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Abstract. The lithographic limestones of the Los Catutos Member (Vaca Muerta Formation, Neuquén Province, Argentina) (late middle–early
late Tithonian) bear a great diversity of marine reptiles. These deposits are unique in the Southern Hemisphere as the record of lithographic
limestones from the Upper Jurassic is restricted to the Northern Hemisphere, particularly to Western Europe. Some European basins are very
close in age (late Kimmeridgian–early Tithonian) but they do not reach the middle–late Tithonian. Additionally, in the European basins the ma-
rine reptiles are mixed with continental biota whereas in Los Catutos Member the biota is exclusively marine, with the pterosaurs being the
only exception. The strictly marine biota is composed by ichthyosaurs, two different species of turtles, one crocodyliform, and one plesiosaur.
The taxonomic composition of Los Catutos Member is very similar to that found in Cerro Lotena (Portada Covunco Member, middle Tithonian)
(Vaca Muerta Formation). These members share the same turtle species and one metriorhynchid genus, while ichthyosaurs only coincide at a
family level. The study of marine reptiles from the Los Catutos Member, along with studies from other localities of the Neuquén Basin, have
made an important contribution in filling the gaps in the evolutionary history of each of the represented clades. In this regard, they represent
the only known marine reptiles from Gondwana throughout the Jurassic/Cretaceous transition, which is poorly represented in other regions
of the world.

Key words. Marine reptiles. Neuquén Basin. Vaca Muerta Formation. South America. Gondwana.

Resumen. REPTILES DE LAS CALIZAS LITOGRÁFICAS DEL MIEMBRO LOS CATUTOS (TITONIANO MEDIO–SUPERIOR), PROVINCIA DE
NEUQUÉN, ARGENTINA: UN ENSAYO SOBRE LA COMPOSICIÓN TAXONÓMICA Y PRESERVACIÓN EN UN CONTEXTO PALEOAMBIENTAL Y
PALEOBIOGEOGRÁFICO. Las calizas litográficas del Miembro Los Catutos (Formación Vaca Muerta, provincia de Neuquén, Argentina) (Tito-
niano medio tardío–Titoniano tardío temprano) son portadoras de una gran diversidad de reptiles marinos. Estas calizas son importantes por
cuanto son las únicas registradas en el Hemisferio Sur, ya que el registro de calizas litográficas del Jurásico Superior está restringido al He-
misferio Norte, sobre todo a Europa occidental. Algunas cuencas europeas son las más cercanas en edad (Kimmeridgiano tardío–Titoniano tem-
prano), pero no alcanzan el Titoniano medio–tardío, y en ellas los reptiles marinos se mezclan con biota continental, mientras que en el Miembro
Los Catutos la biota es sólo marina, siendo la única excepción los pterosaurios. La biota está compuesta por ictiosaurios, dos especies dife-
rentes de tortugas, un crocodiliforme y un plesiosaurio indeterminado. La composición taxonómica presente en el Miembro Los Catutos es muy
similar a la registrada en Cerro Lotena (Miembro Portada Covunco, Titoniano medio) (Formación Vaca Muerta). Estos miembros comparten las
mismas especies de tortugas y un género de crocodiliforme, los ictiosaurios sólo coinciden a nivel familia. El conocimiento resultante de los es-
tudios de reptiles marinos del Miembro Los Catutos, así como los que se encuentran en otras localidades de la Cuenca Neuquina, contribuyó
a reducir la brecha de información sobre la evolución de estos clados. En este sentido, son los únicos reptiles marinos conocidos de Gondwana
que completan la transición Jurásico/Cretácico, escasamente representada en el registro mundial.

Palabras clave. Reptiles marinos. Cuenca Neuquina. Formación Vaca Muerta. Sudamérica. Gondwana.
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DURING the Jurassic through the Aptian the Neuquén Basin

was a gulf in west-central Argentina (Fig. 1.1). It was

bounded to the west by a low or partially submerged vol-

canic archipelago, and intermittently opened to the Pacific

Ocean (Uliana et al., 1999; Spalletti et al., 2000; Howell et

al., 2005). From the early Tithonian to the Valanginian, a

sudden marine ingression affected the Neuquén Basin,

generating a thick succession of shaly, organic-matter rich

deposits in the deepest area of the basin; these strata are

known as the Vaca Muerta Formation (Groeber, 1952;

Leanza, 2009). Coincidentally, the Neuquén Basin is the area

yielding the largest amount and diversity of Jurassic marine

reptiles from the Southern Hemisphere to date. The marine

reptiles from the Neuquén basin have been discovered

mainly in Neuquén and southern Mendoza provinces, with a

biochron ranging from the Aalenian to the Valanginian. They

are representative of Gondwanan marine reptiles from the

Jurassic to the Early Cretaceous. Although this group of

fossil reptiles occurring in this basin have been known since

the middle of the nineteenth century (e.g., Philippi, 1859;

Ameghino, 1906; Leeds, 1908; von Huene, 1927), it was

only during the first half of the twentieth century that

Rusconi (1948a,b, 1967) supplied specific information on

Jurassic ichthyosaurs and “plesiosaurs” from the Neuquén

Basin, particularly from Mendoza Province.

By the middle of the 1970’s a research program currently

still in progress resulted in the discovery of a large number

of specimens revealing a high taxonomic diversity of the

marine herpetofauna for the Aalenian–Aptian interval in

southwestern Gondwana. The results of this project in-

cluded the assessment of paleobiological issues and the in-

terpretation of the evolutionary scenarios related to the

secondary adaptation of these reptiles to the marine envi-

ronment, as well as the interpretation of their paleoenvi-

ronmental settings and the wider global biogeographic

distribution of different taxonomic groups (e.g., Gasparini et

al., 1999; Spalletti et al., 1999; Fernández and Gasparini,

2000, 2008; Gasparini and Fernández, 2005, 2011; Fernán-

dez and Herrera, 2009; Talevi and Fernández, 2012; Talevi

et al., 2012; Fernández and Talevi, 2013; Herrera et al.,

2013a, b; Herrera and Vennari, 2015).

These scientific achievements were possible in part

because of the exceptional preservation in three dimensions

of many of the specimens from the late Bajocian of Chacaico

Sur (Neuquén), and particularly the middle Tithonian of

Cerro Lotena (Neuquén) and the late Tithonian–early

Berriasian of several localities in Neuquén and Mendoza.

The knowledge acquired through the study of these 3D pre-

served specimens was applied to the interpretation of 2D

specimens of the late middle–early late Tithonian of Los

Catutos Member. These specimens were preserved in two

dimensions because of the sedimentary stack of carbon-

ate rhythmites that buried them (Leanza and Zeiss, 1990;

Scasso et al., 2002, 2005). 

The only Jurassic lithographic limestones from the

Southern Hemisphere are those of Los Catutos Member,

Vaca Muerta Formation (Leanza and Zeiss, 1990), in north-

western Patagonia (Fig. 1.2). In the Northern Hemisphere,

the record of marine reptiles from the Upper Jurassic

lithographic limestones is also scarce and is restricted to

Western Europe. The basins of Cerin, Cayssac, Canjuers,

Chassiron (France), and Solnhofen (Germany) are the most

similar in age (late Kimmeridgian–early Tithonian) but they

do not reach the late middle Tithonian. In addition, in these

basins the marine reptiles appear associated with conti-

nental biota (Billon-Bruyat et al., 2005), whereas in the Los

Catutos Member the biota is strictly marine except for the

continental pterosaurs.

The lithographic limestones of the Los Catutos Member

have been quarried in a traditional way and intermittently

over the past nine decades. This differs from the quarries

at several European localities, which have been quarried

consistently for more than a hundred of years (Dietl and

Schweigert, 2004; Billon-Bruyat et al., 2005). Small-scale

initial quarrying of the limestone of the Los Catutos Mem-

ber occurred during the first part of the last century (1920–

1930) by local people, who used these rocks as building

stones and armourstones. Large-scale quarrying began in

1934 by the National State, with the construction of the first

permanent military settlement in Patagonia at Covunco

(Fig. 1.2). During the construction, a large quarry was ope-

ned in close vicinity to Portada Covunco (Fig. 1.2). It was

known as the “El Ministerio” quarry in reference to the Mi-

nisterio de Guerra de la Nación (The National War Ministry).

Also, flagstone-like rocks from the Los Catutos Member

were widely used as walling and walkway coating. Fossils

appeared sporadically during the quarrying activities and

several pieces were recovered from wallings and walkways
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(i.e., Codorniú and Garrido, 2013). Quarries such as El Mi-

nisterio and other small ones were located in the area of Los

Catutos and Manzano Escondido (Los Catutos Member) (Fig.

1.2) and provided most of the best vertebrate fossil speci-

mens known from this lithostratigraphic unit.

The exploration for reptiles in the area of Los Catutos

was never authorized and therefore fossil reptiles housed

at the collection of the Museo Provincial de Ciencias Natu-

rales “Dr. Prof. Juan A. Olsacher” (MOZ) in Zapala (Neuquén

Province) came from donations of quarry workers. Hence,

the sample may be biased toward those most fascinating

specimens and even toward those that the workers were

allowed to donate. With this bias of the record in mind,

Leanza and Zeiss (1990) and Gasparini et al. (1995) pre-

liminary analyzed the herpetofauna from “El Ministerio”

quarry and demonstrated that it was restricted to the Los

Catutos Member and was composed of ichthyosaurs, tur-

tles, marine crocodyliforms, plesiosaurs, and pterosaurs.

New studies confirmed this faunal composition, but fur-

ther studies have helped clarify systematic aspects of the

ichthyosaurs (Fernández, 2007), chelonians (de la Fuente,

2007; Lapparent de Broin et al., 2007), crocodyliforms (He-

rrera et al., 2013c), and pterosaurs (Codorniú et al., 2006;

Codorniú and Garrido, 2013; Codorniú and Gasparini, 2013).

Additionally, paleobiological analyses (Fernández et al.,

2005; de la Fuente and Fernández, 2011) shed new light on

the interpretation of the record of these reptiles within a

restricted environment of the Neuquén Basin, constrained

to a brief time interval (late middle–early late Tithonian). 

The main goal of this paper is to bring together for the

first time all the available taxonomic information on the

herpetofauna from the lithographic limestones of the Los

Catutos Member of the Vaca Muerta Formation (Neuquén

Basin), the only herpetofauna from the Upper Jurassic in the

GASPARINI ET AL.: REPTILES FROM LOS CATUTOS MEMBER
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Figure 1. 1, The Neuquén Basin in west-central Argentina, showing the location of the cities of Las Lajas and Zapala; 2, detailed section of A showing
the distribution of the Los Catutos Member outcrops and locations of studied fossiliferous quarries.
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Southern Hemisphere and from the late middle–early late

Tithonian interval worldwide. On this basis, and considering

the paleogeography of the area and the paleoenvironment

in which the specimens were deposited, we interpret the

degree of preservation of the specimens and the causes of

the presence of this fauna in this sector of the basin. Like-

wise, the taxonomic composition of the marine herpeto-

fauna of the Los Catutos Member is compared with faunas

recorded in Tithonian rocks of the Neuquén Basin (e.g., Cerro

Lotena locality from the Portada Covunco Member) and

other Late Jurassic faunas recorded worldwide.

Abbreviations. BMNH, Natural History Museum, London, UK;

BSP, Bayerische Staatssammlung für Paläontologie und

Geologie, München, Germany; MACN, Museo Argentino de

Ciencias Naturales “Bernardino Rivadavia”, Buenos Aires,

Argentina; MPCA, Museo Provincial Carlos Ameghino, Cipo-

lletti, Neuquén, Argentina; MLP, Museo de La Plata, La Plata,

Argentina; MOZ, Museo Provincial de Ciencias Naturales

“Prof. Dr. Juan A. Olsacher”, Zapala, Neuquén, Argentina;

QM, Queensland Museum, Brisbane, Australia.

GEOLOGICAL SETTING

The Vaca Muerta Formation (Weaver, 1931) conforms a

marine succession integrated by bituminous shale and

sandy shales, with minor proportions of calcareous sand-

stone and limestones. During the interval of deposition of

this unit, the Neuquén Basin behaved like a back-arc basin,

acquiring a gulf-like configuration (Digregorio et al., 1984)

(Fig. 1.1). The development of a western magmatic arc de-

prived the basin from an open connection with the proto-

Pacific Ocean (Howell et al., 2005) and caused generalized

anoxic conditions. 

The Vaca Muerta Formation exhibits strong facial varia-

tion across the basin (Groeber, 1929; Weaver, 1931; Leanza,

1973; Leanza et al., 1977), showing the deeper marine fa-

cies towards the western active margin of the Neuquén

Basin. In this area it is 1250 m thick and includes a mo-

notonous succession of black shales rich in ammonites of

Tithonian–Valanginian age (Leanza, 1973; Leanza and Hugo,

1977). Turbidites and sediment gravity-flows deposited

along the western margin suggest the presence of a well-

developed talus slope in this area (Leanza et al., 2003; Spa-

lletti et al., 2008).

On the other hand, towards the eastern cratonic passive

margin of the basin a tidal dominated, mixed carbonate-

siliciclastic ramp deposit was developed on a gently dip-

ping sea-floor (Spalletti et al., 2000). The thickness and time

of deposition of the Vaca Muerta Formation decrease to-

ward this margin, showing a continuous shallowing-upward

cycle of sedimentation (Leanza, 1993; Leanza and Hugo,

1977). In this sense, in the middle sector of the basin and

close to Sierra de la Vaca Muerta area (type locality of the

Vaca Muerta Formation; Fig. 1.2) this unit is approximately

1,136 m thick and Tithonian–lower Berriasian in age (Le-

anza, 1973, 1975). Approximately 27 km south, in the Por-

tada Covunco area (Fig. 1.2), the Vaca Muerta Formation

succession decreases until it reaches a maximum thickness

of approximately 600 m, with an age constrained within the

Tithonian (Leanza and Zeiss, 1990, 1992; Zeiss and Leanza,

2010; Parent et al., 2013). Finally toward the southern end

of the basin the Vaca Muerta Formation measures between

362 m and 129 m and its age is restricted to the early to

middle Tithonian (Leanza, 1973, 1980; Parent et al., 2011).

These shallow marine deposits developing on the cra-

tonic area show a dominance of siliciclastic facies including

sandy shales with intercalations of fine-grained sand-

stones, calcareous sandstone and siltstones (Weaver, 1931;

Leanza, 1973; Leanza et al., 1977). Intercalated within

these deposits is a conspicuous sedimentary interval in-

cluding a rhythmic succession of lithographic limestones,

marls and shales characterizing the Los Catutos Member

and forming the middle section of the Vaca Muerta Forma-

tion (Leanza and Zeiss, 1990). Studies on the succession of

ammonites indicate a late middle Tithonian (Leanza and

Zeiss, 1990, 1992; Parent et al., 2013) or late middle–early

late Tithonian age (Zeiss and Leanza, 2010) for this unit. The

Los Catutos Member reaches a maximum thickness of 116

m close to the type locality (Parent et al., 2013). Vertebrate

fossils are not common in these levels but when present

they are exquisitely preserved.

Parent et al. (2013) recently introduced the Portada Co-

vunco Member and Pichi Moncol Member to characterize

the lower and upper sections of the Vaca Muerta Formation.

According to Parent et al. (2013), the Portada Covunco

Member is a 172 m thick succession of sandy shales rich in

organic matter, with thin intercalations of calcareous sand-

stones, calcareous sandy silstones, calcareous silstones,

wacky sandstones, and calcareous lutites. Dark colors re-
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sulting from the high content of organic matter characterize

this member, which also yielded an important concentra-

tion of ammonites and marine reptiles. On the other hand,

the Pichi Moncol Member includes a 265 m thick and mo-

notonous succession of thin-laminated calcareous sand-

stones and sandy shales, with thin intercalations of marls

and few levels of fine-grained sandstones and silty sand-

stones. In this case the succession exhibits dull-light colors

due to a minor content of organic matter in the sediment.

Fossil remains in this unit are scarce or absent. 

Paleoenvironmentally, the Vaca Muerta Formation de-

posits in the cratonic area show a gradual shallowing and

increasing water-oxygenation toward the top of the

succession (Gulisano et al., 1984). Thus, the Pichi Moncol

Member was mainly deposited under anoxic to suboxic-

dysoxic conditions as consequence of restriction of the

basin and the ensuing poor water-circulation (Spalletti et al.,

2000; Parent et al., 2011, 2013). In the case of the Los Catu-

tos Member, sedimentation took place in a shallow, gently

dipping, outer ramp system, under dysaerobic, low-energy

and open-marine conditions (Leanza and Zeiss, 1990;

Scasso et al., 2002). Finally, the Pichi Moncol Member de-

posits correspond to outer ramp facies sedimented under

better conditions of water-oxygenation (Parent et al., 2011,

2013). 

Characteristics and distribution of the fossiliferous facies

of the Los Catutos Member

The outcrops of the Los Catutos Member are distributed

to the northwest and southeast of Zapala city, lying exposed

along approximately 115 km. Northwest of Zapala these

outcrops are better exposed, offering an almost continuous

belt of interbedded fossiliferous limestone and shales. This

unit disappears near Cerro Mallín Quemado (Fig. 1.2), where

the carbonate facies of the Los Catutos Member grades

laterally northward into bituminous shale facies deposited

in deeper marine environments (Leanza, 1973). 

Southeast from Zapala, the outcrops of the Los Catutos

Member are poorly exposed, offering small exposures on

both sides of the Meseta de la Barda Negra (Fig. 1.2). In this

area of the basin, the Los Catutos Member shows carbonate

facies related to a shallow marine platform. However, at

some localities such as Cerro Lotena and Cerro Granito,

extremely fossiliferous facies are present. 

The fossiliferous carbonate facies of the Los Catutos

Member was considered as “Plattenkalke-like deposits”

by Cione et al. (1987) and Leanza and Zeiss (1990), and

generally recognized as “lithographic limestones” (Leanza

and Zeiss, 1990, 1992; Zeiss and Leanza, 2010). According

to petrographic studies, the limestone and marls of the

Los Catutos Member have been classified as pelbiomicrites

and biopelmicrites, with abundant pellets, radiolarians,

foraminiferans, ostracods, spicles of sponges and frag-

ments of equinoids and gastropods (Scasso et al., 2002).

The macro-invertebrates are represented by abundant

ammonites (Leanza and Zeiss, 1990, 1992; Parent and

Cocca, 2007; Zeiss and Leanza, 2010; Parent et al., 2013),

accompanied by scarce bivalves, gastropods and crus-

taceans (Cione et al., 1987; Leanza and Zeiss, 1992). Verte-

brates are represented by fishes, ichthyosaurs, turtles,

crocodyliforms, and scarce remains of plesiosaurs and

pterosaurs (Cione et al., 1987; Gasparini, 1988; Leanza and

Zeiss, 1990; Fernández and de la Fuente, 1988, 1993; Gas-

parini et al., 1995; Arratia and Cione, 1996; Gasparini and

Fernández, 1997; Cione, 1999; Codorniú et al., 2006; López-

Arbarello et al., 2008; Gouiric-Cavalli, 2013; Herrera et al.,

2013c). 

HERPETOFAUNA FROM THE LOS CATUTOS MEMBER

Systematics 

The specimens from the lithographic limestones from

El Ministerio quarry (Los Catutos Member) were discovered

by chance. In fact, the first described specimen was a turtle

recovered from a calcareous flagstone forming the edge of

a swimming pool in a house in Acassuso (Buenos Aires

Province). The turtle was recognized and recovered by Dr.

Osvaldo Reig in the 1950’s, who convinced the owner to re-

move the flagstone and deposited the material at the MACN

collection. The turtle was first studied by Cattoi and Frei-

berg (1961), who erected a new taxon (Notoemys laticentra-

lis Cattoi and Freiberg, 1961). Previous authors (see below)

stated that this specimen came from Las Lajas (near the

area of Los Catutos) (Fig. 1.2). Because it is a flagstone it

was supposed to come from this locality. The lithological

characteristics of the fossiliferous flagstone confirmed their

assignation of this flagstone to the Los Catutos Member.

However, no outcrops of this unit occur at or close to Las

Lajas. According to the records of the Dirección Provincial



de Minería (Provincial Mining Direction) of Neuquén Pro-

vince, large mining quarries were active between 1950 to

1980 in the area of Manzano Escondido (Fig. 1.2). A large

amount of the production from these quarries were trans-

ported to Buenos Aires Province and used as ornamental

rocks (slates or tiles for the housing/building industry). Con-

sidering this data and the relative proximity of this area to

Las Lajas, it is likely that the holotype of Notoemys laticen-

tralis comes from the Manzano Escondido quarries. One of

the authors (A.G.) recently found –in a sidewalk of Zapala–

the cast of a pterosaur (see below) (probably from this

same quarry); hence, although they are not as frequent as

ammonites in sidewalk slabs, these reports indicates the

presence of vertebrates in these rocks. The other reptiles

mentioned in this paper, and some from the MOZ collections

still under study were donated following the efforts of the

former director of the museum, José I. Garate Zubillaga, and

later by the brothers Sergio and Rafael Cocca, technicians

of this museum. Except for the holotype of Notoemys lati-

centralis, all the specimens mentioned in this publication

were prepared in the División Paleontología Vertebrados of

the Museo de La Plata.

TESTUDINATA sensu Joyce, Parham and Gauthier, 2004

PANPLEURODIRA Joyce, Parham and Gauthier, 2004

PLATYCHELIDAE Bräm, 1965 sensu Cadena and Gaffney

(2005) contra Broin and de la Fuente (1993), Fernández

and de la Fuente (1994), and de la Fuente and Iturralde-

Vinent (2001) (see Discusion in de la Fuente (2007) and de

la Fuente et al. (2013))

Genus Notoemys Cattoi and Freiberg, 1961

Type species. Notoemys laticentralis Cattoi and Freiberg, 1961;
original designation. Early–middle (Cerro Lotena, Portada Covunco
Member) and middle–late (Los Catutos Member) Tithonian, Vaca
Muerta Formation, Neuquén Province, Argentina.

Notoemys laticentralis Cattoi and Freiberg, 1961

Figure 2

Holotype. MACN 18043. A dorsal carapace and part of the

plastron (Wood and Freiberg, 1977, pl. 1–2, fig. 1) from

Manzano Escondido, Los Catutos Member.

Referred material. MOZ-PV 2487 (Cerro Lotena, Zapala

Department, Neuquén Province; Portada Covunco Member).

Posterior part of the skull, dorsal carapace, plastron, four

anterior cervical vertebrae, right humerus, left radius and

ulna, and anterior autopodium, right femur, left tibia and

posterior autopodium; MOZ-PV 4040 (El Ministerio quarry;

Los Catutos Member), dorsal carapace, one skull and

mandible badly preserved, two cervical vertebrae, right

humerus, ulna and radius, left scapula, both ilia and femora,

and left fibula (de la Fuente and Fernández, 1989, figs. 2–4;

Fernández and de la Fuente, 1993, pl. 2, C–D; Fernández

and de la Fuente, 1994, figs. 2–8; Gasparini et al., 1995, figs.

2, 4; Lapparent de Broin et al., 2007, figs. 1–4).

Comments. This species is represented by small turtles,

reaching 27 cm of maximum lineal length of the dorsal cara-

pace. Only three specimens are known, and two of them

come from the lithographic limestones in the Los Catutos

area. After Notoemys laticentralis was named in a brief origi-

nal note (Cattoi and Freiberg, 1961), Wood and Freiberg

(1977) described in detail this specimen and referred it to

the eucryptodiran family Plesiochelyidae based on the

characters of the dorsal carapace, excellently preserved in

dorsal view. Over 20 years later a second specimen (MOZ-

PV 2487) was described, preserved in three dimensions and
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Figure 2. Notoemys laticentralis, MOZ-PV 4040. Scale bar= 50 mm.



collected at Cerro Lotena (Portada Covunco Member) (de la

Fuente and Fernández, 1989; Fernández and de la Fuente,

1994; Lapparent de Broin et al., 2007). The assignment of

Wood and Freiberg (1977) could be modified and the species

was referred to Pleurodira (= Panpleurodira sensu Joyce et

al., 2004) because the pelvis is sutured to the dorsal cara-

pace and plastron.

Specimen MOZ-PV 4040 of Notoemys laticentralis is

the second one of this species found in the lithographic

limestones at the El Ministerio quarry, and was described in

detail by Fernández and de la Fuente (1993). According to

these authors, the smaller size of this third specimen and

the persistence of costo-peripheral fenestrae suggest a

sub-adult ontogenetic stage. 

EUCRYPTODIRA Gaffney, 1975

Genus Neusticemys Fernández and de la Fuente, 1993

Type species. Eurysternun? neuquinum Fernández and de la Fuente,
1988. Neusticemys neuquina (Fernández and de la Fuente, 1988);
modified species. Early (Cerro Lotena, Portada Covunco Member),
middle (Los Catutos Member), and late (Trincajuera Creek) Titho-
nian, Vaca Muerta Formation, Neuquén Province, Argentina.

Neusticemys neuquina (Fernández and de la Fuente, 1988)

Figure 3

Holotype. MLP 86-III-30-2. Posterior dorsal carapace, both

hyo- and hypoplastrons and fragment of the appendicular

skeleton (Fernández and de la Fuente, 1988, pl. 1A–B) from

Cerro Lotena, Portada Covunco Member.

Referred material. MLP 86-III-30-1 (paratype; Cerro Lotena,

Portada Covunco Member), anterior dorsal carapace, both

hyo- and hypoplastrons and remains of the pelvic girdle;

MOZ-PV 0868 (El Ministerio quarry, Los Catutos Member),

remains of the dorsal carapace, left femur, tibia and fibula,

and posterior autopodium; MOZ-PV 1106 (Cerro Lotena,

Portada Covunco Member) anterior part of the dorsal cara-

pace; MOZ-PV 3681 (El Ministerio quarry, Los Catutos

Member) badly preserved remains of the skull, left anterior

limb, anterior part of the carapace and fragment of plastron;

MLP 92-IV-10-1 (El Ministerio quarry, Los Catutos Mem-

ber), dorsal carapace, very badly preserved cervical and

caudal vertebrae, right humerus, radius, ulna and anterior

autopodium; MOZ-PV 6094 (Trincajuera, Neuquén Pro-

vince), dorsal carapace, mandible, left humerus and femur

and fragments of pelvic girdle; MPCA 6769 (El Ministerio

quarry, Los Catutos Member), one peripheral plate of the

dorsal carapace, the cast of left? femur, tibia and fibula, and

the posterior autopodium (Fernández and de la Fuente,

1988, pl. 2A–C; Fernández and de la Fuente, 1993, pl. 1A–

D, pl. 2A–B, pl. 3; Gasparini et al., 1995, fig. 2.2; Gasparini

et al., 1997, fig. 4D–E; de la Fuente and Fernández, 2011,

figs. 1–4) .

Comments. This marine turtle was named Eurysternun?

neuquinum by Fernández and de la Fuente (1988) based on

the holotype and both paratypes from the lower levels of

the Vaca Muerta Formation exposed at Cerro Lotena.

Later, Fernández and de la Fuente (1993) studied two other

specimens from the Los Catutos Member found at El Minis-

terio quarry. The recognition of autapomorphies in the new

specimens and their comparison with the figure of the lost

holotype of Eurysternum wagleri Meyer, 1839 –type species

of the genus Eurysternum Meyer, 1839– suggested that
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Figure 3. Neusticemys neuquina, MLP 92-IV-10-1. Scale bar= 50 mm.



Fernández and de la Fuente (1993) refer the eucryptodi-

ran turtle of the Vaca Muerta Formation to a new genus,

Neusticemys, with the following combination Neusticemys

neuquina. As pointed out by de la Fuente (2007) and de la

Fuente and Fernández (2011); the phylogenetic position of

this taxon is still uncertain. Neusticemys neuquina shares

with plesiochelids and eurysternids (Broin, 1994; Joyce,

2000; Lapparent de Broin, 2001) the width of the carapace,

the shortening of the nuchal plate and the first pair of costal

plates. However, these plesiomorphic characters are useful

enough to establish phylogenetic relationships. Neusticemys

neuquina shares derived characters of the carapace with the

eucryptodiran Santanachelys gaffneyi Hirayama, 1998, from

the Lower Cretaceous of Brazil, the specimens BSP-AS-

1921 and BSP-1952-1-113 from the Upper Jurassic of Ger-

many, and the protostegid Notochelone costata (Owen,

1882) (QM 33511) (Gaffney, 1981). Among these characters

are worth mentioning the anteroposterior lengthening of

the carapace, the presence of wide pleuroperipheral fenes-

trae, loss of a firm contact through a suture between the

carapace and the plastron along the bridge, as well as wide

lateral fenestrae and a large central one in the plastron. As

reported by de la Fuente (2007) and de la Fuente and Fer-

nández (2011), although these characters do not suggest

phylogenetic relationships because they characterize the

carapaces of marine turtles with pelagic habits (Zangerl,

1980), other characters of the carapace such as the plas-

tral index are similar to the condition present in Der-

mochelyoidae (Hirayama, 1998). Lapparent de Broin (2001)

tentatively assigned Neusticemys neuquina to the Family

Protostegidae or referred it as a “proto-Protostegidae” on

the basis of the morphology of the dorsal carapace and the

plastron. Although this hypothesis could be correct, it has

never been tested in a phylogenetic context. The recent dis-

covery of a carapace associated with a skull along with an-

other isolated skull of Neusticemys neuquina in the Tithonian

levels of the Vaca Muerta Formation at Cerro Lotena will

allow exploration of the phylogenetic relationships of this

taxon.

The three specimens of Neusticemys neuquina recovered

from El Ministerio quarry are characterized by an appen-

dicular skeleton articulated with the carapace, and show

the unusual pattern of the limbs that characterizes this

species (de la Fuente and Fernández, 2011), i.e., the relative

lengthening of the stylo, zeugo and autopodium of the an-

terior and posterior limbs, as well as the lengthening of the

V pedal digit acquired by the enlargement of the phalanges

and by a moderate hyperphalangy. This condition was sug-

gested by de la Fuente and Fernández (2011) as one of the

most outstanding characters of Neusticemys neuquina, as it

is unknown in other fossil and extant turtles.

ICHTHYOSAURIA de Blainville, 1835

OPHTHALMOSAURIDAE Baur, 1887 sensu Motani, 1999;

Fischer et al., 2012

Genus Aegirosaurus Bardet and Fernández, 2000

Type species. Ichthyosaurus leptospondylus Wagner, 1853a; original
designation (Bardet and Fernández, 2000). Early Tithonian,
Solnhofen Formation, Bavaria, Germany.

Aegirosaurus sp.

Figure 4

Referred material. MOZ-PV 5788. El Ministerio quarry, Los

Catutos Member. Skull and mandible (exposed mainly in

dorsal view), postcranium including articulated vertebrae,
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Figure 4. Aegirosaurus sp., MOZ-PV 5788. Scale bar= 100 mm.



ribs, scapular girdle, proximal end of the right anterior fin,

and ischiopubic bar. 

Comments. The genus Aegirosaurus was regarded as only in-

cluding its type species (Ichthyosaurus leptospondylus). The

original description of I. leptospondylus was based on a

skeleton recovered from the lithographic limestones of

Bavaria (early Tithonian) and mentioned as the “Obern-

dorfer specimen” (Wagner 1853a, b). The collection of

ichthyosaurs from these limestones, including the “Obern-

dorfer specimen”, was housed at the BSP collections but

was completely destroyed during World War II. Two speci-

mens (BMNH 42833, BSP 1954 I 608) also recovered from

these limestones showed the characteristics mentioned

by Wagner (1853a,b) and Bauer (1898) as diagnostic of

Ichthyosaurus leptospondylus. The study of these two new

specimens demonstrated that the pattern of the anterior

fin matched the pattern found in ophthalmosaurids, and

that both had a unique combination of characters that

clearly differentiated them from other genera of the fam-

ily. On this basis, Bardet and Fernández (2000) proposed a

new combination for this species, Aegirosaurus leptospondy-

lus (Wagner, 1853a). During more than a decade, the strati-

graphic and paleogeographic distribution of Aegirosaurus

was restricted to that of A. leptospondylus (early Tithonian

of Solnhofen). However, Fischer et al. (2011) referred the

rostrum of an ichthyosaur from the late Valanginian of

Laux-Montaux, southern France, to Aegirosaurus sp. Al-

though this contribution notoriously expanded the strati-

graphic range of this genus, it was restricted, from a paleo-

geographic point of view, to the European margins of the

Western Tethys. 

The morphology of the anterior limb of MOZ-PV 5788

(humerus and pattern of the zeugopodium) allows its assign-

ment to the family Ophthalmosauridae. The humerus is

characterized by the presence of a strong dorsal trochanter,

and the zeugopodium has a preaxial element that supports

an accessory digit distally. Among ophthalmosaurids, the

presence of a slender and elongate snout (i.e., snout to

depth ratio= 0.047), “slender” rostral teeth, dental charac-

ters such as small pointed teeth densely packed (density

index= 19) and strongly set in dental grooves, crown enamel

markedly ridged, and the presence of an intermedium

separating the radius from ulna, support its assignment to

the genus Aegirosaurus. Within this general pattern, minor

differences both in the skull and the postcranium, indicate

that MOZ-PV 5788 probably represents a new species of

the genus (Fernández, 2007; Fernández, unpublished data).

The record reported here significantly expands the spatial

distribution range (but not the stratigraphic range) of this

genus, and represents the first record of Aegirosaurus out-

side the Tethys. 

Genus et species indet. 

Figure 5
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Referred material. MOZ-PV 1854. Skeleton of an almost

complete juvenile specimen, exposed mainly in right lateral

view, from El Ministerio quarry, Los Catutos Member. The

anterior portion the skull, mandible, vertebral column and

articulated ribs up to the region of the pelvic girdle, as well

as part of the scapular girdle are missing (Gasparini, 1988).

Although fins have not been preserved, part of the right an-

terior fin (including humerus, zeugopodium, and proximal

portion of the autopodium) could be reconstructed based on

the impression these elements left on the sedimentary

matrix. 

Comments. The pattern of the anterior fin of MOZ-PV 1854,

characterized by the presence of an extrazeugopodial ele-

ment supporting at least one digit and the development and

position of the deltopectoral crest, allow the assignment of

this specimen to Ophthalmosauridae. This specimen was

originally described by Gasparini (1988) as Ophthalmosau-

rus monocharactus Appelby, 1956. Later, this species was

synonymyzed with the type species of the genus, Ophthal-

mosaurus icenicus Seeley, 1874, and Gasparini et al. (1995)

referred this specimen as an indeterminate member of the

genus Ophthalmosaurus Seeley, 1874. Later, in a systematic

revision of Ichthyosauria, Maisch and Matzke (2000: fig. 8)

illustrated the skull of MOZ-PV 1854 and, based on the

original information provided by Gasparini (1988), they

identified this specimen as Aegirosaurus sp., reporting that

the generic assignment  was based on cranial and postcra-

nial similarities it showed with the material of Aegirosaurus

leptospondylus from Solnhofen. However, they did not

specify the characters that allowed such generic assign-

ment. In a revision of the Patagonian Ichthyosauria, Fer-

nández (2007) disagreed with Maisch and Matzke (2000)

indicating that MOZ-PV 1854 lacks characters that justify

this generic assignment. This material is currently under

revision (M.S.F.) and bears an outstanding combination of

characters shared with the genera Ophthalmosaurus and

Aegirosaurus (e.g., such as the notable reduction of the pos-

torbital region, the descending process of the nasal on the

dorsal margin of the nare), as well as characters of the an-

terior fin (e.g., contour of phalanges, presence of a hexago-

nal intermedium distally supporting two digits) that are also

characteristic in some species of Platypterygius von Huene,

1922 (e.g., Platypterygius hautali Fernández and Aguirre-

Urreta, 2005). This combination is unique and suggests it

could represent a new taxon, which will be nominated and

analyzed in detail in a future contribution.

CROCODYLOMORPHA Walker, 1970

CROCODYLIFORMES Hay, 1930

THALATTOSUCHIA Fraas, 1901

METRIORHYNCHIDAE Fitzinger, 1843

Genus Cricosaurus Wagner, 1858

Type species. Cricosaurus elegans (Wagner, 1852) Wagner, 1858;
original designation. Early Tithonian, Mörnsheim Formation, Ger-
many.

Cricosaurus lithographicus Herrera, Gasparini and

Fernández, 2013 

Figures 6–7

Holotype. MOZ-PV 5787. This specimen is preserved in five

slabs that include a complete skull with articulated lower

jaws; the postcranium is almost complete with cervical, dor-

sal, sacral and caudal vertebrae, an isolated pectoral girdle

element, incomplete forelimb, pelvic girdle elements, and

an incomplete hind limb (Herrera et al., 2013c: figs. 1–4).

This specimen comes from El Ministerio quarry, Los Catu-

tos Member.

Comments. Metriorhynchids collected from several localities

in the Neuquén Basin are characterized by their abundance

and quality of preservation, although the taxonomic diver-

sity is lower than in the Western Tethys (Young and An-

drade, 2009; Young et al., 2013). Except for “Metriorhynchus”

cf. “M”. brachyrhynchus Gasparini, Cichowolski and Lazo,

2005, from the Bathonian (Middle Jurassic) of Los Molles

Formation (Gasparini et al., 2005), all the specimens were

found in Tithonian–Berriasian sediments of the Vaca

Muerta Formation (Gasparini and Dellapé, 1976; Vignaud

and Gasparini, 1996; Fernández and Gasparini, 2000, 2008;

Pol and Gasparini, 2009; Herrera et al., 2009, 2013a–c, in

press; Herrera and Vennari, 2015). To date, metriorhynchids

of the Upper Jurassic rocks of the Neuquén Basin are repre-

sented by three genera, Purranisarus Rusconi, 1948a, Dako-

saurus von Quenstedt, 1856, and Cricosaurus Wagner, 1858,

the first two being monotypic. 

Prior to 2013, the skull of MOZ-PV 5787 had been briefly
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mentioned and illustrated but had never been described nor

had its postcranial elements been figured. In these papers

MOZ-PV 5787 was referred to Geosaurus Cuvier, 1824 sp.

(e.g., Gasparini et al., 1995; Gasparini and Fernández, 1997,

2005). Based on the proposal of Young and Andrade (2009),

in which all species traditionally assigned to Geosaurus must

be reassigned to Cricosaurus, with the the only exception of

the type species G. giganteus (von Sömmerring, 1816), this

specimen was recognized as the species Cricosaurus litho-

graphicus. Cricosaurus is one of the few metriorhynchids

with a truly cosmopolitan distribution found in Jurassic–

Cretaceous rocks of Argentina, Cuba, England, France, Ger-

many, Mexico, Russia and Switzerland (Young et al., 2010).

Cricosaurus lithographicus was the second species of this

genus recognized for the Tithonian of the Neuquén Basin

and globally represents one of the most complete speci-

mens of Cricosaurus. This specimen was a significant finding

because postcranial skeletons of metriorhynchids are scarce

and limited to a few well-preserved specimens. 

Cricosaurus lithographicus is characterized by elongated

and posterodorsally retracted external nares, divided by

an osseous septum. An autapomorphic feature in MOZ-PV

5787 is the noticeably short maxilla-maxilla suture in dor-

sal view, which is equivalent to the extension of 3–4 pairs of

maxillary alveoli. The lateral margin of the prefrontals is

rounded, as in other species of Cricosaurus. The interorbital

width of C. lithographicus is narrower than the width of the

supratemporal fossa, a feature that is not present in any

Cricosaurus (Fig. 6.1). The most peculiar feature present in

this species is its dentition, that contrasts with all the

species of Cricosaurus except Cricosaurus macrospondylus

(Koken, 1883) (Hua et al., 2000). The crowns are slightly

curved posteriorly and lingually and slightly compressed

mediolaterally. All teeth are bicarinated with fine and apico-

basally conspicuous aligned ridges, which vanish toward the

smooth apex. The carina is smooth and the longitudinal

ridges are not continuous along the length of the crown.

The forelimb is incompletely preserved. However, it shows

the same pattern found in other Cricosaurus species. The

humerus is short with the proximal region more expanded
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Figure 6. Skull of Cricosaurus lithographicus, MOZ-PV 5787; 1, dorsal view; 2, ventral view. Scale bar= 100 mm.



than the distal region and with an extremely reduced del-

topectoral crest. Radius and ulna are flattened and discoidal

bones, the ulna being  slightly larger than the radius. The ra-

diale is the largest element of the proximal carpus whereas

the ulnare is the smallest. The left hind limb of C. litho-

graphicus is incompletely preserved and mostly disarticu-

lated. As in other metriorhynchids, the femur is sigmoidal in

shape (Fraas, 1902; Andrews, 1913; Wilkinson et al., 2008;

Herrera et al., 2013a,c; Young et al., 2013). The tibia is

stouter than the fibula and the length of the metatarsal in-

creases from metatarsal II to metatarsal IV. These are fea-

tures shared with some Metriorhynchinae (Fig. 7).

Cricosaurus lithographicus is the largest Cricosaurus from

the Neuquén Basin and is one of the largest known world-

wide (with the exception of C. macrospondylus). The body

length estimation of C. lithographicus, based on skull length,

is approximately of 3.36 m, whereas the body length of the

holotype of Cricosaurus araucanensis (Gasparini and Dellapé,

1976) found in Cerro Lotena (Portada Covunco, Member; Vaca

Muerta Formation) is approximately 2.50 m (Herrera, 2012).

Unfortunately, the morphological maturity of this specimen

cannot be determined; however, the closure of the neuro-

central suture of the preserved caudal vertebrae and the

overall size of this specimen, suggest that it was an adult. 

SAUROPTERYGIA Owen, 1860

PLESIOSAURIA de Blainville, 1835

Genus et species indet. 

Figure 8

Material. MOZ-PV 1822. El Ministerio quarry, Los Catutos

Member. A tooth with the crown incompletely preserved.

Comments. This material was cited and figured by Leanza

and Zeiss (1990: fig. 7) who referred it to Plesiosauroidea.

However, it had never been described. MOZ-PV 1822 is a

tooth with a single cusp and the apex directed backward.

The enamel, although incomplete, is strongly striated along

the entire height of the crown, except for the apex that is

smooth. There are some striation marks over the surface of

the dentine where the enamel is eroded. No morphological

evidence allows us to refer this tooth to a medium-sized

pliosaur, such as Pliosaurus (Owen, 1841) Owen, 1842, be-

cause the section preserved is not tri-hedrical, or to Ple-

AMEGHINIANA - 2015 - Volume 52 (1): 1 – 28 

12

Figure 7. Postcranial elements of Cricosaurus lithographicus, MOZ-PV
5787; 1, slab containing an isolated pectoral girdle element and the
incomplete forelimb; 2, slab containing pelvic girdle elements and an
incomplete hind limb. Scale bar= 100 mm. 



siosauriodea in which the striations covering all the enamel

and a strongly curved apex are frequent.

PTEROSAURIA Kaup, 1834

PTERODACTYLOIDEA Pleininger, 1901

Most pterosaur specimens from the Jurassic rocks of the

Vaca Muerta Formation are incomplete and fragmentary,

except for one recently identified by Codorniú and Gas-

parini (2013). All the pterosaur specimens discussed here

were found in outcrops of this formation at two localities,

i.e., Arroyo Picún Leufú and Los Catutos. The specimen from

Arroyo Picún Leufú is represented by remains of the pelvic

girdle, sacrum, and part of the hind limb (both femora). This

specimen, named Herbstosaurus pigmaeus Casamiquela,

1975, was described in Codorniú and Gasparini (2007: fig.

6.7). The other three specimens, which were exhumed from

El Ministerio quarry, are an isolated bone found in 1980

(Gasparini et al., 1987), an articulated skeleton originally

described by Codorniú et al. (2006), and an intact impres-

sion of an isolated bone, which was identified as a pterosaur

tibiotarsus, larger than those so far known in the area

(Codorniú and Garrido, 2013; Codorniú and Gasparini, 2013). 

Genus Wenupteryx Codorniú and Gasparini, 2013

Type species. Wenupteryx uzi Codorniú and Gasparini, 2013; original
designation. 

Wenupteryx uzi Codorniú and Gasparini, 2013

Figures 9–10 

Holotype. MOZ-PV 3625. El Ministerio quarry, Los Catutos

Member. This is a nearly complete post-cranial skeleton

preserved in two slabs. It includes cervical and dorsal ver-

tebrae; a few thoracic ribs; both pectoral girdles exposed in

anterior view; left pelvic girdle; right prepubis; a proximal

right wing (humerus, ulna and radius, right metacarpal IV,

and a pteroid); a more complete left wing that only lacks

the fourth wing-phalanx; hindlimb bones (both femora, left

tibia and pes). Some bones are articulated, but most of

them have been displaced from their original position

(Codorniú et al., 2006: figs. 2–4, 6; Codorniú and Gasparini,

2013: figs. 3–7).

Referred material. MOZ-PV 2280. El Ministerio quarry, Los

Catutos Member. This is an incomplete ulna. This material

comes from the same locality as the holotype of Wenupteryx

and was referred to this taxon by Codorniú and Gasparini

(2013: figs. 6–7). 

Comments. This small sized pterosaur was originally descri-

bed by Codorniú et al. (2006) and identified as a Ptero-

dactyloidea. However, additional preparation revealed new

elements and diagnostic characters of the post-cranium

that support the identification of a new genus and species,

based on features of the cervical vertebrae and prepubis

(Codorniú and Gasparini, 2013). 

Codorniú et al. (2006) suggested that the holotype was

osteologically mature (i.e., it was probably an adult). How-

ever, the isolated right pelvic plate suggests that it was un-

fused to the sacrum when the animal died. The preservation

of an isolated prepubis, instead of both elements (right

and left) fused through the medial margins, is further evi-

dence supporting that this specimen had not reached the

adult stage and was sub-adult at time of death. The

wingspan was estimated at 1.10 m (Codorniú et al., 2006).

Some anatomical features, such as the elongated wing

metacarpal (more than 80% of the humerus length), ulna

less than twice the length of metacarpal IV, and femur

subequal to or slightly shorter than metacarpal IV, suggest

Wenupteryx uzi belongs to Pterodactyloidea (Codorniú et

al., 2006). Furthermore, features such as the relatively

elongated mid-cervical vertebrae, and the depressed neu-

ral arch of the mid cervicals, with a very low neural spine,
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Figure 8. Plesiosauria genus et species indet., MOZ-PV 1822. Scale
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suggest Wenupteryx uzi is likely a basal pterodactyloid,

probably related to Archaeopterodactyloidea (Kellner, 2003,

2004; Andres and Ji, 2008). According to Unwin’s phylogeny

(Unwin, 2003) Wenupteryx uzi is closely related to the Eu-

ctenochasmatia based on the presence of some characters

such as the depressed neural arch of the mid-series cervicals

with a low neural spine, and elongate mid-series cervicals. 

Genus et species indet.

Figures 11–12

Material. MOZ-PV 094. El Ministerio quarry, Los Catutos

Member. An intact impression of an isolated limb bone pre-

served in a slab. A cast was made to identify characters in a

positive mold, which shows that the bone is slightly com-

pressed in an anteroposterior direction (Codorniú and Ga-

rrido, 2013). 

Comments. Codorniú and Garrido (2013) identified the

specimen as a large right tibiotarsus (the fibula and proximal

tarsals are fused to the tibia) that can be observed in ante-

rior view of the cast. The total length of the tibiotarsus is

214 mm, larger than those so far known in the area. This

particular specimen was compared with multiple specimens

of the pterodactyloid Pterodaustro guinazui Bonaparte,

1970, preserved with different degrees of flattening. The

morphological characters of the distal and proximal ends

Figure 9. Slab of Wenupteryx uzi, MOZ-PV 3625. Scale bar= 20 mm.



suggest that the specimen is a tibiotarsus of an individual

showing some osteological maturity. However, a surprising

observation, was that a portion of the diaphysis looked as if

it was deformed, suggesting bone alteration. This alteration

extends for approximately 90 mm at the proximal half of

the bone (Figs. 11–12). This abnormality looks like a bone

fracture involving both the tibia and the fibula. Most likely

the trauma occurred during the life of the animal and the

healing process occurred through periosteal calcification.

The type of pathology cannot be exactly determined; how-

ever, no erosional structure can be attributed to this fea-

ture. The continuous and very fine lamination (rhythmites)

that characterized the fossiliferous rock indicates very low-

energy conditions of sedimentation (Scasso et al., 2002),

and no other evidence of high-energy or erosional structure

is observed in the specimen. Similar pathologies have been
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AMEGHINIANA - 2015 - Volume 52 (1): 1 – 28 

16

reported by Bennet (2003) in specimens of Pteranodon

(Marsh, 1876).

When comparing this specimen with the tibiotarsus of

the almost complete skeleton of Wenupteryx uzi (MOZ-PV

3625) found at the same locality, the difference in size be-

tween the tibiotarsii and the degree of osteological maturity

of the articulated skeleton suggest that the new specimen

belongs to a new species of pterodactyloid pterosaur. Un-

fortunately it lacks diagnostic features that may justify

erecting a new taxon.

PRESERVATION OF FOSSIL REPTILES

Environmental conditions and general comments

According to the paleogeographic interpretations of the

middle Tithonian, the Los Catutos Member was deposited

some 100 km northeast of the coast in the southeastern

Figure 11. Pterodactyloidea genus et species indet., MOZ-PV 094; 1, photograph of the original slab; 2, photograph of the cast showing tibio-
tarsus in anterior view; 3, composite drawing of the cast. Scale bar= 50 mm. 



sector of the Neuquén Basin, under infratropical climatic

conditions (Leanza and Zeiss, 1990; Legarreta and Uliana,

1991, 1996; Scasso and Concheyro, 1999). The paleoenvi-

ronmental analysis of the Los Catutos Member was drawn

from different approaches, demonstrating that in contrast

to the famous plattenkalke of Solnhofen, it does not belong

to a reef-lagoonal environment but was rather deposited

in a restricted area of the open shelf (Cione et al., 1987;

Gasparini et al., 1987; Leanza and Zeiss, 1990, 1992). Spa-

lletti et al. (2000) defined –for the Tithonian interval of the

southern sector of the Neuquén Basin– a general system of

mixed siliciclastic-carbonate dominated ramp tide environ-

ment, in which the Los Catutos Member would have accu-

mulated in the distal sector, corresponding to a basin or

external ramp environment, favourable for rhythmithe

formation (marl-limestone). Scasso et al. (2005) agreed in

that the rhythmites were deposited under low-energy sea

bottoms and poorly oxygenated open-sea conditions, with

high sedimentation rates of terrigenenous sediments from

suspension plumes. 

Likewise, and on the basis of the biota  in which this

member included in ammonites and bony fish prevail,

Leanza and Zeiss (1990) estimated depths between 30–

50 m. Scasso and Concheyro (1999) studied the micro-

fauna, which includes abundant radiolaria, foraminifera and

nannoplankton suggesting open surface conditions. How-

ever, radiolarians in particular suggest a sedimentation

at depths not beyond the outer shelf, in agreement with

sedimentological studies (Spalletti et al., 2000; Scasso et

al., 2005).

The scarcity of benthic organisms in the Los Catutos

Member suggests anoxic or dysaerobic conditions. Gasparini

et al. (1997) attributed these conditions to the develop-

ment of a strong thermo-picnocline, with oxygenated su-

perficial waters that were warmer and less dense than

deeper and anoxic waters. Such conditions would have con-

tributed to the excellent preservation of fishes and reptiles.

Likewise, several authors recognized that burial of verte-

brate fossils was rapid and the collapse of the ammonite

chambers was produced by sediment overload (e.g., Scasso

et al., 2005). This hypothesis is confirmed by the discovery

of delicate and almost completes callianassid moulds –in the

upper of the two limestone beds in the upper section, which

corresponds to the top of the Los Catutos Member (Aguirre-

Urreta and Scasso, 1998)– in addition to the collapse of the

long and pneumatic bones of pterosaurs. 

A collection bias has to be taken into account when

assessing the preservation and diversity of reptiles in the

Los Catutos Member. As mentioned above, most fishes and

reptiles were discovered by workers of the quarries and do-

nated decades ago to the MOZ. The extraction of slabs was

manual and rudimentary, hence many fossils, particularly

vertebrates, are incomplete. Despite the loss of information

caused by this situation, there is evidence in the preserva-

tion of the various specimens that should be noted. Except

for a plesiosaur tooth, an ulna of the pterosaur Wenupteryx

uzi, the impression of a tibiotarsus of another pterosaur, and

the isolated mandible of a chelonian (probably referable to

Neusticemys neuquina de la Fuente, unpublished data), the

remaining specimens are partially complete and articulated

skeletons with different degree of displacement of the

bones. All the skeletons, preserved in 2D, show some post-
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Figure 12. Pterodactyloidea genus et species indet., MOZ-PV 094, details of the cast in lateral view; 1, phothograph; 2, composite drawing.
Quadrangular line indicates the area of the bone alteration. Scale bar= 20 mm.



mortem deformation produced by the pressure of the sedi-

mentary load. 

Turtles

The turtles of the Los Catutos Member are very well pre-

served, despite the flattening suffered during diagenesis.

MOZ-PV 4040, referred to the panpleurodiran Notoemys

laticentralis, shows an excellent preservation, with the ele-

ments of the appendicular and axial skeleton in articulation,

suggesting that this specimen died and was deposited in

situ close to the environment it inhabited (Fig. 2). However,

Wood and Freiberg (1977) interpreted this turtle as a conti-

nental, fresh water chelonian which underwent postmortem

transport and was deposited in marine sediments. Such an

inference was based on morphological characters such as

the absence of pleuro-peripheral fenesta and the fact that

a single specimen (the holotype, MACN 18043) was known

at that moment. The hypothesis of the continental habits

for Notoemys laticentralis was tested by Fernández and de

la Fuente (1993), who mentioned extrinsic evidence such as

1) the discovery of two new articulated specimens in two

different localities where the Vaca Muerta Formation is ex-

posed; 2) the bearing levels of all the specimens referred to

Notoemys were found in distal platform and offshore facies;

3) none of the known specimens of Notoemys laticentralis

show evidence of far-reaching postmorten transport. Due to

this evidence Fernández and de la Fuente (1993, 1994) pro-

posed that Notoemys laticentralis was a marine turtle, not

continental, and that it had not yet adapted to pelagic life, a

condition reflected in the morphology of its carapace and

appendicular skeleton.

Specimen MLP 92-IV-10-1 of Neusticemys neuquina is

excellently preserved and bears adaptations seen in pelagic

marine turtles (Zangerl, 1980), such as the preserved large

part of the dorsal carapace characterized by a marked re-

duction of weight through well developed costal-peripheral

and a plastral fenestrae persistent in adults. The carapace

has a slight dorso-ventral flattening caused by the sedi-

mentary pile (Fig. 3) and long elements of the appendicular

(forelimbs) and axial (tail) skeleton are disarticulated. This

specimen lacks the skull and neck, but this could be a bias

due to the extraction of the different slabs that preserved its

parts and counterparts, rather than a taphonomic issue. In

fact, some slabs are not available, such as those close to the

anterior margin of the dorsal carapace –closer to the skull

and cervical region are not available. Unfortunately, the other

specimens of Neusticemys neuquina recovered from the Los

Catutos Member are incomplete and badly preserved. Re-

mains of a skull, left forelimb, plastral bones and part of the

carapace are preserved in MOZ-PV 3681 (Fernández and de

la Fuente, 1993: pl. 2B). Other specimens (MOZ-PV 0868,

MPCA 6769) only include carapace remains and hind limbs

(de la Fuente and Fernández, 2011: figs. 3–4).

Ichthyosaurs

Reisdorf et al. (2012) argued that, contrary to the tradi-

tional opinion, the carcasses of large lung-breathing marine

tetrapods such as ichthyosaurs did not float at the surface

after death and sank subsequently after leakage of putre-

faction gases. They proposed that carcasses of ichthyosaurs

sunk to the sea floor and did not explode to spread  skele-

tal elements. After death, the carcasses would have sunk to

the sea floor and then risen to the surface. Once surfaced,

prolonged floating may have occurred and the carcasses

gradually decomposed. Ichthyosaurs from the Los Catutos

Member fit this model; they are articulated and their limbs

and girdles (not firmly attached to the axial skeleton) are

approximately in their anatomical position. The juvenile

ophthalmosaurid (MOZ-PV 1854), the most complete and

best-preserved reptile recovered from this member, is ex-

posed in right lateral view (Fig. 5). The anterior tip of the

skull is broken and displaced over the medial portion of the

rostrum. The left sclerotic ring is also displaced overlying

the anterior rostrum tip, relatively close to the orbit. The

posterior part of the right pterygoid and palatine is slightly

displaced and preserved articulated, exposed in ventral

view and partially covered by right jaw elements. The pos-

terior part of right jaw bones are articulated and in their

anatomical position while the posterior part of the left jaw

bones are articulated but exposed in medial view and dis-

placed beyond the skull limits. Although incomplete, both

jaw rami can be completely traced, based on the impression

of the missing jaw elements on the sediment. Similarly, the

impression of the proximal part of the anterior forefin is ex-

cellently preserved in the sediment. The loss of the caudal

portion of the skeleton, including the hindfins, and the jaw

and forefin bones may have occurred during extraction.

Based on the orientation and preservation described above,
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we interpret that MOZ-PV 1854 suffered vertical sinking

through the water column and thus breaking the anterior

tip of the snout. The postcranial skeleton shows no evi-

dence of scavenger activity nor of displacements caused by

bottom currents. The skeletal fidelity of this specimen indi-

cates that it was horizontally deposited on the bottom and

rapidly buried. 

The other ichthyosaur, Aegiosaurus sp. (MOZ-PV 5788),

shows the skull and mandible dorsally exposed and with a

dorsal flattening caused by sedimentary load (Fig. 4). The

posterior dorsal column and part of the caudal column

have been preserved articulated. The most anterior and mid-

vertebral elements are only slightly displaced from their

anatomical position. Some vertebral centra have been

slightly displaced and exposed in anterior view, but their

neural arches are in the correct position. The elements of

the pectoral girdle are rotated (e.g., the interclavicle), and the

proximal part of the right forefin is preserved articulated

and exposed in dorsal view. The right ischiopubis bar was

also preserved, being exposed in ventral view and almost

in its anatomical natural position. The  remaining axial and

appendicular skeletal elements may have been lost during

extraction (as also inferred for MOZ-PV 1854).

Metriorhynchid

The metriorhynchid found in the Los Catutos Member

(Cricosaurus lithographicus, MOZ-PV 5787) was recovered in

five slabs. Slab 1 is dorsoventrally crushed and contains the

complete and articulated skull and mandible (Fig. 6). The

postcranium is incompletely preserved and included in 4

slabs; all the postcranial remains are disarticulated (Fig. 7).

The skull and mandible must have been deposited concor-

dant to the bedding, with the dorsal or ventral side up,

whereas this is not clear in the postcranium. The dorsoven-

tral compression of the skull must have been produced by

the sedimentary load. Only two of the four slabs that include

postcranial remain connected to each other (slabs 2 and 3).

Slab 2 contains five vertebrae, one cervical rib, and partially

preserved dorsal ribs (Fig. 7). Unfortunately, preservation

prevents determining whether these vertebrae correspond

to the post-axial cervical vertebrae or the anterior dorsals.

The first two vertebrae are exposed in dorsal view and dis-

articulated from the other three, which are exposed in right

lateral view. All ribs are disarticulated. Slab 3 contains one

coracoid, the incomplete right forelimb, incomplete verte-

brae, ribs, one chevron bone and a few unidentified ele-

ments. The incomplete right forelimb (i.e., humerus, radio,

ulna, radiale, ulnare, two metacarpals and one phalanx)

is exposed in ventral view and most of the elements are

disarticulated and displaced. The only exception is the

humerus/radio-ulna articulation (Fig. 7). Slab 4 only con-

tains isolated ribs and slab 5 includes an incomplete sacral

vertebra, four partially preserved caudal vertebrae, two

poorly preserved caudal vertebrae ribs, pelvic girdle ele-

ments, and the complete but disarticulated left hind limb.

The four caudal vertebrae are partially articulated and pre-

served with a slight dorsal bend. Some of the hind limb ele-

ments are preserved as an impression on the matrix and the

tibia-fibula/astragalus-calcaneum and astragalus-calca-

neum/distal tarsal articulations are preserved (Fig. 7). The

hindlimb elements are less displaced than the forelimb ele-

ments. The left hindlimb is exposed in ventral view, and over

the vertebral column (i.e., not in natural position), suggest-

ing that it was displaced and rotated when the specimen

was in a descompositional stage, lying on the substrate. 

A high diversity of fishes are known from the Los Catu-

tos Member (Cione et al., 1987; López-Arbarello et al., 2008;

Gouiric-Cavalli, 2013), amongst which scavenger taxa

could have been present (S. Gouiric-Cavalli, pers. com. 2014).

These fishes may have attacked the decomposing body,

moving and even reversing the natural position of the left

hind limb.

According to the classification of Beadmore et al. (2012),

the postcranium of C. lithographicus has low articulation

and completeness indexes. These authors proposed that

in Cricosaurus the low values for articulation and especially

completeness may be related to the absence of osteoder-

mal cover. The presence of a skull, a cervical or dorsal por-

tion of the column, the sacral region and part of the proximal

caudal region, suggests that the extraction of this specimen

was incomplete, because it lacks most of the dorsal region

of the vertebral column and the distal section of the tail.

However, the absence of the distal caudal vertebrae could

be natural Beadmore et al. (2012) inferred that the distal

portion of the column of the thalattosuchian Steneosaurus

Geoffroy, 1825, tends to be preserved more disarticulated

and incomplete than the rest of the axial skeleton. 
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Plesiosaur

A single, strongly striated tooth (MOZ-PV 1280) (Fig. 8)

indicates the presence of plesiosaurs in the Los Catutos

Member. Isolated plesiosaur teeth are frequent in different

marine Jurassic (Martill, 1986) and Cretaceous localities all

around the world (O’Gorman and Varela, 2010). It is believed

that Plesiosaur teeth were replaced in waves and by pairs

during the life of these animals (Edmund, 1960), so that

their common presence in the fossil record may represent

shed teeth that were lost during prey attacks when these

teeth are lost and fall to the sea bottom. 

Pterosaurs

Three pterosaurs were collected from the Los Catutos

Member. One of them is the holotype of Wenupteryx uzi

(MOZ-PV 3625), an almost complete and partly articulated

specimen; another one is an ulna (MOZ-PV 2280) referred

to the same species, and the third one is the impression of

the right tibiotarsus (MOZ-PV 094) of an indeterminate

middle-sized pterosaur.

To date, all the Tithonian pterosaurs from the Neuquén

Basin were found in the marine rocks of the Vaca Muerta

Formation (Codorniú and Gasparini, 2007), all of them in dis-

tal facies, suggesting they were not continental or coastal

forms. If these pterosaurs flied and hunted offshore, could

they have been affected by winds and storms that caused

them perhaps to fall into the sea and drown?. Interestingly,

the holotype of Wenupteryx uzi is a sub-adult specimen of a

small-sized species. The fractured tibiotarsus belonging to

an indeterminate species (see above) is probably from an

osteologically mature specimen, although the lack of other

skeletal elements precludes determining its age with cer-

tainty. As in marine birds, during storms immature indi-

viduals are more likely to fall into the sea, and in the case

of MOZ-PV 094 the fracture would have been disadvanta-

geous for survival. Another situation that cannot be dis-

carded is the attack by other marine predators when they

dived during feeding. Regardless of death causes, the

fragile and pneumatic skeleton as well as the putrefaction

gas from the abdominal cavity of these flying reptiles would

have made them fall slowly to the sea floor. On their way

down, scavengers or nektonic opportunists could have

attacked them, and skeletal parts would reach the bottom

separately. The exception is the holotype of Wenupteryx

uzi, which although disarticulated and lacking a skull, is

much more complete than the others. The displacement of

the bones of this specimen may be related to spreading be-

cause of gases, scavenger activity, and/or occasional weak

bottom currents. 

COMPOSITION OF THE HERPETOFAUNA OF THE LOS

CATUTOS MEMBER 

The scanty record of marine reptiles from Upper Jurassic

lithographic limestones is restricted to European basins,

which are somewhat similar in age (late Kimmeridgian–

early Tithonian) but not do not reach the late middle–early

late Tithonian represented in the Los Catutos Member of

the Vaca Muerta Formation. There is another difference to

take into account, i.e., the environment. Whereas in the Eu-

ropean basins the lithographic limestones were deposited

in protected coastal marine environments, the lithographic

limestones of the Los Catutos Member were deposited

distally, in basin or external ramp environments (Leanza

and Zeiss, 1990; Scasso et al., 2002, 2005). In accordance

with these differences, the herpetofaunas from the basins

of Western Europe include coastal forms (teleosaurids

and eucryptodiran turtles), together with comparatively

few ichthyosaurs, and remains of continental biota (Billon-

Bruyat et al., 2005). On the contrary, in the Los Catutos

Member, as well as in other areas of the Neuquén Basin

with Jurassic marine reptiles, there is no record of basal

thalattosuchian crocodyliforms from nearshore environ-

ments. All the marine crocodyliforms recorded so far in the

Neuquén Basin belong in the Metriorhynchidae, which in-

cludes off-shore marine forms with morphological and

physiological features related to a pelagic lifestyle (e.g.,

Fernández and Gasparini, 2000, 2008; Young et al., 2010,

2013; Herrera et al., 2013a,b). At the same time one of the

turtles, the Platychelidae Notoemys laticentralis, is inter-

preted as having marine adaptations rather than continen-

tal ones, although it lacks adaptations to a pelagic lifestyle

such as the morphology of the carapace and appendicular

skeleton (Fernández and de la Fuente, 1993, 1994). The eu-

cryptodiran Neusticemys neuquina instead has adaptations

to a pelagic lifestyle, such as the strong fenestration of the

dorsal carapace (costal-peripheral) and the plastron (with a

central fenestra and a pair of lateral ones), a notable elon-

gation of the limbs, and the peculiar posterior autopodium



(with an hypertrophy of digit V, and a slight hyperphalangy).

This is a unique set of characters amongst turtles (de la

Fuente and Fernández, 2011). Other members of the her-

petofauna from the Los Catutos Member are the ophthal-

mosaurid ichthyosaur Aegirosaurus sp. and an indeterminate

juvenile specimen. The herpetofaunal assemblage also in-

cludes of an indeterminate plesiosaur and the remains of

three pterosaurs, two of them referred to the pterodacty-

loid Wenupteryx uzi and the other one to a larger but inde-

terminated pterosaur. This assemblage suggests that most

swimming reptiles had the anatomical-functional ability to

move in off-shore environments, and hence they probably

left or entered the basin through the island arch that sepa-

rated it from the Protopacific (Howell et al., 2005). The tur-

tle Notoemys laticentralis is the only exception and instead

may have been adaptaded to a coastal environment. 

This fauna, which admittedly represents a biased sam-

ple due to the way they have been collected, is also peculiar

by the absence of large-sized specimens, which are recorded

in other areas of the basin with Tithonian rocks of the Vaca

Muerta Formation (Gasparini and Fernández, 2011). Exam-

ples of these large marine reptiles include large ophthal-

mosaurids (such as Caypullisaurus bonapartei Fernández,

1997), the Geosaurini Dakosaurus andiniensis Vignaud and

Gasparini, 1996, the pliosaurids found in middle Tithonian–

Berriasian sediments, as well as larger adult specimens

of Neusticemys neuquina collected in Trincajuera Creek

(Gasparini et al., 1997: figs. 5–6, D–E). The single mid-sized

specimen is the ophthalmosaurid Aegirosaurus sp., and

amongst the Metriorhynchidae Cricosaurus lithographicus,

which is larger than Cricosaurus araucanensis, a frequent

taxon in the middle Tithonian beds at Cerro Lotena (He-

rrera, 2012). Concerning the pterodactyloids, there are two

specimens of the small Wenupteryx uzi (approximately

1.10 m wingspan; Codorniú and Gasparini, 2013) and an-

other one of a mid-sized species, which probably had a

wingspan of approximately 3 m (Codorniú and Garrido,

2013). Finally, several specimens recorded in the Los Catu-

tos Member have been described as juveniles and sub-

adults. This is the case of the sub-adult specimens of

Notoemys laticentralis (MOZ-PV 4040) and Neusticemys neu-

quina (MLP 86-III-30-1), the skeleton referred to Wenupteryx

uzi, and a small juvenile ophthalmosaurid.

The Los Catutos Member was not deposited in a pro-

tected environment, in the sense of an archipelago such as

the Late Jurassic basins with lithographic limestones of

Western Europe (Thierry, 2000), and no reef complexes

were found (Leanza and Zeiss, 1990; Billon-Bruyat et al.,

2005). However, it has a rich biotic record including a large

amount and a large diversity of nectonic forms such as

ammonites (Leanza and Zeiss, 1992; Zeiss and Leanza,

2010) and fishes. Among chondrichthyans the presence of

a new indeterminate Bathomorphii was reported by Cione

(1999); among actinopterygians the diversity was higher,

with the presence of Teleosteomorpha (Aspidorhynchi-

dae and Pachycormidae), Halecomorphi, Semionotidae,

Teleostei and one putative Coelacanthiformes (Cione et al.,

1987; Leanza and Zeiss, 1990; Arratia and Cione, 1996;

López-Arbarello et al., 2008; Gouiric-Cavalli, 2013). In addi-

tion, the microfauna and nannofossils suggest high produc-

tivity (Scasso and Concheyro, 1999; Scasso et al., 2002). 

The combination of environmental and biotic factors

suggests that this member represents an ecosystem in

which reptiles were not only part of the trophic links, but

may have possibly gathered in this region for reproductive

activities (mating, births). Although further evidence is

needed to thoroughly test this hypothesis, the record of an

excellently preserved juvenile ophthalmosaurid (Fig. 5) is

consistent with such interpretation. According to the sedi-

mentological analysis, Scasso et al. (2002) inferred that the

Los Catutos Member was deposited across a one million

year period, long enough for several reptilian groups to take

advantage of these special ecological conditions.

THE TITHONIAN MARINE REPTILES FROM THE

NEUQUEN BASIN IN A GEOGRAPHIC CONTEXT

An analysis of the worldwide geographic distribution of

Tithonian marine reptiles should ideally include accurate

geographic and stratigraphic data. Unfortunately, these

are frequently unavailable. Most worldwide records date

back to the nineteenth and early twentieth centuries and

have vague locality and stratigraphic data, such as “Upper

Jurassic”, and many of them were lost during World War II.

In addition, the European records come mainly from the

Callovian–Kimmeridgian interval and the early Cretaceous,

whereas records of the Tithonian–Berriasian interval are

comparatively scarce in other regions of the world (Bardet et

al., 2014). Recently, a significant Tithonian marine herpeto-
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fauna was discovered at high latitudes in the Slottsmøya

Member of the Agardhfjellet Formation (middle Volgian,

Tithonian) in Spitsbergen (Norway) (Druckenmiller et al.,

2012; Knutsen et al., 2012a–c). Tithonian marine reptiles

were recently recovered in an equatorial location such as

the Gulf of Mexico (Buchy, 2010; Buchy and López Oliva,

2009; Buchy et al., 2013). These two distant geographical

areas with Tithonian marine reptiles have contributed sig-

nificantly towards understanding distribution of marine rep-

tiles at the end of the Jurassic in the Northern Hemisphere

(Bardet et al., 2014), and at the same time they contributed

to the analysis of faunal turnover of marine tetrapods dur-

ing the Jurassic/Cretaceous transition (Benson and Druck-

enmiller, 2014).

The record of marine reptiles in southwestern South

America spans from the Aalenian to Barremian (Fernández,

2007), being the Tithonian–Berriasian interval the most

fossiliferous (Spalletti et al., 1999; Gasparini and Fernández,

2005; 2011; Maxwell et al., 2012). In this context, the Los

Catutos Member, as well as other Tithonian localities from

the Neuquén Basin (i.e., Cerro Lotena, Trincajuera Creek and

Pampa Tril; Gasparini and Fernández, 2005: fig. 1), are par-

ticularly significant because they document the marine her-

petofauna across the Jurassic/Cretaceous transition.

The Tithonian marine herpetofauna from the Neuquén

Basin has both the highest diversity and the largest amount

of specimens in the Southern Hemisphere. Their age has

been calibrated by their association with ammonites, and

their stratigraphic occurrence has been recorded in detailed

sedimentological sections (e.g., Spalletti et al., 1999). When

the marine Tithonian herpetofauna of the Neuquén Basin

is compared with others from the Upper Jurassic world-

wide, they share genera of wide geographic and temporal

distributions such as Aegirosaurus (Germany and Argen-

tina; Bardet and Fernández, 2000), Cricosaurus (Cuba,

England, France, Germany, Mexico, Russia, Switzerland and

Argentina; Wagner, 1858; Fraas, 1902; Gasparini and De-

llapé, 1976; Hua et al., 2000; Gasparini and Iturralde-Vinent,

2001; Frey et al., 2002; Buchy et al., 2006; Herrera et al.,

2009, 2013a–c), Dakosaurus (Germany, Argentina and

Mexico; Fraas, 1902; Vignaud and Gasparini, 1996; Buchy,

2008; Pol and Gasparini, 2009; Herrera and Vennari, 2015),

Notoemys (Cuba, Argentina, Colombia; de la Fuente and Fer-

nández, 1989; Fernández and de la Fuente, 1993, 1994; de

la Fuente and Iturralde-Vinent, 2001; Cadena and Gaffney,

2005; Cadena et al., 2013), and Pliosaurus (Norway, Russia,

Argentina; Knutsen, 2012; Benson and Druckenmiller, 2014;

Gasparini and O’Gorman, 2014). At the species level, how-

ever, the Tithonian taxa recorded from the Neuquén Basin

are endemic (Aegirosaurus sp., Cricosaurus araucanensis, C. li-

thographicus, Dakosaurus andiniensis, Notoemys laticentralis

and Pliosaurus patagonicus Gasparini and O’Gorman, 2014).

This includes monospecific Tithonian genera of the Neuquén

Basin, such as Caypullisaurus Fernández, 1997, Neusticemys,

Purranisaurus, and the pterosaurs Wenupteryx and Herbsto-

saurus Casamiquela, 1975.

In summary, the most complete and informative up to

date Tithonian marine herpetofaunas are those from the

Vaca Muerta Formation in Patagonia (Argentina), the

Agard-hfjellet Formation in Svalvard (Norway), and the

Gulf of Mexico (northeastern Mexico). Their main difference

as faunal assemblages is the occurrence of the four major

lineages of Jurassic marine reptiles in the Vaca Muerta

Formation, whereas only plesiosaurs and ichthyosaurs

are known from Svalbard (Hurum et al., 2012), and only

ichthyosaurs, plesiosaurs, and metriorhynchids have been

reported from Mexico (Buchy, 2008, 2010; Buchy et al., 2003,

2006, 2013). Still unclear is the meaning of the occurrence

of unique genera such as Neusticemys and Caypullisaurus

at infratropical paleolatitudes (Vaca Muerta Formation),

and the exclusive presence of the genera Spitrasaurus

Knutsen, Druckenmiller and Hurum, 2012a, Djupedalia

Knutsen, Druckenmiller and Hurum, 2012b, Cryopterygius

Druckenmiller, Hurum, Knutsen and Nakrem, 2012, Palven-

nia Druckenmiller, Hurum, Knutsen and Nakrem, 2012, at high

paleolatitudes (Agardhfjellet Formation). These differences

may indicate endemisms in the marine herpetofauna, minor

differences in the preserved facies, or an artifact of unequal

sampling in different regions. Further collecting efforts in

all these areas are necessary to address this issue. 

CONCLUSIONS 

The only Jurassic lithographic limestones in the Southern

Hemisphere are those of the Los Catutos Member, Vaca

Muerta Formation, cropping out 12 km away form the city of

Zapala, Neuquén Province. They are referred to the late

middle–early late Tithonian. According to the paleogeo-

graphic interpretations, the Los Catutos Member was de-



posited 100 km northwest from the southeastern coast of

the Neuquén Basin, under infratropical conditions (Leanza

and Zeiss, 1990; Scasso et al., 2002, 2005). Therefore, the

Los Catutos Member was deposited in the open shelf

(Leanza and Zeiss, 1990), corresponding to basin or external

ramp environments.

The composition of the biota of the lithographic lime-

stone in the Los Catutos area is strictly marine, the only ex-

ception being the record of pterosaurs. Reptiles studied so

far allow the recognition of the following taxa: Aegirosaurus

sp., an Ophthalmosauria indet., Notoemys laticentralis and

Neusticemys neuquina; Cricosaurus lithographicus; Wenupteryx

uzi and a Pterodactyloidea indet., and a Plesiosauria indet.

All the skeletons preserved in 2D show different degrees of

postmortem deformation by sedimentary loading. An impor-

tant factor to consider when assessing the diversity of the

reptiles of the Los Catutos Member is the collection bias.

The manual extraction of the slabs explains the incom-

pleteness of many fossils, particularly vertebrates. Despite

this, most of them are well preserved. 

The taxonomic composition of the reptile fauna from

the Los Catutos Member contrasts with that of other faunas

reported for the European basins of Cerin, Cayssac, Can-

juers, Chassiron (France), and Solnhofen (Germany) –late

Kimmeridgian–early Tithonian in age– in which marine rep-

tiles are associated with continental biota (Billon-Bruyat

et al., 2005). The herpetofauna recorded in different Tithon-

ian levels at other localities of the Vaca Muerta Formation

from the Neuquén Basin also includes ichthyosaurs, ple-

siosaurs, crocodyliforms, marine turtles, and a pterodacty-

loid pterosaur (Herbstosaurus) (Gasparini and Fernández,

2011). However, the assemblage recovered from the Los

Catutos Member is different and it is taxonomically closest

to that found in Cerro Lotena (middle Tithonian), which is

also the closest in time albeit not coeval. These two locali-

ties share the same turtle species (Notoemys laticentralis

and Neusticemis neuquina) and the metriorhynchid genus

Cricosaurus, although with different species, as Cricosaurus

araucanensis is known from several specimens in Cerro

Lotena (Portada Covunco Member) but is not recorded in

the area of Los Catutos. Ichthyosaurs only coincide at the

family level (Ophthalmosauridae), because the gigantic

Caypullisaurus bonapartei is known from Cerro Lotena and

other Tithonian areas of the basin (Fernández, 2007) but is

not recorded in the Los Catutos Member. Likewise, Ae-

girosaurus sp. and the juvenile ophthalmosaurid from El

Ministerio quarry (Los Catutos Member) are not referable

to the other Jurassic ichthyosaurs recorded in the Neuquén

Basin. 

The knowledge resulting from the studies of marine rep-

tiles of the Los Catutos Member, as well as those found in

other localities of the Neuquén Basin where the Vaca

Muerta Formation is exposed (Tithonian–Valanginian), con-

tributed to reduce the information gap in the evolution of

their respective clades. In this regard, they are the only ones

known from Gondwana and are particularly significant be-

cause they increase knowledge on the herpetofauna across

the Jurassic/Cretaceous transition, which is scarcely repre-

sented in other regions of the world.
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