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Abstract

Three bearing mid-late Oxfordian and early Kimmeridgian ammonite stratigraphic sections, corresponding to the Santiago
Formation, located in the surroundings of Taman (San Luis Potosi), Tenango, and La Mesa-El Pescado (both in Hidalgo)
towns were studied. The presence of the genera Passendorferia, Neumannia, Sequeirosia (Gemmellarites), Perisphinctes
(Otosphinctes), and Gregoryceras support the existence of an extensive communication via with the Tethys during the
Plicatilis-Transverarium Chrons. On the other hand, for the Bifurcatus Chron, fauna with Tethys affinity is still recog-
nized, including the genera Neoprionoceras, Subdiscosphinctes, Ochetoceras, and Euaspidoceras. In addition, is possible
to establish a paleobiogeographic affinity with Cuba, Chile, and Argentina based on the occurrence of Vinalesphinctes,
Perisphinctes (Cubasphinctes), and Caracoliceras, which is also supported by the presence of Physodoceras and Subn-
ebrodites in the Hypselum/Bimammatum Chrons. Finally, the record of Passendorferia, Ochetoceras, and Euaspidoceras
throughout the entire stratigraphic succession confirms that the connection with the Tethys was present throughout the
Oxfordian and early Kimmeridgian. Based on these paleogeographic interpretations, the Tethys influence on the Oxford-
ian-Kimmeridgian Mexican ammonite faunas is confirmed. For areas currently integrated into Cuba, the record in Mexico
of forms with Cuban affinity reveals the existence of a paleobiogeographic entity in the northern margin of the western
portion of the Hispanic Corridor; while the faunal affinity with Chile and Argentina is interpreted as evidence of a con-
nection with these epicontinental areas, which favors dispersal by marine currents.
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Resumen

Se estudiaron tres secciones estratigraficas de amonites del Oxfordiano medio-tardio y Kimmeridgiano temprano, corre-
spondientes a la Formacion Santiago, ubicadas en los alrededores de los poblados de Taman (San Luis Potosi), Tenango y
La Mesa-El Pescado (ambas en el estado de Hidalgo). La presencia de los géneros Passenderforia, Neumannia, Sequeiro-
sia (Gemmellarites), Perisphinctes (Otosphinctes) y Gregoryceras apoyan la existencia de una extensa comunicacion a
través del Tethys durante los Crones Plicatilis-Transverarium. Por otro lado, para el Cron Bifurcatus la fauna con afinidad
del Tethys es ya reconocida, incluidos los géneros Neoprionoceras, Subdiscosphinctes, Ochetoceras y Euaspidoceras.
Ademas, es posible establecer una afinidad paleobiogeografica con Cuba, Chile y Argentina basada en la ocurrencia
de Vinalesphinctes, Perisphinctes (Cubasphinctes) y Caracoliceras, lo cual es soportado por la presencia de Physodoc-
eras y Subnebrodites en los Crones Hypselum/Bimammatum. Finalmente, el registro de Passendorferia, Ochetoceras y
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Euaspidoceras a lo largo de toda la sucesion estratigrafica confirma que la conexion con el Tethys estuvo presente durante
todo el Oxfordiano y el Kimmeridgiano temprano. Con base en estas interpretaciones paleogeograficas se confirma la
influencia del Tethys en las faunas de amonites mexicanos del Oxfordiano-Kimmeridgiano. Para areas actualmente inte-
gradas a Cuba, el registro en México de formas con afinidad cubana revela la existencia de una entidad paleobiogeogra-
fica en el margen norte de la porcion occidental del Corredor Hispanico; mientras que la afinidad faunistica con Chile y
Argentina se interpreta como evidencia de una conexion con estas areas epicontinentales, lo que favorece la dispersion

por corrientes marinas.

Palabras claves Corredor Hispanico - Tethys - Region Huasteca - Formacion Santiago

1 Introduction

Reliable biostratigraphic information has been generated as
a result of the development of detailed studies with strict
stratigraphic control. The aforementioned opens possi-
bilities for carrying out research where biogeographic and
paleogeographic interpretations are involved (i.e. Buitron,
1984; Canta-Chapa, 2001; Villasefior et al., 2005). It is
worth mentioning that these studies have been based mainly
on ammonite faunas, which are recognized as the main fau-
nal elements to establish relative ages in stratigraphy, as
well as in regional and global correlation; being very impor-
tant for paleobiogeographic, paleobiological and evolution-
ary studies, both of the marine Paleozoic and Mesozoic.

There are some publications discussing the paleogeo-
graphic distribution of Oxfordian-Kimmerdigian ammonite
associations in Mexico, and relating it to the Caribbean
Province (Cariou, 1973; Myczynski & Meléndez, 1990).
Besides, it has been considered that during the middle
Oxfordian the northwestern portion of the Proto-Caribbean
basin was probably connected with the eastern part of
Mexico, existing a connection with the fauna of the Andean
Province (Myczynski, 1994).

In particular, according to the occurrence of the genus
Vinalesphinctes SPATH, 1931 in Chile and Cuba, Melendez
and Myczynski (1994) point out the existence of biogeo-
graphic connections between these two areas through the
Hispanic Corridor, and mention the possibility of a Pacific
origin of this genus; although they express the need for
more data to corroborate this. On the other hand, Lopez-
Palomino et al. (2006) and Loépez-Palomino (2013) high-
light the importance of Vinalesphinctes in biostratigraphic
correlations in the Upper Jurassic (Oxfordian) of America
and its paleobiogeographic dynamics.

These authors mention that the geographical distribution
of this genus, restricted to Cuba, Chile, and Mexico, gives it
an endemic character for the Americas, which would mean
that during the Oxfordian these areas were close, represent-
ing a discontinuous epicontinental marine environment, con-
nected with both the western Tethys and the eastern Pacific.
Likewise, they mention that the presence of different species
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in Mexico and Cuba agrees with the interpretations made by
Myeczynski et al. (1998, p. 201) on the increase in endemism
in ammonite fauna during the Bifurcatus Chron. On the
other hand, Parent et al. (2006) document the occurrence of
Subvinalesphinctes WIERZBOWSKI, 1976, Vinalesphinc-
tes, and Cubasphinctes JUDOLEY Y FURRAZOLA-BER-
MUDES, 1968 from the middle Oxfordian (lower part of
the Plicatilis Zone) to the late Oxfordian (lower part of the
Bifurcatus Zone) in Cuba, Mexico, Chile, and Argentina;
as well as their probable origin from the species Subvina-
lesphinctes pseudokranaus, would mainly indicate Tethys
and Tethys-Caribbean biogeographic affinities.

Furthermore, the occurrence in Mexico of the genus
Gregoryceras SPATH, 1924, beyond its biostratigraphic
significance, has allowed important paleobiogeographic
and paleoenvironmental interpretations for the Oxfordian
Mexican marine deposits (Transversarium Chron), which
represent an epicontinental platform related to transgressive
events. The aforementioned is based mainly on the morpho-
logical and ontogenetic traits of Gregoryceras.

Oloriz et al. (2008, 2010) agree with the importance of
the record of Gregoryceras in Mexico, pointing out that it is
the most complete continuous paleobiogeographic range of
this genus in the Americas, in an intermediate area between
the records of northern Chile and the northern edge of the
Gulf of Mexico Basin. Those authors also mentioned that the
occurrence of Gregoryceras, together with perisphinctids
previously documented and others reported for the very first
time in Mexico, corroborates Tethys origin for the ammonite
association, at least during the Oxfordian. Additionally, they
mentioned that the presence of Gregoryceras in Mexico and
Chile, Dichotomosphinctes BUCKMAN, 1926 in Mexico,
and ochetoceratids in Mexico and Cuba, may be the result of
vicariant events produced by flooding processes and subse-
quent isolation of ammonite associations during the middle
Oxfordian in areas of Mexico-Caribbean and Chile.

This paper aims to analyze the Oxfordian-Kimmeridg-
ian ammonite association from Mexico, Cuba, Chile, and
Argentina, to establish their faunistic affinities and define
the factors that determine the paleogeographic distribution
and faunal exchanges among the areas mentioned above.
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For this purpose, we consider the results of the latest
detailed systematic-paleontological studies, such as those
carried out by Lopez-Palomino (2002, 2013), Villasefior et
al. (2004), Lopez-Palomino et al. (2006), and Oloriz et al.
(2008); whose studied material comes from 3 stratigraphic
sections (Taman, San Luis Potosi State, Tenango and La
Mesa-El Pescado, Hidalgo State). In addition, we also
include previously documented information (Burckhardt,
1930; Canti-Chapa, 1969, 1971, 1984; Oloériz et al., 2010).

To analyze beta diversity, the Jaccard similarity coef-
ficient was used (as a quantitative similarity index). This
index expresses the degree to which two samples are simi-
lar based on the species present in them (to calculate the
dissimilarity index 1- similarity). In the Jaccard similarity
coefficient, values close to zero indicate that no species are
shared between sites, while values close to one indicate that
the sites are more similar (Moreno, 2001). This analysis was
performed using the software PAST 4.10 (Hammer et al.,
2001).

2 Study area and geological setting

The material documented here comes from three strati-
graphic sections measured and sampled in the Huasteca
region, central-eastern Mexico (Fig. 1). The study area is
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Fig. 1 Geographical location and geological map of the study area.

located in the Sierra Madre Oriental Physiographic Prov-
ince, which has an NNW-SSE orientation, reaching heights
in the area from 2,000 to 3,000 m above sea level; and it is
located in the Geologic Province “Cinturén de Pliegues y
Cabalgaduras”, which in accordance with Suter (1990) and
Ortega-Gutiérrez et al. (1992), was formed by compression
due to the Laramide deformation of the Cordilleran orogeny.

The first stratigraphic section corresponds to the Taman
section (TAM-1) which is located in the neighborhoods of
Taman town, on the west flank of the Moctezuma River,
approximately 7 km to the south of Tamazunchale, south-
eastern San Luis Potosi (21° 13” 35” N-21° 13’ 48” N;
98° 52° 34” W-98° 52’ 48" W). The second section is the
Tenango section (TEN-1), which is located in the surround-
ings of Tenango town, about 7.6 km to the southeastern of
Chapulhuacan, northern Hidalgo State, on the dirt road that
connects Tenango and the Cahuasas Ranch, (21° 9’ 51” N
—21°9’56” N; 98° 52° 40” W-98° 52” 43” W). The third
measured section corresponds to the La Mesa-El Pescado
section (LM-EP), located around 3 km to the northeast of
Chapulhuacan, Hidalgo State, on the road that connects the
towns La Mesa and El Pescado (21° 13 35” N-21° 13’ 48”
N; 98° 527 34” W-98° 52° 48” W).

Previously, Suter (1990) carried out the geological sur-
vey of the study area corresponding to the Geological Chart
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of Tamazunchale, scale 1:100,000, which covers part of the
Sierra Madre Oriental.

3 Litostratigraphy

The measured sections belong to the Santiago Formation,
originally studied by Reyes (1964) and formally defined by
Cant-Chapa (1969, p. 5) as a sequence conformed by dark
gray calcareous shales intercalated with clay-limestone in
layers up to 40 cm thick, brown to reddish-brown on weath-
ered surfaces, with diagonal crossing to the stratification
plane and interspersed calcareous nodules.

3.1 Taman section (TAM-1, Fig. 2a)
This section corresponds to the type locality of the Santiago

Formation. At this site, the lower contact does not crop out
while the upper contact conformably underlies the Taman

Formation. This section is about 186 m thick, although it
is worth mentioning that structurally this outcrop exhibits
changes in the orientation of the layers, which could affect
the measurement of its real thickness. From base to top,
the Santiago Formation comprises approximately 1.90 m
of calcareous levels followed by a 31 m thick package of
crumbly dark-gray siltstone in fresh surfaces and whitish-
brown in weathering surfaces, in beds from 20 to 50 cm,
with limestone nodules ranging from 40 to 50 cm containing
well-preserved ammonite fauna. Interbedding with siltstone
is possible to observe gray limestone layers 30 cm thick as
maximum. Above this package, 69 m covered are observed,
within which there is an interbedded level, approximately
37 m (level 57 in the stratigraphic section). In the middle
part of the section, 26 m thick, a rhythmic intercalation of
limestone and siltstone is observed, in beds from 0.20 to
0.30 cm, and 10 cm respectively.

Finally, the upper part of this profile corresponds to
129 m, which is mainly composed of dark-brown slightly

Fig. 2 Stratigraphic columns of the Santiago Formation in central-
eastern Mexico with ammonite taxa distribution. (a) Taman section,
discontinuous lines at the top indicate repetition of the sequence, (b)
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calcareous siltstone. The structural change is also present,
so the faunal position was useful to identify the stratification
planes. In some levels, 20 to 30 cm in diameter limestone
nodules are observed. Likewise, thin layers of limestone
like those above mentioned are sporadically observed.
At the top, there are some levels of siltstone with nodular
appearance.

3.2 Tenango section (TEN-1, Fig. 2b)

In this section, locally, the Santiago Formation overlies
the Tepexic Formation in a concordantly abrupt contact,
underlying conformably and transitionally the Taman For-
mation. The contact between the Santiago and the Tepexic
formation is marked at the base of the former by a thin con-
glomeratic horizon about 5 cm thick (level 18), constituted
mainly by quartz grains and oyster shells; and underlies the
Taman Formation in a concordant and transitional manner.
This section comprises a 42 m thick package conformed by
gray limestone 2 m interbedded with gray siltstone, whose
thickness ranges from 10 to 45 cm. Above these are about
6.5 m of argillaceous limestone interbedded with 5 to 45 cm
siltstone strata, as well as some sandstone beds. Later there
are 5 m of sheeted siltstone 10 to 18 cm thick with some
strata of gray limestone. Finally, 29.5 m are represented by
gray limestone with thicknesses that vary between 10 and
70 cm interbedded with thin layers of gray siltstone 5 to
10 cm thick.

3.3 La Mesa-El Pescado section (LM-EP, Fig. 2¢)

At this site, the Santiago Formation is similar to TEN-1,
overlying the Tepexic Formation with a conglomeratic con-
tact between them (level 18). At its base there are approxi-
mately 3 m of gray limestone in beds ranging from 20 to
52 cm; while the rest of the stratigraphic section is consti-
tuted by an intercalation of gray limestone and siltstone in
layers from 11 to 50 cm, and lesser extent thin siltstones
beds in a range of 5 to 14 cm.

4 Comments on Oxfordian ammonites of
Mexico

Oxfordian Mexican ammonites have been studied since
1912 by Burckhardt, who recognized and described a
diverse ammonite fauna from San Pedro del Gallo, Durango,
proposing the differentiation of two layers: “Couches inféri-
eures” and “Couches supérieures”, which were assigned to
the upper Oxfordian. Later, the same author (Burckhardt,
1930) delimitates more precisely the age of these layers
naming them “Couches a Persiphinctes gr. plicatilis” (lower

layers), and Couches a Ochetoceras” (upper layers), pro-
posing a middle Oxfordian age, Transversarium Zone for
the former; and a late Oxfordian age, Bimammatum Zone
(=Hypselum Zone, according to Wierzbowski et al., 2023)
for the latter.

Between 1930 and 1990, the knowledge of the Oxfordian
ammonite fauna, both in northern and central-eastern Mex-
ico, increased due to several studies carried out during those
years (Imlay, 1939, 1980, 1984; Canti-Chapa, 1969, 1971,
1984; Contreras et al., 1988). Among these studies, only
Imlay (1939) recognized middle Oxfordian fauna, while the
others identified late Oxfordian fauna but without specify-
ing its age within this substage.

After that, based on bibliographic data, Callomon (in Hil-
lebrandt et al., 1992) compared the Mexican ammonite fau-
nas documented by Burckhardt, Imlay, and Canti-Chapa,
with European ammonite faunas. This led the author to rec-
ognize the middle Oxfordian, Plicatilis Zone (not extreme
base) and Transversarium Zone (not the higher part), as well
as the upper Oxfordian (Bimammatum Zone=Hypselum
Zone, according to Wierzbowski et al., 2023). After him,
also based on bibliographic data and some field observa-
tions, Myczynski et al. (1998) reinterpreted the Oxfordian
age for the ammonite fauna of Mexico, determining the pres-
ence of the middle Oxfordian (Plicatilis Zone)-late Oxford-
ian (Planula Zone possibly, Planula subzone =lower most
Kimmeridgian, according to Wierzbowski et al., 2023).

Particularly in the study area, Lopez-Palomino (2002)
established an age from the middle Oxfordian (Plicatilis
Zone, Antecedens Subzone) to the late Oxfordian (Bimam-
matum Zone, probable Hypselum Subzone) for the Taman
section (TAM-1). However, a subsequent study carried out
by Villasefior et al. (2012; Fig. 12, part 2) suggests that
the specimens referred to Praeataxioceras correspond to
a “Subdiscosphinctes” sp. 1 gr. carribeanus, which allows
to determine that the upper part of the Santiago Formation
in the Taman Section corresponds to the Bifurcatus Zone
(lower most Kimmeridgian, according to Wierzbowski et
al., 2023).

For the Tenango Section (TEN-1), according to Lopez-
Palomino (2013), the interpreted age represents the middle
Oxfordian (Transversarium Zone)-late Oxfordian (Bimam-
matum Zone); however, based on the most recent interpreta-
tion by Wierzbowski et al., (2023), the age of the Tenango
section would correspond to the middle Oxfordian (Trans-
versarium Zone)-late Oxfordian (Hypselum Zone)/early
Kimmeridgian (Bimmamatum Zone?).

Finally in the La Mesa-El Pescado section (LM-EP), only
the middle Oxfordian (Transversarium Zone) is represented.

According to the mentioned before, is certainly estab-
lished the presence of the middle Oxfordian (Plicatilis
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Zone)- late Oxfordian (Hypselum Zone)/early Kimmeridg-
ian (Bimammatum Zone?) ammonites in Mexico.

5 Ammonite association
5.1 Mexican associations

The Oxfordian ammonite fauna in the study area is repre-
sented in each of the sections (some well-preserved ammo-
nites were selected and illustrated in Figs. 3 and 4) as
follows:

Fig. 3 (a) Ochetoceras (Cubao-
chetoceras) burckhardti, IGM-
6096, left side view showing
lateral groove (Oloriz et al., 2008,
Fig. 5, a-g); (b) Ochetoceras
(Cubaochetoceras) submexi-
canum, IGM-13,358, right side
view showing lateral groove; (¢)
Perisphinctes (Dichotomosphinc-
tes) durangensis, IGM-6093, left
side view (Oloriz et al., 2008,
Fig. 4, g, i-)); (d) Euaspidoceras
(Euaspidoceras) aff. costatum,
IGM-6110, right side view with
small periumbilical bullae (Olériz
et al., 2008, Fig. 6, d-e); (e)
Gregoryceras sp., IGM-6090, left
side view (Villasefor et al., 2004,
Figs. 1, 2 and 3); (f) Mirosphinc-
tes sp., IGM-13,359, right side
view of incomplete specimen;

(g) Vinalesphinctes tamanensis,
IGM-6170, left side view with
suture line preserved (Lopez-
Palomino et al., 2006, Fig. 5, a-b,
d); (h) “Discosphinctes” acandai,
IGM-13,360, right side view
showing fine ribbing
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5.1.1 Taman section (Fig. 2a)

Ochetoceras (Ochetoceras) sp., O. (Cubaochetoceras)
burckhardtii (O’CONNELL, 1920) (Fig. 3a), Ochetoceras
(Cubaochetoceras) sp. cf. mexicanum (BURCKHARDT,
1912), Ochetoceras (Cubaochetoceras) sp. cf. pedroanum
(BURCKHARDT, 1912), Perisphinctes (Perisphinctes)
sp., Perisphinctes (Otosphinctes) sp. group. patturatensis
(DE LORIOL, 1901), Perisphinctes (Dichotomosphinc-
tes) durangensis (BURCKHARDT, 1912) (Fig. 3c), Peri-
sphinctes cf. plicatilis (DE RIAZ in BURKHARDT, 1912),
Passendorferiinae gen. et sp. indet., Euaspidoceras (Euas-
pidoceras) aff. costatum (DORN, 1930) (Fig. 3d), Euas-
pidoceras sp., Subdiscosphinctes (Subdiscosphinctes) sp.
cf. aeneas (GEMMELLARO, 1875), “Discosphinctes”
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Fig.4 (a) Euaspidoceras occo-
nellae, IGM-6553, right side
view (Villasefior et al., 2012,

pl. I, Fig. 6); (b) Perisphinctes
(Cubasphinctes) sp. cf. cubanen-
sis, IGM-13,361, right side view;
(¢) Caracoliceras aff. dunkeri,
IGM-13,362, left side view; (d)
Passendorferia (Passendorfe-
ria) sp. gr. tenuis-uptonioides,
IGM-13,363, left side view

of inner-middle whorls; (e)
Sequeirosia (Gemmellarites) sp.
cf. trichoplocoides, IGM-13,364,
left side view showing incrusted
brachiopods; (f) Vinalesphinctes
tenangensis, IGM-6175, right
side view (Lopez-Palomino et al.,
20006, Fig. 9, a-d)

acandai (JUDOLEY & FURRAZOLA-BERMUDEZ, 1968)
(Fig. 3h) (Olériz et al., 2008), Gregoryceras sp. (Fig. 3e)
(Villasefior et al., 2002, 2004), Vinalesphinctes tamanensis
LOPEZ-PALOMINO, 2002 (Fig. 3g) (Lopez-Palomino et
al., 2006), Ochetoceras (Cubaochetoceras) submexica-
num (JUDOLEY & FURRAZOLA-BERMUDEZ, 1968)
(Fig. 3b), Neoprionoceras sp., Mirosphinctes sp. (Fig. 31),
Perisphinctes (Dichotomosphinctes) sp. cf. chloroolithi-
cus (NIKITIN in BURCKHARDT, 1912), Perisphinctes
(Cubasphinctes) jaworskii JUDOLEY & FURRAZOLA-
BERMUDEZ, 1968, cf. Larcheria sp., Subdiscosphinc-
tes (Subdiscosphincte) sp. cf. carribeanus (JAWORSKI,

1940), Subdiscosphictes (Subdiscosphinctes) moctezumen-
sis LOPEZ-PALOMINO, 2002, Subdiscosphictes (Sub-
discosphinctes)  spp., Sequeirosia  (Gemmellarites)
trichoplocoides (BURCKHARDT, 1912), Euaspidoceras
(Euaspidoceras) spp. (Lopez-Palomino, 2002), Euaspidoc-
eras oconnellae (SANCHEZ-ROIG, 1920) (Fig. 4a), “Sub-
discosphinctes” sp. 1 gr. carribeanus (JAWORSKI, 1940)
(Villasefior et al., 2012).

@ Springer
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5.1.2 Tenango section (Fig. 2b)

Phylloceras sp., Ochetoceras (Cubaochetoceras) mexica-
num, Ochetoceras (Cubaohetoceras) spp., Perisphinctes
(Cubasphinctes) sp. cf. cubanensis O’CONNELL, 1920
(Fig. 4b), Caracoliceras aff. dunkeri STEINMANN, 1881
(Fig. 4c), Perisphinctes (Dichotomosphinctes) sp., Peri-
sphinctes (Cubasphinctes) sp., Neumannia sp. cf. cyrilli
NEUMANN, 1907, Passendorferia (Passendorferia) sp.
gr. tenuis ENAY, 1966- uptonioides ENAY, 1966 (Fig. 4d),
Subnebrodites sp., Euaspidoceras (Euaspidoceras) sp.
cf. oconnellae, Physodoceras sp. cf. wolfi (NEUMAYR,
1873) (Lopez-Palomino, 2013), Vinalesphinctes tenangen-
sis LOPEZ-PALOMINO et al., 2006 (Fig. 4f) (Lopez-Palo-
mino et al., 2006).

5.1.3 La Mesa-El Pescado section (Fig. 2c)

Perisphinctes (Otosphinctes) sp., Sequeirosia (Gemmel-
larites) sp. cf. trichoplocoides (BURCKHARDT, 1912)
(Fig. 4e), Sequeirosia sp. (Lopez-Palomino, 2013).

All shared records will be analyzed particularly with the
fauna associations for Cuba, Chile and Argentina, presented
below.

5.2 Cuban associations

Oxfordian ammonites from Cuba have been studied by
Sanchez-Roig (1920), O’Connell (1920), Jaworski (1940),
Imlay (1942), and Judoley and Furrazola-Bermtdez (1968).
However, despite the important data these studies have pro-
vided, biostratigraphic and paleobiogeographic interpreta-
tions were only carried out until the investigations conducted
by Myczynski (1976), Wierzbowski (1976), and Myczynski
et al. (1998). Among the taxa recognized in Cuba related
to Mexico, it is possible to find representatives of the gen-
era Phylloceras SUESS, 1865 (Imlay, 1942), Ochetoceras
HAUG, 1885 and Cubaochetoceras SANCHEZ-ROIG,
1951 (O’Connell, 1920; Sanchez-Roig, 1920; Jaworski,
1940; Judoley & Furrazola-Bermudez, 1968), Neopri-
onoceras SPATH, 1928 (Jaworski, 1940), Gemmellarites
MELENDEZ, 1989 (Sanchez-Roig, 1920), Mirosphinctes
SCHINDEWOLF, 1926 (Myczynski, 1976), Dichotomo-
sphinctes (Sanchez-Roig, 1920; Judoley & Furrazola-Ber-
mudez, 1968), Cubasphinctes (O’Connell, 1920; Judoley &
Furrazola-Bermudez, 1968), Euaspidoceras SPATH, 1931
(Judoley & Furrazola-Bermudez, 1968; Myczynski, 1976;
Wierzbowski, 1976), Vinalesphinctes (Jaworski, 1940;
Judoley & Furrazola-Bermudez, 1968; Wierzbowski, 1976),
and Physodoceras HYATT, 1900 (Imlay, 1942).

@ Springer

5.3 Chilean associations

Research on Oxfordian ammonites from Chile dates since
the contributions made by Steinmann (1881) and Burckhardt
(1903). Subsequent and relevant studies were carried out by
Leanza (1947), Harrington (1961 in Garcia, 1967), Tobar
et al. (1968), Hillebrandt (1970), Groschke and Hillebrandt
(1985), and Meléndez and Myczynski (1987). In particular,
the work of Gygi and Hillerandt (1991) provided valuable
data about the Oxfordian Chilean ammonites and their cor-
relation with other American faunas. In addition, Hillebrandt
and Groschke (1995) and Hillebrandt et al. (2000) provide
information that greatly contributes to biostratigraphic and
paleobiogeographic correlations. The ammonites recog-
nized in Chile with affinities to Mexico are the genera Ochet-
oceras, Cubaochetoceras, Perisphinctes WAAGEN, 1869,
Larcheria TINTANT, 1961, Gregoryceras, Euaspidoceras,
Vinalesphinctes, Subdiscosphinctes MALINOWSKA, 1972
(Gygi & Hillebrandt, 1991), Mirosphinctes (Gygi & Hill-
ebrandt, 1991; Hillebrandt & Groschke, 1995), Otosphinc-
tes BUCKMAN, 1926 (Hillebrandt & Groschke, 1995), and
Caracoliceras HILLEBRANDT et al., 2000 (Hillebrandt et
al., 2000).

5.4 Argentinian associations

The first contribution to the knowledge of ammonites
from Argentina was made by Gottsche (1878). After him,
the study of this taxon and its Oxfordian biostratigraphy
is mainly restricted to the works performed by Stipanicic
(1951), Stipanicic et al. (1975), and Riccardi (1984). Some
later authors reanalyzed the data of the aforementioned
authors providing new information, among which are Par-
ent (1998, 2006), Parent et al. (2006), Palma et al. (2012),
and Parent and Garrido (2015). The recognized ammonites
in Argentina with affinities to Mexico are Passendorferia
BROCHWICZ-LEWINSKI, 1973 (Parent, 1998, 2006),
Mirosphinctes, Otosphinctes (Parent, 1998; Palma et al.,
2012), Dichotomosphinctes (= Cubasphinctes durangensis,
Parent, 2006), Perisphinctes (Parent, 1998; Parent & Gar-
rido, 2015), Cubasphinctes (Parent, 2006; Parent & Gar-
rido, 2015), Subdiscosphinctes (Parent, 2006; Palma et al.,
2012), Euaspidoceras (Parent, 1998, 2006; Parent & Gar-
rido, 2015) and Vinalesphinctes (Parent, 2006; Parent et al.,
2006; Parent & Garrido, 2015).

6 Discussion

The paleobiogeographic relationships between the ammo-
nite faunas of Mexico and other regions of America and
Europe have been difficult to establish, mainly due to
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insufficient knowledge of the ammonite fauna of the high-
est part of the middle and upper Oxfordian (lower most
Kimmeridgian, according to Wierzbowski et al., 2023) of
Mexico. However, with the information discussed here, it is
possible to recognize a certain affinity between the Oxford-
ian Mexican ammonite faunas with the Cuban, Chilean,
Argentinian, and Tethys associations.

The existence of marine communication between eastern
and western Tethys with the Pacific during the Late Triassic
to the Late Jurassic is widely documented, through the so-
called Hispanic Corridor (Damborenea, 2000; Arias, 2007,
2009; Stevens, 2007, among others).

Here, we propose that during the Plicatilis-Transversar-
ium Chrons a wide communication with the Tethys was
established, as suggests the presence of the genus Passend-
erforia, whose origin has been proposed in the southern
margin of the Tethys, and later widely distributed through-
out the entire Tethys (Meléndez et al., 2009). Additionally,
the genera Neumannia GLOWNIAK, 2002, Sequeirosia
(Gemmellarites), Perisphinctes (Otosphinctes), among oth-
ers, clearly show Tethys affinities, mainly with the Mediter-
ranean Province, during the Oxfordian.

A remarkable case corresponds to the genus Gregory-
ceras, which is widely used in global correlations due to
its clearly Tethys affinity (Gygi & Hillebrandt, 1991; Vil-
lasefior et al., 2004; Oloriz et al., 2010). In particular, Gygi
and Hillebrandt (1991) for Chile, Young & Oloriz (1993) for
the southeastern United States, and Villasefior et al. (2002,
2004) for Mexico, reported the existence of forms with
similar morphologies to those from the Tethys during the
Plicatilis Chron (middle Oxfordian).

On the other hand, for the Bifurcatus Chron in Mex-
ico, the presence of the genus Vinalesphinctes suggests a

Fig. 5 Oxfordian (Bifurcatus
Chron) paleogeographic map
modified from Smith et al.

(1995) showing the distribution
of the genera Vinalesphictes,
Cubasphinctes and Caracoliceras

Mx = Mexico

Ch = Chile

Cu =Cuba

Ar = Argentina
Vinalesphinctes-Cubasphifctes

@ Vinalesphinctes-Caracoficgras

paleogeographic affinity with Cuba, Chile, and Argentina;
the occurrence of Perisphinctes (Cubasphinctes)-Vina-
lesphinctes could imply affinities with Cuba and Argentina;
while Caracoliceras only with Chile. Moreover, fauna with
Tethyas affinity was recognized (Neoprionoceras, Subdis-
cosphinctes, Ochetoceras, and Euaspidoceras) (Fig. 5).

The presence of this fauna in these regions is explained
by the existence of a connection between the western Tethys
and the eastern Pacific (Lopez-Palomino et al., 2006). In
particular, the occurrence of Vinalesphinctes, with a bio-
chronostratigraphic distribution included in the Bifurca-
tus Chron and restricted paleogeographically, gives it an
undoubted endemic character. Furthermore, the presence of
the genus Cubasphinctes, as well as to the record in Mex-
ico of the genus Caracoliceras, which had been previously
documented in Chile, agrees with this interpretation. All the
above is congruent with the proposal of Myczynski (1994)
that during the middle Oxfordian, the northwest part of the
proto-Caribbean Basin was probably connected with the
eastern portion of Mexico, as well as there was a possible
connection with the fauna from the Andean Province.

Finally, during the Hypselum Chron (late Oxfordian)/
Bimammatum Chron (early Kimmeridgian) the presence of
Physodoceras and Subnebrodites, taxa with a clearly Tethys
affinity, support the existence of a marine connection at least
since the middle Oxfordian to early Kimmeridgian between
both areas. Also this connection is confirmed by the pres-
ence througthout the studied succesions of Passendorferia,
Ochetoceras, and Euaspidoceras genera typically consid-
ered as Tethys origin.

The data presented for mexican and carribean faunas,
allows us to confirm the existance of communication with
the Tethys via the Hispanic Corridor since particularly in the

) Eastern Tethys

\Ar
(o

- Neritic Environments \

Oceanic/Epioceanic Environ;:\z(\’/

1
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Plicatilis Chron and continued, perhaps intermittently, until
the Cretaceous.
In general terms, the results of the application of the Jac-

7 Conclussions

card index show that for the mid-late Oxfordian, at generic =~ 1) The record of genera and/or species that have been
level Mexico presents greater affinity with the Tethys and in reported in Mexico and in other regions such as Cuba,
second place with Cuba (Fig. 6a, ¢); the dendrogram show Chile, and Argentina clearly evidence the connection of
that the Tethys and Mexico areas are united into one group, these areas during the mid-late Oxfordian and would
being Cuba the closest area to them; whiles Chile is the area support the existence of the so-called Hispanic Corridor
more similar to the aforementioned areas, and Argentina the at this time.
more different (Fig. 6¢). On the other hand, at specific level, ~ 2) The faunal affinity with Chile and Argentina is inter-
the greatest similarity is with Cuba and in second place with preted as evidence of a connection with these epiconti-
the Tethys (Fig. 6b, f). The dendrogram derived from the nental areas favoring dispersion by marine currents.
Jaccard analysis shows a group with Argentina and Tethys ~ 3) The interpretation of Oloriz (1987) is confirmed, regard-
as sister areas, with Chile close to them, and Cuba and Mex- ing that the Mexican platforms should have acted as an
ico in a separate clade. area of immigration and later evolution in situ, rather
The ammonites records presented as well as the similar- than as a center of immigration and subsequent migra-
ity analysis carried out allows us to confirm the existence tion of the ammonite faunas to other more distant areas,
of communication between Mexican, Caribbean and Tethys such as Europe and the western Pacific. This is evident
faunas via the Hispanic Corridor since Plicatilis Chron and by the endemism at species level in Ochetoceras, and at
continued, perhaps intermittently, until the Cretaceous. genus level in Vinalespinctes.
4) Due to the oldest record in Chile and Mexico of the
genera Vinalesphintes and Cubasphinctes, their Pacific
Fig.6 Similarities between a b
Mexico, Cuba, Chile, Argentina MEXICO [CUBA _ [CHLE | ARGENTINA|TETHYS MEXCO [CUBA  [CHLE  |ARGENTINA|TETHYS
d Teth >, . b) Values MEXICO |1 061538 053571 | 0.36666 |0.67741 | |MEXICO |1 0.18421_|0.07843 |0.04838_|0.15
and Tethys regions. (a, b) Values  Tgp™ 1567538 |1 045833 | 0.375 (041935 | |[CUBA _[0.18421 |1 0.07058 [0.04123 |0.05
of the Jaccard similarity index CHILE | 053571 [0.45833 |1 041666 (040625 | |CHLE _ |0.07843 [0.07058 |1 0.06451_|0.18644
for ammonites (a, genera, b, spe- ARGENTINA | 0.36666 [0.375 0.41666 |1 0.43333 ARGENTINA|0.04838 [0.04123 [0.06451 [1 0.37931034
cies); (¢, d) Cluster dendrograms | TETHYS | 067741 [0.41935 [0.40625 | 043333 |1 TETHYS _[0.15 _ |0.05 __ |0.18644 |0.37931 |1
(UPGMA) derived from the Jac- c < d s
card index constructed from the o o E w % 4 8
> 0 g 2 5 F 3 x
presence/absence data (c, genera I 2 35 4 B T 2 B 3 @
Cophenetic correlation: 0.8302; L 2 3 & &% T T T 9
d, species Cophenetic correlation: 0.975-] 0904
0.9189); (e, f) pie charts showing 0500
similarity values, genera and spe- 0.75-
cies, respectively 0.825+
0.60 -
5. 0.750 [
E £
g 0.675-] 62 g’ 0.45
s %
0 0.600-| 97
0.304
0525+ 47 95
0.1549 62
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0.375- 0.00
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origin is corroborated, as it was interpreted by Melén-
dez & Myczynski (1994).

5) The interpretation of Myczynski (1994) is reinforced
that during the mid-late Oxfordian the northwest part
of the Proto-Caribbean Basin was probably connected
to the eastern part of Mexico and a possible connection
with the fauna of the Andean Province.

6) The presence of the typically Tethyan genera Ochetoc-
eras, Euaspidoceras, and Subdiscosphinctes, from the
middle to late Oxfordian, corroborates the existence
of the connection between the Tethys and the Pacific
throughout the Oxfordian.
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supplementary material available at https://doi.org/10.1007/s41513-
024-00257-7.
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