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ABSTRACT
Here we describe new marine vertebrate remains, mainly isolated teeth, from the Upper Cretaceous 
(Coniacian-Santonian) of near Mardin, SE Turkey. This is the first report in this area of ptychodontid 
sharks (elasmobranchs), enchodontid teleosts (actinopterygians) and mosasaurid squamates (reptiles). 
The respective taxa Ptychodus cf. mortoni, Enchodus sp., Platecarpus sp. and Mosasaurinae indet. are 
described. These new data improve our knowledge on early Late Cretaceous marine vertebrate faunas 
from the Arabic Platform, classically known previously mostly from the Maastrichtian outcrops of 
Middle-East and Northwestern Africa, and extend the palaeobiogeographical distribution of these 
taxa into the western part of the Mediterranean Tethys, confirming their cosmopolitan status. 
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RÉSUMÉ
Nouveaux restes de vertébrés marins (élasmobranches, actinoptérygiens, reptiles) du Crétacé supérieur 
de la Plateforme Arabique, SE de la Turquie.
Nous décrivons ici de nouveaux restes de vertébrés marins, principalement des dents isolées, prove-
nant du Crétacé supérieur (Coniacien-Santonien) près de Mardin, au Sud-Est de la Turquie. C’est 
la première mention dans cette région de requins ptychodontidés (élasmobranches), de téléostéens 
enchodontidés (actinoptérygiens) et de squamates mosasauridés (reptiles). Les taxons respectifs, à 
savoir Ptychodus cf. mortoni, Enchodus sp., Platecarpus sp. et un Mosasaurinae indet., sont décrits. 
Ces nouvelles données améliorent notre connaissance des faunes de vertébrés marins du début du 
Crétacé supérieur de la Plateforme Arabique, auparavant classiquement connues principalement à 
partir des gisements du Maastrichtien du Proche-Orient et d’Afrique du Nord-Ouest, et étendent la 
distribution paléobiogéographique de ces taxons dans la partie occidentale de la Téthys méditerra-
néenne, confirmant leur caractère cosmopolite.

INTRODUCTION

Although Mesozoic vertebrate remains have been frequently 
mentioned in geological reports of Turkey in the last
 forty years, they remain mostly undescribed. Most remains 
have been found in the Triassic, namely fish and placodonts 
in the Middle Triassic of southwestern Turkey (Beltan et al. 
1979), phytosaurs in the Late Triassic of southwestern Tur-
key (Buffetaut et al. 1988), ichthyosaurs in the Late Triassic 
of northwestern Turkey (Mouanga et al. 2011), and finally 
temnospondyls in the Early Triassic of southeastern Turkey 
(Fortuny et al. 2015). Fishes have also been described in the 
Late Jurassic of western Turkey (Forey et al. 1985).

As far as Cretaceous vertebrate remains are concerned, most 
have been found only recently. From the Pontids (northwest-
ern Turkey), Bardet & Tunoğlu (2002) described from the 
Maastrichtian of near Kastamonu jaw fragments with teeth 
of the mosasaurid squamate Mosasaurus hoffmanni Mantell, 
1829, whereas Jouve et al. (2017) described partial jaw and 
limb bones of the hylaeochampsid crocodylomorph Turcosuchus 
okani Jouve et al. 2017 in the Barremian of near Zonguldak 
(Fig. 1). In the Upper Cretaceous carbonate platform of the 
Mardin area (southeastern Turkey), Aslan (1975) was the first 
to mention the occurrence of the odontaspidid shark Odontaspis 
cuspidata (Agassiz, 1843) near Şanlı, in the Mazıdağı region 
(Figs 1; 2). This area preserves sediments that were deposited 
on the Mardin High. More recently, Yılmaz et al. (2018) 
described selachian teeth in the Coniacian-Santonian Karababa 
Formation of the close locality of Taşıt (Figs 1; 2), including 
the lamniform sharks Squalicorax lindstromi (Davis, 1890), 
Pseudocorax cf. granti Cappetta & Case, 1975 and Scapanorhyn-
chus cf. lewisii (Davis, 1887), as well as the sclerorhynchiform 
ray Ctenopristis jordanicus Mustafa, Case & Zalmout, 2002. 
Finally, new marine vertebrate remains, including selacians, 
actinopterygians and marine reptiles, were briefly mentioned 
in the Coniacian-Santonian Karababa Formation of Şanlı by 
Yılmaz et al. (2014) (Figs 1; 2), the aim of this paper being 
to describe them for the first time. 

GEOLOGICAL AND STRATIGRAPHICAL SETTING

In Southeastern Turkey, the Mardin area (Figs 1; 2) offers a 
rare opportunity to study stratigraphical successions from 
Cambrian to Palaeogene (Yılmaz et al. 2018; Hoşgör & 
Yılmaz 2019). During most of the early Mesozoic, but more 
especially during Cretaceous to Eocene times, southeastern 
Turkey was situated at the southern margin of the Neo-
Tethys Ocean (Barrier & Vrielynck 2008) (Fig. 3). During 
this period of global sea-level rise, this area was periodically 
covered by transgression, south and east, over the margins of 
the Arabian Platform (Ala & Moss 1979). As the transgres-
sion flooded the north-facing passive margin of the Arabian 
Platform during the Aptian to Campanian, the carbonates of 
the Mardin Group were deposited (Cater & Gillcrist 1994).

The best exposures of the Mardin Group (Areban, Sabun-
suyu, Derdere and Karababa Formations) in this area are 
along the road from Derik to Mazıdağı, north of Mardin, 
and roadside quarries south of Mardin (Beer 1966; Yılmaz 
et al. 2018) (Fig. 2A). The base of the sequence (Areban 
clastics) is not exposed in the Mazıdağı area. The sequence 
above the Areban clastics is divided into the Sabunsuyu 
Formation (Albian), the Derdere Formation (Cenomanian-
Turonian), and the Karababa Formation (late Coniacian-late 
Santonian) (Beer 1966; Yılmaz et al. 2018; Hoşgör & Yılmaz 
2019) (Fig. 2B). In the Derik area, the Mardin Group is 
unconformably overlain by the middle Campanian Adıyaman 
Group (Karaboğaz Formation) and is itself conformably 
overlain by the Bozova (Campanian) and Maastrichtian 
Germav Formation (Cater & Gillcrist 1994; Hoşgör & 
Yılmaz 2019; Yılmaz et al. 2018, 2021).

In the Mazıdağı-Şanlı area, the age of the Karababa Formation 
that yielded the marine vertebrate remains here mentioned 
was determined by Köylüoğlu (1988) and Yılmaz et al. (2018), 
who found an association of common upper Coniacian-upper 
Santonian genera of benthic and planktonic foraminifers. A 
detailed description and analysis of the stratigraphic intervals 
of the Şanlı area (Fig. 2) can be found in Yılmaz et al. (2018). 

MOTS CLÉS
Ptychodontidae,
Enchodontidae,

Mosasauridae,
Crétacé supérieur,

Turquie,
Plateforme Arabique,
paléobiogéographie.
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The Şanlı section (Fig. 2B) has a thickness of about 9 m and 
consists of light brown to beige bioclastic limestone, with inter-
calations of dark grey bioclastic phosphatic mudstone layers, 
representing a coastal marine environment where upwelling 
currents developed, which are associated with pelagic facies 
and phosphate deposits on the drowned carbonate platform.

The new vertebrate remains were collected from surface 
outcrops at the lower part of the Şanlı section (see Fig. 2B), 
which represents close stratigraphic levels to those of Taşıt 
where the selachian remains of Yılmaz et al. (2018) were found.

PALAEONTOLOGY

The marine vertebrate fauna of the Coniacian-Santonian of 
Şanlı in SE Turkey includes remains of ptychodontid elas-
mobranchs (Chondrichthyes), enchodontid actinopterygians 
(Osteichthyes), mosasaurid squamates (Reptilia), as well as very 
fragmentary and undetermined fish vertebral centra. Though 
being scarce, these remains are interesting because they docu-
ment a new Mesozoic vertebrate outcrop in Turkey, as well as 
an early Late Cretaceous marine vertebrate fauna of the Arabic 
Platform, in the Southern Margin of the Tethys Ocean. The 
specimens are kept in the collections of the Department of 
Geological Engineering, Middle East Technical University 
(Ankara, Turkey) under collection numbers P/S-C 0045 to 
P/S-C 0051. 

Elasmobranchs

Elasmobranchii includes all living sharks, rays and skates as 
well as their fossil relatives and several extinct clades. Although 
they probably originated in the late Paleozoic (Ivanov 2005), 
they remained inconspicuous before their first major radiation 
in the Jurassic (Guinot & Cavin 2016). This was followed by a 
series of diversification events until the Late Cretaceous, which 

probably represents an all-time diversity peak for this clade 
(Guinot & Cavin 2016). The Late Cretaceous witnessed the 
diversification of many living elasmobranch clades, as well as 
several extinct groups. Among them, the family Ptychodonti-
dae originated in the late Early Cretaceous and flourished in 
the Late Cretaceous with over 30 species. This family gathers 
durophagous taxa of whose higher-level systematic position 
has long remained uncertain, but are considered as belong-
ing to elasmobranch sharks (Cappetta 2012; Hoffman et al. 
2016; Cuny et al. 2017; Hamm 2019).

Ptychodontids are represented in our samplings by two 
latero- posterior teeth (P/S-C 0045 and P/S-C 0046, Fig. 4A-D) 
referred to the genus Ptychodus Agassiz, 1834. The teeth are 
low-crowned, asymmetrical and more developed mesio- 
distally than labio-lingually. The crown consists of a low 
conical cusp with numerous ridges radiating from its apex. 
The ridges successively bifurcate toward the marginal area 
where they gradually taper into a granular ornament made of 
short reticulated ridges. The marginal area is more developed 
mesially, where an articular depression is present although less 
developed in the lateral-most tooth (the smallest one, P/S-C 
0046, Fig. 4C-D). Another articular depression is located on 
the lingual margin of the crown. The crown overhangs the 
anaulacorhizous root at all points in occlusal view. The root 
is asymmetrical with a convex basal face and several foramina 
just below the crown/root edge. 

These teeth display a crown ornament made of ridges that 
radiate from the apex. Among nominal Ptychodus species, such 
radiating crown ornament is present in P. mortoni Mantell, 
1836, P. cyclodontis Mutter, Iturralde-Vinent & Fernández 
Carmona, 2005 and P. atcoensis Hamm, 2009. The specimens 
reported here differ from P. atcoensis in having less coarse and 
non-chevron-like occlusal ridges and can be differentiated 
from laterals of P. cyclodontis by their broader marginal areas 
and lower cusp. These specimens more closely resemble latero- 

fig. 1. — Occurrences of Cretaceous vertebrate remains from Turkey. Data from Aslan (1975), Bardet & Tunoğlu (2002), Jouve et al. (2017), Yılmaz et al. (2014, 
2018) and this study. (Şanlı section, Mazıdağı area) 
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posterior teeth of P. mortoni (see Hamm 2009; Shimada 2012) 
by their marginally bifurcating occlusal ridges and broad 
marginal areas. However, because of the limited number of 
specimens and lack of teeth from more anterior tooth files, it 
is preferred to refer these specimens to Ptychodus cf. mortoni. 

actinoptErygians 
Extant teleosts represent more than 99% of species of actinop-
terygians and nearly half of those of vertebrates. Represented 
by almost 27 000 species, teleosts are found in all marine and 
freshwater habitats, from abyssal to high mountain environ-
ments, and from hot springs to polar waters (Helfman et al. 
1997). Known as early as the Early Triassic, they are well 
represented in the Jurassic period but one of their major diver-

sifications occurred during the Cretaceous (Guinot & Cavin 
2016) where major clades still known nowadays appeared. 
During the Cenozoic, their tremendous diversification (Alfaro 
et al. 2009; Guinot & Cavin 2016) led to the settlement of 
current marine faunas.

P/S-C 0047 (Fig. 4E) is a very fragmentary but well recog-
nizable palatine bone, bearing if complete a single terminal 
tooth, belonging to the genus Enchodus Agassiz, 1835. Though 
the tooth is basally broken, its cross-section is clearly asym-
metrical, being anteriorly strongly convex and posteriorly 
almost flat with a median groove. It belongs to the “petrosus-
type” as defined by Goody (1976) (see Carbot-Chanona & 
Than-Marchese 2013). Both the morphology and size of the 
specimen are reminiscent of Enchodus elegans Dartevelle & 

fig. 2. — A, Geographic position, generalized geological and location map of the Mazıdağı-Şanlı area (after Beer 1966; MTA 2011; Yılmaz et al. 2018); B, Şanlı 
measured stratigraphic section.
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Casier, 1949 from the Maastrichtian of Middle East and North 
and West Africa (see bibliography in Bardet et al. 2000) but, 
due to the very fragmentary condition of the specimen, it is 
here referred as to Enchodus sp. 

P/S-C 0048 (Fig. 4F) is a small vertebral centrum, around 
11 mm of diameter and 8 mm long. The articular surfaces 
are strongly amphicoelous with acute margins. The lateral, 
ventral and dorsal surfaces are strongly excavated and divided 
by longitudinal ridges. This centrum could also belong to 
Enchodus to which it shows great similarities, especially to 
species known from the latest Cretaceous of Morocco and 
Syria (see Arambourg 1952 and Bardet et al. 2000). 

rEptilEs

Appeared as early as the Late Carboniferous and represent-
ing the first tetrapods fully adapted to life on land, reptiles 
underwent a spectacular secondary return to an aquatic life 
during the Mesozoic area, occupying a plethora of ecological 
niches comparable to those of current marine mammals (e.g. 
Bardet et al. 2014). Among these clades of marine reptiles 

were the mosasaurids, extinct giant marine squamates 3 to 
15 m long, that underwent an important radiation during 
the Late Turonian-Maastrichtian interval, before they disap-
pear during the K/Pg extinction event (Bardet et al. 2014). 
They are mainly characterized by an elongated “varanoid” 
body, large and elongated kinetic skulls, large powerful flip-
pers and often a hypocercal tail increasing their swimming 
capabilities (Lindgren et al. 2011). Being known by both 
high taxonomical diversity and ecological disparity, they 
were open-sea active top-predators able to cross large oceanic 
regions and displaying a cosmopolitan distribution favoured 
by marine routes largely opened during the Late Cretaceous 
(Bardet et al. 2014). 

The specimens described here consist of three isolated teeth, 
representing two different taxa. 

P/S-C 0049 (Fig. 4G-I) is an almost complete and well pre-
served tooth crown. It is small, being 16 mm tall, 8 mm long 
and 7 mm wide. In lateral view, it has the shape of a slender 
and narrow triangle strongly posteriorly recurved. The basal 
cross-section is almost rounded. The apex is sharp and bears 

fig. 3. — Palaeogeographical position of the studied area and facies belts during the Late Cretaceous (map after Barrier & Vrielynck 2008).
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lingually a triangular wear facet. There is an anterior unserrated 
and sharp carina, extending along the height of the crown that 
bears in its upper half a wear facet. The posterior carina, also 
smooth, is less pronounced and extends on the upper half of 
the crown only. It is located postero-labially, indicating that 
the tooth belongs to the anterior to middle portion of the jaw. 
The labial surface is smaller than the lingual one. Both are con-
vex. The labial surface bears smooth enamel and very poorly 
marked ridges located posteriorly and basally on the crown. 
The lingual surface is ornamented by minute ridges that are 
more numerous and marked on the lower half of the crown.

P/S-C 0050 (Fig. 4J-L) is an incomplete tooth crown very 
similar in both morphology and size to the previous one, so 
that it is not excluded that they could belong to the same 
individual. It is broken at mid-height. The basal cross-section, 
though slightly incomplete, appears almost circular. Anterior 
and posterior carinae, smooth and sharp, are preserved. They 
are almost antero-posteriorly aligned, indicating that this 
tooth was more posteriorly located on the tooth row than 
P/S-C 0049. As a result, the labial surface is slightly smaller 
than the lingual one and both are convex. The labial surface 
bears about ten small ridges, whereas the lingual one exhibits 
minute striae, more numerous and marked basally than apically.

These two teeth crown clearly belong to Russellosaurina 
sensu Bell (1997) because they bear very fine striae medially 
and slight ridges labially. Among russellosaurines, they clearly 
differ from those of Tylosaurinae which are large, robust 
and bear fluting and serrated carinae, and resemble those of 
Plioplatecarpinae that exhibit smaller teeth bearing a slender 
conical shape (Russell 1967; Bell 1997; Konishi & Caldwell 
2011; Jiménez-Huidobro & Caldwell 2016). These teeth are 
clearly reminiscent to those of Platecarpus Cope, 1869 (see 
Russell 1967), and differs from those of the Campanian-
Maastrichtian worldwidly distributed Plioplatecarpus Dollo, 
1882 that are more gracile, strongly posteriorly recurved and 
sharper (Lingham-Soliar 1994) and from all other plioplate-
carpines (e.g. Russell 1967; Bell 1997; NB pers. obs). They are 
similar to those of Platecarpus ictericus (Cope, 1871) from the 
Coniacian-Santonian of the Western Interior Seaway of North 
America (Russell 1967), the Santonian of France (Bardet et al. 
1991) and those of P. cf. ictericus from the Maastrichtian of 
Spain (see Bardet et al. 2013). However, this species (as well 
as P. coryphaeus (Cope, 1872)) have been synonymized with 
P. tympaniticus Cope, 1869 so that Platecarpus is considered 
now as a monotypic taxon (Konishi & Caldwell 2011). Due 
to the limited number of specimens however, these two teeth 
are here referred as Platecarpus sp. 

P/S-C 0051 (Fig. 4M) is a large fragmentary tooth crown 
still embedded in a very hard mineralized matrix, preventing 
any safe extraction of the specimen. The crown, preserved 
with labial or lingual view visible, is about 34 mm high and 
13 mm long basally. It has the shape of a narrow and long 
triangle slightly posteriorly recurved, with the anterior mar-
gin being convex and the posterior one being concave. No 
carinae are visible but they might be hidden by the matrix. 
The apex is gently rounded. The enamel, preserved on the 
apex only, is completely smooth and with a silky aspect. As a 

whole, this tooth crown corresponds to a marginal one and 
occupied a median position on the tooth row. It is reminiscent 
of Mosasaurinae like Mosasaurus Conybeare, 1822, Eremia-
saurus LeBlanc, Caldwell & Bardet, 2012 or some species of 
Prognathodon Dollo, 1889 with slender and sharp teeth like 
P. kianda Schulp, Polcyn, Mateus, Jacobs & Morais, 2008 or 
P. mosasauroides (Gaudry, 1892). Due to its very fragmentary 
status and the fact that these taxa are known for now only 
in the Maastrichtian, it is here referred with caution to an 
indeterminated Mosasaurinae. 

DISCUSSION AND CONCLUSION 

The description of new marine vertebrate remains, including 
elasmobranchs, actinopterygians and marine reptiles, from 
the Coniacian-Santonian outcrop of Şanlı near Mardin in 
SE Turkey, permits to significantly improve our knowledge 
on the early evolution of Late Cretaceous marine vertebrate 
faunas from the Arabian Platform. Marine vertebrates from 
the southern Margin of the Mediterranean Tethys were so far 
better known by the classical faunas from the Maastrichtian 
phosphatic deposits of Northern Africa and Middle-East. 
Our work, along with the previously reported assemblage 
(Yılmaz et al. 2018), confirms the presence of a potentially 
diverse fauna in earlier (Coniacian-Santonian) geological 
formations of this region.

The elasmobranch remains reported here are referred to 
Ptychodus cf. mortoni. Ptychodus mortoni ranges from the 
Turonian to the early Campanian (see Hamm 2009) of North 
America (United States of America, Mexico), Europe (Italy, 
Belgium, United Kingdom) and Africa (Angola) and the 
Coniacian-Santonian specimens reported here, if proven to 
belong to this species, would extend its palaeobiogeographic 
range to the western part of the Mediterranean Tethys. To a 
greater extent, these two specimens are among the last records 
of the family Ptychodontidae, which is not found from rocks 
younger than early Campanian (Hamm & Shimada 2004; 
Cappetta 2012). This taxon adds to the elasmobranch assem-
blage previously reported from Taşıt (Yılmaz et al. 2018), 
which includes Squalicorax cf. lindstromi, Pseudocorax cf. granti, 
Scapanorhynchus cf. lewisii, and Ctenopristis jordanicus. The 
report of a Ptychodus species, which displays dental adapta-
tions to durophagy, adds to the knowledge on the ecological 
structure of the elasmobranch assemblage, which contains 
mainly non-durophagous predators and a nectobenthic species. 
This assemblage is in agreement with a Coniacian-Santonian 
age of the sampled horizons. Furthermore, the presence of 
C. jordanicus tends to suggest a possible Santonian age for 
the Karababa Formation, since this species is else only known 
from the upper Santonian Wadi Umm Ghudran Formation 
of Jordan (Mustafa et al. 2002). 

The enchodontid actinopterygian Enchodus is described 
for the first time in Turkey. Enchodus was a large Cretaceous 
open-sea predatory teleost known worldwide from about 
30 species, particularly diverse during the Late Cretaceous, 
due to South Atlantic widening and Atlantic oceanic circu-
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lation (Cavin et al. 2012; Andrade da Silva & Gallo 2016; 
Holloway et al. 2017). More than ten species of Enchodus 
have been described in the Late Cretaceous of North Africa 
and Middle-East (see bibliography in Holloway et al. 2017). 
The occurrence of Enchodus in Turkey represents thus both 
the oldest and the northernmost for the Arabic Platform.

Though both plioplatecarpine and mosasaurine mosasau-
rids are widespread during the Late Cretaceous, the referred 
specimens from the Coniacian-Santonian of Turkey represent 
the oldest occurrence of these two subfamilies –and also of 
the mosasaurid family– in this region. They also extend their 
palaeobiogeographical range to the western part of the Medi-
terranean Tethys and noteworthy attest of the early evolution 
of mosasaurid faunas on the Arabic Platform. Platecarpus is a 
widespread genus known mainly from the Coniacian-Cam-
panian of North America (Western Interior Seaway; Russell 
1967). Scarce remains have also been described from the 
Turonian-Coniacian of South America (Brazil; Bengston & 

Lindgren 2005) and the Santonian and Maastrichtian of 
Southern Europe (France, Spain; Bardet et al. 1991, 2013). 
It is described here for the first time in Turkey, expanding 
considerably its palaeobiogeographical distribution to the 
western part of the Mediterranean Tethys and the Arabian 
Platform in particular. 
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