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ABSTRACT

The stratigraphic succession exposed in the southern limb of La Nieve Anticline is 1600 m thick of predom-
inantly marine carbonate rocks. Six distinctive lithic units (Units I through VI) were recognized based on physi-
cal features. This succession was lithocorrelated with units formally established in the region as follows, from
bottom to top: Unit I = unknown correlation, Unit Il = Cupido Limestone, Unit III = La Pefia Formation,
Unit IV = likely Tanaulipas Limestone, Unit V = Cuesta del Cura Formation, Unit VI = Agua Nueva Forma-
tion, The lower 337 meters of the succession, corresponding to Unit I, are made of siliciclastic sediments, whe-
reas the other 1263 meters, including Units Il through VI, are predominantly made of carbonates with minor
terrigenous clays and marls. Microfacies analysis of the limestone packages reveled that depositional environ-
ments varied from inner ramp to basinal with several regressive-transgressive cycles during the deposition of
Unit II. Several biochronologic datum planes were identified: 1) Favusella first appearance datum at Sample
ARG67-3; 2) Colomielia first appearance datum at Sample AR68, 3) Thalmanninella first appearance datum
at Sample AR96-12. Unit II contains miliolid and textularid foraminifera lacking biochronological significan-
ce. The Cretaceous succession evolved, from a fan-delta environment to a carbonate ramp in an open marine
environment during the Lower Aptian (deposition of Unit I) which underwent rapid subsidence accompanied
by a major transgressive episode at the beginning of the Albian. Deep marine carbonate depositional environ-
ments prevailed from Upper Albian through the Lower Turonian at which time they were replaced by pelitic
flysch deposition.

Key words: Mesozoic, stratigraphy, Mexico, global physical events, microfacies, depositional environments.

RESUMEN

La sucesion estratigrafica expuesta en el flanco sur del Anticlinal La Nieve (Coahuila, Norte de México)
tiene un espesor de 1600 metros y esta constituida por rocas sedimentarias marinas, predominando los carbo-
natos. Esta sucesion estratigrafica ha sido subdividida en seis unidades liticas (Unidades 1 a VI) en base a sus
caracteristicas fisicas, las cudles han sido correlacionadas litolégicamente con unidades formales previamente
descritas en la region. Desde la base al techo son: Unidad 1 = de dificil atribucién, Unidad II = Caliza Cupi-
do, Unidad 111 = Formacién La Pefia, Unidad IV = probablemente Caliza Tamaulipas, Unidad V = Caliza
Cuesta del Cura, Unidad V1 = Formacion Agua Nueva. Los 337 metros inferiores de la sucesion estratigrafica,
correspondientes a la Unidad I, estan constituidos por sedimentos siliciclasticos, mientras que los otros 1263
metros, que incluyen las Unidades I1 a VI, estdan compuestos predominantemente por carbonatos con algunas
intercalaciones de arcilla y margas terrigenas. El analisis de las microfacies revela que los ambientes sedimenta-
rios variaron desde la rampa interna hasta la cuenca, con varios ciclos regresivo-transgresivos registrados en
la Unidad I1. Los siguientes biohorizontes fueron identificados: 1) Favusella FAD; 2) Colomiella FAD; 3) Thal-
manninella FAD. La historia evolutiva de la sucesidn cretacica de la Sierra La Nieve se inicio con depdsitos
de abanico deltdico (depédsito de la Unidad 1) y pas6 a un ambiente de rampa carbonatada de mar abierto en
el Aptiense inferior. Esta rampa carbonatada sufrié una rapida subsidencia la cual fue acompafada de un epi-
sodio transgresivo mayor al inicio del Aptiense superior. Los depositos de carbonatos marinos de aguas profun-
das prevalecieron desde el Albiense superior hasta el Turoniense inferior, momento a partir del cual fueron reem-
plazados por depdsitos del flysch pelitico. Los eventos fisicos observados en la sucesion de la Sierra La Nieve
son un reflejo de eventos tecténo-eustiticos globales: El evento 1, datado en la base de la biozona Globigerine-
lloides maridalensis/Leupoldina cabri (K-7), coincide con el inicio del ciclo LZB-4.1 de tercer orden; el evento
2, biocronolégicamente en la base de la biozona Ticinella bejaouaensis/Ticinella primula (K-13), corresponde
con la méxima transgresion del ciclo LZB4.2 de tercer orden y marca la inundacién (drowing) de la rampa
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carbonatada; el comienzo de los depdsitos de facies flysch, biocronoldgicamente en la biozona Thalmanninella
appenninica/Rotalipora montasalvensis (K-17), marca el inicio de la maxima inflexién eustdtica del Cretécico.

Palabras clave: Mesozoico, Estratigrafia, México, eventos sedimentarios globales, microfacies, ambientes deposicionales.
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1. INTRODUCTION

The Mexican Cordillera contains the most com-
plete marine Mesozoic successions exposed inland in
North America. Excellent exposures of continuous
Triassic through Cretaceous continental and marine
successions can be studied along deeply incised canyons
and breached anticlines. Pioneering stratigraphic work
in the Sierra Madre Oriental by Bose (1923), Burckhardt
(1930), and Imlay (1936, 1937) provided the foundation
for modern stratigraphic investigations.

Although the basic concept of microfacies analy-
sis was introduced in the geological literature almost
half of century ago by Brown (1943), and it has been
successfully used as an integrative tool in sedimentary
geology (Cuviller, 1961; Ramirez del Pozo, 1971; Wil-
son, 1975; Fliigel, 1982; Carozzi, 1989), microfacies
analysis has received limited application among Ame-
rican geologists. Microfacies analysis (4/a Flugel, 1982,
and Carozzi, 1989) has the advantage over traditional
sedimentological approaches of being interdisciplinary,
integrating micropaleontological, stratigraphic, sedi-
mentological, and petrographic aspects to produce pa-
leoecological reconstructions and conceptual deposi-
tional models. In few words, microfacies analysis is a
dynamic approach to sedimentary geology in which
both field and laboratory studies are equally stressed.
The present report aims to apply a microfacies approach
to the Mesozoic stratigraphic succession exposed at La
Nieve Anticline, east of Saltillo, Coahuila (Fig. 1), and
to establish its depositional history.

2. REGIONAL GEOLOGICAL SETTING

Sierra La Nieve is located on the eastern edge of
the Monterrey Salient of the Sierra Madre Oriental of
the Mexican Cordillera (Fig. 1). It is one of the many
kilometric scale structures that make the Transverse
Range province of the Sierra Madre Oriental between
the cities of Monterrey and Torreon and was referred
to as Anticlinal Chorro of the Arteaga Anticlinorium
by Cserna (1956). The present day geographic position
of La Nieve Anticline makes it an ideal target for com-
parative stratigraphic studies as its depositional setting
may help in linking the relatively well-known Jurassic-
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Cretaceous succession of the Parras area to the west,
with that of the Monterrey area to the east.

Sierra La Nieve is an clongated, slightly concave
to the south, 22 km long, 2 to 4.5 km wide, NE/SW
(IN80) trending, doubly plunging, parallel anticlinal fold;
twisted along its axial plane (Figs. 1, 2). It varies from
symmetric to asymmetric, verging to the N-NE at its
northern end, and to the S-SW at its southern end, des-
cribing a torsion along its axial surface. La Nieve Anti-
cline reaches a maximum elevation of 3340 meters above
sea level and marks the opposite vergence with relation
to the frontal ranges of the Sierra Madre Oriental fold
belt (Fig. 2). Its southern end is slightly breached and
corresponds to ‘“Cafién de El Chorro’’ through which
run Arroyo La Boca and International Highway 57. Ca-
fion de El Chorro is roughly perpendicular to the main
structural trend, giving an excellent exposure of the en-
tire stratigraphic succession (Fig. 1).

2.1. Previous Investigations

Previous work on El Chorro succession has been
concentrated on detailed sedimentological and petro-
graphic studies of some parts of the section: A study
of the diagenesis of the Cupido Formation in El Cho-
rro Canyon was done by Guzman (1974). Ekdale ef al.
(1976) presented a numerical analysis of carbonate mi-
crofacies of the Cupido Limestone. Wilson and Pialli
(1977) included Los Chorros section in their regional
correlation of Lower Cretaceous strata of northeastern
Mexico. Wilson (1981) studied the cyclicity in the Cu-
pido carbonates. Salisbury (1982) studied the petrology
and diagenesis of ‘‘La Casita Formation’’. Fortunato
(1982) and Fortunato and Ward (1982) studied the de-
positional systems of ‘‘La Casita Formation™’. Recently,
paleomagnetic studies of the ‘‘Aurora Limestone’” and
the Cupido Formation were undertaken by Bonfiglio
(1982) and Kliest er al. (1984), respectively.

3. STRATIGRAPHY
3.1. The problem

Very little effort has been given to systematically
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Fig. 2.-Perfil estructural regional, NE-SW, del Sector Transverso de la Sierra Madre Oriental, estados de Nuevo Ledn y Coahuila, México,
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study the lithostratigraphy of the Mesozoic of northern
Mexico beyond the original work by pioneer geologists,
making recent paleogeographic reconstructions of Me-
xico highly speculative (Longoria, 1988). Consequently,
a constant misidentification of lithic units is found in
the literature, to the extreme that even formations such
as La Caja, La Casita, Cupido, La Pefa, and Aurora
can not be used as paleogeographic indicators. Amaz-
ingly, in spite of their constant use in recent geologic
studies, there is not published record of any attempt to
study the type localities of the aforementioned forma-
tions after their original introduction in the geological
literature at the beginning of this century. A full dis-
cussion on the many examples of the misuse of litho-
stratigraphic concepts is outside the scope of this paper.
Some of these problems, however, have been addressed
elsewhere (Longoria, 1984a.b; 1988). Nonetheless, it is
evident that a systematic stratigraphic method is nee-
ded to obtain paleoenvironmental data meaningful in
paleogeographic reconstructions.

It is a common practice to assign a chronostrati-
graphic position to an outcrop based on its assumed
lithostratigraphic designation, thus the assumption of
isochronous lithic units is deeply entrenched in the lit-
erature. Furthermore, very little is known on the depo-
sitional environments and microfacies characterization
of the Mesozoic lithostratigraphic units of northeastern
Mexico beyond their broad paleogeographic setting.

3.2. Lithostratigraphic succession of Sierra
La Nieve

3.2.1. Methods

The stratigraphic succession of the south limb of
La Nieve Anticline exposed along highway 57 was stud-
ied according to the following procedures:

a.- The succession was separated into lithic pac-
kages based on physical properties as observed in the
field, including bedding thickness, lithic types, and geo-
morphic expression. Although we consider the Forma-
tion to be the basic unit in lithostratigraphy, we also
believe that the first step in lithostratigraphic work
should be an objective inventory of lithic packages as
exposed in the area under study, instead of an a-priori
adoption of nomenclatural terms (formation names),
that may not relate to the exposed succession. Thus,
no formational names were used at this stage to avoid
subjective biases in the inventory of the lithic features
and establishment of lithic units. Units recognized dur-
ing this part of the study were numbered, from base
to top, using roman numerals.

b.- The entire succession was measured using the
tape and Brunton method. Samples were taken at in-
tervals varying from 5 to 25 meters. A plan view of the
traverse was plotted at the scale of 1: 25,000, and true
thickness of the units were obtained using a graphic
method (Fig. 3A). A cross-section of the plan view of
the traverse was obtained (Fig. 3B) which depicted the
nature of the formational contacts and the structural
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style of each unit.

c.- Lithocorrelation of our lithic packages, units
established by us in Step 1 as above, with formally es-
tablished units was undertaken. Both direct, i.e. field
comparisons with the type localities of Jurassic and Cre-
taceous formations in the region, and indirect, i.e. via
literature, lithocorrelations were undertaken. Unfortu-
nately, as it is discussed below, three of the lithic units
exposed in El Chorro Canyon could not be assigned
with certainty to the units they have been referred to
by previous workers.

d.- Microfacies analysis Ala Flugel (1982), ie,
identification of all paleontological and petrographic
components of the rock as observed in thin-section was
undertaken.

e- Planktonic foraminifera, nannoconid and
calpionellid taxa were identified in thin-section using
the taxonomic criteria defined by Bonet (1956), Pessa-
gno (1967), Longoria (1968, 1975), and Longoria and
Gamper (1974). Later, these taxa were referred to the
biochronologic scheme established by Longoria (1984c)
for Mexico and the Gulf Coastal Plain.

f.- An interpretation of depositional systems and
depositional environments using physical satratrigraphy
and microfacies data was finally made.

The stratigraphic succession exposed on the south
limb of La Nieve Anticline is about 1600 meters thick
(Figs. 3, 4). The lower 337 meters are made of terrige-
nous sediments while the rest is composed mostly of
carbonates with only minor shale intervals.

During the present investigation field work was ca-
rried out with the purpose of establishing lithic packages
based on physical features such as 1) lithologic types,
2) types of stratification, 3) bedding thickness, and 4)
geomorphic expression of packages. This inventory re-
sulted in the establishment of six lithic packages within
the succession exposed at La Nieve Anticline (Figs. 3
and 4). These units are described below, from bottom
to top.

3.3. Unit I

3.3.1. Description

Irregular alternation of sandstone, manily arkosic,
shale and conglomerate; individual beds varying
frommedium- to massive- bedded; parallel, even strati-
fication throughout; weathers yellowish-tan. This unit
is exposed between stations 1 and 25 of our field tra-
verse (Fig. 3A), including samples AR1-16 to AR21-23
(Fig. 4). A total thickness of about 367 meters is ex-
posed. Shales are more abundant in the lower part, and
become locally carbonaceous. Conglomerates become
more abundant in the upper part and range from fine-
to coarse-grained. The upper 30 m. are made of thin-
to medium-bedded limestone.

The base of Unit I is not exposed, the upper con-
tact is marked by an angular unconformity and is pla-
ced at the first occurrence of homogeneously bedded
limestone of Unit II (Figs. 3 and 4; sample AR22-13).
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Fig. 4.-Representacién en columnas estratigraficas del Mesozoico, mostrando las unidades liticas (nimeros romanos), microfacies (nimeros
ardbigos) y la evolucién de los sistemas deposicionales. La posicién cronoestratigrifica de las unidades se discute en el texto.
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In the middle part of this unit, at station 13 of the field
traverse, sample AR11-4, a disconformity and an an-
gular unconformity were observed (Fig. 3B). Three co-
vered intervals between stations 6 and 8, 9 and 11, and
16 and 23 are present (Figs. 3 and 4).

3.3.2. Lithocorrelation

Unit I was referred to La Casita Formation by For-
tunato (1982) and Fortunato and Ward (1982). How-
ever, our comparative studies with the type La Casita
indicate that Unit I is not assignable to the former unit
because it does not display the limestone and shale al-
ternations rich in phosphatic nodules which character-
ize La Casita stratotype.

Unit I displays similar features to La Gloria For-
mation of Imlay (1936) as exposed in Cafion Taraises
of Sierra de Parras, Coahuila. According to Imlay (1936)
at its type locality, La Gloria is predominantly made
of terrigenous sand and conglomerate with only a few
thick-bedded limestone layers. These limestone layers
are found at the top and bottom of the La Gloria stra-
totype. Later, Imlay (1937, p. 599) referred to La Glo-
ria a lithic succession predominantly made of thick- to
medium-bedded gray limestone exposed on the north
wall of Cafién Mimbre. The present authors were una-
ble to locate Imlay’s La Gloria outcrop in Cafion Ta-
raises; however, at Cafién del Mimbre we found a think
succession made of dark-gray to black, evenly bedded
limestone and minor shale interbeds which indeed cor-
respond to Imlay’s (1937) concept of La Gloria.

Similar lithic packages to Unit I and Imlay’s out-
crop from Cafion Taraises were described by Burckhardt
(1930) from several localities in northern Mexico and
assigned to the Lower Cretaceous. In any case, the lithic
features displayed by Unit I are more related to ‘La Glo-
ria’ sensu Imlay (1936) than to La Casita. Nonetheless,

in the present investigation Unit I is not lithocorrelated
with certainty to neither La Gloria nor La Casita.
Further comparative lithostratigraphic studies are
needed to define the nature of La Gloria.

3.3.3. Fossils and Chronostratigraphic Position

Lower Aptian (Bedoulian, Biozone K-6). No fos-
sils were found in the samples collected from Unit I dur-
ing the present investigation. The present chronostrati-
graphic designation is based on the concurrence range
of the fossils reported from this unit. The type La Glo-
ria was doubtfully assigned to the Oxfordian by Imlay
(1936, p. 1109) based on his assumed correlation with
the Nerinea-bearing limestones described by Burckhardt
(1930) from northern Zacatecas and southeastern Du-
rango. Similarly, ““La Gloria’’ sensu Imlay (1936), can
be assigned to the Lower Cretaceous based on its re-
semblance to unnamed Lower Cretaceous units de-
scribed by Burckhardt (1930) from the same areas in
northeastern Mexico. However, there is no faunal
evidence to document Imlay’s original Oxfordian
assignation to the La Gloria. Furthermore, it is likely
that other lithologically similar Lower Cretaceous units
also described by Burckhardt (1930) may have been
lumped in ““La Gloria’".

Other authors (Fortunato, 1982, Fortunato and
Ward, 1982, Wilson and Pialli, 1977, Barrier, 1977) re-
ported nannofossils from Unit I, 230 meters below the
Cupido contact, among them are Nannoconus stein-
manni Kampter, N, globulus Bronnimann, Cruciellip-
sis chiasta (Wrsley), and Parhabdolitus asper (Stradner).
This assemblages is indicative of the Bedoulian. Par-
habdolitus asper (Stradner) is common in the
Bedoulian-Albian stratotypes of France (Manivit, 1971,
p- 86). On the other hand, Cruciellipsis chiasta (Wrsley)
was reported from the Lower Berriasian-Cenomanian

Fig. 5.-Microfacies characteristics and grain types observed in Unit I1: 1) Biomicrite, Echinoderm spine, and mollusk fragments. Sample
AR23-39. Unit I1-3. 2) Fossiliferous micrite. Pelecypod fragments. Sample AR22-13, Unit 11-3. 3) Fossiliferous micrite. Echinoderm
fragment, dolomite.crystals. Cross nichols. Sample AR27-50. Unit 11-5. 4) Biomicrite. Rudist shell fragment. Sample AR26-25, Unit
Unit I1-5, 5) Biomicrite. Miliolids. Sample AR31-25. Unit 11-7. 6) Biomicrite. Miliolid 7. Sample AR31-25. Unit 11-7. 7) Microsparite-
pseudosparite. Sample AR34-25. Unit 11-8. 8) Biomicrite. Intraclast. Sample AR31-25. Unit 11-7. 9) Fossiliferous micrite. Miliolid,
Sample AR32-50. Unit II-8. 10) Fossiliferous micrite. Nummoloculina sp. Sample AR42-25. Unit I1-8. 11) Biomicrite. Pelecypod
shell fragments. Sample AR33-38. Unit 11-5. 12) Fossiliferous micrite. Pelecypod shell fragments. Sample AR20-15. Unit 1-2. 13)
Biomicrite. Mollusk fragment with advanced neomorphism. Sample AR26-25, Unit 11-5. 14) Sample AR31-25. Biomicrite. Unit [1-7,
Pelecypod shell fragments. 15) Sample AR35-47. Biopelsparite. Unit 11-9. Leached allochems, micritic envelopes. 16) Sample AR35-47.
Biopelsparite. Unit 11-9. Leached allochem, micritic envelopes, authigenic quartz. 17) Sample AR25-9. Packed biomicrite. Unit 11-4.
Ostracods, pellets. 18) Sample AR39-45. Biointrasparite, Unit 11-12. Gastropod, micritic envelopes. 19) Sample AR39-45. Biointra-
sparite. Unit 11-12. Mollusk shell fragment, micritic envelopes, 20) Sample AR25-9. Packed biomicrite. Unit 11-4. Green algae 7.

Scale bar = 200 microns for all figures.

Fig. 5-Tipos de granos y microfacies caracteristicas identificados en la Unidad I1: 1} Biomicrita. Espina de equinodermos y fragmentos
de molusco. Muestra AR23-39, Unidad 11-3. 2) Micrita fosilifera. Fragmentos de pelecipodo. Muestra AR22-13, Unidad 11-3. 3) Mi-
crita fosilifera. Fragmento de equinodermo, cristales de dolomita (Luz polarizada). Muestra AR27-50. Unidad I1-5. 4) Biomicrita.
Fragmento de rudista. Muestra AR26-25. Unidad 11-5. 5) Biomicrita. Miliclidos. Muestra AR31-25. Unidad [1-7. 6) Biomicrita. ({Mi-
lidlido?. Muestra AR31-25. Unidad 11-7. 7) Microesparita-pseudoesparita. Muestra AR34-25. Unidad 11-8. 8) Biomicrita. Intraclas-
to. Muestra AR31-25. Unidad I1-7. 9) Micrita fosilifera, Miliélido. Muestra AR32-50. Unidad 11-8. 10) Micrita fosilifera. Nummolo-
culinag sp. Muestra AR42-25. Unidad [1-8. 11) Biomicrita. Fragmentos de pelecipodo. Muestra AR33-38. Unidad I1-5. 12) Micrita
fosilifera. Fragmentos de pelecipodo. Muestra AR20-15. Unidad 1-2. 13) Biomicrita. Fragmento de molusco con neomorfismo avan-
zado. Muestra AR26-25. Unidad 11-5. 14) Muestra AR31-25. Biomicrita. Unidad I1-7. Fragmentos de pelecipodo. 15) Muestra AR35-47.
Biopelesparita. Unidad I1-9. Aloquimicos con envueltas micriticas. 16) Muestra AR35-47. Biopelesparita. Unidad 11-9. Alloquimico
disuelto con envoltura micritica, cuarzo autigénico. 17) Muestra AR25-9. Biomicrita empaquetada. Unidad [1-4. Ostracodos. 18)
Muestra AR39-45. Biointraesparita. Unidad 11-12. Gasterépodo, con recubrimientos micriticos. 19) Muestra AR39-45. Biointraespa-
rita. Unidad 11-12. Fragmento de molusco con envoltura micritica. 20) Muestra AR25-9. Biomicrita, Unidad [1-4. ;Algas verdes?.

Escala = 200 micras para todas las figuras.

Rev. Soc. Geol. Espana, 4, (1-2) (1991)



THE MESOZOIC OF SIERRA DE LA NIEVE (MEXICO) 15

20|

Rev. Soc. Geol. Espafa, 4, (1-2) (1991)



16 JFLONGORIA & R.MONREAL

of France (Thierstein 1972, p. 41). Furthermore, Nan-
noconus steinmanni Kampter, N. globulus Bronnimann
are found in the pelagic facies of Mexico from the base
of Biozone K-1 though the top of Biozone K-6 (Globi-
gernielloides gottisi/Globigerinelioides maridalensis
Interval-Zone of the zonal scheme by Longoria (1984c).

Additionally, Fortunato and Ward (1982, p. 475)
reported the occurrence of Hauterivian-Valanginian am-
monites in the upper part of Unit I which further com-
plicates the issue. According to them (op. cit. p. 475)
the alleged fossils occur 366 meters above the base of
their section (just below our Unit I-Unit II contact).

Benthic foraminifera were reported to be present
in this unit by Fortunato (1982, p. 27), unfortunately
none of the benthic species listed by her have restricted
chronostratigraphic distribution and range from Juras-
sic to Lower Cretaceous.

The fossils reported from Unit I by the aforemen-
tioned authors are herein regarded as re-worked Lower
Cretaceous (Berriasian-Barrremian) into the Lower Ap-
tian, which explains the large variation in fossil assem-
blages as well as its mixture.

3.4. Unit IT

3.4.1. Description
Homogeneous package of limestone (mudstone to

grainstone) varying from thick- to massive-bedded; par-
allel, even stratification throughout; weathers gray to
light-gray. This unit is exposed between stations 25 and
47, including samples AR22-13 to AR70-1 (Figs. 3, 4)
of our field traverse. A total thickness of about 934 me-
ters is exposed, the lower contact with Unit I is marked
by an angular unconformity. The upper contact with
Unit 3 is sharp and was placed at the base of the first
stratigraphic occurrence of thin- to medium-bedded
limestone of Unit 3 (Fig. 3B). In spite of its mega-
scopic homogeneity, Unit II contains 29 different
microfacies types (Figs. 4A-D).

3.4.2. Lithocorrelation

Unit II is lithocorrelated with the Cupido Lime-
stone of Imlay (1937, p. 606) as exposed in the north
wall of Cafién Mimbre of Sierra de Parras. The La Nieve
limestone succession closely resembles a section expo-
sed in the nearby Sierra de los Muertos in Cafién de
Las Cabrillas, southeast of the town of Higueras, which
Humphrey (1949, p. 102) also referred to as Cupido.

3.4.3. Fossils and Chronostratigraphic Position

Aptian (Biozone K-7 to Biozone K-12). Imlay (1936,
p. 607) doubtfully assigned the Cupido to the upper
Hauterivian and Barremian, based on the chronostra-
tigraphic position of the adjoining units, assuming con-
formable lower and upper contacts. Later authors have

Fig. 6.-Microfacies characteristics and grain types observed in Units 11 and III: 1) Sample AR41+ 50. Biosparite. Unit 11-15. Ooids. ‘Early’

and ‘late’ cements. 2) Sample AR49-43. Biopelmicrudite. Unit 11-20. Green algae?. 3) Sample AR48-50. Biomicrite. Unit I1-19. Mol-
lusk fragment. 4) Sample AR44-44. Biointrasparite. Unit 11-17. Leached allochems, echinoderm fragment, micritic envelopes. ‘Early
and ‘late’ cements. 5) Sample AR48-30. Biomicrite. Unit II-19. Unidentified benthic foraminifer. 6) Sample AR42-25. Fossiliferous
micrite. Unit I1-16. Miliolid. 7) Sample AR41-50. Biosparite. Unit II-15. Ooids, two generations of cement are seen. 8) Sample AR42-25.
Fossiliferous micrite. Unit 11-16. Mollusk shell fragment. 9) Sample AR44-44. Packed biointrasparite. Unit 11-17. Reworked grape-
stone. 10) Sample AR62-50. Packed biopelsparite. Unit 11-26. Peloids and miliolid. 11) Sample AR44-44. Packed biocintramicrite. Unit
11-17. Leached allochems, micritic envelopes, unidentified grain. 12) Sample AR70-1. Biomicrite. Unit 111-32. Unidentified plankto-
nic foraminifer (Hedbergella?). Coalescive neomorphism. 13) Sample AR47-50. Biomicrite. Unit I1-19. Milliolid. Microsparite and
pseudosparite. 14) Sample AR41-50. Biointrasparite. Unit II-15. Packed ooids with miliolid nuclei, intraclast. Two generations of
cement. 15) Sample AR48-30. Biomicrite. Unit II-19. Quinqueloculinid miliolid. 16) Sample AR47-50. Biomicrite. Unit 1I-19. Radial
ooid, microspar and pseudospar matrix. 17) Sample AR44-44. Packed biointrasparite. Unit 11-17. Radial ooid with miliolid nuclei.
Two generations of cement are seen. 18) Sample AR49-43. Biomicrite. Unit 11-19. Benthic foraminifer. 19) Sample AR64-50. Packed
biopelmicrite. Unit 11-28. Pellets, benthic foraminifera. 20) Sample AR39-45. Biointrasparite. Unit II-12. Miliolid. 21) Sample AR62-50.
Biopelsparite. Unit I1-26. Quinqueloculinid miliolids, pellets. 22) Sample ARS56-9. Fossiliferous micrite. Unit 11-22. Pelecypod shell
fragments. 23) Sample AR49-43. Biopelmicrudite. Unit 11-20. Mollusk shell fragments. 24) Sample AR35-47. Biopelsparite. Unit
I1-9. Ooids?. Coalescive neomorphism. 25) Sample AR49-43. Biopelmicrudite. Unit 11-20. Miliolid. Scale bar = 200 microns for
all figures.

Fig. 6.-Tipos de granos y microfacies caracteristicas identificados en las Unidades II y I11: 1) Muestra AR41-50. Bioesparita. Unidad II-15.

ooides. Cementos ‘temprano’ y ‘tardio’. 2) Muestra AR49-43. Biopelmicrorrudita. Unidad I1-20. (;Algas verdes?. 3) Muestra AR48-50.
Biomicrita. Unidad II-19. Fragmento de molusco. 4) Muestra AR44-44. Biointraesparita. Unidad 1I-17. Aloquimicos disueltos, frag-
mento de equinodermo y envolturas micriticas. Cementos temprano y tardio. 5) Muestra AR48-30. Biomicrita. Unidad 11-19. Fora-
minifero bentonico indeterminado. 6) Muestra AR42-25. Micrita fosilifera. Unidad 11-16. Miliélido. 7) Muestra AR41-50. Bioespari-
ta. Unidad [I-15, ooides, se observan dos generaciones de cemento. 8) Muestra AR42-25. Micrita fosilifera. Unidad 11-16. Fragmento
de molusco. 9) Muestra AR44-44. Biointraesparita empaquetada. Unidad 11-17. Reworked grapestone. 10) Muestra AR62-50. Biope-
lesparita. Unidad I1-26. Peloides y milidlidos. 11) Muestra AR44-44. Biointramicrita empaquetada. Unidad 11-17. Aloquimicos di-
sueltos, con envolturas micriticas, grano indeterminado. 12) Muestra AR70-1. Biomicrita. Unidad 111-32. Foraminifero plancténico
indeterminado (Hedbergella?). 13) Muestra AR47-50. Biomicrita. Unidad II-19. Miliélido. Microesparita y pseudoesparita. 14) Muestra
ARA41-50. Biointraesparita. Unidad I1-15. Ooides empaquetados con nucleo de milidlido, intraclasto. Dos generaciones de cemento.
15) Muestra AR48-30. Biomicrita. Unidad 11-19. Milidlido (quinqueloculina). 16) Muestra AR47-50. Biomicrita. Unidad 11-19. Ooi-
de radial, matriz de microesparita y pseudoesparita. 17) Muestra AR44-44. Biointraesparita empaquetada. Unidad 11-17. Ooide ra-
dial con nucleo de milidlido. Se observan dos generaciones de cemento. 18) Muestra AR49-43. Biomicrita. Unidad 11-19. Foraminife-
ro bentonico. 19) Muestra AR64-50. Biopelmicrita. Unidad 11-28. Pelloides, foraminiferos benténicos. 20) Muestra AR39-45. Bioin-
traesparita. Unidad 11-12. Miliolido. 21) Muestra AR62-50. Biopelesparita. Unidad 11-26. Milidlidos quinqueloculinidos. 22) Mues-
tra AR56-9. Micrita fosilifera. Unidad 11-22. Fragmentos de pelecipodo. 23) Muestra AR49-43. Biopelmicrudita. Unidad II-20. Frag-
mentos de molusco. 24) Muestra AR35-47. Biopelesparita. Unidad 11-9. coides?. 25) Muestra AR49-43. Biopelmicrorrudita. Unidad
I1-20. Milidlido. Escala = 200 micras para todas las figuras.
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assumed a Hauterivian-Barremian chronostratigraphic
position of the Cupido without paleontologic evidence.
Muslow (1983) reported Orbitolina, Dictyoconus, Chof-
Jatella, and Chondrodonta from the Cupido in San Lo-
renzo Canyon.

Only benthic microfossils, including the foramini-
fera Orbitolina s.1. (sample ARS59-9) and Nummolocu-
lina sensu Bonet (1956), (Fig. 5-9, 5-10; Fig. 6-15, 20-21)
were observed during the present study. This faunal as-
sociation defines an Aptian-Albian concurrent range,
but the presence of Lower Aptian microfossils in the
upper part of Unit I, a few meters below the unconfor-
mable contact with the Cupido, and the occurrence of
Upper Aptian (Clansayesian, Biozone K-13) at the base
of the overlaying Unit III constrain the chronostra-
tigraphic position of the Cupido exposed at El Chorro
Canyon from post lowermost Lower Aptian (Bedou-
lian), Biozone K-7 (Globigerinelloides maridalen-
sis/Leupoldina cabri Interval-Zone) to Upper Aptian
(Clansayesian), Biozone K-12 (Ticinella ferreolensis/Ti-
cinella bejaouaensis Interval-Zone).

3.5. Unit I

3.5.1. Description

Irregular alternation of limestone, shale, marl, and
chert; thin-bedded, parallel, even stratification through-
out; weathers dark-brown, marls are reddish. Unit I11
is exposed between stations 47 and 48 of our field tra-
verse (Figs. 3A-B), including samples AR67-3 to
AR69-50 (Fig. 4). A total thickness of 55 meters is ex-
posed. The upper contact with Unit IV is sharp but con-
cordant and was placed at the first stratigraphic occur-
rence of thick-bedded gray limestone of Unit IV,

3.5.2. Lithocorrelation

Unit IIT displays lithic features such as marly la-
yers and thin-bedded argillaceous limestone that resem-
ble La Pefia sensu Humphrey (1949, p. 103-104, plate
2, figure 1), as exposed in Rincén de San Gregorio,
north flank of Los Muertos Anticline. On the other
hand, this unit is considerably thinner compared with
the La Pefia as exposed in La Boca Canyon, whereby
it displays a threefold division (Longoria and Davila,
1978); however, it is evident that both successions for-
med in response to a diastrophic event marking an
abrupt lithologic change. In El Chorro section this con-
tact is well exposed and is defined by the superposition
of limestone beds containing planktonic foraminifera
(above) and miliolid-rich wackestones and grainstones
(below). It is also clear that the deposition of this unit
marks the interruption of carbonate deposition of the
Cupido ramp.

A supplementary section of La Pefia exposed along
highway 57, a few kilometers south between kilometer
posts 39 and 40 was studied (samples AR132 to AR137).
At this locality La Pefia (Fig. 3A) is exposed on the lo-
wer limb of a large overturned to recumbent anticlinal
fold. Here the formation consists of a regular alterna-
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tion of marl and clayey limestone and contains plank-
tonic foraminifera such as Ticinella and Globigerine-
lloides.

3.5.3. Fossils and Chronostratigraphic Position

The lowermost part of Unit III (Samples AR67-3;
AR68-25) contains abundant planktonic foraminifera
among them Hedbergella delrioensis (Carsey), Favuse-
lia scitula Michael, Favusella confusa Longoria, and Ti-
cinella sp. as well as Colomiella mexicana Bonet indi-
cative of the uppermost Aptian Biozone K-13 (Ticine-
lla bejaouaensis/Ticinella primula Interval-Zone of the
zonal scheme proposed by Longoria, 1984c).

3.6. Unit IV

3.6.1. Description

Homogeneous package of thick-bedded limestone
with black chert nodules; parallel, even stratification
throughout the interval; weathers light-gray. Unit IV is
exposed between stations 48 and 51 (Fig. 3A), including
samples AR76-11 to AR84-50 (Figs. 4) of our field
traverse. A total thickness of 85 meters is exposed. The
upper contact with Unit V is sharp but concordant, and
was placed at the first stratigraphic occurrence of chert
layers of Unit V. Unit IV displays dekametric folds.

3.6.2. Lithocorrelation

Unit I'V can not be precisely assigned to a litho-
stratigraphic unit; however, it closely resembles the li-
mestone package above La Pefia as exposed at La Boca
Canyon of Cerro de La Silla (SE of Monterrey) re-
ferred to Tamaulipas Limestone by Longoria and D4-
vila (1978, p. 78-80).

3.6.3. Fossils and Chronostratigraphic Position

Albian, Biozone K-14 to Biozone K-15. The con-
currence of Ticinella primula Luterbacher and Colo-
miella sp. in the lower part of Unit IV (samples AR69-50
to AR77-25) is indicative of the lower Albian Biozone
K-14 (Ticinella primula/Ticinella breggensis Interval-
Zone). The stratigraphic extinction of members of Co-
lomiella, which takes place between samples AR77-25
and AR79-50, as well as the presence of Ticinella breg-
gensis (Gandolfi) in sample AR79-50, assigns this ho-
rizon to the upper Albian Biozone K-15 (Ticinella breg-
giensis/ Thalmanninella ticinensis Interval-Zone).

3.7. Unit V

3.7.1. Description

Homogeneous package of limestone and chert lay-
ers; medium-bedded, parallel, wavy stratification:
weathers gray. Unit V is exposed between stations 51
and 58 of our field traverse (Fig. 3A), through the wa-
terfall “*El Chorrito’ (station 55), including samples
ARB85-13 to ARI07-17 (Fig. 4). Its upper contact with
Unit VI is transitional and was placed at the base of
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the shale, bentonite, and limestone alternations of Unit
VI. A total thickness of about 128 meters is exposed.

3.7.2. Lithocorrelation

Unit V is herein assigned to Cuesta del Cura
Limestone because it displays the wavy stratification
and chert layers that typify the Cuesta del Cura as de-
scribed by Imlay (1936, p. 1125-1126; 1937, p. 613-615)
from the Sierra de Parras. The El Chorro section is also
remarkably similar to the lithologies of the same unit
exposed at la Boca Canyon of Cerro de La Silla.

3.7.3. Fossils and Chronostratigraphic Position

Vraconian-Cenomanian, Biozone K-16 tp Biozone
K-17. The base of Unit V (samples AR85-18 through
AR94-50) lacks biochronologic markers. The first stra-
tigraphic occurrence of single-keeled Hedbergelloidea
(Thalmanninella ticinensis Gandolfi) indicative of Bio-
zone K-16 (Thalmanninella ticinensis/Thalmanninella
appenninica Interval-Zone) in the Vraconian, takes
place in sample AR96-12 (Fig. 4). The first appearance
of Thalmanninella evoluta (Brotzen) occurs in sample
AR103-44 assigning the upper part of Unit V to Bio-
zone K-17 (Thalmanninella appenninica/Rotalipora
monsalvensis Interval-Zone).

3.8. Unit VI

3.8.1. Description

Irregular alternation of shale, argillaceous lime-
stone and bentonite beds; thin- to medium-bedded; par-
allel, even stratification; weathers dark-gray to tan. Unit
VI is exposed from station 58 trough 61 (Fig. 3A),
including samples AR108-44 to AR110-44 of our field
traverse (Fig. 3). Only 40 meters of this unit are exposed
along Highway 57, but it is well exposed in the valley
directly north of ““El Chorrito’ waterfall where Unit
V1 is involved in several tight isoclinal folds. Its upper
contact is not exposed. At a regional scale, Unit VI
forms the synclinal valley that separates La Nieve and
Los Pinos anticlines.

3.8.2. Lithocorrelation

Unit VI is herein assigned to the Agua Nueva be-
cause it displays the typical alternation of thin-bedded
shale, shaley limestone, and bentonite that characterizes
this unit at its type locality in the Borrega Canyon of
Sierra de Tamaulipas. It was not possible; however, to
distinguish the three-fold division of the Agua Nueva
as originally viewed by Muir (1936, p. 44). El Chorro
section is also closely similar to the succession exposed
along La Boca Canyon in Cerro de La Silla as described
by Longoria and Davila (1978, p. 81-82).

3.8.3. Fossils and Chronostratigraphic Position

Cenomanian, Biozone K-17 to Biozone K-18. The
lowermost part of Unit VI is referable to Biozone K-17
as it contains Thalmanninella evoluta (Sigal). The first
occurrence of the foraminiferal genus Rotalipora takes

place in sample AR108-44 which delineates the base of
Biozone K-18 (Roralipora montsalvensis/Rotalipora
cushmani Interval-Zone) of the Lower Cenomanian.

4. MICROFACIES
4.1. Methods

Samples collected were slabbed and thin-sectioned
using standard petrographic procedures. Thin-sections
were studied for microfacies analysis (Ala Flugel, 1982;
and Carozzi, 1989) and a photo-atlas with all the mi-
crofacies types was elaborated. Representative examples
of these microfacies are illustrated in figures 5, 6, 7, and
8. These figures illustrate the microfaunal content of
the units regardless of their taxonomic determination.

Microfacies data sheets were used to plot the oc-
currence of components (non-skeletal, skeletal, and ter-
rigenous grain types), textural classification was done
using Embry and Klovan’'s (1972) expanded version of
Dunham’s (1962) textural types. The relative abundance
of particular grain types was established using the
amount of each grain in thin section, according to the
following criteria: more of 25 = Abundant; 16-25 =
Frequent; 11-15 = Scarce; 6-10 = Rare; 1-5 = Trace.
Some diagenetic observations such as isochemical
features, including cement types, neomorphism and dis-
solution, were also obtained. All microfacies data were
plotted on vertical sections displaying all the compon-
ents, and an environmental and bathymetric interpre-
tation of the succession was obtained (Fig. 4).

During the present investigation microfacies types
(I-1 through VI-7) were defined within each lithic unit
using the following criteria: 1) the type of texture, used
to separate broad packages; 2) petrographic character-
istics such as differences in micrite types; 3) presence
of skeletal (fossils and fossil fragments); and 4) non-
skeletal grains.

4.2. Description of Microfacies Types

Microfacies I-I: 0-337 m.- This interval is predom-
inantly characterized by arkosic wackes with medium-
sorted, angular to subangular quartz gains, calcareous
grains are abundant locally. Subarkoses predominate in
the upper part of this microfacies and are composed
of medium to poorly sorted, angular to subangular
grains. Microfacies I-1 was deposited in a Fan-Delta sed-
imentary environment.

Microfacies I-2: 337-376 m (Fig. 5-12).- This mi-
crofacies includes 39 meters of mudstone containing
trace to rare quantities of skeletal grains including
ostracod, echinoid, pelecypod, and algae fragments
(Fig. 4). The matrix is homogeneous without any evi-
dence of bioturbation.

Microfacies II-3: 376-468 m (Fig. 5-1, 5-2).- Mud-
stone/fossiliferous micrites to biomicrites. This interval
is 92 meters thick of which the upper 72 meters are
covered (see fig. 4). The remaining 18 meters are char-

Rev. Soc. Geol. Espana, 4, (1-2) {1991)



20 JLFLONGORIA & R MONREAL

acterized by fossiliferous micrites with abundant mol-
lusk and echinoderm fragments. The diagenetic features
present are coalescive neomorphism, solution seams,
and dolomitization.

Microfacies I1-4: 468-485 m (Figs. 5-17, 5-20).-
Packstone/packed biomicrites and grainstone/biospar-
ites. Only 17 meters of mainly packed biomicrites with
biosparites at its base make up this microfacies. Most
abundant skeletal allochems include: green algae, echi-
noderm fragments, ostracods, textularid foraminifera,
and traces of rotalid foraminifera and gastropods (Fig.
4). The diagenetic features observed include “‘late ce-
ment’’ (most abundant) and “‘early cement’’ along with
coalescive neomorphism, and some authigenic quartz.

Microfacies II-5: 485-510 m (Figs. 5-3, 5-4, 5-13).-
Wackestone/biomicrites. Includes 25 meters of bio-
micrites with rare echinoderm and ostracod fragments,
and traces of pelecypod and gastropod fragments. The
diagenetic features include inversion, coalescive neo-
morphism, secondary porosity and solution seams
(stylolites), dolomitization and dedolomitization, and
authigenic quartz.

Microfacies II-6: 510-560 m.- Mudstone/shaley mi-
crites. This microfacies consists of 50 meters of shales
and shaley micrites in which the micrites lack com-
pletely of fauna or bioturbation. Coalescive neo-
morphism and secondary porosity are the only diage-
netic features present.

Microfacies Il-7: 560-580 m (Figs. 5-5, 5-6, 5-8).-
‘Wackestone/biomicrites. Characterized by 15 meters of
biomicrites and a 5 meter shale interval at the top. Non-
skeletal allochems include intraclasts and pseudopellets.
Skeletal grains include: abundant miliolids; frequent
echinoderm fragments; scarce brachiopod, ostracod,
and annelid fragments; and traces of pelecypod shells.
Inversion, coalescive neomorphism and authigenic
quartz are the diagenetic features present. Some terri-
genous chert was also observed.

Microfacies I1-8: 580-708 m (Figs. 5-7, 5-9, 5-11).-
Mudstone/fossiliferous micrites to biomicrites and shal-
ey micrites, dismicrites at base (sample AR32-50). This
microfacies is 28 meters thick and is characterized by
fossiliferous micrites and biomicrites with presence of
intraclasts and fragments of brachiopods, echinoderms,
ostracods, pelecypods and annelids; at the base, traces
of gastropods, and abundant pelecypod fragments are
present. ‘‘Late cement’’, inversion, coalescive neomor-
phism, and authigenic quartz were the diagenetic fea-
tures observed.

Microfacies 11-9: 708-740 m (Figs. 5-15, 5-16).
Grainstone/biopelsparites. This 32 meter interval is char-
aracterized by biosparites with abundant pellets, scarce
ostracods, and traces of algae, brachiopod, and echi-
noderm fragments (Fig. 4). ‘“Late cement”’, solution
seams, dedolomitization, and authigenic quartz are the
diagenetic features present.

Fig. 7.-Microfacies chracteristics and grain types found in Units 111 and 1V: 1) Sample AR75-35. Biomicrite. Unit 111-33-1V-33. Planktonic

foraminifera (Favusella sp). 2) Sample AR77-25. Biomicrite. Unit 111-33-1V-33. Planktonic echinoderm Saccocoma, ostracod frag-
ments (Microcalamoides diversus). 3) Sample AR84-50. Biomicrite. Unit IV-35-V-35. Planktonic foraminifera (Hedbergella delrioensis).
4) Sample AR74-14. Biomicrite. Unit 111-33-1V-33. Calpionellids (Collomiella recta). 5) Sample AR75-35. Biomicrite. Unit 111-33-1V-33,
Ostracod. 6) Sample AR68-25. Biomicrite. Unit I11-33-1V-33. Planktonic foraminifera (Hedbergella sp). 7) Sample AR84-50. Bio-
micrite. Unit 1V-35-V-35. Planktonic foraminifer (Favusella washitensis), calcisphaerulids (Caleisphaerula i ] ), ostracod fragment
(Microcalamoides?). 8) Sample AR69-50. Biomicrite. Unit 111-33-1V-33. Benthic foraminifer (Lenticuling sp.) 9) Sample AR73-8.
Biomicrite. Unit 111-32. Planktonic foraminifer (Hedbergella sp). 10) Sample AR68-25. Biomicrite. Unit 111-33-1V-33. Ostracod shell
fragment (Microcal, ides di t5), caleisphaerulids (Calcisphaerula i ta). 11) Sample AR84-50. Biomicrite. Unit V-35-V-35.
Calcisphaerulids (Pithonella sp., Calcisphaerula inominata), ostracod. 12) Sample AR68-25. Biomicrite. Unit 111-33-1V-33. Planktonic
foraminifer (Favusella scitila). 13) Sample AR74-14. Biomicrite, Unit [11-33-1V-33. Calcisphaerulids (Pithonella trejoi), authigenic
quartz. 14) Sample AR68-25. Biomicrite. Unit I11-33-1V-33. Planktonic foraminifer (Favusella sp), calpionellids (Colomiella mexicana).
15) Sample ARBO-15. Biomierite. Unit 1V-34. Planktonic foraminifer (Ticinella sp). 16) Sample AR68-25. Biomicrite. Unit 111-33-1V-33.
Benthic foraminifer (textularid). 17) Sample AR68-25. Biomicrite. Unit 111-33-1V-33. Calpionellids (Colomiella mexicana), planktonic
foraminifera (Ticinella?) and benthic foraminifer (Lenticulina sp). 8) Sample AR68-25. Biomicrite. Unit 111-32-1V-33, Echinoderm
fragment, calcisphaerulids, calpionellids (Celomiella sp), radiolarian. 19) Sample AR76-3. Calcarcous shale. Unit 111-32. Planktonic
foraminifera (Hedbergella sp). Scale bar = 200 microns for all figures.

Fig. 7.-Tipos de granos y microfacies caracteristicas identificados en las Unidades 111 y IV: 1) Muestra AR75-35. Biomicrita. Unidad 111-33-1V-33.

Foraminiferos plancténicos (Favusella sp). 2) Muestra AR77-25. Biomicrita. Unidad 111-33-1V-33. Equinodermo planctonico: Sac-
cocoma, fragmentos de ostridcodo (Microcalamoides diversus). 3) Muestra AR84-50, Biomicrita. Unidad 1V-35-V-35. Foraminiferos
planctonicos (Hedbergella delrioensis). 4) Muestra AR74-14. Biomicrita. Unidad 111-33-1V-33, Calpionélido (Collomiella recta). 5)
Muestra AR75-35. Biomicrita. Unidad 111-33-1V-33, Ostrdcodos. 6) Muestra AR68-25. Biomicrita. Unidad 111-33-1V-33. Foramini-
feros plancténicos (Hedbergella sp). 7) Muestra AR84-50. Biomicrita. Unidad 1V-35-V-35. Foraminifero plancténico (Favusella was-
hitensis), calciesferiilidos (Calcisphaerula inominata), fragmentos de ostracodo (Microcalamoides?). 8) Muestra AR69-50, Biomicri-
ta. Unidad I11-33-I1V-33. Foraminifero benténico (Lenticulina sp). 9) Muestra AR73-8, Biomicrita. Unidad 111-32. Foraminifero planc-
ténico (Hedbergella sp). 10) Muestra AR68-25. Biomicrita. Unidad 111-33-1V-33. Fragmento de ostracodo (Microcalamoides diver-
sus), calciesferilidos (Calcisphaerula inominata). 11) Muestra AR84-50. Biomicrita. Unidad V-35-V-35, Calciesferilidos (Pithonella
sp., Calcisphaerula inominata), Ostrdcodo. 12) Muestra AR68-25. Biomicrita. Unidad [11-33-1V-33. Foraminifero plancténico (Fa-
vusella scitula). 13) Muestra AR74-14. Biomicrita. Unidad 111-33-1V-33. Calciesferilidos (Pithonella trejoi), cuarzo autigeno. 14)
Muestra AR68-25. Biomicrita. Unidad 111-33-1V-33. Foraminifero plancténico (Favusella sp), s tlidos (Colomiella mexicana).
15) Muestra AR80-15. Biomicrita. Unidad 1V-34. Foraminifero plancténico (Ticinella sp). 16) Muestra AR68-25. Biomicrita. Unidad
111-33-1V-33, Foraminifero bentdnico (textularido). 17) Muestra AR68-25. Biomicrita. Unidad 111-33-1V-33. calpionélidos (Colomie-
lla mexicana), foraminiferos plancténicos (;Ticinella?) y foraminifero benténico (Lenticulina sp). 18) Muestra AR68-25. Biomicrita.
Unidad I11-33-1V-33. Fragmento de equinodermo, calciesferulidos, calpionélidos (Colomielia sp), radiolarios. 19) Muestra AR76-3.
Lutita calcdrea. Unidad 111-32. Foraminiferos planctonicos (Hedbergella sp). Escala = 200 micras para todas las figuras.
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Microfacies II-10: 740-750 m.- Wackestone/dolomi-
tic biomicrites. This interval is characterized by biomi-
crites with abundant pellets and frequent gastropod
fragments. Coalescive neomorphism and very abundant
dolomitization are the diagenetic features present.

Microfacies II-11: 750-788 m.- Mudstone/fossilifer-
ous micrites to biomicrites. This microfacies is 38 me-
ters thick of fossiliferous micrites and biomicrites with
no allochems of any kind (Fig. 4). Only coalescive neo-
morphism, abundant rock fragments, and terrigenous
quartz are present.

Microfacies I1-12: 788-791 m (Figs. 5-18, 5-19;
5-20).- Grainstone/biointrasparites. Includes only 3 me-
ters of biointrasparites with abundant intraclasts, mi-
liolids, and gastropods, and frequent green algae. The
diagenetic features observed are “‘early’’ and “‘late’’ ce-
ments and coalescive neomorphism. Terrigenous quartz
grains are also common.

Microfacies I1-13: 791-809 m.- Mudstone/micrites.
This is an 18 meter interval of micrites with no allo-
chems at all; only thick calcite veins, coalescive neo-
morphism, and terrigenous quartz grains were observed
(Fig. 4).

Microfacies I1-14: 809-831 m.- Wackestone/biomi-
crites. Includes 22 meters of biomicrites with abundant
pseudopeloids, miliolids, and frequent echinoderm and
mollusk fragments. Coalescive neomorphism and cal-
cite veins are also present.

Microfacies II-15: 831-855 m (Figs. 6-1, 6-7, 6-14).-
Grainstone/biosparite. Includes 24 meters of biosparites
with abundant oolites, frequent miliolids, rare bra-
chiopod fragments, scarce gastropods, and traces of 0s-
tracods. The diagenetic features observed are “‘early’’
and “‘late’’ cements, coalescive neomorphism, authige-
nic quartz, and thick calcite veins. Terrigenous quartz
grains are also present in this interval.

Microfacies 1I-16: 855-873 m (Figs. 5-10, 6-6, 6-8).-
Mudstone/fossiliferous micrites. Consists of 18 meters
of mostly fossiliferous micrites with some intraclasts
and traces of pelecypod and gastropod shells. The dia-
genetic features observed are ‘‘late cement®’, coalesci-
ve neomorphism, inversion, and dolomitization.

Microfacies I1-17: 873-879 m (Figs. 6-4, 6-9, 6-11,
6-17).- Packstone/packed biointramicrites to biointras-
parites. Includes only 6 meters of packed biointramic-
rites with abundant intraclasts, frequent ooids, rare

Fig. 8.-Microfacies chracteristics and grain types identified in Units IV, V, and VI: 1) Sample AR93-37. Biomicrite. Unit IV-35-V-35, Cal-
cisphaerulids, planktonic foraminifera. 2) Sample ARR9-50. Biomicrite. Unit 1V-35-V-35, Calcisphaerulids, planktonic foraminife-
ra.3) Sample AR105-35. Packed biomicrite. Unit V-36. Turbiditic texture, planktonic foraminifera. 4) Sample AR141-40. Biomicrite.
Unit I'V. Calpionellids fColomiella spp), calcisphaerulids, planktonic foraminifera. 5) Sample AR103-44. Biomicrite. Unit V-36. Plank-

tonic foraminifer (Thal, inell,

ica). 6) Sample AR96-12, Biomicrite. Unit V-36, Benthic foraminifer (Textularia). 7)

Sample AR103-44. Biomicrite. Unit V- 36 Planktonic foraminifera (Hedbergella spp). 8) Sample AR88-43. Biomicrite. Unit ['V-35-V-35.
Planktonic foraminifer (Ticinella floresae). 9) Sample AR137-4. Biomicrite. Unit 1V. Calcified radiolarian inside intraclast. 10) Sam-
ple ARI37-4, Biomicrite, Unit IV, Planktonic foraminifer (Thalmanninelia ticinensis). 11) Sample ARB3-13. Biomicrite. Unit 1V-35-V-35,
Benthic foraminifer (Lenticulina sp.). 12) Sample AR85-13. Biomicrite. Unit [V-35-V-35. Calcified radiolarian. 13) Sample AR101-0.
Biomicrite. Unit V-36. Calcified radiolaria, planktonic foraminifera. 14) Sample AR96-12. Biomicrite. Unit V-36. Planktonic forami-

nifer (Thal inella tici)

is). 15) Sample AR128-0. Biomicrite. Unit [l. Reworked miliolid. 16) Sample AR85-13. Biomicrite.

Unit V-36. Planktonic foraminifer (Hedbergella planispira), calcisphaerulids. 17) Sample AR88-43, Biomicrite. Unit 1V-35-V-35, Cal-

cisphaerulid Bonetocardiella, 18) Sample AR108-44. Biomicrite. Unit V1-37. Planktonic fi

ifer?. 19) Sample AR108-44, Packed

biomicrite. Unit VI-37. Planktonic foraminifera (Hedbergella spp), calcified radiolaria. 20) Sample AR101-0. Biomicrite. Unit V-36.
Turbiditic texture, planktonic foraminifera (Whiteinella sp), calcified radiolaria, 21) Sample AR139-4, Biomicrite. Unit IV. Plankto-
nic foraminifera, ostracods, echinoderm fragments. 22) Sample AR103-44. Biomicrite, Unit V-36. Planktonic foraminifera ¢ Whitei-
nella spp). 23)Sample AR128-0. Biopelmicrite. Unit 11. Unidentified planispiral foraminifer? inside intraclast. 24) Sample AR129-0.
Biomicrite. Unit I1. Pseudopeloids, miliolids?. 25) Sample AR109-30. Silty biomicrite. Unit VI-37. Quartz and feldspar silt. 26) Sam-
ple AR140-24. Biomicrite. Unit 1V. Planktonic and benthic foraminifera, calpionellids. 27) Sample AR131-39, Biomicrite. Unit I1.
Fossil hash. 28) Sample AR110-43. Packed biomicrite. Unit VI-37. Mollusk fragments, calcisphaerulids. Scale bar = 200 microns

for all figures,

Fig. 8.-Tipos de granos y microfacies caracteristicas identificados en las Unidades IV, V, y VI: 1) Muestra AR93-37. Biomicrita. Unidad
1V-35-V-35. Calciesferilidos, foraminiferos planctdnicos. 2) Muestra AR89-50. Biomicrita. Unidad [V-35-V-35. Calciesferilidos, fo-
raminiferos planctonicos, 3) Muestra AR105-35, Biomicrita empaguetada. Unidad V-36. Textura turbiditica, foraminiferos planctd-
nicos, 4) Muestra AR141-40. Biomicrita, Unidad 1V. calpionélidos (Colomiella spp), calclsfzruhdos, foraminiferos plancténicos. 5)

Muestra AR103-44, Biomicrita. Unidad V-36. Foraminifero plancténico (Thal

P inica). 6) Muestra AR96-12. Bio-

micrita. Unidad V-36. Foraminifero benténico (Textularia). 7) Muestra AR103-44, Biomicrita. Unidad V-36. Foraminiferos planctd-
nicos (Hedbergella spp). 8) Muestra ARB8-43. Biomicrita, Unidad 1V-35-V-35. Foraminifero plancténico (Ticinella floresae). 9) Muestra
AR].’-? 4. Biomicrita. Unidad 1V. Radiolarios calcitizados, dentro de un intraclasto, 10) Muestra AR137-4. Biomicrita. Unidad 1V.

I I 1
ror o

énico (Thal,

lla ticinensis). 11) Muestra AR83-13. Biomicrita. Unidad 1V-35-V-35. Foraminifero benténi-

co (Lenticulina sp.). 12) Muestra AR85-13. Biomicrita. Unidad 1V-35-V-35, Radiolarios calcitizados. 13) Muestra AR101-0. Biomicri-
ta. Unidad V-36. Radiolarios calcitizados, foraminiferos plancténicos. 14) Muestra AR96-12. Biomicrita. Unidad V-36. Foraminifero
plancténico (Thalmanninella ticinensis). 15) Muestra AR128-0. Biomicrita. Unidad I1. Miliélido. 16) Muestra AR85-13, Biomicrita.
Unidad V-36. Foraminifero plancténico (Hedbergella planispira), calciesferilidos. 17) Muestra AR88-43. Biomicrita. Unidad [V-35-V-35.
Calciesferulido Bonetocardiella. 18) Muestra AR108-44. Biomierita. Unidad VI-37. Foraminifero plancténico ?. 19) Muestra AR108-44,

Biomicrita. Unidad VI-37. Forami

iferos planctonicos (Hedbergella spp), calcified radiolaria. 20) Muestra AR101-0. Biomicrita. Unidad

V-36. Textura turbiditica, foraminiferos planctdnicos (Whiteinella sp), radiolarios calcificados. 21) Muestra AR139-4. Biomicrita.
Unidad IV, Foraminiferos plancténicos, ostracodos, fragmentos de equinodermo. 22) Muestra AR103-44, Biomicrita. Unidad V-36.

Foraminiferos planctonicos (Whiteinella spp). 23) Muestra AR128-0. Biopelmicrita. Unidad 11. Fc inifero pl

do inde-

terminado, dentro de un intraclasto. 24) Muestra AR129-0, Biomicrita. Unidad I1. Pseudopeloides, miliélidos?. 25] Muesm: ARIOQ-SG

Biomicrita arcillosa. Unidad VI-37. Cuarzo y feldespato. 26) Muestra AR140-24. Biomicrita. Unidad IV. Fo

&

iniferos p

¥ benténicos, calpionélidos. 27) Muestra AR131-39. Biomicrita. Unidad I1. Fragmentos de fasiles. 28) Muestra ARIIO—43‘ Biomicri-
ta. Unidad VI-37. Fragmentos de molusco (calciesferilido). Escala = 200 micras para todas las figuras.
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grapestones, abundant green algae, frequent miliolids
and gastropods, and scarce brachiopod and pelecypod
shell fragments. Micritic envelopes are abundant; of-
ten the allochems are leached and replaced by sparry
calcite, remaining only the micritic envelopes. The dia-
genetic features include: *‘early’? and “‘late’’ cements,
coalescive neomorphism, inversion, and authigenic
quartz.

Microfacies I1-18: 879-924 m.- Mudstone/fossilifer-
ous micrites. This interval is 35 meters thick and is char-
acterized by fossiliferous micrites with abundant pelecy-
pod fragments and scarce echinoderm fragments. ““Late
cement’’ and inversion were the only diagenetic features
observed.

Microfacies II-19: 924-962 m (Figs. 6-3, 6-5, 6-13,
6-15, 6-16).- Wackestone/biomicrites. 38 meter thick in-
terval. The biomicrites of the lower part are character-
ized by having abundant ooids, frequent intraclasts and
pseudopeloids, frequent miliolids, and rare rotalid ben-
thic foraminifera. ““Late cement’’, coalescive neomor-
phism, and authigenic quartz constitute the diagenesis
present. The biomicrites of the upper part are charac-
terized by abundant echinoderm and pelecypod (rudist)
fragments, frequent textularid foraminifera, and scarce
miliolids and ostracods. The diagenetic features present
are “‘late cement” and inversion.

Microfacies I1-20: 962-995 m (Figs. 6-2, 6-18, 6-23,
6-25).- Floatstone/biopelmicrudites. Includes 23 meters
of biopelmicrudites. Non-skeletal grains present are
abundant pseudopeloids, and frequent intraclasts. Skel-
etal allochems include abundant pelecypod (rudist) shell
fragments, gastropods, green algae, textularid forami-
nifera, and miliolids, traces of ostracods and rotalid
benthic foraminifera. The diagenetic features include:
common ‘“‘late cement’’, coalescive neomorphism, in-
version, and partial silicification of shell fragments.

Microfacies II-21: 995-1019 m.- Wackestone/bio-
intramicrites. The microfacies characteristic of this 24
meter interval are biointramicrites with frequent intra-
clast and abundant reworked miliolids and gastropods;
most of them forming part of intraclasts. “‘Late
cement’ and coalescive neomorphism are the dia-
genetic features present.

Microfacies 11-22: 1019-1073 m.- Mudstone/micri-
tes and pseudosparites. Includes 54 meters of micrites
almost bare of allochems except for a few intervals whe-
re abundant intraclasts and traces of mollusk fragments
were observed. Extensive diagenesis is evidenced by
abundant pseudosparite and dolomitization.

Microfacies II-23: 1073-1115 m (Fig. 6-22).- Float-
stone/biomicrudites. Includes 42 meters of biomicrudi-
tes with abundant pelecypod rudist fragments and fre-
quent echinoderm fragments. The diagenetic features
include *‘late cement”’, inversion, and partial silicifica-
tion of shell fragments.

Microfacies II-24: 1115-1148 m.- Mudstone-wacke-
stone/biomicrites. This interval includes 33 meters of
biomicrites with abundant reworked miliolids and echi-
noderm fragments, frequent orbitolinid foraminifera,
and traces of pelecypod shells. ““‘Late cement”’, coale-
scive neomorphism, and dolomitization were again the
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diagenetic features observed.

Microfacies II-25: 1148-1191 m .- Floatstone/biomic-
rudites. This microfacies interval is 43 meters thick of
biomicrites lacking non-skeletal grains but contain mol-
lusk (rudist ?), ostracod, and echinoderm fragments.
Coalescive neomorphism and inversion are the diage-
netic features present.

Micrafacies I1-26: 1191-1213 m (Figs. 6-10, 6-21).-
Grainstone/biopelsparites. Includes 22 meters of bio-
pelsparites with abundant pellets. Most abundant skel-
etal grains are reworked miliolids, followed by pelecy-
pod fragments and rotalid foraminifera, and scarce bra-
chiopod and echinoderm fragments; most allochems
show heavy micritic envelopes. Diagenesis is evidenced
by ‘‘early’’ and ‘‘late’’ cements, coalescive neomor-
phism, inversion, and partial silicification of pelecypod
shell fragments.

Microfacies II-27: 1213-1240 m.- Packstone/packed
biointramicrites. Includes 27 meters of packed biomi-
crites with abundant intraclasts. Skeletal grains include
frequent miliolids, scarce rotalid foraminifera, and rare
ostracod, brachiopod, and echinoderm fragments. Allo-
chems show heavy micritic envelopes. The diagenesis
present includes two generations of “‘late’” cementation,
coalescive neomorphism, dolomitization, partial silici-
fication of shell fragments, authigenic quartz, and cal-
cite veins.

Microfacies II-28: 1240-1263 m (Figs. 6-19).-
Grainstone/biopelsparites-packed biopelmicrites. The
grainstones of this 23 meter interval vary from biopels-
parites to packed biopelmicrites with abundant pellets
and miliolids; other allochems include frequent rotalid
foraminifera and ostracods, and rare echinoderm and
brachiopod fragments. The diagenetic features include
two generations of ‘‘late cement”’, partial silicification
of allochems, and calcite veins.

Microfacies I1-29: 1263-1284 m.- Mudstone/micri-
tes. Includes 21 meters of micrites with only scarce pe-
lecypod shell fragments. Abundant sutured solution
seams are present along with some coalescive neomor-
phism. i

Micrafacies I1-30: 1284-1286 m.- Packstone/packed
biointrapseudopelmicrites-packed biointrapseudopels-
parites. This is a 2 meter interval of packestone that vary
from packed micrites and packed sparites, but all ha-
ving abundant pseudopeloids and frequent intraclasts.
The main skeletal grains include abundant miliolid and
pelecypod fragments, and rare gastropods and textula-
rid foraminifera. ‘‘Late cement”’, coalescive neomorp-
hism and inversion constitute the diagenesis present.

Microfacies I1-31: 1286-1290 m.- Mudstone/fos-
siliferous micrites. Includes 4 meters of fossiliferous mi-
crites with only abundant mollusk fragments. The dia-
genetic features include abundant pseudosparite and mi-
crosparite, sutured solution seams, and secondary
porosity.

Microfacies ITI-32: 1290-1300 m (Figs. 6-12; 8-9,
8-19).- Favusella biomicrite and shale. This microfacies
consists of 10 meters of planktonic foraminiferal-rich
biomicrites and shale. Skeletal grains like planktonic fo-
raminifera, calcisphaerulids, pelagic ostracods, and
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echinoderm fragments are the predominate compo-
nents. Terrigenous clay and quartz silt was observed
throughout this interval.

Microfacies IT1-33-IV-33: 1300-1365 m (Figs. 8-1 to
8-6, 8-8, 8-10, 8-12 to 8-14, 8-16 to 8-18).- Favusella-
Colomiella biomicrites. Includes 65 meters of predom-
inantly planktonic skeletal grains including calpione-
1lids, hedbergellids, favusellids, ostracods, and calcis-
phaerulids, along with textularid foraminifera. The ro-
talid foraminifer Lenticulina is also present at some
intervals.

Microfacies IV-34: 1365-1418 m (Fig. B8-15)-
Ticinella-Hedbergella biomicrites. Includes 53 meters
of biomicrites with abundant planktonic foraminifera,
pelagic ostracods, radiolaria, and abundant intraclasts
in the middle of this interval. The foraminifer Lenticu-
lina is present at the base.

Microfacies IV-35-V-35: 1418-1470 m (Figs. 8-3, 8-7,
8-11).- Calcisphaerulid biomicrites. This microfacies in-
cludes 52 meters of biomicrites rich in calcisphaerulids
and planktonic foraminifera. Also present in various
abundances are: pelagic ostracods, calcified radiolaria,
benthic foraminifera, and pelecypod and gastropod
fragments.

Microfacies V-36: 1470-1558 m (Figs. 8-3, 8-5 to
8-7, 8-13, 8-14, 8-20, 8-22).- Single-keeled hedbergellid
biomicrites. Includes 107 meters of mudstones interca-
lated with shales. The mudstones are biomicrites with
abundant radiolaria and keeled planktonic foraminife-
ra. Minor abundances of other benthic foraminifera and
mollusk fragments are also present.

Microfacies VI-37: 1558-1600 m (Figs. 8-18, 8-19,
8-25).- Radiolaria biomicrites to packed biomicrites. In-
cludes 23 meters of biomicrites with occasional turbi-
ditic texture, abundant radiolaria, and planktonic fo-
raminifera. Terrigenous quartz and feldspar are
abundant.

5. PALEOECOLOGICAL INTERPRETATION

In the present investigation the paleoecological in-
terpretation of the Cretaceous succession studied was
complicated by the fact that samples needed to be stu-
died in thin-section of indurated carbonates. Conse-
quently, the identification of paleontological compo-
nents, bearing more ecological significance, could not
be done beyond the Order or at best generic level. Skel-
etal (biological) grains are by far the most abundant
components of the majority of the Cretaceous lime-
stones analyzed where they are common to abundant.
Fourteen skeletal grain types (biological components)
were identified including: algae, annelids, brachiopods,
calpionellids, calcisphaerulids, echinoderms, gastro-
pods, miliolids, ostracods, pelecypods, planktonic fo-
raminifera, radiolaria, rotalids (benthic calcareous), and
textularids (Fig. 9). Grain composition as well as pe-
trographic characteristic were used to interpret the pa-
lecenvironment represented by each microfacies types.

The overall paleontological composition, as well
as the predominance of carbonates, alternation of tex-

tural types related to high energy levels, and the lack
of biological framestones (or barrier reefs) in the suc-
cession studied are indicative of a carbonate ramp in
an open marine environment. The vertical distribution
of the microfacies types was used to obtain a horizon-
tal representation of an ideal depositional model which
basically follows Walther’s law of facies (Middleton,
1973). The Campeche ramp in the Gulf of Mexico is
considered as a present-day analog of the environmen-
tal model represented by the Cretaceous succession
studied.

Foraminifera were used as depth indicators, water
depths were based on the generic determinations of fo-
raminfera according to the work by Estavillo (1976) in
the Campeche ramp, Culver (1988) in the northwestern
Gulf of Mexico, and Longoria (1975) on the Coman-
chean Series in northeastern Mexico. Following the re-
sults by Estavillo (1976) the planktonic/benthonic ra-
tio of foraminifera present in the thin-section was also
used as a paleobathymetric index for the carbonate
ramp. The relative abundance of non-keeled and kee-
led planktonic foraminifera was interpreted following
the results by Longoria (1975). In spite of our use of
multiple criteria to obtain paleoenvironmental inter-
pretations of the succession studied, we are aware of
the limitations in obtaining paleobathymetic determi-
nations based on microfossils. However, as stated by Lu-
terbacher (1984, p. 396): “‘En general, las interpretacio-
nes paleobatimétricas exigen una actitud pragmdtica y
un razonamiento basado en varios métodos, es preciso
seguir varias vias de argumentacion y de confrontar
continuamente las conclusiones con las basadas en otras
disciplinas hasta poder llegar a un resultado coherente
y geoldgicamente razonable.”’ Furthermore, we antici-
pate that adequate paleoenvironmental evaluations are
drawn which are coherent with the depositional history
of the Mesozoic of northeastern Mexico.

5.1. Inner Ramp

Microfacies.- The Inner Ramp is represented by the
following microfacies types: 1-2, II-3, 1I-4, II-5,
11-6,11-8, 11-9, 11-10, 11-11, 11-13, II-16, 11-18, 11-22, 11-23,
I1-25, 11-29.

Water depth.- Shallow open marine (inner zone) to
50 m. Including the transitional zone between 0 and 20
m in which two major sedimentary environments can
be recognized: 1) supratidal: highest incursion of ma-
rine waters (microfacies I1-3, II-5, II-11, II-13), and 2)
intertidal: zone of constant wave action, between low
and high tides (Microfacies II-6, 11-16). Locally high
energy banks made of grainstones are formed (Micro-
facies 11-4, 11-9).

Paleontological components.- The following grou-
pings were distinguished: 1) extremely rare to lacking
of biological components (supratidal), 2) typically made
of only one biological component (intertidal), 3) two
biological components (open inner ramp below the in-
fluence of tides) and lacking planktonic foraminifera
or extremely rare.

Rev. Soc. Geol. Espafia, 4, (1-2) (1991)
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Fig. 9.-Bar diagrams showing percentages of skeletal grain types in individual samples of the El Chorro section. Both the number of compo-
nents and the guantitative relation of cach grain in the samples were considered of palececological siginificance.

Fig. 9.-Diagramas en barra gue muestran los porcentajes de granos esqueléticos en cada una de las muestras de la seccién El Chorro. Tanto
el numero de componentes como la cantidad de cada tipo de grano en las muestras fueron considerados de significado paleoecolégico.
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5.2. Middle Ramp

Microfacies.- The Middle Ramp environments are
represented by the following microfacies types: II-7,
11-12, 11-14, 11-15, 11-17, 11-19, II-21, I1-24, 11-27, 1I-28,
11-30.

Water depth.- Middle zone (51 m to 100 m).

Paleontological components- Abundant to com-
mon miliolids (quingueloculinids and nummeoluculi-
nids), rotalids. Planktonic foraminifera are rare, but if
present less than 10 percent. Diverse amounts of mol-
lusk, echinoderms, calcareous algae. Locally rudists (re-
quienids and caprinids) become abundant developing
shoals and carbonate mounds (Microfacies 1I-12, 1I-15,).
Lagoonal environments are also developed at some
intervals (Microfacies 11-7, 11-4, I1-21).

5.3. Quter Ramp

Microfacies.- The outer ramp is only represented
in microfacies 111-32, III-33, and IV-33.

Water depth.- Deeper water (101 to 200 m).

Paleontological components.- Abundant (40 to 50
percent) non-keeled planktonic foraminifera (hedber-
gellids, favusellids), common mollusk, coral, and echi-
noderm debris. Ostracods (Microcalamoides) are fre-
quent.

5.4. Slope/Basin Margin

Microfacies.- 1V-33, 1V-35, V-35.

Water depth.- Upper bathyal zone (below 200 m).

Paleontological components- Abundant plank-
tonic foraminifera, colomiellids, calcisphaerulids, and
mollusk, and echinoid debris. Benthic foraminifera are
locally common consisting of lenticulinids.

5.5. Basin

Microfacies.- Basinal facies are repiesented by mi-
crofacies types VI-36, and V-37.

Water depth- Middle bathyal zone (below 500 m).

Paleontological components- Abundant (more that
75 percent) keeled planktonic foraminifera and common
radiolaria. Very rare fragmental grains such as mollusks
and echinoids. Pelagic echinoids (saccocomids) are com-
monly found.

6. DEPOSITIONAL ENVIRONMENTS

The stratigraphic succession exposed at La Nieve
Anticline can be interpreted in terms of its sedimentary
systems and depositional environments as follows:

6.1. Fan-delta sedimentation

Terrigenous sediments of the lower part of the sec-
tion characterize the sedimentation in a basin adjacent
to an active strike-slip fault regime in which fluvio-
deltaic and fan-delta sedimentation was generated as
a result of fault reactivation (Fig. 10). As a result, thick
piles of terrigenous sediments were deposited in the
fault-bounded basin margins, whose lateral extent was
very limited. Rapid sedimentation associated to fault
activity accounts for the re-working of Lower Creta-
ceous faunas. The initiation of this fault activity is un-
known, but it is clear that ended in the Bedoulian (Bio-
zone K-7). At this time a more stable carbonate system
developed (Fig. 10) and lasted until the Vraconian (Bio-
zone K-17).

6.2. Shallow water carbonates

The contact between Unit I and Unit II marks the
beginning of a predominantly carbonate sedimentary
environment, This change in sedimentation is attributed
to a time of tectonic stability whereby thermotectonic
subsidence was taking place (Fig. 11). Shallow water car-
bonates of the Cupido Limestone were deposited on a
wide ramp with open communication to marine con-
ditions which developed on top of the terrigenous
succession (Fig. 10A). No reef barrier was formed at
the site of, or nearby La Nieve Anticline area. Micro-
facies types and lithic units are distributed as follows:

Depositional

environment Lithic Unit Microfacies
Inner Ramp 11 2-6, 8-11, 13
Middle Ramp 11 7, 14-16, 19-21
QOuter Ramp 11 12, 17-18, 23-31

The geohistory curve of Figure 11 shows that
shallow-water carbonate deposition lasted for about 4.5
m.y. The great thickness (914 meters) of Unit II is ex-
plained assuming a stand of sea level coupled with pro-
gradation and gradual subsidence, implying accumu-
lation rates of 20.31 ¢cm/1000 year and a subsidence
rate of 19.64 cm/1000 year in 4.5 m.y. Changes in sedi-
mentary environments, from supratidal to outer ramp,
through Unit II represent progradation-aggradational
cycles.

6.3. Deep water carbonates

The contact between Unit II and Unit III (Cupido-
La Pefia? contact) reflects abrupt environmental chan-
ges, from outer ramp to slope/basin, which are explai-
ned via a major transgressive event with the resulting
drowning of the carbonate ramp. Microfacies types and
lithic units are distributed as follows:
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Depositional
environment Lithic Unit Microfacies
Slope 111 33
v 35
v 35

The thermotectonic subsidence that took place du-
ring deposition of Unit III is likely to be related to ac-
tive sea-floor spreading in the Atlantic during Aptian.
The La Pefa transgressive event likely reflects the timing
of magnetic anomaly 0 in the Atlantic and the opening
of the south Atlantic. Planktonic foraminiferal faunas
present in unit 3 are remarkably similar to those des-
cribed from Madagascar (Sigal, 1966; Longoria, 1974).

Unit III-Unit IV contact reflects the continuation
of a transgressive event expressed in local fluctuations
and an environmental change in the area from ramp-
margin to slope. Unit IV-Unit V contact (Tamaulipas?-
Cuesta del Cura contact) marks a change in bathymetry
as the later unit represents sedimentation in bathyal
depths.

Biozone K- 13 Daturm Plane

wsw ENE

La Boca

Los Chorros
=

Fig. 10.-Aptian evolution of depositional environments prevailing
during the deposition of Units 1 and II represented in Ca-
fion El Chorro section, and their genetic relation to La Bo-
ca Canyon succession: A) Lower Aptian (Biozone K-7). B)
Upper Aptian (Biozone K-13). Legend: 1.-Continental
basement. 2.-Deep water carbonates of San Angel Lime-
stone. 3.-Fan-delta siliciclastics of Unit 1. 4.-Shallow water
carbonates of the Cupido Limestone, 5.-La Peiia Formation.

Fig. 10.-Evolucién cn el Aptiense de los ambientes deposicionales
prevalecientes durante el depdsito de las Unidades 1 y I1 re-
presentadas en la seccién del Canon El Chorro, asi como
sus relacion genéticas con los sedimentos de aguas profun-
das de la sucesion del Cafion de La Boca. A) Aptiense In-
ferior (Biozona K-7). B) Aptiense Superior (Biozona K-13).
Leyenda: 1.-B: l. 2.-Carbonatos de aguas
profundas de la Caliza San Angel. 3 -Silicicldsticos fluvio-
deltaicos de la Unidad 1. 4.-Carbonatos de aguas someras
de la Caliza Cupido. 5.-Formacién La Pefia.
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Fig 11.-Geohistory curve showing the Aptian-Albian subsidence his-
tory of the La Nieve succession. Its interpretation is given
in the text.

Fig. 11.-Curva de la historia geoldgica en la que se muestra la sub-
sidencia durante el Aptiense-Albiense de la sucesion de la
Sierra La Nieve. La interpretaién se d4 en el texto.

6.4. Flysch deposition

The first occurrence of shale, argillaceous lime-
stone, and bentonite of the Agua Nueva defines the be-
ginning of pelitic flysch, whose deposition indicates tec-
tonic activity in the region. Tectonic activity in the re-
gion is also evidenced by the thermotectonic subsidence
curve of Fig. 22,

7. CONCLUSIONS

Both limbs of La Nieve Anticline contain lithic
units with equal thickness which permits geometric re-
constructions of the anticlinal fold (Fig. 2).

The units identified in the field can be lithocorre-
lated as follows:

Lithic Unit: Present Work Previous Workers

Unit VI Agua Nueva Hendidura
Unit V Cuesta del Cura Cuesta del Cura
Unit IV Tamaulipas? Aurora
Unit III La Pefia? La Pena
Unit II Cupido Cupido
Unit [ ? Taraises-Casita
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Fig. 12.-Regional correlation of physical stratigraphic events across northeast Mexico. Events recognized in Cafon El Chorro section are
correlated with similar event as observed at La Boca Canyon and Sierra de Parras succession. La Boca Canyon section after Longo-
ria and Davila (1978), Sierra de Parras after Imlay (1936, 1937). Legend: An.-Agua Nueva Formation. Au.-Aurora Limestone. Ca.-
Caracol Formation. Cc.-Cuesta del Cura Formation. Ce.-El Cercado Formation. Cu.-Cupido Limestone. In.-Indidura Formation.
Le-La Caja Formation. LCa.-La Casita Formation. Lg.-La Gloria. Lp.-La Pefia Formation. Mz.-Mendez Shale. Pa.-Parras Shale.
Sa.-San Angel. Sf.-San Felipe. Ta.-Tamaulipas Limestone. Biochronologic data: Ki.-Kimmeridgian. Be-Berriasian. Ap.-Aptian. Al.-
Albian. Ce-Cenomanian. Ma.-Maastrichtian. K2, K7, K13, K-17, K19 biozones in Longoria’s (1984c) biochronologic scheme.

Fig. 12.-Correlacion regional de eventos fisicos estratigrificos en el noreste de México. Los eventos reconocidos la seccion del Canon El
Chorro son correlacionados con eventos similares que se observan en ¢l Canon de La Boca y la sucesién de la Sierra de Parras.
La seccion del Canon de La Boca Canyon segin Longoria and Davila (1978), la de la Sierra de Parras segun Imlay (1936, 1937).
Leyenda: An.-Formacion Agua Nueva. Au.-Caliza Aurora. Ca.-Formacidon Caracol. Ce.-Formacion Cuesta del Cura. Ce-Formacion
El Cercado. Cu.-Caliza Cupido. In.-Formacién Indidura. Le.-Formacion La Caja. LCa.-Formacion La Casita. Lg.-Formacion La
Gloria. Lp.-Formacién La Pefa. Mz.-Lutita Mendez. Pa.-Lutita Parras. Sa.-Caliza San Angel. Sf.-Formacion San Felipe. Ta-Caliza
Tamaulipas, Datos biocronolégicos: Ki-Kimmeridgiense. Be-Berriasiense, Ap.-Apticnse. Al-Albiense. Ce-Cenomaniense. Ma.-
Maastrichtiense, K2, K7, K13, K-17, K19 biozonas del esquema biocronoldgico de Longoria (1984¢).
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Physical stratigraphic events in the Cretaceous (Fig.
12) include: Event I, identified by the deposition of a
continuous carbonate succession (Cupido and San An-
gel Formations). Event 2, drowning of the carbonate
platforms, expressed in the first appearance of terrige-
nous shales of La Pefia and Unit III, at la Boca Can-
yon and Los Chorros Canyon, respectively. Event 3, be-
ginning of the pelitic flysch sedimentation (Agua Nue-
va Formation). Event 4, beginning of the arenaceous
flysch sedimentation. This event was not documented
at Los Chorros Canyon but is well observed elsewhere
in northern Mexico such as in the Parras region of Coa-
huila state. The correlation of these events across north-
eastern Mexico; to the ENE of Los Chorro into La Bo-
ca Canyon, and to the WSW of Los Chorros into Sie-
rra de Parras, is shown in Fig. 12.

As stated above, no fossils were observed in the ter-
rigenous lower part of the succession during the cour-
se of the present investigation. However, the presence
of Parhabdolitus asper (Stradner) in the upper part of
Unit I, as reported by Barrier (1977, p. 295), bracketed
by the presence in Unit III of Upper Aptian plankto-
nic foraminifera of Biozone K-13 indicates that carbo-
nate deposition started in the Bedoulian (Lower
Aptian).

The abundance of planktonic foraminifera (hed-
bergellids, favusellids, and ticinellids) in Unit III per-
mitted to assign its base to Biozone K-13 (uppermost
Aptian). Consequently, the chronostratigraphic position
of La Pefia lithofacies in northern Mexico varies from
lower Aptian (Biozone K-7) in La Boca Canyon to up-
per Aptian (Biozone K-13) in Los Chorros section. The
use of La Pefa as a Gargasian ‘‘time horizon’ as im-
plied by previous authors (Smith, 1981) should be avoi-
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ded. Our biochronologic studies showed that La Pefia
is a time transgressive unit from ESE to WNW.

Similarly, the debut of the flysch deposition (Agua
Nueva Formation) in the region corresponds to a dia-
chronous event; however, this event is younger at Los
Chorros, Biozone K-17 (Vraconian/Cenomanian) and
older at La Boca Canyon, Biozone K-19 (Upper Ceno-
manian) (Figure 12).

The difference in polarity between the terrigenous
pulses of Event 2 and Event 3, that is, the fact that Event
2 is older to the ENE whereas the contrary occurs with
Event 3 is difficult to interpret due to the lack or
widely distributed sections. Nonetheless, one possible
explanation may be that both successions developed in
separate basins since the Albian.

The application of microfacies analysis to the study
of carbonate succession, as exemplified in this study,
offers the potential of utilizing both petrographic and
micropaleontological data obtained in thin-sections of
indurated lithologies to obtain chronostratigraphic, pa-
leoecological, and sedimentological interpretations
which will be valuable to geologists as an alternative
in interpreting sedimentary environments, as well as an
alternative characterization of lithostratigraphic units.
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