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Abstract

The Mal Paso Formation crops out in the Chumbitaro region in the state of Michoacan. It comprises a lower and an upper member.
The upper member is a calcareous deposit with Orbitolina-bearing beds containing an abundant foraminiferal association, mostly com-
posed of Mesorbitolina texana (Roemer, 1849), Nezzazata isabellae Arnaud-Vanneau and Sliter 1995, Arenobulimina cf. A. chapmani
Cushman, 1936, Glomospira sp. and Istriloculina sp.; moreover corals and echinoids are also present. Based on the stratigraphic
range of the species Mesorbitolina texana, part of the formation is assigned an early Albian age. The orbitolinid larger foraminifera
are excellent age markers for correlation of lower and mid-Cretaceous platforms. The wackestone—packstone textured limestone and
the larger benthic assemblage suggest a shallow-water platform deposit. M. texana is regarded as a cosmopolitan Tethysian species.
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Resumen

La Formacion Mal Paso aflora en la region de Chumbitaro, en el Estado de Michoacan, y comprende un miembro inferior y un
miembro superior. El miembro superior es un deposito calcdreo con estratos con Orbitolina que contienen una abundante asociacion
de foraminiferos compuesta principalmente de Mesorbitolina texana (Roemer, 1849), ademds Nezzazata isabellae Arnaud-Vanneau y

Sliter, 1995, Arenobulimina cf. A. chapmani Cushman, 1936, Glomospira sp. e Istriloculina sp.; ademdas corales y equinodermos estin

también presentes. Con base en el alcance estratigrdfico de la especie Mesorbitolina texana, una parte de la formacion es asignada
una edad Albiano temprano. Los macroforaminiferos orbitolinidos son excelentes marcadores de edad usados para correlaciones en
las plataformas del Cretacico Inferior y medio. La textura y la asociacion de foraminiferos sugiere un depdsito de plataforma de agua
somera. M. texana es considerada como una especie cosmopolita Tethysiana.

Palabras clave: Mesorbitolina texana, Albiano temprano, Formacion Mal Paso, Chumbitaro, SO México.
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1. Introduction

The Orbitolinidae is a large, significant benthic
foraminiferal family that developed during the Early and
mid-Cretaceous. It shows a relatively rapid evolutionary
trend, as observed in the embryonic structures, which
provides valuable biostratigraphic information (Arnaud-
Vanneau, 1998; Schroeder and Neumann, 1985; Schroeder
et al., 2010). The family Orbitolinidae was established
by Martin (1889). This author also described the internal
structure of Orbitolina, which had been previously
mentioned by d’Orbigny (1850). Egger (1899) was the first
to depict the embryonic apparatus. Henson (1948) studied
the structure of the megalospheric embryo in detail. Douglass
(1960) revised the family Orbitolinidae and proposed some
new species of the genus Orbitolina. Schroeder (1962)
emphasized the significance of the internal structure of
the embryonic apparatus. He divided the genus Orbitolina
into subgenera Orbitolina and Mesorbitolina based on
characteristics of the embryonic apparatus. Schroeder et al.
(2010) claim, “the structures of the embryonic apparatus of
the large orbitolinid foraminifers are valuable distinctive
markers that allow a definition of different species and the
establishment of phylogenetic lineages.” Species of this
family flourished in shallow-marine carbonate environments
of the Tethys region.

The purpose of this paper is to date the larger benthic
foraminiferal assemblage recovered from Orbitolina-
bearing beds of the upper member of the Mal Paso
Formation, which is mostly composed of Mesorbitolina
texana (Roemer, 1849). In addition, the paleoenvironment
is inferred based on a study of the microfacies. The age
calibration of part of the upper member of the Mal Paso
Formation contributes to improving chronostratigraphic
knowledge of the Cretaceous sedimentary sequence, which
is poorly known in Michoacan state.

2. Geological setting

Most of the southwestern margin of Mexico is situated
in the Guerrero Terrane (Campa and Coney, 1983), which
is a typical island arc characterized mostly by submarine
and locally subaerial volcanic and sedimentary successions
that range in age from Jurassic (Tithonian) to middle-late
Cretaceous (Cenomanian), with scarce exposure of older
rocks (Centeno Garcia ef al., 2008).

The Mal Paso Formation described by Pantoja Alor
(1959) is located in the Guerrero Terrane; it is a thick
succession (750 — 1000 m), including clastic and calcareous
rocks. This unit conformably overlies the platform limestone
of the El Cajon Formation and is covered by the deltaic
sequence of the Cutzamala Formation through an angular
unconformity. Based on the lithology, the Mal Paso Formation
is divided informally into two different lithostratigraphic and
depositional units: the lower unit consists of a sequence

of medium to thick-bedded, yellowish quartz feldspathic
and lithic sandstone, and the upper calcareous member
yields diverse and abundant invertebrates. The Mal Paso
Formation was deposited in a tectonically active island-
arc setting; the lithology, sedimentology, and paleontology
suggest that the upper member of the Mal Paso Formation
represents a transgressive marine sequence (Filkorn, 2002).
The age of the upper member of the Mal Paso Formation
has been defined as late Albian—early Cenomanian based
on its stratigraphic position; although it contains a great
diversity of fossils, few are useful for an accurate dating.
The gastropods suggest an Albian age (Buitron Sanchez
and Pantoja Alor, 1994, 1996, 1998), as do the echinoids
(Garcia-Barrera and Pantoja-Alor, 1991). Ayala-Castafiares
(1960) describes Orbitolina morelensis as anew species, and
collected approximately 300 m to the north of the village
of Mal Paso, defining the age of this succession as lower
Albian. The Mexicaprina rudist occurrence determines a
late Albian—early Cenomanian age for this interval (Filkorn,
2002). Recently Filkorn and Scott (2011) dated this member
as late Albian based on the assemblage composed of rudists,
foraminifers and algae.

3. Material and Methods

The samples were collected from the upper member of
the Mal Paso Formation (Orbitolina-bearing beds) in the
Chumbitaro region. Its geographical coordinates are 18°
31' 0" N, 100° 45' 0" W. It is located in the municipality
of San Lucas in the state of Michoacan (Figure 1). For
micropaleontological and microfacies analysis, the samples
were prepared in thin sections 50 um thick. The faunal
preservation is good, which allowed accurate identification
of the foraminifers that were used for age assignment. In
addition, a microfacies study was carried out to reconstruct
the paleoenvironment.

4. Foraminiferal assemblage

A foraminiferal assemblage, principally composed
of Mesorbitolina texana (Roemer, 1849) also containing
Nezzazata isabellae Arnaud-Vanneau and Sliter, 1995,
Arenobulimina cf. A. chapmani Cushman, 1936, Glomospira
sp. and Istriloculina sp., was observed in samples from the
Orbitolina-bearing beds (Figure 2 a-i).

5. Taxonomic notes

There is a discrepancy between the assignment of the
species Orbitolina texana proposed by Roemer (1849) as
later described by Douglass (1960), and Schroeder’s (1975)
attribution of the species to Mesorbitolina subconcava
(Leymerie, 1878). On the other hand, Moullade and Saint-
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Marc (1975) and Moullade et al. (1978) refuted the validity
of the species Mesorbitolina subconcava re-defined by
Schroeder (1975).

The identification of Mesorbitolina texana is based on
size and morphology of the test, as well as the structure
of the embryonic apparatus. Taking into account the
arrangement and size of the protoconch, deuteroconch and
subembryonic zones, we follow the criterion of Douglass

(1960) and Moullade and Saint-Marc (1975) to define this
species. In addition, we include morphological and size (test
and embryon) differences from Mesorbitolina subconcava.

Description. This species is characterized by having
a conical test, with pointed apex. The base is convex; it
has a maximum diameter of 4 mm and a height of 2 mm.
The embryonic apparatus is composed of a protoconch,
deuteroconch and subembryonic zones. The protoconch is
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Figure 1. Geographic Google map showing the location of the area studied.
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hemispheric, maximum diameter 0.20 mm; the deuteroconch
and subembryonic zones are, more or less equally thick and
are subdivided by few anastomosing septules.

Remarks. The specimens illustrated in this paper differ
from Mesorbitolina subconcava by having both the test and
embryonic apparatus smaller, and less evolved morphology,
while the exemplars of M. subconcava presented by
Schroeder and Neumann (1985, pl. 37) have a more oval
and flattened test and the dimensions of all the structures
larger. For example, the test has a maximum diameter of
8.6 mm and height up to 1.3 — 2.2 mm. The protoconch is
flatter, measuring up to 0.25 mm and the deuteroconch has
a more developed alveolar layer, with maximum diameter
0.4 to 0.5 mm.

6. Age

Mesorbitolina texana is characteristic of the lower
Albian of the Glen Rose Formation (Schroeder and
Neumann, 1985 p. 78; Scott and Gonzalez Leon, 1991,
p. 55); however, in the Mediterranean area, this species
ranges from the uppermost Aptian to basal upper Albian,
but in the Gulf Coast Mesorbitolina texana occurs with
early Albian ammonites (Scott and Gonzalez Ledn, 1991,
p. 55). Madhavaraju et al. (2013) suggested an early
Albian age based on the occurrence of Colomiella recta
and Calpionellopsella maldonadoi, and larger foraminifera
Mesorbitolina texana in the Canova member of the Mural
Formation in northern Sonora. Schroeder (1975) indicated
that Mesorbitolina texana has a well-established late
Aptian—early Albian age range. In the Pyrenees region, it
is reported for the end of the middle Albian (Peybernés,
1976, identified as M. minuta). According to the Groupe de
Travail Européen des Grands Foraminiféres (1981, p. 385),
M. texana ranges from late Aptian to middle Albian. Husinec
et al. (2000) and Husinec and Sokac (2006) recognized
a Mesorbitolina texana Zone in the early Albian from
Croatia. Dozet and Sribar (1997) proposed an Orbitolina
(M.) ex gr. texana Cenozone in southeastern Slovenia.
Their stratigraphic range is defined as lower Albian.
Schroeder et al. (2010) proposed a Barremian—Aptian
zonation from the eastern Arabian and northeastern African
plates including offshore Abu Dhabi, Ethiopia, southwest
Iran, Oman, Somalia and Yemen. They indicated a late
Aptian age for the Mesorbitolina texana Zone. Frequent
occurrence of the orbitolinid M. texana, which is assigned
to the late Aptian (Marian and Bucur, 2012), is documented
from the calcareous deposits in the eastern Carpathians
(Romania). Shirazi and Abedi (2013) in Iran identified a
M. texana assemblage Zone in strata dating as uppermost
Aptian—lower Albian. In Oman, bed I of the early Albian
from the Nahr Umr formation is marked by Mesorbitolina
texana (Jones, 2006, p. 70). The stratigraphic distribution of
Mesorbitolina texana ranges from the Mediterranean areas
to the New World; it could be due to the dispersion that

took place from E to W, facilitated by Tethyan transoceanic
currents, and may be related to the meroplanktonic stage
of the megalospheric embryos. This dispersion caused the
species to arrive to America later than what was claimed
by Cherchi (2004). In this paper, we assign an early Albian
age, consistent with the view of Scott and Gonzalez Ledn
(1991, p. 55), who indicate the same age. In addition, the
isotopic numerical age of M. texana specimens in the Trinity
Group was used, which spans from 113.70 to 108.19 Ma
(Scott, 2014).

Orbitolina-bearing beds are located between two well-
defined horizons, delimited at the bottom by the El Cajon
Formation, dated as lower Aptian (Omaiia and Pantoja Alor,
1998), and at the top by part of the Mal Paso Formation,
defined as upper Albian (Filkorn and Scott, 2011). For
comparison, the middle Albian succession in the El Abra
Platform is characterized by a foraminiferal assemblage
composed of Dictyoconus walnutensis — Paracoskinolina
sunniladensis without occurrence of Mesorbitolina texana.
This finding is important because it contributes to the
integration of the stratigraphy of the region, since the
El Cajon Formation, as the oldest unit, is dated as early
Aptian, while part of the overlying Mal Paso Formation is
considered upper Albian; so, the Orbitolina-bearing beds
of early Albian age in the middle part would complete the
sequence.

7. Paleoecology

The recent larger foraminifera are distributed in
tropical and subtropical regions, and are most abundant
in nutrient-deficient environments in warm shallow-
water seas (BouDagher-Fadel, 2008). Murray (2006)
stated, “the controls on global distribution are thought
to be water temperature, nutrient content, light intensity
and hydrodynamic energy.” It is usually considered that
the orbitolinids could have had symbiotic algae in the
periphery (marginal zone) of the test (Hottinger, 1997).
The light essential for their symbionts determines the depth
distribution of these larger foraminifers as a water-depth
proxy, indicating a shallow-water oligotrophic setting.
Despite this, Birkeland (1998) and Vilas et al. (1995)
considered that these foraminifers lived in mesotrophic
conditions with high nutrient input, suggesting that they
were tolerant of a variety of different environmental
settings. The ecology of fossil larger foraminifera without
equivalent recent forms may be inferred from their size,
morphostructure, and test architecture. Orbitolinids such
as Palorbitolina and Mesorbitolina are characterized by
having a conical test, which suggests a free epifaunal mode
of life (Masse, 1976), living on soft substrates with the flat
base of their conical test on the apertural face (Arnaud-
Vanneau, 1975; BouDagher-Fadel, 2008). It is consistent
with the wackestone-textured limestone where they have
been deposited, which enables the inference that the deposit
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Figure 2. Early Albian foraminifera and microfacies from the Mal Paso Formation (scale bar 500 pm). a) Orbitolinid wackestone-packstone. Sample JP-
92067a. b) Tangential section of a conical form of Mesorbitolina texana (Roemer, 1849). Sample JP-92067a. c) Subaxial section of Mesorbitolina texana
(Roemer, 1849). Sample JP-92067b. d, f) Slightly oblique axial section of a young form of Mesorbitolina texana (Roemer, 1849). Sample JP-92067c¢. ¢)
Axial section of a young Mesorbitolina texana (Roemer, 1849); embryo zone subdivided into globular protoconch, deuteroconch and subembryonic zones.
Sample JP-92069b. g) Transverse-oblique section of Glomospira sp. Sample JP-92067¢. h) Axial section of Arenobulimina cf. A. chapmani Cushman,
1936). Sample JP-92067b. i) Axial section Istriloculina sp. Sample JP-92067b.



22 Omaiia et al.

occurred in shallow water with low energy input into the
euphotic zone.

8. Microfacies and Paleoenvironment

The paleoenvironmental analysis is based on the
microfacies and foraminiferal association study. The
succession is characterized by the occurrence of larger
foraminifers such as Mesorbitolina and other small
benthic foraminifera as well as corals and echinoids.
The microfacies (Sample JP-92067a-d) is a foraminiferal
wackestone—packstone showing a foraminiferal association
that consists mostly of Mesorbitolina texana embedded
in a micrite matrix. The orbitolinid associations suggest a
shallow marine environment within the euphotic zone of
low-energy lagoonal-type environments deposited under
tropical conditions. This microfacies may correspond to
SMEF 8 (Fliigel, 2004).

9. Paleobiogeography

According to Pélissié et al. (1982), the complex
megalospheric embryonic apparatus of the cosmopolitan
forms, whose protoconch is covered by large peri-
embryonic chambers (Palorbitolina) or by the deuteroconch
and the subembryonic zone (Mesorbitolina), possibly
facilitated their flotation during the meroplanktic initial
stage, subsequently favoring their dispersion by marine
currents. As reported by BouDagher-Fadel (2008), large
conical, agglutinated, internally complicated orbitolinids
inhabited the shallow warm reefal environments of the
Tethys during the Barremian—Aptian. The late Aptian
shows an increase in extinctions, but some of these were
replaced by new genera at the Aptian—Albian boundary.
In the Albian, and for the first time in the Cretaceous, a
small percentage of larger foraminifera become restricted
to the Caribbean Province; however, Mesorbitolina texana,
although originally described from Texas in the lower
Albian (Glen Rose Formation) by Roemer (1849, p. 393),
is widely distributed along the margins of the Tethys in the
Mediterranean area. Raspini (2012) states, “in the Apenninic
carbonate platform sequence the so-called ‘Livello ad
Orbitolina’ (Orbitolina Level) marks the first occurrence
of Mesorbitolina texana.” This species is also recorded in
Spain (Cherchi and Schroeder, 1982; Castro et al., 2001) and
Romania (Bucur et al., 2008). Masse et al. (2002) reported
the species from the western Black Sea, Turkey. M. texana
has a wide distribution in the Middle East in Lebanon, Syria
and Iraq (Simmons ef al., 2000), and in Iran by Afghah
and Haghighi (2014) as well as in Israel (Lipson-Benitah,
2009). In the Tunisian carbonate platform, this species is

recorded by Heldt et al. (2009). In Egypt, it was observed
by Kuss and Schlagintweit (1988). It was recorded in the
Pacific Northwest by Iba ef al. (2011). In the New World,
Mesorbitolina texana is known from the USA (Texas, New
Mexico and Arizona) (Stoyanow, 1949; Douglass, 1960); in
Mexico including Sonora (Scott and Gonzalez Leon, 1991,
Gonzalez Leon et al., 2008), the Chihuahua basin (Ortufio
Arzate et al., 1989; Monreal and Longoria, 1999) and the
Chiapas platform (Michaud, 1987). In Guatemala, it was
recorded by Vaughan (1932); and in Venezuela by Vaughan
(1932); Rod and Maync (1954).

10. Conclusions

A foraminiferal assemblage from Orbitolina-bearing
beds of the calcareous upper member of the Mal Paso
Formation is reported.

The age of these rocks is lower Albian, based on the
occurrence of Mesorbitolina texana (Roemer, 1849), defined
by the characters and size of the test, and the dimension
and morphology of the megalospheric embryon. This
information is important in completing Lower and middle
Cretaceous stratigraphic knowledge in this region.

A quiet shallow-water platform environment is inferred
on the basis of the limestone (wackestone—packstone) and
the benthic foraminiferal assemblage.

The benthic foraminiferal association is typical of the
Tethys Realm, which was widely distributed in the platforms
of the late Aptian—Albian. Its occurrence is documented
from numerous localities in the Old and New World.
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