Calderon-Garda (1956), 
Erben (1956), Perez-Ibargiiengoita and co-workers (1965), 
Ruiz-Castellanos (1970), Ferrusqufa-Villafranca (1976), 
Ortega-Gutierrez (1978b), Monroy and Sosa (1984a), . 
Lopcz-Ticha (1985). Some paleontological studies have 
been also conducted on the Mesozoic marine and 
continental sequences of this region (Burckhardt, 1927; 
Alencaster, 1956; Alencaster and Buitron, 1965; Silva
Pineda, 1978; Ferrusqufa- Villafranca and Comas
Rodrfguez, 1987). In spite of these contributions, some 
fundamental questions about configuration and evolution 
of paleogeography subsist. 

This region constitutes the northern portion of the 
Mixteca terrane, for which large-scale southwestward 
translation relative to North America and other continental 
portions of Mexico has been suggested (Anderson and 
Schmidt, 1983; Urrutia-Fucugauchi, 1984; Monin-Zenteno 
et ai .. 1988). Several paleomagnetic studies of Jurassic and 
Cretaceous units have been carried out in this terrane in 
order to investigate possible latitudinal displacements 
(Bohnel, 1985; McCabe et ai .. 1983; Urrutia-Fucugauchi, 
1988; Monin-Zenteno et ai.. 1988; Ortega-Guerrero, 
1989). The results are not conclusive, but most inclination 
values of observed paleomagnctic directions suggest 
southward displacements relative to North America from 
Middle Jurassic until Early Cretaceous times. 

One possible tectonic discontinuity which may have 
accomodated some displacement is a megashear proposed 
to coincide with the Mexican Volcanic Belt (MVB) 
(Anderson and Schmidt, 1983). The Tertiary-Quaternary 
volcanic rocks of this belt cover the northern edge of the 
Mixteca terrane obliterating the Mesozoic paleogeographic 
relationships between this terrane and the region",ituated 
to the north. 

We have carried out a stratigraphic study in the north
ern part of the Mixteca terrane, in order to find out about 
the paleogeographic evolution of this region during 
Jurassic and Cretaceous times and furthermore its relation
ship to the Mesozoic sequences north of the MVB . Our 
studies have been concentrated in three areas where the 
Jurassic-Cretaceous sequence is particularly well exposed. 
These areas are Coyotepec-Tianguistengo. Petlalcingo
Huajuapan de Leon and Tezoatlan de Juarez-Diquiyu 
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(Figures 1 to 5). Detailed mapping, stratigraphic analysis 
and section measurements were carried out in each area. 
Our paleogeographic interpretation is also based on earlier 
petrofabric measurements and primary structure observa
tions in Tecomazuchil Formation in the Huajuapan de 
Leon area (Figure 1) (Caballero-Miranda et al .. 1990). 

The main uncertainties about the stratigraphic record of 
this region stem from the difficulties of establishing ages 
and correlations among Jurassic continental units, because 
the flora contents have wide stratigraphic ranges. This sit
uation also introduces some degree of uncertainty in the 
conclusions pertaining to the paleogeographic evolution. 

COYOTEPEC·TIANGUISTENGO AREA 

The area located between San Vicente Coyotepec and 
Santo Domingo Tianguistengo villages, in southern 
Puebla, contains extensive outcrops of sedimentary Tocks 
assigned to the Jurassic (Figure 2). This zone of 300 km2 

has maximum relief of 500 m. The most extensive out
crops of Cretaceous rocks in southern Puebla occur east 
and northeast of this area. The Mesozoic sequence has a 
maximum thickness of 2,500 m; it overlies the Paleozoic 
Acatlan Complex and the Upper Paleozoic Totoltepec 
stock. 

The lower part is constituted by two detrital continental 
units assigned to the Jurassic. The upper part consists 
mainly of marine Cretaceous rock bodies. The units of this 
area were informally designated by Ortega-Guerrero 
(1989) as "Piedra Hueca", "Otlaltepec" , "Magdalena" and 
"Caliza Coyotepec". 

The main structure of this area is a homocline dipping 
to the northeast, which is well expressed in the Crctaceous 
sequence. The underlying Jurassic bodies show complex 
tcctonic structures that record overprinted structural 
phases. 

"Pied .. a Hueca unit". The lower unit of the Mesozoic 
consists of about 800 m sequence composed of basal con
glomerate and alternating layers of arkose, siltstone and 
shale. Cross-stratification and ripple marks occur typically 
as well as fossil flora remains . This unit rests lJnconfor
mably over bOlh Totoltepec stock, to the south, and the 
Acatlan Complex to the east and southwest. The upper 
contact is an angular unconformity with both Otlaltepec 
and Magdalena units. 

Primary structures, fossils and lithology of the Piedra 
Hueca Formation suggest that it records a system of chan
nels and flood plains, probably developed within a 
braided-stream environment. The recognizable fossil flora 
includes Otozamites spp. (R. Weber, personal comunica
tion). Poor preservation precludes species identification 
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Fig. 2. Geologic map of Coyotepec-Tianguistengo area, southern Puebla (after Ortega-Guerrero. 1989). 

but some specimens may belong to OlOzamiles hespera 
Wieland (Silva-Pineda , personal communication). 
A vellaneda-C6rdova and coworkers (1987) reported 
Plilophyllum cuthense Morris (Middle Jurassic) in this re
gion, however the precise location was not indicated. In 
Consuelo area, near Diquiyu (Figure 1), within the upper 
stratigraphic section of the Rosario Formation, Wieland 
(1914) reponed Olozamiles hespera, which is also reported 
in the Middle Jurassic flora of the Tecomatlan area (Fig. 1) 
(Silva-Pineda, 1969). The age limits of this species are not 
weB known; it may extend from Upper Triassic into the 
Jurassic. In the Tecomatlan area, Zamiles jeneronius, O. 
reglei , P. aculifolium and P. cuthense. which Silva-Pineda 
(1969) considers characteristic of Middle and Upper 
Jurassic, may be found . The presence of O. hespera and 
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P. cuthens~. as weB as the petrologic affinity and 
geographic proximity to Tecomatl<ln sequence, suggest a 
contemporary relation, at least partiaBy, of Piedra Hueca 
Unit with the Tccomatlan sequence. 

"Otlaltepec unit". This sequence consists of alter
nating arkose, shale and siltstone layers of about 1500 m 
thick, with cross-stratification and abundant fossil flora. It 
overlies the TotoItepec stock and the Acatlan Complex un
conformably, and the Piedra Hueca unit with an angular 
unconformity. It is overlain unconformably by the 
Magdalena unit. Its outcrops are mainly in two areas, to 
the west and in the central-east portion. The unit thins out 
toward the east and its depositional environment must be 
nearly the same as for the Piedra Hueca unit. Lateral va-



riations of thickness probably indicate an irregular deposi
tional surface, and suggest that the unit accumulated in a 
basin and range scenario formed during extensional 
tectonism. 

The absence of recognizable fossil flora prevents the 
assignment of a precise age, but according to stratigraphi
cal relationships it should have been deposited between the 
Middle Jurassic and the Early Cretaceous. 

"Magdalena unit" . This unit comprises 200 m of con
glomerate, sandstone, shale and marl that overlie by angu
lar unconformity the Jurassic units and partly the Acatlan 
Complex. The upper contact is transitional to Coyotepec 
limestone. Cross-stratification is present in the clastic beds. 
No fossil was found, but the upper contact relationship 
with Albian-Cenomanian rocks suggests an Aptian (?)
Albian age. 

"Co)'otepec Limestone". The upper unit of the Meso
zoic rocks of this area is about 400 m thick and contains 
partly dolomitized biomicrite with black flint nodules and 
lenses near the base and interbedded shale layers increas
ing in abundance upward. It is overlain unconformably by 
Teniary and Quaternary deposits . It shows symmetrical 
ripple marks with polygons of cracks in which gasteropod, 
pelecipod and foraminifera remains are abundant. Toucasia 
poiygyra and Nummoiocuiina heimi Bonet suggest an 
Albian-Cenomanian age. Dolomitization and ripple marks 
point out to interpret an imer- or supratidal depositional 
environment. 

HlJAJl1APAN-PETLALCINGO AREA 

The Mesozoic record exposed in this area includes sed
imentary rocks with beds of fluvial origin at the base and 
marine origin in most of the sequence. It ranges from 
Middle Jurassic to the beginning of Late Cretaceous. 
Cretaceous beds are tilted, forming an homoclinal. The 
strata strikes north-northwest and dip to the east and form 
elongated hills upon which an obsequent drainage pattern 
developed. 

Tecornazuchil Formation. At the base of the Meso
zoic sequence in this area there are detrital rocks of conti
nental origin named Tecomazuchil Formation (Perez
Ibargiiengoitia el ai, 1965). This unit has a minimum mea
sured thickness of 600 m (Caballero-Miranda, 1990a) and 
may be as thick as 2000 m (Ortega-Gutierrez, 1978bt. It 
overlies unconformably the AcaLlan Complex. Between 
Santiago Chilixtlahuaca and San Francisco Yosocuta, the 
contact with this Complex is a normal faulting system. 
Near Petlacingo the upper contact constitutes a transition 
to Oxfordian marine rocks (Chimeco Formation; Perez
Ibargiiengoitia op. cit.). To the south, near El Lim6n, the 
contact is an angular unconformity. Elsewhere, younger 
Mesozoic units lie unconformably upon the Tecomazuchil 
Formation. 

Several discordances may be found within this forma·, 
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tion. Units bounded by significant angular unconformities 
may be delineated as members or subunits, clearly distin
guishable in aereal photographs. The lithology of the basal 
Tecomazuchil Formation consists of a non-rhythmic alter
nating sequence of conglomeratic lithic arkoses to arkosic 
lithic arenites, commonly with cross stratification and 
plant remains, sandy conglomerates, siltstones and sandy 
siltstones. The lithic debris are derived from metamorphic 
rocks and locally from fine-grained clastic rocks. The 
coarse layers form lenticular and striped bodies. In the 
lower portion of the Tecomazuchil Formation there is a 
conspicuous conglomeratic unit in the area between 
Texcalapa and San J. Ayuquililla. Restricted volcanic bod-' 
ies crop out at the contact with the Acatlan Complex and in 
between the clastic rocks of the lower sequence exposed in 
the Santiago Chilixtlahuaca-San J. Silacayoapilla area. 
Other volcanic accumulations have been reported ncar 
Texcalapa (Ortega-Gutierrez, 1978b). 

Chirneco and Mapache Formations. Two litho
logically distinct Jurassic marine sequences overlie Teco
mazuchil Formation. One is detrital-calcareous and crops 
out in the northern part of the area; the other is muddy-cal
careous and crops out in the southern part of the area. Tile 
northern clastic-calcareous sequence is constituted by the 
Chimeco and Mapache Formations (Perez-Ibargiiengoitia 
et al., 1965). At Texcalapa, the total maximum thickness 
of these two unils is 600 m and both disappear because of 
erosion lO the south. The southern sequence is constiluted 
by lhe muddy-calcareous "Solano unit" of Caballero
Miranda (1990a). 

Chimeco Formation overlies Tecomazuchil Formation 
in most places. In a limited area zone near Santiago 
Chilixtlahuaca, the Mapache Formation lies conformably 
over lhe Chimeco Formation and unconformably over the 
Tecomazuchil Formation. Both units have abundant fos
sils, mainly pelecipods (G riphaea mexicana, Pinna 
quadrifrons, Lima comatulicostosa, Pleuromya spp., 
Lucina spp, and others), brachiopods (Rhynconella 
arellanoi), ammonoids, gasteropods, corals and echinoids 
(Cidaris). This fossil assemblage supports an Oxfordian
Tithonian age for these units (Alcncaster and Buitr6n, 
1965). 

The Chimeco Formation is composed of sandy lime
stone, calcareous sandstone and oosparite. The Mapache 
Formation contains mainly muddy limestone with cOl}spi
cuous biomicrudite coquina beds made up of internal casts 
of bivalves. At the base of the Chimeco Formation there is 
a thin purple sandy siltstone and a claystone bed which is 
very useful as a marker and enables us to detecl repetitions 
due to faulting, which is common ncar Chila de las Flores 
(sec Figure 3). The Chimeco and Mapache Formations at 
Chila de las Flores area conlain Purpuroidea aWllana, 
which is typical of Upper Jurassic deposits such as the 
Mapache Formation al iL<; type locality (Buitron, personal 
communication, October 1988). The fossil assemblage of 
these units includes stenohaline and euryhaline organisms. 
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These organisms and the lithology suggest a littoral envi
ronment with fresh water inflow. The Chimcco Formation 
probably accumulated in a palcobay with high energy that 
restrained the access of planktonic organisms. These con
ditions must have changed to one of lower energy during 
deposition of the Mapache Formation. 

"Solano unit". An informal unit of indeterminate 
thickness unconformably overlies the Tecomazuchil For
mation in the southern part of this area (Caballcro
Miranda, 1990a). It contains laminated mudstone-wacke
stone limestone, commonly muddy, locally dark and orga
nically rich; dolomitized limestone; marlstone and calca
reous shale with single pelccipod valves and iron nodules. 
Its stratigraphic position is constrained by ammonites 
found between S. J. Silacayoapilla and Solano, and identi
fied as Virgatites sp., which is a Tithonian genus. This 
unit may have accumulated in a quiet marine environment 
with open sea communication. At times , events of quick 
sedimentation may have occurred, allowing the conser
vation of organic material. 

"San Miguel Papalutla unit" . A muddy-calcareous 
sequence, informally named "San Miguel Papalutla unit", 
crops out in the southwest corner of this area (Caballero
Miranda, 1990a). Ichtyosaurs and plesiosaurs are reported 
(Ferrusquia-Villafranca and Comas-Rodriguez, 1987) from 
this unit as well as ammonites of Valanginian-Hauterivian 
ages (Gonnilez-Arreola and Comas-Rodriguez, 1981). The 
ammonite genus Neocomites. found by us in addition to 
the reported foss i Is , leads us to assign a Valanginian
Hautcrivian age for this unit. It lies unconformably over 
the Tecomazuchil Formation. Late Jurassic units found at 
other localitics, arc absent in this area. 

San Miguel Papalutla unit consists of muddy limestone, 
recrystallized limestone, marlstone and some sandy lime
stone and mudstone. At the base there arc some beds of 
reddish lithic arenite and shale. All features suggest accu
mulation in a shallow marine environment ncar to a shore
line and without barriers to the open sea. 

Teposcolula Formation. The Mesozoic sequence 
culminates with a calcareous unit that covers uncon
formably all lower Mesozoic units. In the PetJalcingo area 
this unit has been described as the PetJalcingo Formation 
(Salas, 1949) and later as the Morelos Formation (Perez
IbargUengoita et al .. 1965). We consider that the continu
ous strata outcrops of this unit, everywhere in the studied 
area, fit the definition of the Teposcolula Formation 
(Ferrusquia-Villafranca, 1976) rather than the Morelos 
Formation. For this reason we usc "Teposcolula Forma
tion ". 

The upper portion of the Teposcolula Formation in the 
studied area is differentially eroded and is overlain by 
Cenozoic clastic layers. This formation is locally affected 
by north to northwest trending normal faults. These faults 
cause repetitions of some parts of the Mezosoic sequence 
and the Teposcolula Formation. For this reason, thickness 
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may not be accurately measured. It is estimated to be 400 
m near Petlalcingo (Perez-Ibarguengoitia et al .. 1965) and 
800 m ncar Zapotitlan Palmas (Caballero-Miranda, 1990a). 

The Teposcolula Formation in the studied area may be 
subdivided into two parts. The lower and more exposed 
part is all limestone. It forms the conspicuous elongated 
cliffs of this area. The upper part contains muddy and 
sandy layers that may be seen along the highway between 
Chila de las Flores and Huajuapan de Leon. Near this area 
the upper part of the formation is in faulted contact with 
the Chimeco and Mapache Formations. The latter reo. 
sembles somewhat the upper Teposcolula Formation. 
These similarities may lead to misidentification (cf. Erben, 
1956). The lower portion contains massive wackestone and 
packstone limestone with chert nodules. It is locally 
recrystallized and, in small areas (e.g., near Solano), it 
contains limestone breccias with chert bands. The upper 
section contains muddy, silty and sandy limestone, marl
stone and massive limestone. Scattered all over the for
mation there are pelecypods, rudists, gasteropods, echi
noids and miliolid, rotalid and textularid foraminifera. 

This sequence has been assigned to Albian-early 
Cenomanian in the Petlalcingo area (Perez-Ibargtiengoitia 
et al .. 1965), where only the lower section crops oul. 
However, the fossils in the upper section indicates that the 
age of the formation in the studied area must actually 
range from Albian to Turonian. These fossils are Gryphaea 
graysonana. of Cenomanian age (identified by Buitron, 
personal communication, October 1988) and lIippurites 
resectus mexican us. of Turonian age (reported by Erben, 
1956, from a locality here considered as within the upper 
section). 

TEZOATLAN-DIQUIYU AREA 

The Mesozoic sequence of this area has a heteroge
neous lithology. There are volcanic bodies at the base and 
in the middle upper part; mainly continental sedimentary 
units in the lower portion and mainly marine in the upper. 
It has a total thickness of 1450 m to 2100 m. Units of the 
sequence range from Triassic to the beginning of Late 
Cretaceous. The sequence is folded in open and almost 
symmetrical folds with the axial surfaces trending north
south and axes plunging northward. Axial surfaces bend to 
the northwest near Santo Domingo Tonala. These folds 
(Figure 4) constitute the structure named Diquiyu 
Anticlinorium (Erbcn, 1956). 

"Diquiyu unit". A volcanic body of mainly andesitic 
composition (Moran-Zenteno, 1987) is exposed south of 
San Juan Diquiyu. It is the basal unit of the Mesozoic se
quence and it crops out in the core of the Diquiyu anticli
norium. This body contains volcanic flows and pyroclastic 
rocks of intermediate (andesitic-basaItic) composition and 
also some rhyolitic flows. Most of these rocks arc hy
drothermally altered and, in some localities, they show 
some incipient cataclastic deformation. 
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The andesitic-basaltic flows have a porphyritic texture 
with phenocrysts of plagioclase (andesine-oligoclase), al
tered pyroxenes and quartz amygdules. The pyroclastic 
rocks are altered tuff with a cryptocrystalline matrix that 
contains scauered quartz fragments and subordinate clay 
minerals. In some places rhyolitic rocks have flow struc
ture (Schmiuer in Ochoterena, 1981). 

The bottom of this sequence is not exposed, but a 
thickness of 62 m has been reported in a coal exploring 
well (Cortez-Obregon et al., 1957.) . The exact age of 
Diquiyu unit is unknown but we suggest that it may be pre
Toarcian because it lies disconformably under the Rosario 
Formation, which has been considered as Toarcian
Aalenian in age (Erben, 1956). 

Rosario Formation. The RosarioFormation (Erben, 
1956) crops out only in this area . It contains a basal 
oligomictic conglomerate of andesitic clasts apparently 
derived from the Diquiyu unit. Over this conglomerate lies 
a lithic arenite with intercalations of poorly consolidated 
siltstone and yellowish-green shale beds, with some coal 
layers. Some layers contain an abundant palcoflora. There 
are beds containing volcanic clasts and debris of tuffa
ceous material. Clasts in the lithic arenite are of metamor
phic and volcanic origin. 

The thickness of this formation ranges from 100 to 250 
m. It overlies unconformably the Diquiyu unit and under
lies transilionally the Cualac Conglomerate. 

Cycadophytes, typical of the Mesozoic, and ferns stand 
out among the paleonora (widely studied by Wieland, 
1914; Silva-Pineda, 1970, 1978; and Person, 1976). Erben 
(1956) estimated the age of the Rosario Formation as 
Toarcian-Aalenian according to its stratigraphic position. 
Other authors (e.g., Lopez-Ticha, 1985) consider this unit 
to be of Paleozoic age , in spite of its Mesozoic paleoflora 
content and based only on its similarity to supposed 
Paleozoic green beds. According to Lopez-Ticha (op. cit.) 
such supposed Paleozoic beds are exposed west of 
Petlalcingo and north of Tmoltepec. However, at both 
places a typical Mesozoic palconora has been reported 
(Silva-Pineda, 1978, Ortega-Guerrero, 1989) and there is 
no evidence of Paleozoic beds. The lithology from the 
Rosario Formation indicates a fluvial environment with 
flood plain deposits. 

Cualac Conglomerate. This formation contains a 
poorly sorted orthoquartzitic conglomerate, with rare iRter
bedded quartz and lithic arenite, conglomeratic arenite and 
siltstone. Most clasts are of milky white quartz and quartz
ite; a few are of schist and gneiss. It contains tree trunks 
and other plant remains. 

Lower and upper contacts are transitional. The lower 
contact with the Rosario Formation and the upper with the 
Tecocoyunca Group. The unit has a general lenticular 
geometry with a maximum thickness of 150 m that thins 
out laterally and vanishes. Its age, as in the case of the 

Jurassic-Cretaceous evolution of Mixteca terrane 

Rosario Formation, is not exactly known, but is assumed to 
lie in the Middle Jurassic-pre Bajocian interval. 

Lithology suggests that the Cualac Conglomerate is the 
proximal facies of alluvial fans developed in a region of 
strong relief, which apparently originated during 
extension. 

Tecocoyunca Group. According to Erben (1956) this 
group includes five formations with variable lithology and 
fossil content. These five formations are not easy to 
recognize in the field because some of them have many li
thological similarities; besides, some physical characte- . 
ristics are not laterally continuous. Two clearly different 
se-quences can be described: the lower (equivalent to 
Zorri-llo, Tabema and Simon Formations of Erben, 1956) 
in-eludes mainly detrital sedimentary rocks with 
interbedded carbon layers and some calcareous horizons; 
the upper se-quence (equivalent to Erben's Otatera and 
Yucufiuti For-mations), consists also of detrital rocks but 
with common calcareous beds. 

The lower portion of the Tecocoyunca Group is 150 m 
to 280 m thick (Erben, 1956; Mosquera y Melendez, 
1984). It has a basal quartz arenite layer in the contact with 
Cualac Conglomerate, followed by lithic arenite and 
sublithic arenite with interbedded siltstone, shale, coal 
lenses and some layers of calcareous hematitic and silty 
concretions. The middle part of this portion has sparitic 
limestone with some interbedded shale and siltstone. The 
uppermost part is detrital with sandstone and less siltstone 
and shale. Detrital fractions contain palco flora, especially 
cycadophytes and ferns (Zamites, Williamsonia, Pte
rophyllum and Otozamites; Silva-Pineda, 1970, 1978). 
Calcareous horizons contain trigon ids (Myophorella for
mosa and Vaugonia v-costata; Alcncaster, 1963) and am
monoids (Duashonoceras(Stephanoceras/Zigzagiceras As
sociation) andParastrenoceras; Westermann et al., 1984). 
This fossil assemblage suggests a Bathonian age. The 
described features lead us to infer a flood plain envi
ronment with local marsh land zones affected by marine 
influx across restricted channels. 

The upper portion of this group contains sandstone, 
micritic limestone, some horizons of sparitic and sandy 
limestone and also coquina beds. The thickness of this 
portion ranget; from 50 to 200 m. Its fauna content has 
been studied by Burckhardt (1930), Erben (1956), 
Alencaster (1963) and Ochoterena (1981). Imlay (1980) 
and Westermann et al. (1984) also carried out studies of 
the fossil content of this portion in the Olinahi area,. from 
which they assigned a late Bathonia-carly Callovian age to 
these Jeds. Among the ammonites the genera 
Neuqueniceras, Eurycephalites and Xenocephalites, of 
clear Pacific Ocean affinity, stand out. The features of this 
portion suggest a littoral to shallow sea environment 
connected to the open sea, but with important terrigenous 
contributions. 

"Caliza con Cidaris". This unit is rarely exposed in 
this area because it is covered by a thick and extensive 
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caliche coating. However, in the southern part of the area 
there arc some outcrops of muddy and sandy-calcareous 
rocks with cchynoderm spicules. In the Tlaxiaco area south 
of the Tezoatlan-Diquiyu area, Erben (1956) reports co
quina horizons and marly limestone. The thickness of this 
unit ranges from 180 m to 200 m (Mosquera and 
Melcndez, 1984). 

The fossil fauna contents of this unit is benthic. There 
arc coquinas composed of pelccipods and brachiopods 
(Exogyra cf. ptychodes. ostreas, Gryphaea mexicana Felix 
and Rhynconella) and echynoids from Cidaris genus (all 
reported from Tlaxiaco area by Buitron, 1970 and 
Carrasco-Ramirez, 1981). The fossil contents and lithology 
indicate a neritic and high energy marine environment. 

"San Miguel Papalutla unit". The appearance of this 
unit in the TezoatUin-Diquiyu area, is in general very simi
lar to that in the Huajuapan-Petlalcingo area. There is a ba
sal calcareous member that is dolomitized ncar Sto. Do
mingo Tonala Canyon (east of Sto. Domingo Tonala vil
lage). Here the thickness of the San Miguel Papalutla unit 
is 150 m. The basal calcareous member conformably over
lies the "Caliza con Cidaris" unil. The upper contact of thi s 
unit is discordant with the San Vicente volcanic unit. Its 
age is Valanginian-Hauterivian, as mentioned above. 

"San Vicente unit". San Vicente is a pyroclastic unit 
of andesitic composition. It contains lapilli tuff, ash tuff 
and agglomerate of bombs and blocks. It crops out west of 
San Vicente del Palmar village (sec Figure 4) (Moran
Zenteno el al .. 1988). 

The lapilli tuff contains cryptocrystalline f1allened 
fragments . Coarser fragments show a porphyritic texture 
with plagioclase and pyroxene phenocrysts, oxidized ferro
magnesian minerals and replacements of c1orite, celadonite 
and calcite. The matrix of these fragmenL<; is cryptocrys
talline, also with celadonite and sparitic calcite fillings. 

The unit has a lenticular geometry. Its maximum thick
ness is of 205 m in San Vicente del Palmar and it thins out 
until it vanishes north and south of this village. In Sto. Do
mingo Tonala Canyon (east of Sto. Domingo Tonala), its 
thickness is only 20 m. 

Lower and upper contacts of the unit arc discon
formities. It overlies the Valanginian-Hauterivian Papa
lutla unit and is covered by a detrital rock body of pre
Albian age (Santa Catarina unit). Based upon these strati
graphic relations, this unit is assigned to the Hauterivian
upper Barremian interval. 

Features of this unit suggest a strombolian volcanic 
activity. in a subaerial environment with low relief. 

"Santa Catarina unit" . This new informal designation 
is intended to describe a detrital-calcareous sequence that 
unconformably overlies the San Vicente unil. hi an earlier 
reference (Mosquera y Melcndez, 1984). this unit was 
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called San Isidro Formation, and it was first described in 
an unpublished work on the Tlaxiaco zone (Lopcz-Ticha, 
1969, in Mosquera y Melendez, 1984). 

At the base there is a conglomerate of volcanic clasts 
overlain by a sequence of well-consolidated red lithic 
arenite with volcanic fragments. From bottom to top the 
grain size of the arenite decreases and it changes to red 
siltstone with intercalated calcareous sandstone. Lime 
content increases as well to top. The measured thickness of 
this unit in Sto. Domingo Tonala Canyon is 150 m. 

This unit is transitional into the Teposcolula For
mation. The lower contact is an unconfomlity with the San 
Vicente unit, which in turn overlies unconformably a 
Valanginian-Hauterivian unit. These stratigraphic rclations 
suggest an age within the Barremian-Aptian interval for 
the Santa Catarina unit. Other detrital sequences with simi
lar stratigraphic position have been reported in the Mixte
ca region: the Tlaquiltepcc Formation of Neocomian age, 
in Olinala, Guerrero (Corona-Esquivel, 1985; Guzman. 
1950; Flores de Dios and Buitron, 1982); red beds of Neo
com ian age from Sierra del Tentzo, Puebla (Monroy and 
Sosa, 1984); and the San Isidro Formation in Tlaxiaco, Oa-
xaca (Lopez Ticha, 1985). -

The lithology of this unit leads us to infer a nonmarine 
environment that gradually changed to marine conditions 
with terrigenous contributions. 

Teposcolula Formation . This unit tops the Mesozoic 
stratigraphic column over most of this area. It is composed 
of medium-thick and massive bedded spary limestone with 
bands and nodulcs of flint. It contains important intra
formational breccias of a calcareous, sandy or silty matrix. 
It also contains some beds with rudisL<; (Hippuriles sp.) and 
bands of marly limestone. 

The age assigned to this unit, in localities situated to 
the east of this area, is Albian-Coniacian (Ferrusquia
Villafranca, 1976). The lower contact of the Teposcolula 
Formation is transitional with the Santa Catarina unit and 
is defined by a noticeable increase of calcareous material. 
Its thickness varies between 400 m and 500 m. 

Lithology'suggests shelf marine environments. The 
abundance of micritic limestone reflects low to medium 
energy conditions and the intraformational breccias may 
correspond to periods of retreating seashore. 

"La Campana gypsum". This unit crops out in the 
northwest corner of this area, ncar San Juan Reyes village , 
where it takes its name from a steep bell-shaped hill called 
La Campana (Caballero-Miranda, 1990). It consists of 
white gypsum with black bands, veins and SPOl<; caused by 
impurities and selenite crystal aggregates. There are few 
beds of gray limestone ; black mudstone and sandstone; 
light reddish siltstone and limestone. The gypsum is defor
med and it is not poss ible to measure its thickness. Al
though stratigraphic relations are not clear, it seems to lie 



above the Teposcolula Formation and is covered by Ter
tiary clastic beds. Its age is uncertain. 

Other evaporitic beds reported near this area are below 
Teposcolula Formation. They were found in two wells 
situated to the southeast (Teposcolula 1 and Yucudac 1 
wells from PEMEX; in Lopez-Ramos, 1979). The 
Anhidrita Huitzuco, located to the northwest in Guerrero 
State, is of Albian age and has diapiric structures. 

PALEOGEOGRAPHIC INTERPRETATION 

According to inferences derived from recent findings of 
Paleozoic sedimentary outcrops (Flores de Dios and 
Buitron, 1982; Corona Esquivel, 1981 (1983); Buitron and 
Flores de Dios, 1984; Enciso de la Vega, 1984; Vazquez
Eche'verrfa, 1986), the northern Mixteca Terrane should be 
occupied during the late Paleozoic by a marine platform 
with calcareous and clastic sedimentation. During the Car
boniferous this platform extended to the western part of the 
Oaxaca terrane, and it could have been limited to the east 
by an emerged land during Pennsylvanian to Permian, 
where the fluvial sedimentary units (Matzitzi and 
Yododefie Formations) accumulated. Upper Paleozoic se
diments must have been deposited over a wide region oc
cupied on the west by the Acatlan complex and the Totol
tepec stock and on the cast by the Oaxacan Complex. 

The conspicuous absence of Triassic-Lower Jurassic 
marine rocks is the consequence of a long period of emer
gence and slight deformation (folding or normal faulting 
with tilted blocks). During this time, most of the Upper 
Paleozoic sedimentary cover was eroded and large areas of 
the Acatlan and Oaxacan complexes were exposed. The 
andesitic volcanic unit at the base of the Mesozoic se
quence in San Juan Diquiyu area is the only rock record of 
this time. This unit reflects subareal calc-alkaline volcan
ism with pyroclastic and flow activity. The lack of isotopic 
data precludes correlation with other units such as Las 
L1uvias Ignimbrite (Corona-Esquivel, 1981 (1983» and the 
Chapolapa Formation (Cscrna, 1965), both in Guerrero 
State. 

The first indication of a change in the upheaval and 
erosional regime is the fluvial sedimentary sequence of the 
Rosario Formation (Figures 5, 6 and 7), assigned to the 
Toarcian-Aalenian(?). This unit is overlain by quartz sed
iments of the Cualac Conglomerate which has a lenticular 
geometry. The Rosario Formation is only found in the 
Tezoatlan-Diquiyu area; elsewhere in the region~ the 
Cualac Conglomerate is at the base of the Mesozoic se
quence. The basal conglomcrate member of the Rosario 
Formation suggests a fluvial environment of high energy, 
with clastic fragments derived from the San Juan Diquiyu 
andesitic unit. This lower clastic unit probably 
accumulated simultaneously with the development of a 
horst-and-graben tectonics. Thc fipe-grained upper part of 
the Rosario Formation suggests wide valleys with marshes, 
flood plains and an abundance of cycadeoidal s and 
filicales from which coal layers were formed. 

Jurassic-Cretaceous evolution of Mixteca terrane 

During the Aalenian or the early Bajocian, normal 
faults may have been reactivated, increasing the relief con
trast and producing the coarse clasts in the Cualac 
Conglomerate. The general lenticular geometry of this unit 
suggests deposition in a piedmont selling from coalescing 
alluvial fans in moist and warm climate, as shown by the 
abundance of quartz clasts and flora debris. For the 
Bajocian-Bathonian interval, wide alluvial plains with 
marsh are inferred from the finer sediments of the 
Tecocoyunca Group and the coal layers, mainly in the 
zone between Tezoatlan and Tlaxiaco. The first marine in
flux is represented by the calcareous-shale Taberna 
Formation (from Erben nomenclature; Erben, 1956) in the 
middle of the Tecocoyunca Group, which must have come 
from the south. The marine influxes became more frequent 
after the upper Bathonian in the Tezoatlan, Tlaxiaco and 
Olinala areas (Otatera and Yucutluti Formations of Erben, 
1956). In Coyotepec-Tianguistengo and Huajuapan
Petlalcingo areas, the Middle Jurassic stratigraphic record 
is wholly fluvial. This strongly suggests that the 
Bathonian-Callovian marine influxes reached only as far 
as southern Huajuapan de Leon (Figure 6). 

The marine beds outcrops of Tecocoyunca Group, re
SLricted to western Oaxaca and eastern Guerrero, the typi
cal continental character of the Middle Jurassic sequence 
of eastern Oaxaca (Torres-Euan and Torre Alarcon, 1987), 
and the lack of a Jurassic record in central Guerrero and 
Morelos States, suggest that the active graben previously 
occupied by a fluvial system evolved into an estuary de
veloped after the earliest marine transgressions from the 
Pacific Ocean. The existence of ammonites with Pacific 
affinity in Callovian layers of the Olinala area, such as 
Neuqueniceras sp., Xenocephalites sp., arid Euricephalites 
sp. (Imlay, 1980; Westermann et al., 1984), supports the 
idea of a connection of this estuary with the Pacific Ocean. 
On the other hand, petrofabrics and magneLic fabrics in the 
Tecomazuchil Formation, near Huajuapan, confirm a 
south-southwestward general paleoslope during the time of 
deposition of this formation (Caballero-Miranda, 1990b). 

Paleomagnetic directjons in the Late Paleozoic 
Totoltepec Granite and other sedimentary units of the 
Mixteca Terrane dQ not support a north-south displacement 
(Fang et al., 1989). However, paleomagnetic results of 
Jurassic roc~s of the same terrane show a systematic 
group of inclinations which suggests that this region, in
cluding Mixteca and Oaxaca terranes, was originally lo
cated northwestward of its present position relative to 
North America (Moran-Zenteno et al.. 1988; Qrtega 
Guerrero, 1989). 

In Oxfordian time, the marine regime musL have been 
established in an elongated palcobay that we call Tlaxiaco 
Bay, which had a nearly north-south orientation (Figure 7). 
IL eXLended northward to a site between Coyotepec
Tianguistengo and Petlalcingo, as indicated by the lack of 
an Oxfordian-TiLhonian marine record in thc Coyotepec 
and Sierra del Tentzo areas (Figure 5). The marine 
Oxfordian layers north of Petlalcingo could have been 
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eroded during the Neocomian emersion. The preservation 
of a thick continental Jurassic record in the Coyotepec
Tianguistengo area and its upper angular conWct with the 
Cretaceous cover suggest that Jurassic marine layers, if 
they existed, should have been partially preserved. 
However, they are not present. 

The lithologic and fossiliferous characteristics of the 
Oxfordian-Tithonian m-arine sequence indicate shallow 
marine conditions of deposit with abundant benthic fauna 
and low terrigenous conlributions. High energy conditions 
characterized this bay during the Oxfordian and low 
energy during Kimmeridgian-Tithonian times. The ap
parent lack of ammonites during the Oxfordian may be due 
to high energy conditions rather than to a possible barrier 
that obstructed the cireulation to the open sea. On the other 
hand, the presence of eurihaline organisms in some hori
zons suggests periods of salinity change due to important 
fresh water influx. These marine conditions persisted until 
the Hauterivian with variable eonlributions of terrigenous 
materials. The occurrence of marine calcareous-shale beds 
of Tithonian-Hauterivian age in the Canon de Toliman 
area , in the eastern part of Oaxaca terrane (Torres-Euan 
and Torre-Alarcon, 1987), and of Tithonian (Mena-Rojas, 
1961) and Valanginian marine beds in the Sierra de Juarez 
area (Ortega-Gutierrez and Gonzalez-Arreola 1986) 
suggest that a marine connection between Tlaxiaco bay 
and the Gulf of Mexico might have occurred already 
between Tithonian and Valanginian times. 

In the Petlalcingo area there is no sedimentary record 
from the Berriasian to the Hauterivian. Here, the calcare
ous Albian sequence unconformably overlies Upper 
Jurassic units. Nevertheless the recent finding of 
Valanginian fauna at the base of the Zapotitlan Formation 
(Castro-Mora and Pacheco-G utierrez, 1986) southeast of 
Tehuacan, suggests a possible lateral continuity of this 
Neocomian sequence into southern Puebla perhaps as far 
as Petlalcingo (Figure 8). 

In the Tehuacan-San Juan Raya area the calcareous
shale marine sedimentation continued with active sinking 
and shallow waler conditions during Barremian-Aptian 
times. Meanwhile, the Santo Domingo-Tonala area under
went uplift which could have extended as far as south 
T1axiaco (Figure 9). Over the emerged portion, the an
desitic volcanic activity, recorded in the San Vicente del 
Palmar unit, was developed. This activity generated a 
monogenetic volcanic field of cinder cones with m<ijnly 
Strombolian activity. There is no evidence of a major de
formational phase prior to the volcanism. Other 
Neocomian andesitic rocks arc interbedded with marine 
layers in the Tehuacan (Carrasco, 1978) and Fortfn
Zongolica areas (Carrasco , 1975). 

There is not enough data to decide whether marine sed
imentation in the Tehuacan area went on continuously into 
the Albian. Calderon-Garda (1956) has suggested that the 
sequence of the San Juan Raya and Zapotitlan Formations 
underlies unconformably the Cipiapa Limestone, but the 

Jurassic-Cretaceous evolution of Mixteca terrane 

contact is usually covered and the relationship between the 
two sequences remains obscure. 

A marine Iransgression occurred after the Albian and 
generated an extensive calcareous platform that covered 
the area between Coyotepec and Tezoatlan, as well as the 
western and some other parts of Oaxaca and Guerrero 
States. This platform covered totally the Mixteca and 
Oaxaca terranes. Regionally it is continuous with the 
Guerrero-Morelos platform and it was surrounded by 
deeper zones (Cserna, et al .. 1978; Campa and Ramirez, 
1979) and bounded by discontinuous reefal borders. At the 
western edge of the Guerrero-Morelos platfonn, one of the 
most important reef developments of Albian-Cenomanian 
times occurs (Chilacachapa Reef; Cserna et al .. 1978). 
During the early evolution of this platform local evaporitic 
basins formed, such as northwest of Tonala, Oaxaca, in the 
Teposcolula region and near Huitzuco-Atenango del RIO, 
Guerrero. 

The reported epipclagic organisms in the Albian~ 
Cenomanian sequence of the Teposcolula area confirm an 
open sea connection, at least for some time. In the 
Coyotepec and Tezoatlan regions, intertidal primary struc
tures and limited rudist communities in several strati
graphic levels of the Coyotepec and Teposcolula lime
stones suggest sea level fluctuations from shallow to 
Iinoral with occasional emersions. The calcareous breccias 
of the upper Albian-Turonian sequence in the Petlalcingo
Santo Domingo area point to episodes of emersion 
probably linked to normal faulting that produced irregular 
rclief. It is not possible to determine the stratigraphic range 
of the calcareous units developed on this platform. In the 
Morelos region the suggested upper limit of Cuautla 
Formation is Turonian (Fries, 1960), while in the 
Teposcolula area the range for the Teposcolula Limestone 
has been interpreted as Albian-Coniacian (Ferrusqufa
Villafranca, 1976). In the Petlalcingo-Huajuapan area the 
sequence reached at least into the Turonian (Caballero
Miranda 1990a). 

It seems that marine sedimentation in the Mixteca 
terrane was interrupted at different times. In the Guerrero
Morclos platform detrital sedimentation episodes occurred 
from Coniaci;tn to Maestrichtian (Fries, 1960; Alencaster, 
1981). In the Teposcolula area a clay-calcareous sedimen
tation persisted until Maestrichtian time (Ferrusqufa
Villafranca,1976). Between Coyotepec and Tlaxiaco re
gion no marine sequences, or fossils that could corre9pond 
to post-Turonian times, have been reported. 

There is a lack of continuity between the Jurassic 
paleogeographic clements of the region and those of the 
area located to the north of the Mexican Volcanic Belt 
(MVB). In the southern Sierra Madre Oriental (SMO) area, 
the Jurassic sedimenwry sequence includes Liassic marine 
beds (Huizachal Formation, Carrillo-Bravo, 1965; 
Schmidt-Effing, 1980) and Middle Jurassic continental 
beds (Cahuasas Fonnation). 
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D.1. Moran-Zenteno et al. 

The Cahuasas Formation is covered by a Middle 
Callovian-Albian transgressive marine sequence (Trancas, 
Tepexic, Taman, Pimienta, Tamaulipas Inferior and Abra 
Formations, Carrillo-Bravo, 1965; Cantu-Chapa, 1971). 
This transgression gradually invaded greater portions of 
the SMO area until Albian time when the sea covered all 
of northeastern Mexico. In this time the paleogeography 
was characterized by several calcareous platforms bor
dered by deeper zones. 

There is no evidence to support the existence of a di
rect marine connection between the northern part of Tla
xiaco Bay and the southern part of the SMO area during 
Callovian-Tithonian time. The Bathonian-Callovian 
marine beds thin out and disappear between Tezoatlan and 
Huajuapan de Le6n. The northernmost outcrops of 
Tithonian marine units are found in the Petlalcingo area 
and there is no evidence of marine beds in the Jurassic 
folded sequence of the Coyotepec-Tianguistengo area. 
While the presence of Callovian Neuqueniceras assem
blage in the southern SMO also suggests a marine connec
tion towards the Pacific, the paleogeographic link between 
both regions remains unknown. 

From Kimmeridgian to Aptian, the connection to the 
north might have occurred via the Tehuacan-Orizaba area, 
according to reports of continuous sequences from 
Kimmeridgian to Aptian (Mena-Rojas, 1960; 1961). 

In Albian-Cenomanian time, a paleogeographic con
nection between the two regions seems to be more plau
sible, because there is an apparent continuity between the 
Actopan calcareous platform north of the MVB , and the 
Morelos-Guerrero Platform which extended to our study 
area. 

CONCLUSIONS 

Initial continental sedimentation during the late Early 
Jurassic (?) and the Middle Jurassic in the eastern part of 
the Mixteca terrane records the existence of a tensional 
tectonic phase with sinking, after a long uplift episode with 
intense erosion. 

Since Toarcian (?)-Aalenian times the tectonic depres
sion was occupied by a fluvial system flowing southward 
to southwestward. The depression was gradually occupied 
by shallow marine waters. Subsidence and sedimentation 
of this region were active into the Late Cretaceous and 
were only interrupted by short diachronic episoclCs of 
emergence. 

The broad stratigraphic range of the fossil flora in the 
Jurassic continental uniL<; precludes the assignment of pre
cise stratigraphic correlations. Only tentative chronologic 
relations may be inferred on the basis of stratigraphic rela
tionships with well dated marine units. 

The clear affinity of some Callovian ammonite species 
to the Pacific faunal realm in the Mixteca terrane is in 
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good agreement with our interpretation that the Jurassic 
bay in the eastern part of this terrane was connected with 
the Pacific Ocean. 

The age of the first communication between the Gulf 
of Mexico and the Pacific Ocean at this latitude cannot be 
well established on the basis of available geological infor
mation. It seems likely that such a connection existed in 
Tithonian-Valanginian times. 

A Jurassic paleogeographic continuity between 
Tlaxiaco Bay and the southern SMO region is not sup
ported by known stratigraphic information. A paleogeo
graphic continuity or correspondence is more plausible in 
Albian-Cenomanian time. The available data suggest that a 
lateral displacement between these areas, if any, might 
have occurred during pre-Albian times. 

ACKNOWLEDGMENTS 

We thank Jaime Urrutia Fucugauchi for his support 
and suggestions during the course of this study. 
Discussions on geology of southern Mexico with our col
league Jerjes Pantoja were very helpful. Special thanks go 
to Teodoro Hernandez for his help in drawing the figures. 
Enrique Cabral, Zinzuni Jurado, Carlos Schultze, Jesus E. 
Robles and Emiliano Campos provided field assistance. 
We appreciate the hospitality of our colleague Javier 
Arellano and Onesima Gil Machado. The paper benefitted 
from thorough helpful reviews by two anonymous review
ers and from comments by Cinna Lomnitz. 

BIBLIOGRAPHY 

AGUILERA, J.G., 1906. Excursi6n de Tchuacan a 
Zapotitlan y San Juan Raya. X Congr. Geol. 
Internal. Mexico, Excurs. 7,27 p. 

ALENCASTER, G. 1956. Pelecfpodos y gaster6podos 
del Cretacico Inferior de la regi6n de San Juan 
Raya-Zapotitlan, Estado de Puebla. UNAM, Inst. 
Geo\., Palcont. Mexicana, 2, 47 p. 

ALENCASTER, G., 1963. Pelecfpodos del Jurasico 
Medio del noroeste de Oaxaca y noreste de 
Guerrero. UNAM, Inst. Geol. Paleont. Mexicana, 
15, 52,p. 

ALENCASTER, G., 1981. Moluscos del 
Maestrichtiano de Texmalac, Guerrero. Soc. Geol. 
Mex., Libro gufa de la excursi6n geol6gica a la 
parte central de la Cuenca del alto Rio Balsas, 
Estados de Guerrero y Puebla. 

ALENCASTER, G. and B.E. BUITRON, 1965. Fauna 
del Jurasico Superior de la regi6n de Petlalcingo, 
Estado de Puebla. UNAM, Inst. Geol., Palcont. 
Mexicana,21 pte. 2, 53 p. 

ANDERSON, T.H. and V.A. SCHMIDT, 1983. The 
evolution of the Middle America and the Gulf of 
Mexico-Caribbean Sea region during Mesozoic 
time. Ceol. Soc. Am. Bull., 94, 947-966. 



A VELLANEDA-CORDOV A, R., M. GUERRERO
SUASTEGUI, J. HERNANDEZ-MARTINEZ, A., 
MARISCURRENA-GUADARRAMA, 1987. Estu
dio geologico del area de Tehuacan-Ixcaquixtla, 
Estado de Puebla, Mexico. Unpublished professio
nal Thesis, I.P.N., ESIA. 67 pp. 

BOHNEL, H.N., 1985. Paieomagnetische Unter
suchungen an jurassichen bis quartliren Gesteinen 
aus Zentral-und Sudmexiko. Unpublished Doctoral 
Thesis (Inaugural Dissertation zur Erlangung des 
Doktorgrades), Universitat Munster, 235 p. 

BUITRON, B.E., 1970. Equinoides del Jurasico Supe
rior y del Cretacico Inferior de Tlaxiaco, Oaxaca. 
Soc. Geol. Mexicana, Excurs. Mexico-Oaxaca, 
Libro Guia, 154-163. 

BUITRON, B.E. and L.A. FLORES DE DIOS, 1984. 
Una nueva localidad del Paleozoico Superior de la 
region de la Mixteca Oaxaquefia. Soc. GeoI.Mex., 
Bol. 45,35-37. 

BURCKHARDT, C. 1927. Cefalopodos del Junisico 
Medio de Oaxaca y Guerrero. Inst. Geol. Mexico. 
Bol. 47, 106 p. 

BURCKHARDT, C. 1930. Etude synthetique sur Ie 
MesQ;loique mexicain, Soc. Paleont. Suisse, Mem. 
49-30.280 p. 

CABALLERO-MIRANDA, C., 1990a. GeologIa y 
Anisotropia magnetica del J urasico Continental del 
area Huajuapan de Leon-Petlalcingo, Estados de 
Oaxaca y Puebia. Unpublished Master Thesis, 
UNAM, Fac. de Ciencias. 142 p. 

CABALLERO-MIRANDA, c., 1990b. Efectos de los 
tratamienLOs de desmagnelizacion term ica en la 
anisolropia de susceptibilidad magnctica. Inst. 
Geofisica, Mexico, Comunicaciones tecnicas, Serie 
Investigacion 120, 27 p. 

CABALLERO-MIRANDA, c., D.J. MORAN
ZENTENO, J . URRUTIA-FUCUGAUCHI, H. 
BOHNEL, Z. JURADO-CHICHAY, E. CABRAL
CANO and G. SILVA-ROMO, 1990. "Palaeo
geography of the northern portion of the Mixteca 
Terrane, Southern Mexico during the Middle 
Jurassic". Journal of South American Earth 
Sciences, 3,4, pp. 195-211. 

CALDERON-GARCIA, A. 1956. Bosquejo geol6gico 
de la region de San Juan Raya, XX Congr. Geol. 
Internal, Excursion A-II, 9-33. 

CAMPA, M.F. and P.1 . CONEY , 1983. Tectono
stratigraphic terrenes and mineral resource 
di stributions in Mexico, Can . J. Earth Sci .. 26. 
1040-1051. 

Jurassic-Cretaceous evolution of Mix/eca terrane 

CAMPA, M.F. and J. RAMIREZ, 1979. La evolucion 
geologica y la metalogenesis del noroccidente de 
Guerrero, Univ. Auton. de Guerrero, Serie Tecnico
Cicntlfica 1, lOOp. 

CANTU-CHAPA, J., 1971. Serie Jurasica (Jurasico 
Medio Superior) del centro-este de Mexico. 
Instituto Mcxicano del Pctrolco Revis/a, 3,.2. 

CARRASCO, B., 1975. Tobas del Crctacico Inferior 
del area de Fortfn-Zongolica, Estado de Veracruz, 
IMP, Rev .. 7.4,7-27. 

CARRASCO, B., 1978. Estratigraffa de unas lavas al
mohadilladas yrocas scdimentarias del Creracico In
ferior en Tehuacan, Puebla. IMP, Rev .. 10.3, 78-82. 

CARRASCO-RAMIREZ, R., 1981. Geologia Jurasisa 
del area de Tlaxiaco, Mixteca Alta, Oaxaca. 
Unpublished Master Thesis, UNAM, Fac. Ciencias. 

CARRILLO-BRAVO, J., 1965. Estudio geologico de 
una parte del Anticlinorio de Huayacocotla. Asoc. 
Mex . Geo!. Petrol., Bol. 17, 73-76. 

CASTRO-MORA, 1. T. and C. PACHECO
GUTIERREZ, 1986. Estratigraffa de la region sur 
de Puebla. Soc. Geol. Mex., VIII Convencion Geo!. 
Nal., Resumenes, 191-193. 

CORONA-ESQUIVEL, R., 1981. (1983). Estratigraffa 
de la region de Olinala-Tecocoyunca, noreste del 
Estado de Guerrero. UNAM, Inst. Geol. Rev. 5. 
17-24. 

CORONA-ESQUIVEL, R., 1985. GeologIa de la 
region comprendida entre Olinala y Huamuxtitlan. 
Unpublished Master Thesis, UNAM, Fac. de 
Ciencias, 122 pp. 

CORTEZ-OBREGON, S., V. L TORON, B. 1. 
MARTINEZ, J. PEREZ-LARIOS, A. GAMBOA, 
C. S. CRUZ and P. M. PUEBLA, 1957. La cuenca 
carbonffera de la Mixtcca, Banco de Mexico, S.A., 
Mexico, DepLO. Inv. Ind., 1,191 pp. 

DE CSERNA, Z. 1965. Reconocimiento geologico de 
la Sierra Madre del Sur de Mexico, entre 
Chilpancingo y Acapulco, Estado de Guerrero. 
UNAM, Inst. Geol., Bol. 62, 77 p. 

DE CSERNA, Z. PALACIOS-NIETO, M. and J. 
PANTOJA-ALOR, 1978. Relaciones de facies de 
las rocas creracicas en el noroeste de Guerrero y cn 
areas colindantcs de Mexico y Michoacan. UNAM, 
InsLGeol.,Rev .. 2.1,8-18. 

ENCISO DE LA VEGA, S. 1984. Una nueva localidad 
permica en Mexico fechada con fusulfnidos, 
porcion meridional del Estado de Puebla. Soc. Geo!. 
Mexicana, VII Convencion Geologica Nacional, 
Abstracts, 51-52. 

471 



D. 1. Moran-Zenteno et al. 

ERBEN, H.K. 1956. EI Junisico Medio y el Calloviano 
de Mexico, xx Congr. Geol. Internal., Mexico, 139 
p. 

FANG, W., VAN DER VOO, R., R. MOLINA
GARZA, D. MORAN-ZENTENO and J. 
URRUTIA-FUCUGAUCHI, 1989. Paleomagnetism 
of the Acatlan terrane, southern Mexico: evidence 
for terrane rotation. Earth Plan. Sci. Lett. 94, 131-
142. 

FELIX, J. and H. LENK, 1899. Beitrage zur Geologie 
und Palaontologie de Republik Mexiko, Stuttgart 
Schweizerbart, pt. 1(1890) 114 p., pt. 2 (1890) 252, 
pt. 3(1891) 210 p. 

FERRUSQUIA-VILLAFRANCA, I. 1976. Estudios 
geologico-paleontologicos en ia region Mixteca. 
Parte 1: Geologfa del area de Tamazulapan
Teposcolula-Yanhuithin, Mixteca Alta, Estado de 
Oaxaca. UNAM, Inst. Geol., Bol. 97, 160. P 

FERRUSQUIA-VILLAFRANCA, I. and O. COMAS
RODRIGUEZ, 1987. Reptiles marinos mesozoicos 
en el sureste de Mexico y su significacion 
geoI6gica-paleontologica. UNAM, Inst. Geologfa, 
Rev. (en prensa). 

FLORES DE DIOS, L.A. and B. E. BUITRON, 1982. 
Revision y aportes a la eSlratigrafia de La Montana 
de Guerrero. Univ. Auton. de Guerrero, Serie 
Tccnico-Cientffica 12, 28 p. 

FRIES, c., 1960. Geologia del Estado de Morelos y de 
partes adyacentes de Mexico y Guerrero, region 
central meridional de Mexico, UNAM, Inst. Geol., 
Bol. 60, 326, p. 22 Ism. 

GONZALEZ-ARREOLA, C. and O. COMAS
RODRIGUEZ, 1981 . Una nueva localidad del 
Crewcico Inferior (Neocomiano) en el Estado de 
Oaxaca. Soc. Geol. Mexicana, Bol. 42, 69-80 p. 

GONZALEZ-TORRES, E. 1989. Geologfa y paleo
magnetismo del area de Tezoatlan, Oaxaca. Un
published professional thesis, UNAM, Fac . In
genieria, 188 p. 

GUZMAN, EJ., 1950 Geologfa del noreste de 
Guerrero. Asoc. Mex. de Geol. Petrol., Bol. 2, 95-
156. 

IMLA Y, R.w., 1980. Jurassic paleogeography of the 
conterminous United States in its continental 
selling. Geol. Surv. Profess. Paper, 1062, 125 p. 

LOPEZ-TICHA , D., 1985 (1989). Revision de la 
estratigrafla y potencial petroIcro de la Cuenca de 
Tlaxiaco, Asoc. Mex . Geol. Petrol., Bol. 37, n. 1, 
49-92. 

472 

LOPEZ-RAMOS, E. 1979. Geologfa de Mexico. 
Edicion Escolar, v. 3th, 453 p. 

McCABE, C., R. VAN DER VOO and J. URRUTIA
FUCUGAUCHI, 1984. Paleomagnetism of 
Tremadocian Tiilu Limestone, State of Oaxaca, 
Mexico. EOS, 1984 AGU meeting, 868. 

MENA-ROJAS, R.E., 1960. EI Junisico marino de la 
region de Cordoba. Asoc. Mex. Geol. Petrol., Bol. 
12, n. 7-8. 

MENA-ROJAS. R.E., 1961. Geologia y posibilidades 
pctrolfferas del Junisico marino en la region de 
Cordoba., Veracruz. Asoc. Mex. Geol. Petrol., Bol. 
14, n. 3-4. 

MONROY, M. and A. SOSA, 1984. Geologfa de la 
Sierra del Tentzo, Puebla, borde norte del terreno 
Mixteco. Soc. Geol. Mex., Bol. t. XLV, n. 1-2,43-
71. 

MORAN-ZENTENO, D. J., 1987. Paleogeografia y 
paleomagnetismo precenozoicos del Terreno 
Mixteco. Unpublished Master Thesis, UNAM, 
Facultad de Ciencias, 177 p. 

MORAN-ZENTENO, D. J., E . GONZALEZ
TORRES , and E . CABRAL-CANO, 1988 . Una 
manifestacion de vulcanismo Cretacico en la region 
de la Mixteca. Rev. Litos/era, I, 2, 5-12. 

MOSQUERA, M. y E. MELENDEZ, 1984. 
Exploracion geologica por Uranio del distrito de 
Huajuapan de Leon, Estado de Oaxaca. 
Unpublished professional Thesis, UNAM, Facultad 
de Ingenierfa. 

OCHOTERENA, F.M., 1981. Evoluci6n de las 
unidades morfoestructurales de la region de 
Diquiyu, Oaxaca. UNAM, Inst. Geografia, Bol. 10, 
285-317. 

ORTEGA-GUERRERO, B., 1989. Paleomagnetismo y 
Geologfa de las unidades c1asticas mesozoicas del 
area Totoltepec-Ixcaquixtla, Estados de Puebla y 
Oaxaca. Unpublished Master Thesis, UNAM., Fac. 
Ciencias. 

ORTEGA-GUTIERREZ, F., 1978. Notas sobre la 
Geologia del area entre Santa Cruz y Ayuquila, 
Edos. de Puebla y Oaxaca. UNAM, Inst. Geol., 
Palcont. Mexicana 44, 17-26,2 figs. 

ORTEGA-GUTIERREZ , F. and C. GONZALEZ
ARREOLA, 1985. Una edad creillcica de las rocas 
sedimentarias dcformadas de la Sierra de Juarez, 
Oaxaca. UNAM, lost. Geol., Revista, 6,100-101. 



PEREZ-IBARGUENGOITIA, J.M., A. HOKUTO
CASTILLO and Z. DE CSERNA, 1965. Estrati
graffa y paleontologia del Jurasico Superior de la 
parle centro-meridional del Estado de Puebla. 
UNAM, Inst. Geol. Paleont. Mexicana 21,5-22. 

PERSON, C.P., 1976. The Middle Jurassic flora of 
Oaxaca, Mexico. Unpublished Doctoral Thesis, 
Austin, Texas Univ., 145 p. 

RUIZ-CASTELLANOS, M. 1970. Reconocimiento 
geologico en el area de Amatitl<ln-Mariscala, Esta
do de Oaxaca. Soc. Geol. Mex. Excursion Mexico
Oaxaca, Libro guia, 55-66. 

SALAS, G.P. 1949. Bosquejo geologico de la cuenca 
sedimentaria de Oaxaca. Bol. Asoc. Mex. Geol. 
PeLTol. 1, no. 2, 79-156. 

SILVA-PINEDA, A. , 1963. Plantas del Triasico Supe
rior del Estado de Hidalgo . UNAM , Inst. Geol., 
Palconl. Mexicana 18, 12 p., 7 Isms. 

SILVA-PINEDA, A., 1969. Plantas del Jurasico Medio 
de Tecomatlan, Puebla . UNAM, Inst. Geol., 
Palconl. Mexicana 27, 1-76, 19 Isms. 

SIL V A-PINEDA, A. 1970. Plantas del Pensivanico de 
la region de Tehuacan , Puebla. UNAM, Inst. Geol., 
Paleont. Mexicana., 29 , 109 p. 

SILVA-PINEDA, A. 1978. Paleobotanica del Jurasico 
de Mexico. UNAM, Inst. Geol. Palcont. Mexicana, 
44,1-16. 

TORRES-EUAN, Sand M. TORRE-ALARCON , 
1987. Geologia del area de Santa Marha Tejotepec , 

Jurassic-Cretaceous evolution of Mixteca terrane 

Oaxaca. Unpublished Professional Thesis, UNAM, 
Fac. Ingenierfa. 

URRUTIA-FUCUGAUCHI, J. 1984. On the tectonic 
evolution of Mexico: paleomagnetic constraints. 
Geodynamic Series 12. 29-47. 

URRUTIA-FUCUGAUCHI, J., 1988. Paleomagnetic 
study of the Cretaceous Morelos Formation, 
Guerrero State, southern Mexico. Tectonophysics 
147.121-125. 

V AZQUEZ-ECHEVERRIA, A., 1986. Descubrimiento' 
de una nueva localidad de rocas marinas del 
Paleozoico al suroeste del Estado de Puebla. 
Petroleos Mexicanos, Unpublished internal file. 

WESTERMAN, G .E .G., R. CORONA and R., 
CARRASCO, R., 1984. The andean Mid-Jurassic 
Neuqueniceras amonite assemblage of Cualac, 
Mexico. In: Westerman, G.E.G. (Ed), Jurassic
Cretaceous biochronology and paleogeography of 
North America, Geol. Assoc. Canada, Sp. Papcr 
27,99-112. 

WIELAND, G.R., 1914. La flora liasica de la Mixtcca 
Alta. lost. Geol. Mexico, Bol. 31, 165 p. 

D.J. Moran-Zenteno l , c.l. Caballero-Miranda l , G. 
Silva-Rom02, B. Ortega-Guerrero l and E. Gonzalez
Torres l 

1. Lahoratorio de Paleomagnetismo. I nstituto de 
Geoffsica. UNAM. Del. Coyoacan. 04510 Mexico. 
D.F .. Mexico. 

2. Division de Ingenieria en Ciencias de la Tierra. 
Facultad de Ingenieria. UNAM. Del. Coyoacan. 
04510 Mexico. D.F .. Mexico. 

473 


