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ABSTRACT

The El Cajon Formation represents the second order highstand system tract of the Lower Cretaceous
supersequence that affected the Huetamo region (SW Mexico). This formation contains a well preserved
assemblage of shallow-water benthic foraminifera: Palorbitolina lenticularis (Blumenbach) Choffatella aff.
Ch. decipiens Schlumberger, Everticyclammina hedbergi (Maync), Glomospira watersi Loeblich, G. urgoni-
ana Arnaud-Vanneau, Praechrysalidina infracretacea Luperto-Sinni, Debarina cf. D. hahounerensis
Fourcade, Raoult and Vila, Cuneolina sp. and Spiroloculina sp. The age of these beds is early Aptian; the age
assignment is based on the progressive evolution of the megalospheric embryo of Palorbitolina lenticularis
(Blumenbach). The benthic foraminifera and the lithofacies suggest that this part of the El Cajén Formation
was deposited on a nutrient rich warm shallow-water carbonate platform, probably with some turbidity. This
foraminiferal assemblage is characteristic for the Tethys Realm.
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~¥0 RESUMEN

La Formacién El Cajén representa una supersecuencia de alto nivel en el Cretécico Inferior que afec-
t6 al area de Huetamo en el Estado de Michoacan, en el suroeste de México. Esta formacion contiene una aso-
ciacién de foraminiferos bentonicos de agua somera abundantes y bien preservados: Palorbitolina lenticularis
(Blumenbach), Choffatella aff. Ch. decipiens Schlumberger, Everticyclammina hedbergi (Maync), Glomospira
watersi Loeblich, G. urgoniana Amaud-Vanneau, Praechrysalidina infracretacea Luperto Sinni, Debarina cf.
D. hahounerensis Fourcade Raoult y Vila, Cuneolina sp. y Spiroloculina sp. La edad de esta asociacion es
aptiana temprana y esta determinada por la evolucién progresiva del aparato embrionario megalosférico de
Palorbitolina lenticularis (Blumenbach). Los foraminiferos benténicos y las litofacies indican que esta parte
de la Formacion El Cajon fue depositada en una plataforma carbonatada de agua célida y somera con cierta
turbiedad y rica en nutrientes. La asociacion de foraminiferos es tipica de la regién de Tethys.

Palabras clave: Foraminiferos bent6nicos, Aptiano temprano, Formacion El Cajon, Huetamo, SW de México.

INTRODUCTION

In the southwestern continental margin of Mexico, where
the Huetamo region is located, well exposed Early Cretaceous
calcareous sequences occur.

These beds contain abundant marine invertebrate fossils,
of which have been studied the rudists (Alencaster and Pantoja-
Alor, 1995, 1996), the gastropods (Buitron and Rivera-
Carranco, 1985), the ammonites (Gonzalez-Arreola et al,
1996), the echinoids (Garcia-Barrera and Pantoja-Alor, 1991)
and the corals (Pantoja-Alor and Filkorn, 1995). On the other
hand, although the presence of microfossils has been recorded
(foraminifera and algae), the knowledge of the benthic
foraminifera is rather scarce. The few papers reported on these
microfossils are by Ayala-Castafiares (1960), Meza (1980) and
Pantoja-Alor and collaborators, 1994).
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The larger benthic foraminifera represent an important
tool for interpreting ancient environments. These fossils also
permit the dating of the shallow-water environment, where they
are common (Moullade, 1974). The objective of this investiga-
tion is concerned with the study of the benthic foraminifera of
the El Cajon Formation. It is largely taxonomic, but it includes
also paleoecological and paleobiogeographical interpretations,
as well as a stratigraphic approach, for subsequent utilization in
the correlation with other areas. Because the foraminifera are
extremely valuable fossils, this paper is regarded as an impor-
tant contribution for the stratigraphy of the carbonate platforms
of the early Aptian of SW Mexico.

GEOLOGIC SETTING

The analysed samples were collected by Pantoja-Alor in
1995 from the El Cajon Formation, which is exposed on the
Federal Road 51 at Barranca El Cajon (Figure 1), in the
Huetamo region. Most of the southwestern margin of Mexico,
south of the Trans-Mexican volcanic belt, is represented by the
Guerrero terrane, which was divided in the Huetamo, Ixtapa-
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Figure 1. Sketch map showing the location of the El Cajén section.

Zihuatanejo and Teloloapan subterranes (Campa and Coney,
1983). The depositional framework of the Lower Cretaceous
rocks is a complex process of uplift and downdropping of tec-
tonic blocks affected by volcanic constructive (endogenous
processes) and subaereal erosion within a magmatic island arc
in an active margin.

From the Late Jurassic to the Albian, the region was
flooded by a regional transgression that affected the major part
of southern Mexico (Pantoja-Alor, 1993).

LOCAL STRATIGRAPHY

The Upper Jurassic and Lower Cretaceous sequences of
the Huetamo region are the result of a transgressive system tract
developed on a variable unstable shelf, which includes con-
glomeratic delta and shore facies, delta fan, shallow lagoon,
tidal, intertidal and subtidal facies and reef environments, that
change downdip to talud turbiditic and basinal fine sandy and
shaly flysch facies. The Huetamo Quadrangle was divided by
Pantoja-Alor (1993) in two parts, the West and East Huetamo
regions.

The El Cajén Formation is located in the eastern part of
the Huetamo region. It is overlying the volcaniclastic sandstone
and marine epiclastic tuffs of the Las Fraguas member of the
San Lucas Formation. The total thickness of the El Cajén
Formation at the western anticline Characo is about 250 m and
consists mostly of sandy limestone, coquinas of orbitolinids,
bioclastic limestone with corals, rudists and gastropods. The top
of this sequence is composed of massive limestone with shale
intercalated near the unconformable contact with the sandy beds
of the overlying Mal Paso Formation (Figure 2).
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Figure 2. Stratigraphical relations of the El Cajén Formation.
BENTHIC FORAMINIFERAL ASSEMBLAGE

A section 125 m thick from the El Cajén Formation was
measured along the Federal Road 51 at Barranca El Cajén
(Figure 1). More than 30 limestone samples were collected and
investigated by thin sections. The studied samples yield an
abundant and well preserved association mainly of the benthic
foraminifera: Palorbitolina lenticularis (Blumenbach),
Choffatella aff. Ch. decipiens Schlumberger, Everticyclammina
hedbergi (Maync), Debarina cf. D. hahounerensis Fourcade,
Raoult and Vila, Glomospira urgoniana Arnaud-Vanneau,
Glomospira watersi Loeblich, Praechrysalidina infracretacea
Luperto-Sinni, Cuneolina sp. and Spiroloculina sp. Other asso-
ciated fossils are algae, gastropods, echinoderms and corals
(Figure 3).

The microfacies analyses indicate that this limestone was
varying from rudstone, grainstone, packsone to wackestone

(Figure 4).
SYSTEMATIC PALEONTOLOGY

The studied species are housed in the micropaleontologi-
cal collection of the Museum of Paleontology, Instituto de
Geologia, Universidad Nacional Auténoma de México, Ciudad
Universitaria.

Order: Foraminiferida Eichwald, 1839
Suborder: Textulariina, Delage and Hérouard, 1890
Superfamily: Ammodiscacea Reuss, 1862
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Figure 3. Stratigraphic column showing the lithology and distribution of benth-
ic organisms in the El Cajon Formation.

Family Ammodiscidae Reuss, 1862
Subfamily: Ammovertellininae Saidova, 1891
Genus: Glomospira Rzehak, 1885

Glomospira watersi Loeblich, 1946
(Figure 5/2)

1946 Glomospira watersi Loeblich, p. 134, pl. 22, figs. 3»b-1.
1983 Glomospira watersi Loeblich, 1946; Chiocchini and col-
laborators, p. 172, pl. 1, fig. 10.

This species is characterized by a small test with a pro-
loculus followed by a tubular undivided second chamber with
few oscillating coils; wall finely agglutinated.

Remarks—Glomospira watersi Loeblich was described from
Pepper Formation in Bell County, Texas (Loeblich, 1946). This
species has also been recorded from Lazio (Italy) by Chiocchini
and collaborators (1983).

Glomospira urgoniana Arnaud-Vanneau, 1980
(Figure 5/3)

1983 Glomospira urgoniana Arnaud-Vanneau, Chiocchini and
collaborators, p. 172, pl. 1, figs. 14-16.

This form presents the test with the proloculus followed
by undivided tubular second chamber that is streptospirally
coiled somewhat irregularly, wall finely agglutinated, aperture
at the open end of the tube.

Remarks—Glomospira urgoniana Arnaud-Vannea was record-
ed from the subalpine platform and the Oman-southern Iran
region (Arnaud-Vanneau, 1986). This species was also reported
from Venezuela (Masse and Rossi, 1987).

Superfamily: Lituolacea de Blainville, 1827

Figure 4. /, Rudstone with Palorbitolina lenticularis 1.6x, sample JP95469-13.
2. Floadstone with Palorbitolina lenticularis 1x, sample JP95469-1. 3,
Packstone with Palorbitolina lenticularis, Choffatella aff. decipiens, Debarina
¢f. D. hahounerensis, Cuneolina sp. and smaller foraminifera, 3x, sample
95469-3.

Family: Haplophragmoididae Maync, 1952
Genus; Debarina Fourcade, Raoult and Vila 1972

Debarina cf. D. hahounerensis Fourcade, Raoult and Vila
(Figure 6/4)
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Figure 5. 1, 3, Palorbitolina lenticularis (Blumenbach), sample JP 95469-1. /, Subaxial section of megalospheric form showing the embryonic apparatus, 48x.
3. Axial section of young form showing the embryonic chamber with the periembryic ring, 87x. 2, Glomospira watersi Loeblich, sample JP 95469-3, subaxial sec-
tion showing the tubular second chamber winding irregularly, 80x. 4, Glomospira urgoniana Arnaud-Vanneau, sample JP 95469-8, subequatorial section showing
the second chamber streptospirally coiled, 75x. 5, 6, Choffatella aff. Ch. decipiens Schlumberger. 5, Sample JP95469-1, axial section showing the proloculus and
the alveolar inner layer, 88x. 6, Sample JP95469-7, equatorial section showing the numerous chambers planispirally enrolled, 63x.
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Figure 6. 1, 2, Everticyclammina hedbergi (Maync). /, Sample JP95469-11, equatorial section showing the chambers wedgelike, 30x. 2, Sample JP95469-1, sube-
quatorial section showing the wall agglutinated with small foraminifers,.25x. 3, Praechrysalidina infracretacea Luperto-Sinni, sample JP95469-22, axial section
showing the triserial coiled, 80x. 4, Debarina cf. D. hahounerensis Fourcade, Raoult and Vila, sample JP95469-3, subequatorial sections showing the aperture at
base of septa, 88x. 5, 6, Cuneolina sp. Sample JP95469-3. 5, Axial section showing the rectangular chamberlets, 90x. 6, Transversal section showing the partitions
perpendicular to the outer wall 90x. 7, Spiroloculina sp., sample JP95469-3, axial section showing the fusiform outline and planispiral coiling, 80x.
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Test planispirally enrolled, partially to completely invo-

lute; chambers six to nine per whorl, enlarging very slowly as
added. Wall microgranular calcareous, probably agglutinated,
structure simple, aperture a row of pores at the base on the aper-
tural face.
Remarks—The Mexican specimens are here named Debarina
cf. D. hahounerensis because they differ from the type species
Debarina hahounerensis described by Fourcade, Raoult and
Vila (1972), in having more chambers per whorl (10 to 14). It is
important to know that Luperto-Sinni and Masse (1984) record-
ed some forms from Italy (Monterico limestone) with few cham-
bers like the specimens identified from the Huetamo samples.

Superfamily: Cyclolinacea Loeblich and Tappan, 1964
Family: Cyclamminidae Marie, 1941
Subfamily: Buccicrenatinae Loeblich and Tappan, 1985
Genus: Everticyclammina Redmond, 1964

Everticyclammina hedbergi (Maync) 1953
(Figure 6/1-2)

1953 Pseudocyclammina hedbergi Maync, p. 101, pl. 16, figs.
1-8.

1983 Everticyclammina hedbergi (Maync) Chiocchini and col-
laborators, 1983, p. 173, pl. 1, fig. 20.

1983 Everticyclammina hedbergi (Maync) Canérot, p. 134, pl.
1, fig. 5.

Test planispirally enrolled and involute, lenticular or
slightly compressed, later with a tendency to uncoil. Chambers
wedgelike, radial sutures slightly curved; wall agglutinated
showing a coarsely labyrinthic interior structure. The test some-
times contains incorporated small foraminifers.

Remarks—Everticyclammina hedbergi was recorded from the
Urgo-Aptian and Albian of Venezuela (Late Barranquin
Formation and Lower Cogollo Limestone) by Maync (1953)
and Masse and Rossi (1987). Also, it has been reported from
Lazio, Italy, (Chiocchini ef al., 1983) and the Eastern Iberides
(Canérot, 1983).

Subfamily: Choffatellinae Maync, 1958 5
Genus: Choffatella Schlumberger, 1905

Choffatella aff. Ch. decipiens Schlumberger, 1905
(Figure 5/5-6)
; f j
Test planispirally involute, 16 chambers in the last whorl
wall, with imperforate layer and alveolar inner layer, aperture in
slight depression.

Remarks—The described species differs from Choffatella
decipiens Schlumberger in having a less compressed test and

SETRRY

fewer whorls and chambers, being very similar in other features;
it is assigned as Choffatella aff. Ch. decipiens. Besides, because
of its association with Palorbitolina, it is assumed that the
palaecological aspects have resemblance.

Superfamily: Ataxophragmiacea Schwager, 1877
Family: Ataxophragmidae Schwager, 1877
Subfamily: Ataxophragminae Schwager, 1877
Genus: Praechrysalidina Luperto Sinni, 1979

Praechrysalidina infracretacea Luperto-Sinni, 1979
(Figure 6/3)

1979 Praechrysalidina infracretacea Luperto-Sinni, p. 6-7, pl.
1-3.

1983 Praechrysalidina infracretacea Luperto-Sinni, Chiocchini
and collaborators, p. 172, pl. 1, figs. 22-23.

1985 Praechrysalidina infracretacea Luperto-Sinni, Schroeder
and Neumann, p. 14, pl. 6, figs. 1-10.

Test conical triserial, wall calcareous, thick, microgranu-
lar, dark, agglutinated material sparse, aperture terminal, crib-
ate, consisting of numerous pores restricted to a well defined
area.

Remarks—This species was described at the “Palorbitolina
lenticularis level” of the terminal part of the early Aptian from
the Murges de Bari (Italy) by Luperto-Sinni (1979). It has also
been found in the Aptian and Albian (Chiocchini ez al., 1983) of
Lazio (Italy).

Family: Cuneolinidae Saidova, 1981
Subfamily: Cuneolininae Saidova, 1981
Genus: Cuneolina d’Orbigny, 1839

fJ’ s

cig

"% Cuneolina sp. it
(Figure 6/5-6)

. fiteT

Small test conical with the chambers subd1v1ded into
nearly rectangular chamberlets by radial partitions. Wall agglu-
tinated imperforate.

Superfamily: Orbitolinacea Martin, 1890
Family: Orbitolinidae Martin, 1890
Subfamily: Orbitolininae Martin, 1890
Genus: Palorbitolina Schroeder, 1963

s Palorbitolina lenticularis (Blamenbach, 1805)
(Figure 5/1-3)
1805 Madreporztes lentzcularts Blumenbach pl. 80, fig. 1-
6.
1960 Orbitolina lenticularis (Blumenbach), Douglas, p. 31, pl.
1, fig. 1-26.
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1963 Orbitolina (Palorbitolina) lenticularis (Blumenbach),
Schroeder, p. 348, pl. 23, figs. 1-9, pl. 24, figs. 1-10.

1971 Orbitolina conoidea Grass, Sen Gupta and Grant, p. 934,
fig. 3.

1964 Palorbitolina lenticularis (Blumenbach), Schroeder, p.
465.

1980 Palorbitolina lenticularis (Blumenbach), Meza, p. 20, pl.
1, figs. 1-9, p. 23, pl. 2, fig. 12.

1994 Palorbitolina lenticularis (Blumenbach), Pantoja-Alor
and collaborators, p. 215, pl. 1, figs. 1-5.

This large species presents the megalospheric appara-
tus in apical position, characterized by a relatively large
embryonic cavity, covered by a layer of small subepidermal
chamberlets and laterally bordered by a periembryonic ring.
The diameter of the proloculus varies between 0.12 and 0.28

Figure 7. Geographical map of Palorbitolina lenticularis distribution.

Remarks—Palorbitolina lenticularis was widely distributed on
the carbonate platforms of the Tethys Realm (Figure 7).

It is recorded from Italy (Luperto-Sinni and Masse, 1982,
1984, 1986; Chiocchini et al., 1983); Spain (Vilas et al., 1995);
Portugal (Rey, 1973); France (Masse, 1995); the Prebalkans
region Bulgaria (Peybernes et al., 1979); Lebanon (Saint Marc,
1970); Alger (Leikine and Vila, 1975); Oman (Masse and
Chartrousse, 1996).

From the American continent, this large foraminifer was
reported by Schroeder and Cherchi (1979) from the south of the
Grands Banks (North Atlantic). Before, Sen Gupta and Grant
(1971) registered Palorbitolina lenticularis with the name of
Orbitolina conoidea from the Flemish Cap.

In Mexico, Meza (1980) recorded this species from
different localities: Los Humeros (Puebla); Characo anti-
cline (Guerrero); Potrero de Oballos (Coahuila) and Sierra
Cadena (Durango). Recently, Palorbitolina lenticularis has
also been found in the Comburundio Formation
(Michoacan), associated with rudists and algae (Pantoja-
Alor et al., 1994).

Suborder: Miliolina Delage and Hérouard

. <iwoeh Superfamily: Miliolacea Ehrenberg, 1839
Family: Spiroloculinidae Weisner, 1920
Genus: Spiroloculina d’Orbigny, 1826

Spiroloculina sp.
(Figure 6/7)

Test ovate, proloculus followed by a planispirally tubular
second chamber of one whorl in length, wall calcareous, imper-
forate, porcelaneous.

Age—In the Barremian stage, the Orbitolinidae explosion
occurred and originated the establishment of a specific diver-
sification very important; this event permits an accurate bios-
tratigraphic subdivision of the Aptian-Albian (Moullade,
1974).

The analyzed section contains the orbitolinid
Palorbitolina lenticularis, which is considered the most impor-
tant taxon to determine the age of the El Cajon Formation.

The reported range of this species is late Barremian to ear-
liest late Aptian in the Old World Tethys (Schroeder, 1963).

On the other hand, the Palorbitolina beds are considered
as late Barremian-early Aptian (Vilas et al., 1995; Schroeder
and Cherchi, 1979; Peybernes et al., 1978; Meza, 1980; Masse
and Chartrousse, 1996).

However, this species has been recorded mainly from
lower Aptian strata (Luperto-Sinni and Masse, 1982, 1984,
1986; Saint Marc, 1970, 1977; Pantoja-Alor et al., 1994).

The age of the El Cajon Formation, considered early
Aptian, is based on the size of the megalospheric embryonic
apparatus of Palorbitolina lenticularis. This age is confirmed by
the presence of the benthic foraminiferal association including
Praechrysalidina infracretacea, Debarina cf. D. hahounerensis,
Everticyclammina hedbergi, Choffatella aff. Ch. decipiens and
Glomospira urgoniana. : 3

PALEOENVIRONMENT

Palorbitolina lenticularis is known from various shallow-
water deposits, but is mainly abundant in muddy deposits of
more or less marly carbonate, where it tends to be dominant, and
is associated with a microfauna consisting of smaller
foraminifera and few larger genera as Choffatella and
Everticyclammina (Vilas et al., 1995).

Notwithstanding the conspicuous character as facies
index of Palorbitolina lenticularis, it has been reported from a
relatively wide range of paleoenvironments, from the infralit-
toral zone (Rey, 1975; Armaud-Vanneau, 1980), as far as deeper
circalittoral conditions (Masse, 1976). Arnaud-Vanneau (1980)
referred this species with different forms to infralittoral and cir-
calittoral environments. Later, Arnaud (1981) proposed three
settings: circalittoral, infralittoral and marly channels for three
distinctive subspecies of Palorbitolina lenticularis.



EARLY APTIAN BENTHIC FORAMINIFERA FROM THE EL CAJON FORMATION, HUETAMO, MICHOACAN 71

Recently, Vilas and collaborators (1995), based on an
Iberic-Prebetic example, explain a model with the Palorbitolina
facies, present throughout the whole platform, from the littoral
to the outer shelf area.

The present investigation, based on the lithology and the
benthic foraminiferal association, suggests that the deposits of
the E1 Cajén Formation coincide with the regional transgression
of the Barremian-Aptian, allowing the development of rudist
bioherms and the beds with a Palorbitolina assemblage.

This facies suggests an environment of open shallow-
warm water deposited on a carbonate platform, with a limited
but significant fine siliciclastic contribution (Figure 4) and rich
nutrient water, where the spreading of Palorbitolina lenticularis
occurred, together with Choffatella and other foraminifera.

PALEOBIOGEOGRAPHY

The paleobiogeographic distribution of the larger
foraminifera was controlled by different biologic, climatic and
geodynamic factors (Bassoullet et al., 1985).

The benthic foraminiferal association, reported from the
El Cajon Formation, shows a Tethysian affinity, with the pres-
ence of Palorbitolina lenticularis, which was widely distributed
in the Tethys Realm of the Old World.

During the early Aptian this species extended as far as the
American continent (Bassoullet et al., 1985; Arnaud-Vanneau,
1986; Pantoja-Alor et al., 1994).

Frequently, associated with Palorbitolina, is found
Choffatella, considered a cosmopolitan form (Pélissié et al.,
1982), as well as Everticyclammina hedbergi, that was reported
from Venezuela (Maync, 1953; Masse and Rossi, 1987). This
species has been observed in other regions such as in Lazio,
Italy (Chiocchini ef al., 1983), the Eastern Iberides (Canérot,
1983), Lebanon (Saint Marc, 1970) and Algiers (Leikine and
Vila, 1975).

Finally, the occurrence of Debarina cf. D. hahounerensis,
Glomospira urgoniana and Praechrysalidina infracretacea
clearly shows the existence of a homogeneous province in
which the foraminiferal assemblage shared the same paleoeco-
logical conditions during the early Aptian.

ACKNOWLEDGMENTS ‘

The authors express their appreciation to Prof. M. Bilote
and Dr. HM. Bolli for the review of the manuscript and his
valuable observations to improve the paper. Special thanks are
given to Dr. Gloria Alencaster for the early revision of the work.
To Juan Tomas Vazquez and to Julio Caballero a grateful
acknowledgment for their useful assistance in the elaboration of
thin slides and for the computer training.

This research was supported by the Instituto de Geologia
and the Direccion General de Apoyo para Asuntos del Personal
Académico (DGAPA), Universidad Nacional Auténoma de
México, project PAPIIT-IN 207596.

BIBLIOGRAPHICAL REFERENCES

Alencéster, Gloria, and Pantoja-Alor, Jerjes, 1995, New early Aptian rudists
(Bivalvia-Hippuritacea) from the Huetamo area in southwestern
Mexico: Revista Mexicana de Ciencias Geoldgicas, v. 12, no. 2, p.
123-134.

1996, The rudist Amphitriscoelus (Bivalvia-Hippuritacea) in the Lower
Cretaceous of southwestern Mexico: Journal of Paleontology, v. 70, no.
3, p. 399-407.

Arnaud, Hubert, 1981, De la plate-forme urgonienne au bassin vocontien—Ile
Barrémien-Bédoulien des Alpes occidentales entre Isére et Buech
(Vercors méridional, Diois oriental et Devoluy): Géologie Alpine,
Mémoire 12, 804 p.

Arnaud-Vanneau, A., 1980, Micropaléontologie, paléoécologie et sédimentolo-
gie d’une plate-forme carbonatée de la marge passive de la Téthys:
Géologie Alpine, Mémoire 11, 874 p.

1986, Variations dans la composition et dans la diversité des faunes de
foraminiféres benthiques du Crétacé Inférieur sur quelques plates-
formes carbonatées téthysiennes de 1’Europe et du Moyen Orient:
Bulletin de la Société Géologique de France, série 2, v. 8, no. 2, p.
245-253.

Ayala-Castafiares, Agustin, 1960, Orbitolina morelensis sp. nov. de la
Formacidén Morelos del Cretacico Inferior (Albiano), en la region de
Huetamo, Michoacan, México: Universidad Nacional Auténoma de
Meéxico, Instituto de Geologia, Paleontologia Mexicana 6, 16 p.

Bassoullet, J.P.; Fourcade, E.; and Peybernes, B., 1985, Paléobiogéographie des
grands foraminiféres benthiques des marges néo-téthysiennes au
Jurassique et au Crétacé Inférieur: Bulletin de la Société Géologique de

i France, série 1, no. 5, p. 699-713.

Blumenbach, J., 1805, Abbildungen naturhistorischer Gegenstinde, Heft 8, fig.
1-6: Géttingen, H. Dieterich, p. 1-2, pl. 80.

Buitrén, B.E., and Rivera-Carranco, Enrique, 1985, Nerineidos (Gastropoda-
Nerineida) cretacicos de la regién de Huetamo, Michoacéan: Boletin de
la Sociedad Geoldgica Mexicana, v. 48, no. 2, p. 65-78.

Campa, M.F., and Coney, P.J., 1983, Tectono-stratigraphic terranes and mineral
resource distributions in Mexico: Canadian Journal of Earth Sciences, v.
20, no. 6, p. 1040-1051.

Chiocchini, M.; Mancinelli, A.; and Romano, A., 1983, Stratigraphic distribu-

tion of benthic foraminifera in the Aptian, Albian and Cenomanian car-

bonate sequences of the Aurunci and Ausoni mountains (southern Lazio,
¢ Italy), in Oertli, H.J.,, ed., BENTHOS 83/2nd international symposium
4 on benthic foraminifera: Bulletin des Centres de Recherches
Exploration-Production Elf-Aquitaine, Symposium, 2, Pau, France,
Mémoire 6, p. 167-181.

Canérot, Joseph, 1983, Fluctuations marines et évolution biologique-—exemple
du Néocomien des Iberides Orientales (Espagne), in Oertli, H.J., ed.,
BENTHOS’83/2nd international symposium on benthic foraminifera:
Bulletin des Centres de Recherches Exploration-Production Elf-
Aquitaine, Symposium, 2, Pau, France, Mémoire 6, p. 131-139.

Douglas, S.R.C., 1960, The foraminiferal genus Orbitolina in North America:
U.S. Geological Survey Professional Paper 333, p. 1-51.

Fourcade, Eric; Raoult, I.F.; and Vila, J.M., 1972, Debarina hahounerensis n. gen,
n. sp., nouveau Lituolidé (Foraminifére) du Crétacé Inférieur constantinois
(Algérie): Comptes Rendus Hebdomadaires des Séances de 1I’Académie
des Sciences (Paris), Série D, Sciences Naturelles, v. 274, p. 191-193.

Garcia-Barrera, Pedro, and Pantoja-Alor, Jerjes, 1991, Equinoides del Albiano
tardio de la Formacion Mal Paso, de la regién de Chumbitaro, estados de
Guerrero y Michoacén, México: Revista de la Sociedad Mexicana de
Paleontologia, v. 4, p. 23-41.

Gonzilez-Arreola, Celestina; Pantoja-Alor, Jerjes; Oloriz, Federico; Villasefior,
A.B.; and Garcia-Barrera, Pedro, 1996, Lower Aptian Ammonitina
Pseudohaploceras liptoviense (Zeuschner) in the Cumburindio
Formation (southwestern Mexico): Geobios, v. 29, no. 1, p. 35-43.

Leikine, Michel, and Vila, J.M., 1975, Microfossiles jurassiques et crétacés des
Hautes Plaines sétifiennes au Djebel Youssef et du Djebel Brau
(Algérie)—conséquences structurales: Revue de Micropaléontologie, v.
18, no. 2, p. 89-96.

H



72 $77- OMANA-PULIDO AND PANTOJA-ALOR

Loeblich, A.R., Jr., 1946, Foraminifera from the type Pepper shale of Texas:
Journal of Paleontology, v. 20, p. 134.

Luperto-Sinni, Elena, 1979, Praechrysalidina infracretacea n. gen. n. sp.
(Foraminiferida) del Cretaceo Inferiore delle Murge Baresi. Studi
Geologici e Morfolici defla Regione Pugliese V: Universita degli Studi
di Bari, Instituto de Geologia e Paleontologia, Bari, 16 pl.

Luperto-Sinni, Elena, and Masse, J.P., 1982, Contributo della paleoecologia alla
paleogeografia della parte meridionale della plataforma Apula nel
Cretaceo Inferiore: Geologica Romana, v. 21, p. 859-877.

——1984, Données nouvelles sur la micropaléontologie et la stratigraphie de

la partie basale du “Calcare di Bari” (Crétacé Inférieur) dans la région

des Murges (Italie méridionale): Rivista Italiana di Paleontologia e

Stratigrafia, v. 90, no. 3, p. 331-374.

1986, Données nouvelles sur la stratigraphie des calcaires de plate-forme

du Crétacé Inférieur du Gargano (Italie méridionale): Rivista Italiana di

Paleontologia e Stratigrafia, v. 92, no. 1, p. 33-66.

Masse, J.P., 1976, Les calcaires urgoniens de Provence (Valanginien-Aptien
inférieur)—Stratigraphie, paléontologie, les palaéoenvironments et leur
évolution: Université d’Aix-Marseille II, Ph. D. dissertation, 445 p.
(unpublished).

—— 1995, Lower Cretaceous rudist biostratigraphy of southern France—a
reference of Mesogean correlations: Revista Mexicana de Ciencias
Geolégicas, v. 12, no. 2, p. 236-256.

Masse, J.P., and Chartrousse, A., 1996, The Early Cretaceous (Barremian-lower
Aptian)—Caprinids from northern Oman: Université de Provence,
Centre de Sédimentologie, Paléontologie, International Conference on
Rudists, 4, Marseille, France, Abstracts, p. 31 (abstract).

Masse, J.P., and Rossi, T., 1987, Le provincialisme sud-caraibe a I’ Aptien
inférieur—Sa signification dans le cadre de I’évolution géodynamique
du domaine cardibe et de I’ Atlantique central: Cretaceous Research, v. 8,
no. 4, p. 349-363.

Maync, Wolf, 1953, Pseudocyclammina hedbergi n. sp. from the Urgo-Aptian
and Albian (Cretaceous) of Venezuela: Contributions from the Cushman
Foundation for Foraminiferal Research, v. 4, pt. 3, p. 101-103.

Meza, 1.G., 1980, El género Orbitolina en México y su distribucién estratigra-
fica: Revista del Instituto Mexicano del Petroleo, v. 12, no. 3, p. 4-33.

Moullade, Michel, 1974, Zones de foraminiféres du Crétacé Inférieur
mesogéen: Comptes Rendus Hebdomadaires des Séances de 1’ Académie

. des Sciences (Paris), v. 278, no. 14, p. 1813-1816.

Pantoja-Alor, Jerjes, 1993, Description of the localities visited in the fieldtrip B,
in Pantoja-Alor, Jerjes; Alencéaster, Gloria; and Gémez-Caballero,
Arturo, eds., Geology and rudist communities of the Huetamo region,
State of Michoacan, Mexico: Universidad Nacional Auténoma de
México, Instituto de Geologia, International Conference on Rudists, 3,

.+ Mexico, D.F.,, Guidebook of field trip B, p. 11-40.

Péntoja-Alor, Jerjes, and Filkorn, H.F., 1995, Corals of the Cumburindio
Formation (Barremian-early Aptian) of the Huetamo region, southwest-
em Mexico: Sociedad Mexicana de Paleontologia, Congreso Nacional
de Paleontologia, 5, México, D.F., Memoria, p. 30-31 (abstract).

Pantoja-Alor, Jerjes; Schroeder, Rolf, Cherchi, Antonietta; Alencaster,
Gloria, and Pons, JM., 1994, Fossil assemblages, mainly

foraminifers and rudists, from the early Aptian of southwestern
Mexico—paleobiogeographical consequences for the Caribbean
region: Revista de la Sociedad Espafiola de Paleontologia, v. 9, no. 2,
p. 211-219.

Pélissié, T.; Peybernes, Bernard; and Rey, Jacques, 1982, Tectonique des
plaques et paléobiogéographie des grands foraminiféres benthiques et
des algues calcaires du Dogger a I’ Albien sur le pourtour de la Mésogée:
Bulletin de la Société Géologique de France, v. 24, nos. 5-6, p-
1069-1076.

Peybernes, Bernard; Conrad, M.A.; and Cugny, P., 1979, Contribution 4 I’étude
biostratigraphique, micropaléontologique et paléoécologique des cal-
caires urgoniens du Barrémo-Bédoulien bulgare (Prébalkan et plate-
forme moésienne): Revue de Micropaléontologie, v. 21, no. 4, p.
181-199.

Rey, Jacques, 1973, Observations sur I’écologie des Orbitolines et des
Choffatelles dans le Crétacé Inférieur d’Estremadura (Portugal):
Comptes Rendus Hebdomadaires des Séances de 1’Académic des
Sciences (Paris), v. 276, no. 18, p. 2517-2520.

Saint-Marc, Pierre, 1970, Contribution a la connaissance du Crétacé basal du

Liban: Revue de Micropaléontologie, v. 12, no. 4, p. 224-233.

1977, Répartition stratigraphique des grands foraminiféres benthiques de

I’ Aptien, de I’ Albien, du Cénomanien et du Turonien dans les régions

méditerranéennes: Revista Espafiola de Micropaleontologia, v. 9, no. 3,

p. 317-325.

Schroeder, Rolf, 1963, Palorbitolina ein neues subgenus der Gattung Orbitolina
(Foram.): Neues Jahrbuch fuer Geologie und Palaeontologie, v. 117, p.
346-359.

~———1964, Orbitoliniden-Biostratigraphie des Urgons norddstlich von Teruel
(Spanien) (Beitraege sur Biostratigraphie des spanischen Urgons II):
Neues Jahrbuch fuer Geologie und Palacontologie, Monatshefte, v. 8, p.
462-474.

Schroeder, Rolf, and Cherchi, Antonietta, 1979, Upper Barremian-lowermost
Aptian orbitolinid foraminifers from the Grand Banks continental rise,
northwestern Atlantic (DSDP Leg 43, Site 384), in Tucholke, B.E.; Vogt,
PR; Murdmaa, 1.O.; Rothe, P; Houghton, R.L.; Galehouse, J.S.;
McNulty, C.L., Jr.; Okada, H.; Kendrick, J.W.; Demars, K.R.; McCave,
LN,; and Kaneps, A., eds., Deep Sea Drilling Project, Leg 43 of the
cruises of the drilling vessel Glomar Challenger: Initial Reports of the
Deep Sea Drilling Project, Texas, v. 43, p. 575-583.

Schroeder, Rolf, and Neumann, M., 1985, Les grands foraminiféres du Crétacé
moyen de la région Méditerranéenne: Geobios, Mémoire Special no. 7,
p. 1-161.

Sen Gupta, BK., and Grant, A.C., 1971, Orbitolina, a Cretaceous larger
foraminifer, from Flemish Cap—paleoceanographic implications:
Science, v. 173, p. 934-936.

Schlumberger, Conrad, 1905, Note sur le genre Choffatella: Bulletin de la
Société Géologique de France, sér. 4, p. 119-135.

Vilas, Lorenzo; Masse, J.P.; and Arias, Consuelo, 1995, Orbitolina episodes in
carbonate platform evolution—the early Aptian model from SE Spain:
Palaeogeography, Palaeoclimatology, Palaeoecology, v. 119, nos. 1-2, p.
35-45.




