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ABSTRACT

In the northeastern part of the State of Querétaro, central Mexico, Cretaceous carbonate rocks are
extensively exposed. Samples of algae (Acicularia elongata Carozzi, Linoporella cf. L. elliotti [Praturlon],
Cayeuxia kurdistanensis Elliott and Neomeris cf. N. cretacea Steinmann), foraminifers (Barkerina barker-
ensis Frizzel and Schwartz, Dictyoconus walnutensis [Carsey] and Cuneolina sp.), gastropods (Neoptyxis
pre-olisiponensis [Delpey] and Diptyxis castilli [Barcena]) and rudists (Caprinuloidea perfecta Palmer and
Coalcomana sp.) were collected along a segment of the edge of San Luis Potosi carbonate platform nearby
the town of Ahuacatlin. The age of the identified fauna has been assigned to the middle Albian.

The area of study is located in the forelimb of the Ahuacat]dn syncline that averages 2.5 km in width.
This structural unit is flanked to the west by the Bonanza fold-nappe and to the east by the Puente de Dios
thrust. Toward the north, these units end abruptly against a salient of the Valles-San Luis Potos{ platform in
Arroyo Hondo. The structural distribution of these units can be correlated with the Bonanza fold-nappe,
flanked in its eastern limb by the El Volantin thrust, the El Fraile syncline and the Jiliapan thrust located
within the San Francisco region in the State of Hidalgo, southeast of the area of study.
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RESUMEN

En la region nororiental del Estado de Querétaro, estdn expuestas en forma extensiva rocas carbona-
tadas creticicas. Muestras de algas (Acicularia elongata Carozzi, Linoporella cf. L. elliotti [Praturlon],
Cayeuxia kurdistanensis Elliot y Neomeris cf. N. cretacea [Steinmann]), foraminiferos (Barkerina barkeren-
sis Frizzel and Schwartz, Dictyoconus walnutensis [Carsey] y Cuneolina sp.), gasterépodos (Neoptyxis
pre-olisiponensis [Delpey] y Diptyxis castilli [Bércena]) y rudistas (Caprinuloidea perfecta Palmer y
Coalcomana sp.) fueron recolectadas a lo largo de un segmento del borde de la plataforma carbonatada de
Valles-San Luis Potosi, cerca del poblado de Ahuacatlén. La fauna identificada es del Albiano medio.

El 4rea de estudio estd localizada en el flanco oriental del sinclinal de Ahuacatlan, estructura que
promedia 2.5 km en anchura. Esta unidad estructural estd limitada al oeste por el pliegue-napa Bonanza y
hacia el oriente por la cabalgadura Puente de Dios. Hacia el norte, estas unidades estructurales terminan
abruptamente contra la saliente de la plataforma carbonatada de Valles-San Luis Potosi en Arroyo Hondo.
Esta distribucién estructural se correlaciona con el pliegue-napa Bonanza, limitado al noreste por la cabalga-
dura El Volantin, el sinclinal El Fraile y la cabalgadura de Jiliapan; localizados en la regién de San Francisco,

Hidalgo, al sureste del 4rea de estudio.

Palabras clave: Algas, foraminiferos, gasterépodos, Albiano medio, Querétaro, México.

INTRODUCTION

The Sierra Madre Oriental fold and thrust belt is typi-
cally constituted of Cretaceous carbonate platforms and adja-
cent Upper Jurassic to Upper Cretaceous basinal rocks. The
region is located in east-central Mexico, in the vicinity of
Ahuacatldn, State of Querétaro (Figure 1). It represents a
transition zone between the southwestern edge of the Valles-
San Luis Potosi carbonate platform (Carrillo-Bravo, 1971) and
the northeastern zone of what is known as the epicontinental
Zimapdn basin (Carrillo-Martinez and Suter, 1982).

The carbonate platform beds in the studied area contain
extensive deposits of a well-preserved biota (Carrillo-
Martinez, 1993), that includes algae, foraminifers, gastropods
(that are described in this paper) and rudists (that are in the
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process of being studied and therefore will only be discussed).
With the paleontological information derived from this biotic
association the basic facies pattern will be established and used
as a reference framework for correlation with other areas
within the general region, that includes this part of the state of
Querétaro and a portion of northern Hidalgo (Suter, 1987).

The aim of this paper is to describe this important assem-
blage and use the bioestratigraphical and paleoecological in-
formation obtained from this study for a better undestanding
of the compressing processes and other structural features
between the Ahuacatldn area and other regions of this portion
of the Sierra Madre Oriental.

GEOLOGIC SETTING
STRATIGRAPHIC FRAMEWORK

The Ahuacatldn area has been divided into four Meso-
zoic lithostratigraphic units ranging from Upper Jurassic to
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Upper Cretaceous: Las Trancas (Upper Jurassic-Lower Creta-
ceous), Tamaulipas (?Aptian-Cenomanian), Soyatal
(Turonian-Campanian) and El Abra (Aptian-Cenomanian)
Formations. Among these sedimentary rocks the Tamaulipas
and El Abra Formations are characterized by their carbonate
nature and by a marked pattern of changes in their depositional
conditions that range from basinal to platform facies (Seger-
strom, 1961; Carrillo-Martinez and Suter, 1982; Carrillo-
Martinez, 1989) (Figure 1).
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Figure 1. Tectonic map of the southwestern portion of the Cretaceous
Valles-San Luis Potosi carbonate platform, between the states of Querétaro and
Hidalgo. The numbers shown in the map correspond to the following
formations: /, San Juan de la Rosa, La Pena Azul and Las Trancas Formations;
2, El Abra and Tamaulipas Formations; 3, Soyatal Formation; 4, Cenozoic
intrusive rocks: 5, Cenozoic volcanic rocks; 6, Undifferentiated Quaternary
rocks. The numbers on the structural units correspond to /, El Pifidn anticline;
2, El Aguacate syncline: 3, the Bonanza fold-nappe: 4, El Volantin thrust; 5,
Puente de Dios thrust; 6, Jiliapan thrust. Letters BB’ and CC’ represented two
cross sections that encompass all the stratigraphic units studied in the area.

In the northeastern portion of the studied area, known by
the Mexican geologists as the Zimapédn basin, Las Trancas
Formation (Segerstrom, 1961) is exposed. This Upper Juras-
sic-Lower Cretaceous unit—the oldest within the Ahuacatldn
area—consists mainly of marl and shale beds. with subordi-
nated graywackesand pyroclastic intercalations. Overlying
Las Trancas Formation without any sharp discontinuity, is the
Tamaulipas Formation. This intermediate unit consits of a
well-bedded sequence of mudstone-wackestone limestones of
?Aptian to Cenomanian age (Suter, 1987).

The Tamaulipas Formation changes laterally to El Abra
Formation, which is represented by a thick (1,500-2,000 m)
sequence of carbonate sediments. Two major facies can be
recognized within the El Abra Formation. One is represented
by a thick to massive series of bioclastic grainstone-rudist
limestone beds, that correspond to a bank edge facies (Wilson,
1975; Suter, 1987), and the other consists mainly of thick beds
of well-stratified micritic limestone, where the interesting
fossil assemblage described herein was collected. This biota
includes abundant grass-green algae (Chlorophyta), several
genera of benthonic foraminifers, two species of nerineid
gastropods and specially some well-represented patches of
rudists.

The Soyatal Formation—Turonian-Campanian age—is
the youngest Mesozoic unit found in the Ahuacatldn area. It is
constituted at its base by 100-200 m of thick pelagic limestone,
intercalated with thin shale beds, and higher in the section,
there is an 800 m thick sequence of marly-shale sediments.
From all the Mesozoic units in the Ahuacatldn area, the Soyatal
Formation was the last one to be affected by the Cordilleran
deformation. This is expressed locally where soft sedimentary
structures can be appreciated (Figures 2 and 3), suggesting that
the Valles-San Luis Potosi platform have been still active
during the Late Cretaceous.
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Figure 2. Cross sections BB' and CC’ from the southern portion of the
Cretaceous Valles-San Luis Potosf carbonate platform. as represented in the
map of Figure 1.

REGIONAL TECTONIC ASPECTS

A major structural feature in the area of study is repre-
sented by the Bonanza fold-nappe (Segerstrom, 1961, 1962;
Suter, 1987), which embodies rocks of the Zimapédn basin
overriding the Valles-San Luis Potosi platform marginal
strata. This structure runs from the southeast to the northwest,
and it is partially confined by El Aguacate and the Ahuacatldn
synclines (Sergestrom, 1961 Carrillo-Martinez and Suter,

Figure 3. Soft sediment structures in rocks of the Soyatal Formation. The
location is the vicinity of the village of Alejandria, State of Querétaro.
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1982; Carrillo-Martinez, 1989); nevertheless, most of this
fold-nappe is bounded to the northeast by the El Volantin
thrust—as shown in Figure 4—that decreases its translation
axially toward the northwest and possibly transfers its short-
ening into the Puente de Dios thrust (Carrillo-Martinez and
Suter, 1982; Suter. 1987). Three kilometers southwest from the
town of Ahuacatldn, the northeastern limb of the Bonanza
anticline displays only minor thrusting and ends abruptly jux-
taposed against a projection of the Valles-San Luis Potos{
platform at Arroyo Hondo (Figures 1, 4 and 5). Also, more to
the northeast this anticline is bounded by the Ahuacatlin
syncline, cored by the Soyatal Formation and flanked to the
northeast by a backlimb of the Puente de Dios thrust sheet, as
it is shown in Figures 4 and 5 (Carrillo-Martinez, 1989). This
structural configuration is similar to that of the southeastern
region of San Francisco, Hidalgo, where field work in two
areas has shown that the Ahuacatldn syncline and the Puente
de Dios thrust (this paper), can be correlated with Suter’s
(1987) El Fraile syncline and Jiliapan thrust, respectively.

However, the platform sediments of the San Francisco
area—in Hidalgo—were more extensively overrided by the
Zimapdn basin than those of Ahuacatldn, describing a defor-
mation style similar to what was studied by Tardy (1975) in
the State of Coahuila.

The large area of platform-edge facies exposed in Ahua-
catldn did yield a large biota—described in this paper—that
correlates favorably with what Suter (1987) has reported for
the San Francisco area. as well as with others within the
Valles-San Luis Potosi platform.

FAUNISTIC ASSOCIATION

The studied biota from the Ahuacatldn area was collected

along the backlimb of the Puente de Dios thrust sheet, close to
the contact between the massive carbonate rocks at the edge of
the Valles-San Luis Potosi platform and the Soyatal Forma-
tion. The rocks containing an abundant and diverse biota
consist of fine grained massive limestone with: algae (Acicu-
laria elongata Carozzi, Linoporella cf. L. elliotti [Praturlon],
Cayeuxia kurdistanensis Elliott, Neomeris cf. N. cretacea [Ste-
inmann]), benthonic foraminifers (Barkerina barkerensis
Frizell and Schwartz, Dictyoconus walnutensis [Carsey] and
Cuneolina sp.); rudists (Caprinuloidea perfecta Palmer and
Coalcomana sp.); and nerineid gastropods of the species Neop-
tyxis pre-olisiponensis (Delpey) and Diptyxis castilli (Bér-
cena).

Regarding the lithological and other faunistic features,
the present evidence suggests that the depositional environ-
ment had been that of a tropical calcareous platform, having a
well-oxigenated and shallow water community with such a
high productivity that allowed the development of large rudis-
tid banks.

FAUNAL AGE

From the Ahuacatlin assemblage, the presence of the
rudists Coalcomana sp. (Plate 3, figure 4) and Caprinuloidea
perfecta (Plate 3, figure 5) (Alencdster, 1987) and the algae
Linoporella cf. elliotti (Praturlon, 1965) indicates that these
sediments may range from the Albian to the Cenomanian.
Nevertheless, the stratigraphic range of the associated nerineid
Neoptyxis pre-olisiponensis (Delpey, 1940, p. 20-21) and Dip-
tyxis castilli (Barcena, 1875, p. 379) is restricted to the Albian.

Other taxa present in the Ahuacatldn outcrops seem to
corroborate the Albian assignment for this fossil biota. The
algae Acicularia elongata, Cayeuxia kurdistanensis and

Figure 4. Panoramic view of the northern slope of Arroyo Hondo, close to the town Alejandria. Note the folding associated to the thrust. The fault juxtaposes the
carbonate platform (to the left of the picture) against the marl and shale sequence of the Soyatal Formation.
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Figure 5. South view, seen from the northem slope of a gorge at Arroyo Hondo. Notice the west-southwest low dipping of the carbonate Valles-San Luis Potosi
platform beds, contrasting with the nearly vertical strata of the Tamaulipas Formation (Zimapdn basin), represented by limbs of El Aguacate syncline. Besides
the gently dipping beds of EIl Abra Formation is the westerly continuation of the folding related to the thrust of the Figure 4.

Neomeris cf. cretacea seem to be common in Albian deposits
of several places in the world, particularly Cayeuxia kurdis-
tanensis that has been extensively reported of the Aptian-Al-
bian from Lebanon (Basson and Edgell, 1971).

The benthic foraminifers Cuneolina and Dictyoconus
walnutensis, also present in the Ahuacatldn assemblage, are
well-known from El Abra Formation and other Cretaceous
(middle Albian) formations in Mexico (Bonet, 1956; Aguayo-
Camargo, 1993; Basanez-Loyola et al., 1993).

Therefore, from the biostratigraphical information de-
rived from the taxa present in this Cretaceous biota, the middle
Albian age assignment seems to be the most precise.

SYSTEMATIC PALEONTOLOGY

Phylum Chlorophyta Papenfuss
Order Dasycladales Deloffre
Family Acetabulariaceae (Endlicher)
Tribe Acetabularieae (Decaisne)

Genus Acicularia d’ Archiac

Acicularia elongata Carozzi, 1947
(Plate 1, figures 1, 2)

Acicularia elongata Carozzi, 1947, p. 13, pl.1, figs. 2-3; pl. 2,
figs. 1, 2, 4.

Description—Generally, these algae are shown as spicules in
transversal section, whereas longitudinally have an elongated

shape. Within the group, the spicules diameter and the number
of sporangial cavities are key characters in separating the
species. The diameter of the spicules reported herein ranges
from 180 to 200 micrometers and the sporangium bears be-
tween 11 and 13 cavities, measuring 30 micrometers in diame-
ter. The sporangian cavities are located toward the periphery
of the spicules.

Remarks—Acicularia elongata has been reported for the Ox-
fordian-Valanginian of Switzerland (Bouroullec and Deloffre,
1970); in Poland, Iran, England, Spain, and Lebanon it is
known from the Oxfordian-Berriasian (Bouroullec and Delof-
fre, 1970). In Mexico, it has been collected in outcrops and
wells from Campeche, Chiapas, Tabasco. and Veracruz, in
Kimmeridgian-Valanginian facies (Ponce de Leén-Obreg6n et
al., 1987; Ornelas-Sanchez et al., 1991); in Guerrero it has
been found in Cenomanian sediments (Aguilera-Franco,
1995), and for the first time this taxon is reported for any
Albian locality.

These algae belong to very shallow marine waters, less
than 10 m deep, where the sediments are mainly muddy. Their
distribution in lagoonal reefs is generally post-reefal.

Family Dasycladaceae Kiitzing orth. mut. Stizenberger
Tribe Neomereae (Pia. 1920) Bassoullet and others, 1979

Genus Linoporella Steinmann, 1899

Linoporella cf. L. elliotti Praturlon, 1965
(Plate 1, figures 3, 4)

Plate 1. Figures 1, 2—Acicularia elongata in transversal and longitudinal sections, respectively. /, Shows the sporangial cavities located toward the periphery;
2, shows a spicule in detail. Diameter of the transversal section = 450 micrometers. Figures 3, 4—Panoramic view of Linoporella cf. elliotti in longitudinal and
transversal sections. respectively. In the figures a portion of the unsegmented cylindric thallus is observed, as well as the calcified spores that correspond to the
pores within the branches can be observed. The structures measured 950 and 3,350 micrometers, respectively. Figure S—A poorly preserved fragment of Neomeris
cf. cretacea forming an algalclast. The specimen measured 900 micrometers in its longer axis. Figure 6—Linoporella sp., 6.3 mm. Transversal section of the

thallus, where the primary branching can be observed.
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Description—Cylindrical calcified and unsegmented. The pri-
mary branches are bent upwards towards the periphery and
show a constant ratio. Also, the primary branches are subdi-
vided and the branching points are swollen and distended.
Within the branches, some small pores have been observed;
these have been interpreted as calcified spores. The measure-
ments of the studied are as follows: thallus length = 1 mm,
thallus diameter = 1.04 mm, and internal diameter = 0.567 mm.

Remarks—Linoporella elliotti has been mainly reported in
post-reefal muddy facies from Italy (Praturlon, 1965), being
the present paper the first known report of this species in
America. From what has been reported from outcrops of the
southern Latium-Abruzzi province, in Italy (Praturlon, 1966),
the stratigraphic range of L. elliotti, encompasses the Albian
and the Cenomanian.

Family Udoteaceae Bassoullet
Genus Cayeuxia Frollo, 1938

Cayeuxia kurdistanensis Elliot, 1956
(Plate 3, figure 1)

Cayeuxia kurdistanensis Elliot, 1956, p. 2, pl. 2, 4, figs. 5, 6.

Description—Thallus formed by fine joined tubes, whose
number increases according to the divisions of the parallel
branches; the thallus length is around 0.1 to 3.0 mm, 0.18 to
3.5 mm wide; and the diameter of the tubes is 0.025 to 0.035
mm. The branching pattern, which is the most important char-
acter to be considered for taxonomic purposes, is oriented in
45° angles.

Remarks— Cayeuxia kurdistanensis has been found in
France, Spain, Italy, Lebanon, United Kingdom, Texas and
Cuba (Bouroullec and Deloffre, 1970; Basson and Edgell,
1971; Johnson, 1968). In Mexico, this species has been re-
ported for the southeast, especially in the marine sediments of
Campeche, Chiapas, and Tabasco (Ponce de Ledn-Obregén et
al., 1987; Ponce de Ledn and Vifias, 1988).

In the Aquitaine region (France), the stratigraphic range
of the genus is Oxfordian-Kimmeridgian when it is associated
to Cayeuxia piae. In Lebanon, Basson and Edgell (1971, p.
415, pl. 1-7, figs. 4-7) assigned it to the Aptian-Albian, when
associated to Carpathoporella occidentalis, and in other areas
of Europe, its range goes from Tithonian to Albian (Dragastan,
1969). In Texas, USA, Johnson (1968) had assigned the genus

to the Aptian-Cenomanian. In southeast Mexico (Chiapas and
Tabasco) it had been previously found only in the Oxfordian-
Kimmeridgian (Ponce de Le6n-Obregén, 1987; Ponce de
Leén-Obreg6n and Vifias, 1988; Ornelas-Sanchez et al., 1991)
and this work represents the first report of Cayeuxia kurdis-
tanensis in Albian sediments.

Environment of deposition—Found in peri-reefal environ-
ments, in locally oolitic and pelletoidal muddy facies.

Neomeris cf. N. cretacea (Steinmann, 1899)
(Plate 1, figure 5)

Description—Cylindric thallus with a diameter that measured
1.3 mm. The central part of the thallus is hollow and from it
the primary branches stem. The diameter of the branches is
about 0.24-0.55 mm, the central area hollow measures 0.825
mm; and the thickness of the wall is 0.33 mm.

Remarks—This taxon is known from Irak, Lebanon, Libia,
Oman, Yugoslavia, France, Portugal and Texas, USA (Elliott,
1956; Johnson, 1968; Basson and Edgell, 1971; Berthou,
1974). In Mexico, N. cretacea was firstly described for the
Cerro de Escamela locality, in the State of Veracruz (Stein-
mann, 1899, p. 149, text-figs. 14-18) and later its presence was
reported in the State of Guerrero. Regarding the stratigraphic
range of N. cretacea, it has been recognized for the Cenoma-
nian-Turonian of Irak. It also was reported for the upper Albian
of France, as well as for the upper Aptian-Albian of Lebanon
and in Mexico the record from the State of Guerrero corre-
sponds to the Cenomanian (Aguilera-Franco, 1995).

Phylum Protozoa
Subphylum Sarcodina Schmarda
Class Rhizopodea von Siebold
Order Foraminiferida Eichwald
Suborder Textulariina Delage and Herouard
Superfamily Lituolacea de Blainville
Family Barkerinidae Smout emend. Hamaoui and Saint-Marc

Genus Barkerina Frizzel and Schwartz, 1950

Barkerina barkerensis Frizzel and Schwartz, 1950
(Plate 2, figure 1)

1950 Barkerina barkerensis Frizzel and Schwartz, p. 6, pl. 1,
figs. 1-6.

Plate 2. Figure 1—Barkerina barkerensis in equatorial section showing the subdivision of the chambers into chamberlets. Diameter = 480 microns.

Figure 2—Panoramic view where several axial sections of Dictyoconus walnutenis can be observed. The tests of the specimens measured approximately 1.5 mm.
Figure 3—Subaxial section of Dictyoconus walnutensis. In this view it can be observed that the conical shape is almost as tall as wide. Also the specimen shows
a marginal zone with clearly differentiated horizontal plates that bifurcate the margin of each chamber. The central zone depicts the pillars that form the
endoskeleton. As for figure 2, the test of the specimen measured approximately 1.5 mm. Figure 4—Part of a transversal section of Dictyoconus walnutensis.
Within the marginal zone, the generic key characters, radial plates of first, second, and third order are observed. Measurements are the same as for figures 2 and
3. Figure 5—Subaxial section of Cuneolina sp., that shows the pillars that extend from chamber to chamber, forming well-defined square to rectangular
chamberlets, that together form a conspicuous latticed pattern. The size of the specimen was less than 1 mm long. Figure 6—Oblique section of Cuneolina sp.,
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Plate 3. Figure 1—Cross section of the thallus of Cayeuxia kurdistanensis, in which the tube-like branching is shown. The diameter of the tubes measured 45 mi-
crons and the total diameter of the thallus was 1,160 microns long. Figure 2—Axial section of the shell of Neoptyxis pre-olisiponensis (specimen IGM-7391 x 1.5),
in which the folds and the lobes are shown. Figure 3—Axial section of the shell of Dipryxis castilli (specimen IGM-7392 x 1.5), in which the folds and the lobes are
shown. Figure 4—Cross section of the left valve of Coalcomana sp., showing the pallial canals. Natural size. Figure 5—Cross section of Caprinuloidea perfecta,

showing the pallial canals. Natural size.
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Description—Ovoid small test, with a planispiral and involute
coiling; the wide and low chambers are subdivided by trans-
verse partitions giving way to small chamberlets; micritic wall.
The specimen found in this locality corresponds to an equato-
rial section, with a spiral diameter measuring 480 micrometers.

Remarks—Barkerina barkerensis is a benthonic foraminifera
that generally is not found in large numbers, however, it has
been reported (Scott and Gonzilez-Leén, 1991) from several
localities in Texas, Greece, Sardinia and Mexico (in the states
of Sonora and Coahuila).

The scarce specimens of B. barkerensis reported so far
have always been associated to shallow water environments
related to rudist banks and other benthonic foraminifera spe-
cies.

In the Old World, B. barkerensis has generally been
assigned to the Cretaceous, with no more precise assessment
in its stratigraphical range; however, in America, this species
is recognized sometimes as a good index for the middle Albian
if it does coexist with Coskinolinoides texanus (Scott and
Gonzalez-Ledn, 1991).

Family Orbitolinidae Martin
Genus Dictyoconus Blanckenhorn

Dictyoconus walnutensis (Carsey, 1926)
(Plate 2, figures 2-4)

Orbitolina walnutensis Carsey, 1926, p. 23, pl. 7, figs. 11, a-b;
pl. 8, fig. 3.

Dictyoconus walnutensis (Carsey), Bonet, 1956, p. 21, pl. 8,
9.

Description—Conical test that measured 1.5 mm of width and
1.15 mm of height; the base of the cone is slightly concave;
the apex is sligthly rounded because the sections do not pass
exactly through it; between 16 to 20 low chambers and in most
of the chambers the horizontal plate that divides them can be
observed.Transversal sections of the specimens showed the
circular edge of the tests, and within the central zone, the
pillars—so characteristic of the genus—were present; also, the
marginal zone bears radial partition plates of first, second, and
third order arranged in a pattern that is shaped like a letter "Y".

Remarks—Dictyoconus walnutensis is basically a tethysian
form, frequently found in France and Switzerland; in America
it is known from Florida, Texas, Mexico, Cuba, and Venezuela
(Bonet, 1956).Particularly in Mexico, this species has been
reported previously from the El Abra limestones, as well as
from other Cretaceous formations, as in the case of the Espi-
nazo del Diablo, in Sonora (Scott and Gonzdlez-Ledn, 1991).

The presence of Dictyoconus walnutensis and Cuneolina
sp. has been associated with muddy reefal facies or in the
calcarenites formed nearby the rudistid banks.

Generally, in America D. walnutensis has been consid-
ered as a middle Albian species (Bonet, 1956); nevertheless,
recent and more precise biostratigraphic studies comple-
mented with radiometric datings, indicate that D. walnutensis
may range throughout all the Albian (Bermidez-Santana,
1994).

Family Ataxophragmiidae Schwager
Subfamily Ataxophragmiinae Schwager

Cuneolina sp. d’Orbigny, 1839
(Plate 2, figures 5-6)

1839 Cuneolina d’Orbigny, p. 150.

1967 Cuneolina Neumann, pl. 53, figs. 3-5; pl. 54, figs. 1-4.
1988 Cuneolina Loeblich and Tappan, p. 148, pl. 155, figs.
1-3.

Remarks—This taxon was recognized only to a generic level
because discrimination between its species is based on external
morphological characters which were not observed in the thin
sections prepared for this study. The specimens reported herein
correspond to a conical form that is wider than higher, and with
a micritic wall. Oblique sections clearly show a labyrinthic
appearance described by their internal structures; axial sec-
tions are distinguished by the division of the chambers, which
form small square and well defined chamberlets. The size of
several specimens that were measured never exceeded 1 mm
long.

The geographic distribution and the environment of
deposition discussed mentioned for D. walnutensis can also be
applied to Cuneolina sp.

Phylum Mollusca Linnaeus, 1758
Class Gastropoda Cuvier, 1797
Order Entomotaeniata Cossmann, 1896
Family Nerineidae Zittel, 1873

Genus Neoptyxis Pchelintsev, 1934

Neoptyxis pre-olisiponensis (Delpey, 1940)
(Plate 3, figure 2)

1940 Nerinea pre-olisiponensis Delpey, p. 20-21, pl. 4, figs.
8-9.

Description—Shell of average size, impressed suture and with
a slightly conical shape due to a gradual increase of the whorl.
The axial section of the shell has four conspicuous folds, one
in the parietal side, two are columellar and the fourth is labial.

The primary columellar fold is wide, deep and straight;
the secondary, columellar, is small with a triangular shape and
this fold separates two large, straight lobes, bended toward the
base.
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The shell measures 57.5 mm in height and the body
whorl is 34.0 mm wide, only seven whorls were preserved.

The studied material has been deposited in the Museum

of Paleontology of the Institute of Geology, Universidad Na-
cional Autonoma de México, Ciudad Universitaria, Dele-
gacién Coyoacdn, 04510 D.F., with the catalogue number
IGM-7391.
Remarks— Neoptyxis pre-olisiponensis is an Albian species
that was described originally from the western region of Mada-
gascar (Delpey, 1948). Therefore, the information reported
here expands the distribution of this taxon, because its pres-
ence is recorded for the first time in the New World.

There are three Cretaceous species closely related, the
first is Ptygmatis galatea, from the Aptian of Spain (Coquand,
1865, p. 65, pl. 5, fig. 3), Lebanon (Delpey, 1940, p. 184, pl.
3, figs. 9, 10, p. 205, fig. 158) and Mexico (Alencaster, 1956,
pl. 6, figs. 3, 4). The second is Nerinea pre-olisiponensis
(Delpey, 1940, p. 20-21, pl. 4, figs. 8, 9) from the Albian of
Madagascar, and the third one is Neoptyxis pre-olisiponensis
(Carbone, Praturlon and Sirna, 1971, p. 153, fig. 24; Accordi,
Carbone and Sirna, 1982, p. 776, fig. 12, a) of the Cenomanian
from Istria, Lebanon, Syria and Italy, as well as from the
Cenomanian-Turonian from Portugal and Egypt. However, the
differences among these species do not seem to be as striking
as it has been thought, particularly when the three are analyzed
in sequence or forming a series from the oldest (Ptygmatis
galatea) to the youngest (Neoptyxis olisiponensis). Regarding
the close relationship that exists between these taxa, Delpey
(1940) discussed the similarities among them, based on the
same number and design of the axial section of the shell folds.
Nevertheless, it must be noticed that P. galatea and N. pre-
olisiponensis show an excavated whorl profile, whereas in N.
olisiponensis this structure tends to be almost plane or slightly
concave. Also, when the three species were compared in detail,
it was observed that in N. pre-olisiponensis (the intermediate
form), the design of the folds is coarser than in N. pre-olisipo-
nensis (the younger form), as it is shown in Plate 3, figure 1
(notice that only this feature can be appreciated in the portion
of the body whorl). Therefore from this study it is evident that
according to Delpey (1940, p. 21) these taxa must be kept as
separate entities.

Genus Diptyxis Oppenheim, 1889

Diptyxis castilli (Barcena)
(Plate 3, figure 3)

Nerinea castilli Barcena, 1875, p. 379, figs. 7, 8, 9, 10.

Description—Turrited shaped shell, with seven wide and low
whorls that slightly increase their size. The whorl profile is
gently rounded and bears an impressed suture. In a longitudinal
section of the shell, the whorl shows two folds, one is columel-
lar, short, with a broad base and an acute ending, and the other

is parietal although it shares with the columellar fold a broad
base and acute ending is curved towards the external lip.

The shell measures 30 mm in height and the body whorl
is 20 mm wide, only seven whorls were preserved.

The specimen has been deposited in the Museum of
Paleontology of the Institute of Geology, Universidad Nacional
Auténoma de México, with the catalogue number IGM-7392.

Remarks—The description of the especies herein reported
was based on a single specimen embedded in the rock matrix;
yet, with this limitation, it was possible to determine the
species. The structures observed correspond mainly to the
internal folding patterns of the shell.

Bircena (1875, p. 379, figs. 7. 8, 9, 10) portraits Nerinea
castilli as a gastropod of variable size, that is common in
Cretaceous rocks of the El Doctor Formation, widely distrib-
uted in the states of Querétaro and San Luis Potosi.

Discussion—The faunal association, collected in the backlimb
of the Puente de Dios thrust sheet near Ahuacatlan, corre-
sponds to the edge of Valles-San Luis Potosi carbonate plat-
form. This belt facies has also been observed by Suter (1987)
in the San Francisco region to the southeast.

To fully understand the tectonic evolution and the sedi-
mentary history of this important province of east central
Mexico, and even to compare the Ahuacatldn area and other
similar regions of this portion of the Sierra Madre Oriental, it
is necessary to establish a basic biostratigraphic and paleoe-
cological framework for comparison and correlation. As a
preliminary study on this Albian assemblage from Ahuacatldn,
the first step has been set up, regarding the micro and macro
fossils present in these sediments. With this information, in
future studies the synchronic or diachronic nature of the out-
crops can be determined, as well as the paleoecological condi-
tions in which they were formed, reaching the finest possible
detail all the different facies or sedimentary environments
present in the Sierra Madre Oriental region (e. g., rudistid
reefs, lagoons, open sea, etc.).

The study of the Ahuacatldn area shows clearly, as in
other Albian areas in east central México, e. g., the San Fran-
cisco-El Fraile area (Suter, 1987) and the Actopan bank (Ca-
rrasco-Velazquez, 1971), that the depositional environment
corresponds to that of a tropical calcareous platform, with a
shallow water community, and suitable conditions for the
development of extensive rudistid banks (e. g., well oxigenated
and with high productivity patterns).

Also, with the exception of the associated microflora that
has a comparative wide stratigraphic range and one species of
gastropod that ranges as high as the Cenomanian, with no
question, the age of the rest of the fauna corresponds to the
Albian. A close examination of the microfauna (e. g., Dictyo-
conus walnutensis, Barkerina barkerensis and Cuneolina sp.)
places the Ahuacatldn assemblage more precisely within the
middle part of the Albian.
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The consistency of the bioestratigraphic and paleoe-
cologic information obtained in this study, in combination
with past and present works related to the rudists, indicate that
it is possible to establish a reference framework for correlation
(including age and depositional environment) among several
important areas of this major tectonic province of east central
Mexico.

The structural relationship between the Ahuacatlan sedi-
ments and what has been reported from the San Francisco area
in the State of Hidalgo has been reinforced by the results of
this work and all future geologic work in this area will have to
be performed with a strong paleontologic and sedimentologic
support.
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