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ARTICLE INFO ABSTRACT
Article history: The new locality of Cestepe in the Kazan Basin, 45km NNW of Ankara, yielded the remains of three
Received 13 November 2016 species of reptiles (cf. Lacerta sp., Anguinae indet. and Varanus sp.) and an ochotonid lagomorph, Ochotona

Accepted 25 January 2017

- ) mediterranensis Suata Alpaslan, 2009. The latter species suggests an early Pliocene age (MN14). The fossil
Available online xxx

layer is included in the Sinap Formation that delivered abundant remains of Mio-Pliocene mammals
in the southern part of the basin, but in the northern part of the basin Cestepe is currently the unique

Keywords: fossil site. The age assigned by the fauna led to revise the stratigraphy of sedimentary formations in the
éacizrtr:;;pha Cestepe area, previously confusing because of the various lithostratigraphic unit names and ages given
Squamata in previous work. The taxa described in this note are still poorly known in Turkey. Varanus has been
Varanus previously reported from Calta, a locality 16.3 km SW to Cestepe in the same basin, and O. mediterranensis
Early Pliocene from Igdeli in the Sivas Basin. Although represented by a few taxa, the Cestepe faunule shows Eurasian
Kazan Basin affinities.

Turkey © 2017 Elsevier Masson SAS. All rights reserved.

RESUME

Mots clés : La nouvelle localité de Cestepe dans le bassin de Kazan, a 45 km au NNW d’Ankara, a livré les restes de
Lagomorpha trois espéces de reptiles (cf. Lacerta sp., Anguinae indet. and Varanus sp.) et d'un lagomorphe ochotonidé,
Ochotona Ochotona mediterranensis Suata Alpaslan, 2009. Cette faune et en particulier la derniére espéce permettent
‘lisrpﬂig de corréler cette localité au Pliocéne inférieur (MN14). La couche fossilifére est incluse dans la Formation

Pliocéne inférieur
Bassin de Kazan
Turquie
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de Sinap qui a livré d’abondants restes de mammiféres mio-pliocénes dans la partie sud de ce bassin, mais
dans la partie nord du bassin, Cestepe est pour le moment l'unique site fossilifére. L'age attribué par cette
faune a permis de revoir la stratigraphie des formations sédimentaires dans ce secteur du bassin de Kazan,
auparavant confuse en raison des noms d'unités lithostratigraphiques et des ages différents dans des
travaux antérieurs. Les taxons décrits dans la présente note sont encore mal connus en Turquie. Le genre
Varanus n’a été décrit auparavant que du gisement de Calta au SE du méme bassin et O. mediterranensis du
gisement d’Igdeli dans le bassin de Sivas. Bien que pauvre, cette faunule montre des affinités eurasiatiques.

© 2017 Elsevier Masson SAS. Tous droits réservés.

1. Introduction

Pliocene terrestrial deposits occupy quite large areas in Turkey.
However, Pliocene vertebrate localities are rather rare and much
less documented. In their zonal subdivision of terrestrial Neogene
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in Turkey, Unay et al. (2003) suggested four mammalian zones
(M to P) for Pliocene based on rodent assemblages. However,
the current state of the knowledge about the Pliocene mammals
does not allow the effective use of this subdivision, neither accu-
rate correlations with the MN zonation. The main issue is that
the Pliocene mammal faunas of Turkey are still poorly docu-
mented and their composition is somewhat different from that
of the surrounding regions. For Pliocene of Turkey, the best-
documented fauna is probably Calta, at some 50km NW to
Ankara, in the same basin as Cestepe (Sen, 1998a, 1998b). Other
Pliocene localities, dispersed in sedimentary basins across all
Turkey (Sarag, 2003), are mainly known with their rodent asso-
ciations, in particular those studied by Unay and de Bruijn (1998)
and Van den Hoek Ostende et al. (2015a, 2015b). The discovery
of a new locality at Cestepe (Kazan Basin) provided opportunity
to review stratigraphic correlations in this basin and to doc-
ument Pliocene reptiles and ochotonid lagomorphs in Turkey.
As we will see here below, these groups may provide strong
arguments for biochronology and environment if they are well-
documented.

2. Geological context
2.1. Geological context of Central Anatolia and Kazan Basin

The Cestepe village and vertebrate fossil locality are situated
about 45 km NNW to the capital Ankara, and 14 km north of Kazan
town in the Kazan Basin, Central Anatolia (Fig. 1). This basin is at
the southern margin of the Kizilcahamam Volcanic Province (KVP
in Fig. 1A) which covers large areas NW to Ankara and south to the
North Anatolian Fault Zone (NAFZ). In previous studies, Neogene
sediments of the Kazan region were included in the Beypazari Basin.
As will be seen below, this conception most be reconsidered. The
Beypazari and Kazan basins form, together with the KVP, a geomor-
phological and climatic transition zone between the central and
northern regions of Anatolia (Fig. 1). Semi-arid climate, steppic and
rather flat landscapes of the Anatolian plateau, which is between
the altitudes of 850-1100 meters, turn northward to a mountainous
morphology split by deep valleys and under the regime of the rainy
climate of the Black Sea region. This transition zone is known with
its great floral and faunal biodiversity, its mixed vegetation dom-
inated by Quercus and Pinus, and also other transition forest type
plants (Adigiizel and Vural, 1995; Uyar and Cetin, 2001). To protect
and to set forth such a particular ecology, this region became in
1959 the Soguksu National Park. The region is renowned for its min-
eral waters sources, coal quarries and fossil rich beds (e.g., Fig. 1B,
spots 1-5) (Ozansoy, 1965; Kasapligil, 1977; Alpagut et al., 1996;
Riickert-Ulkiimen et al., 2002; Fortelius et al., 2003; Hatipoglu and
Tiirk, 2009). Due to the richness of its natural resources, the Min-
istry of Environment intended to declare the Kazan-Kizilcahamam
region a geopark (Kazanci et al., 2007; Kazanci, 2012).

From the Paleozoic onwards, Anatolia played the role of tec-
tonic crossroad in the geological history of the Old World. The
most significant rock samples of this history can be seen in the
north Central Anatolia, in particular in the Ankara region (Fig. 1).
The various global tectonic models on the evolution of Paleotethys
and Neotethys have been developed over the rocks of this region
(see Tekeli, 1981; Okay and Gonciioglu, 2004; Dilek and Thy, 2006,
and references therein). The term and concept of “Melange” were
shaped on the rocks of this region (Bailey and McCallien, 1953;
Sengor, 2003). The rock units and stratigraphy increase in diver-
sity in the area from Paleozoic onwards, because of the progressive
grouping of several tectonic units during the Mesozoic (Sakarya
Zone, Istanbul Zone, Taurides, Pontides) on which various sedi-
mentary basins (e.g. Cankiri-Corum, Beypazari, Polatli-Haymana,

Tuzg6lii Tertiary basins) are developed. The Ankara region forms a
kind of node where these tectonic units and sedimentary basins get
close to each other and/or imbricated (Fig. 1). To clarify such a com-
plex geological context needs robust stratigraphic, biostratigraphic
and any kind of chronological data. Therefore, the Cestepe fossils
are of interest not only in terms of systematics and paleoecology of
species they represent, but also for their contribution to understand
the geological evolution of the region that is increasingly complex
throughout the Neogene.

The Gondwana-Eurasia collision, which gave rise to the
Alpine-Himalayan mountain chain, created the framework of
the current geography of Anatolia. The Anatolian plate became
uplifted during the Neogene, and several large and small basins
appeared to receive terrestrial sediments (Fig. 1B). In relation with
the collision, extensive volcanic provinces developed in different
regions of Anatolia since the early Miocene (e.g. East Anatolian
Volcanic Province - EAVP, Cappadocian Volcanic Province — CVP,
Kizilcahamam Volcanic Province - KVP) and, as examplified in this
study, volcanism impacted terrestrial infill of these Neogene basins
(Figs. 1 and 2). Local differences in volcanic, volcano-sedimentary
and sedimentary input in these basins produced stratigraphic
successions that are heterogeneous and difficult to correlate even
inside the same basin. This is particularly true for Neogene deposits
of Central Anatolian basins (Tatli, 1975; Ongiir, 1976; Gokten et al.,
1988; Tiirkecan et al.,, 1991; Duru and Aksay, 2002). The North
Anatolian Fault Zone (NAFZ), which is the second longest strike-slip
fracture of the world after the San Andreas Fault, is situated a few
kilometers north of the study area, and it separates the Eurasian
and Anatolian plates (Fig. 1). The occurrence of NAFZ indicates
the beginning of the neotectonic period in Anatolia, and it is often
considered the source of increasing seismic activity (Sengor et al.,
2005; Rojay and Karaca, 2008). After the devastating earthquakes
in recent years (Izmit, 1999 and Cankiri, 2000), research on the
tectonics and seismic activities largely focused in the Kazan-
Kizilcahamam region (Kocgyigit et al., 2001; Karaca, 2004; Toori,
2005; Seyitoglu et al., 2009; Kahraman, 2014). However, a com-
mon problem in almost all studies is frequent lateral lithological
changes in terrestrial Neogene units in the region and, conse-
quently, dissimilarities in local stratigraphies (see Erisen and Unlii,
1976; Erol et al., 1980; Tiirkecan et al., 1991; Duru and Aksay, 2002;
Lunkka et al., 2003). To resolve this complexity needs more fossils
for a high-resolution biostratigraphy and/or radiometric dating.

2.2. Kazan Basin

South to the North Anatolian Fault (NAF) and Kizilcahamam
Volcanic Province (KVP), these are several large basins such as
Beypazari, Cankiri-Corum and Polatli-Haymana basins, and more
southern Tuzg6lii and Sivrihisar-Beylikova basins (Fig. 1). These are
the remnants of large marine foreland basins, which were formed
in late Cretaceous-Paleogene along the southern margin of the
Pontide collisional zone (Goriir et al., 1998; Dirik and Erol, 2000;
Karadenizli et al., 2003). They come into contact in the study area.
Consequently, Neogene units north of Ankara and in the Kazan
region have been mapped as part of the Beypazar1 Neogene Basin
in some studies or part of the Cankiri-Corum Basin in the others
(Turkecan et al,, 1991; Duru and Aksay, 2002; MTA, 2002). In addi-
tion, most studies dealing with the geology of the region, named
stratigraphic units regardless of the sedimentary basin in which
they are (e.g. Ruprecht, 1956; Tatli, 1975; Erisen and Unlii, 1976;
Erol et al., 1980; Gokten et al., 1988; Lunkka et al., 2003). This con-
fusing situation is probably due to lithologic similarities of Neogene
deposits: Miocene sedimentary units in Central Anatolian basins
are mainly lacustrine and floodplain deposits, whereas the Pliocene
units are of alluvial and fluvial origin. Moreover, not only the
lithologies but also fossil communities display great resemblances
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Fig. 1. Location and geological setting of the Kazan-Cestepe area. A. Broad tectonic elements of Turkey and surroundings. NAFZ: North Anatolian Fault Zone; EAFZ: East
Anatolian Fault Zone; DSFZ: Dead Sea Fault Zone; IAESZ: Izmir-Ankara-Erzincan Suture Zone; KVP, CVP, EAVP: Kizilcahamam, Cappadocian, East Anatolian volcanics provinces,
respectively. Note that NAFZ is a plate boundary partly on an old suture zone (IAESZ). B. Relations of Kizilcahamam Volcanic Province (KVP) with five significant Tertiary
sedimentary basins of Central Anatolia. Note that the Kazan Basin is introduced here for the first time. C. Generalized geological map of northwest Anatolia (from MTA, 2002).
Fossil sites: 1 Cestepe, 2 Sinap mammal localities, 3 Calta, 4 Pelitcik silicified trees, Glivem and Kesekdy plants, insects and vertebrate localities, 6 Cankir1 Basin mammal

localities, 7 Corakyerler.

Localisation et contexte géologique de la région de Kazan-Cestepe. A. Eléments tectoniques majeurs de Turquie et des régions voisines. NAFZ : zone de la faille nord-anatolienne du ;
EAFZ : zone de la faille est-anatolienne ; DSFZ : zone de la faille de la Mer Morte; IAESZ: zone de suture d’Izmir-Ankara-Erzincan. KVP, CVP, EAVP sont les provinces volcaniques de
Kizilcahamam, de Cappadoce et de I’Anatolie orientale, respectivement. Notez que NAFZ est une limite de plaque située en partie sur une ancienne zone de suture (IAESZ). B. Relations
de province volcanique de Kizilcahamam (KVP) avec cinq bassins sédimentaires tertiaires significatifs de I'’Anatolie centrale. Notez que le bassin de Kazan est présenté ici pour la
premiére fois. C. Carte géologique généralisée du nord-ouest de I'’Anatolie (MTA, 2002). Sites fossiliféres : 1 Cestepe, 2 localités @ mammiféres de Sinap, 3 Calta, 4 site a arbres silicifiés
de Pelitcik, 5 site a plantes, insectes et vertébrés fossiles de Giivem et de Kesekdy, 6 localités @ mammiféres du bassin de Cankiri, 7 Corakyerler.

from one region to another without any kind of endemism
(Kazancr et al., 1999; Fortelius et al., 2003; Sarag, 2003). However,
when studied in detail, Neogene deposits in the Kazan region
are different in their architecture from those of the neighbouring
basins. The most important difference is the lack of evaporitic
deposits in the Kazan Basin, while they form thick sedimentary
units in other basins (Cayirhan Fm and Kirmir Fm in the Beypazari
Basin, Bayindir Fm and Bozkir Fm in the Cankiri-Corum Basin;
Inci et al., 1986; Karadenizli, 1995, 2011; Kaymakg¢i, 2000; Varol

etal., 2002). Unlike the other basins, the Kazan Basin has relatively
thick Pliocene deposits developed in alluvial fan and meandering
river depositional environments. These differences in sedimentary
deposits with those of similar age units in the neighbouring basins
indicate that the Kazan area functioned as an independent basin
during the Neogene. The northern part of this basin is filled with
the Kizilcahamam volcanics. It is delimited eastward and west-
ward by the basement rocks (Permo-Triassic, Cretaceous and early
Paleogene metamorphic and sedimentary units). The limits of this
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according to their own age data (e.g. Lunkka et al., 2003; Toori,
2005; Kahraman, 2014). Consequently, the geological evolution
of the Ankara region during the Neogene appears particularly
complicated and confusing. It is beyond the scope of this study to
discuss the stratigraphies given in previous publications. We aim
here to introduce the local stratigraphy with the unit names used
by Lunkka et al. (2003) for sedimentary rocks and by Tiirkecan et al.
(1991) and Duru and Aksay (2002) for volcanic rocks (Figs. 2 and 3).

In the study area, Miocene-Pliocene and younger rocks uncon-
formably overlay the older (pre-Neogene) units (Fig. 2). The
youngest unit of the pre-Neogene rocks is the marine middle
Eocene Giiven¢ Formation, which is formed of Nummulites and
Assilina rich limestones, marls and argillaceous limestones (Fig. 3).
This unit represents the latest progress of marine transgression in
Central Anatolia (Cayraz Fm in the Haymana Basin, Orhaniye Fm
north of Ankara; Gokten et al., 1988; Toori, 2005).

Neogene units formed after the Alpine orogeny, which cover
large areas in Central Anatolia, are generally much less deformed
than the older units, and they show often lateral and vertical
lithological changes. Lacustrine deposits are common during the
early and middle Miocene, while fluvial and alluvial systems dom-
inate during the late Miocene and Pliocene. In the basins that
surround the Kizilcahamam volcanic province (KVP), sedimentary
infill shows great discrepancies; for instance while in the Cankiri-
Corum and Beypazari basins, late Miocene and early Pliocene
evaporite lakes occupied large areas, (Fig. 1B, C), evaporite deposits
are not known in the Neogene sedimentary succession of the Kazan
Basin. The Neogene units of the Kazan Basin are summarized here
below from the bottom to the top.

Pazar Formation: This unit is commonly observed in the study
area. It was defined by Tatli (1975) around Pazar town, which s built
on younger deposits (!), about 5km to the north east of Cestepe
(Fig. 3). The Pazar Formation laterally interfingers with the Kizilc-
ahamam volcanics (Figs. 2 and 3). The main lithologies are clayey
limestone, marl and claystone, locally cherty limestone, sandstone
and tuff, with occasional thin coal seams. The dominant color of the
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Fig. 2. Stratigraphy of Neogene units in the Cestepe-Pazar area (modified from
Lunkka et al., 2003), and position of the Cestepe vertebrate locality.

Stratigraphie des unités néogénes dans la région de Cestepe-Pazar (modifiée de Lunkka
et al., 2003), et position de la localité a vertébrés de Cestepe.

basin, depending on the present day observations, are marked on
Fig. 1B. For more accurate boundaries, detailed studies are needed.

The term “Kazan Basin” was previously used by Toori (2005)
without, however, a clear definition of its characteristics (origin,
architecture, boundaries). It is out of the purpose of the present
study to involve further in the definition of the Kazan Basin and its
detailed geological features. Its stratigraphy and the position of the
Cestepe fossil locality are resumed here below.

2.3. Stratigraphy of the Cestepe-Kazan area

The geology of the Kazan-Cestepe region is shown on Fig. 3.
Several geologists mapped the geology of the region north of
Ankara, and they provided various ages for stratigraphic units
and consequently different tectonic interpretations. Although
in almost all geological maps the outcrop limits are similar, the
stratigraphy and unit names are different from one study to
another (e.g. Ruprecht, 1956; Tatli, 1975; Erisen and Unlii, 1976;
Ongiir, 1976; Erol et al., 1980; Tiirkecan et al., 1991; Duru and
Aksay, 2002; MTA, 2002; Karaca, 2004; Rojay, 2013). On the other
hand, the studies not dealing with mapping used stratigraphic unit
names given by the previous ones, but reorganized the stratigraphy

unit is white and light gray.

Locally, depending on the abundance and alteration of tuffinput,
white, green or yellow levels can be observed. Its thickness was
measured near Kazan to be about 250 m (Karaca, 2004). This for-
mation may be observed as well in lowlands and altitude terrain,
because it is greatly faulted and folded by tectonic activity. Accord-
ing to its main lithologies, the Pazar Formation was formed in lake
and swamp environments with water depth varying in times (Tatli,
1975). The lateral equivalents of the unit were named in previous
studies as Akhiiyiik Fm (Erol et al., 1980), Hang¢ili Fm (Duru and
Aksay, 2002), Celtik¢i Fm (Rojay, 2013). These authors suggested to
date it, based on relative stratigraphy or pollen record, as Miocene,
middle-late Miocene or late Miocene. These formation names and
ages cannot be applied at least for the Kazan area. Because of the
occurrence of hominoid primates, the sedimentary deposits of the
Kazan area have been intensively investigated for stratigraphy, sed-
imentology and vertebrate paleontology. They have been precisely
dated by fossils, magnetostratigraphy and radiometric dating (Sen,
1991; Alpagut et al., 1996; Fortelius et al., 2003). The basaltic flow,
which separates the Pazar Formation from the overlaying Sinap For-
mation is dated to 15.8 my by the K-Ar method (Kappelman et al.,
2003). This basalt flow is different from the Ozlii basalt given on
Fig. 3. Also the mammal localities 24 and 24A at the Inénii district
near Sarilar village, which are correlated to the mammalian zone
MNG6 (Fortelius et al., 2003) are in this formation. All this shows that
the Pazar Formation was settled during the early and early middle
Miocene, at least in the Kazan area.

Kizilcahamam Volcanics: In the study area, Neogene volcanic
rocks are observed laterally interfingering with the Pazar For-
mation. They represent a small part of the southern section of
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Modified after Duru and Aksay, 2002.

the Kizilcahamam Volcanic Province (KVP). The main part of this
province is situated further north and spread across an area
of 12.500 km?2. It culminates at Kéroglu Tepe to an altitude of
2400 meters (Figs. 1b and 3). This volcanic province is also known
in the literature as Kéroglu volcanics, Galatia Massif and Galatia
Volcanics (Tiirkecan et al., 1991; Toprak et al., 1996). Its main rock
types are andesitic, trachytic and basaltic lavas, rhyolitic tuffs and
pyroclastics. There are many volcanic eruptive centers, most of
them around Kizilcahamam town, and the prominent center being
Koéroglu Tepe. According to radiometric data, these are the prod-
uct of three phased explosive volcanic events between 23-11 my
(Tiirkecan et al., 1991; Wilson et al., 1997; Tankut et al., 1998).
During the calm periods, lakes occupied large areas, and terrestrial
sedimentary deposits, which also locally include coal formations,
developed. These deposits also include several fossiliferous local-
ities, the best known of which are Giivem-Kesekdy with leave
and vertebrate fossils and Bayindir Pelitcik silicified wood forest
(localities 4 and 5 on Fig. 1B) (Kasapligil, 1978; Riickert-Ulkiimen
etal.,, 2002; Atabey and Sarag, 2004; Lopez-Antofianzas et al., 2004;
Hatipoglu and Tiirk, 2009; Kazanci, 2012). The majority of volcanic
rocks in the study area are basaltic lava and coarse pyroclastics
of the Ilicadere volcanics (Tiirkecan et al., 1991) that are mostly
derived from volcanic centers near Kizilcahamam (Fig. 3).

Sinap Formation: It covers the lowlands of the study area in the
form of three patches around Kazan, Calta and Cestepe-Pazar (Pls
on Fig. 3, Pl on Fig. 1). A typical erosional surface is developed on
its outcrops. This formation is easily distinguished from the under-
lying Pazar Formation by its poorly consolidated sediments with
yellowish, reddish, mottled gray, brown colors. It is almost totally
composed of lithologies of alluvial and fluvial sediments domi-
nated by loose conglomerates, sandstones and mudstones. Locally
it includes lacustrine sediments that form thin bands. This forma-
tion is not much affected by the tectonics, and thus the bedding is
almost horizontal (Rojay and Karaca, 2008). It covers Pazar Forma-
tion and older units with angular unconformity (Fig. 2). Although
its usual thickness is between 40-100 m, Karaca (2004) measured
a section of 150 m northwest to Kazan.

This unit was defined by Tatli (1975) along the slopes of Sinap
Tepe at some 4 km northwest to Kazan, with a given age range as

early Pliocene. In several basins of Central Anatolia, similar deposits
are mapped, as shown in the MTA maps, as “undifferenciated clas-
tics” or Orencik Formation (Duru and Aksay, 2002; MTA, 2002).
In individual studies, it is named as Golbasi Fm south of Ankara,
Etimesgut Fm (Erol, 1980), Memlik Fm (Gokten et al., 1988) and
Yuva Group (Kogyigit et al., 1988) north of Ankara. Karaca (2004)
and Rojay and Karaca (2008) have used the name of Sinap Forma-
tion, but gave the age of the unit as Plio-Quaternary without taking
into consideration paleontological and magnetostratigraphic ages
already available in the literature. In all these studies, the age
of this unit is given in relative terms based on the relative posi-
tion similar lithologies in other basins. Fortelius et al. (2003) and
Lunkka et al. (2003) carried out in 1990s detailed sedimentological,
stratigraphic and in particular paleontological investigations in the
Kazan Basin (Fig. 3), mainly concentrated around the type section of
the Sinap Formation. Lunkka et al. (2003) distinguished five succes-
sive members (from the bottom to the top Beycedere, Yellidoruk,
igbek, Kavakdere and Calta members), covering an interval of time
from the middle Miocene to the early Pliocene (Fig. 2). The mam-
malian faunas from the first four members have been subject of
detailed studies published in a volume edited by Fortelius et al.
(2003), while the fauna from Calta was published in a volume edited
by Sen (1998a, 1998b). The outcrops seen around Cestepe, Pazar
and Kurtbogazi localities all belong to the Calta Member. Its thick-
ness near Cestepe is about 45 m, and it is composed of flood plain
deposits (mudstones) cut off by stream channel sediments (loose
conglomerates, sandstones). Around the Cestepe village, where the
vertebrate fossils are recorded, fossiliferous sediments correlates
to the middle-upper horizons of the Calta Member. Mudstones and
gravelly channel deposits are dominant (Fig. 4A-D). Sediments are
not well consolidated, and consequently deeply cut by seasonal
streams allowing the development of a recent fluvial network on
the Calta Member.

3. Material and methods
The vertebrate remains from Cestepe have been found during

the digging operations for the foundation of a private house at the
village of Cestepe. Adem Bilyiikkoprii, a geologist who works at the
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Fig. 4. Close-up view to the fossiliferous Pliocene deposits at Cestepe. A. Floodplain mudstones (with a channel) unconformably covered by Quaternary terrace deposits.
The latter forms also a morphological surface throughout the Kazan basin. The whitish color of the sediment is due to fine pyroclastic particles. B. Mudstones of an alluvial
floodplain (=distal fan) overlined by fluvial sandy deposits. This is a common sediment pattern of the Pliocene sequences in the Kazan Basin. C. Alternation of alluvial and
fluvial deposits. This is a typical feature of sediments of the Sinap Formation. D. Vertebrae of monitor lizard (Varanus sp.) at Cestepe in bluish mudstones possibly representing
a shallow pond or marsh in a fluvial setting.

Vue rapprochée des dépats fossiliféres du Pliocéne a Cestepe. A. Boue de plaine d'inondation (avec un chenal) couverte en discordance par des terrasses quaternaires. Ces derniers
forment également une surface morphologique dans tout le bassin de Kazan. La couleur blanchdtre du sédiment est due a de fines particules pyroclastiques. B. Les mudstones de plaine
alluviale (= éventail distal) surmontée de dépats fluviaux sableux. Ce type de succession sédimentaire est commun dans les séquences pliocénes du bassin de Kazan. C. Alternance des
dépats alluviaux et fluviaux. Ce type de dépot est caractéristique pour la Formation de Sinap. D. Vertébres d’'un varan (Varanus sp.) a Cestepe dans des argiles bleutées probablement

déposées dans un étang peu profond ou un marais dans un milieu fluvial.

Department of Water Supply and Sewerage of the city of Ankara,
noted the presence of bones on the section (Fig. 4D). He stopped
digging and warned on this discovery one of us (N. Kazanci) at the
University of Ankara. A team from this university went the next
day to Cestepe and collected all visible bones and some matrix
at the place of discovery. The matrix was sieved on a mesh of
1 mm to recover fragments not easily visible. The geographic coor-
dinates of the finding place are N 40° 19’ 30.89” and E 32° 41’
21.85".

Gelogists who collected this material at Cestepe are not
familiar with the techniques of digging and collecting fossil verte-
brates. They have collected the fossils without consolidation. Fresh
fractures on bones, the presence of numerous small fragments
belonging to an ochotonid skull, fragmentary state of lizard verte-
brae that apparently belonged to the same individual show that the
material was initially consisted of more complete specimens, but
damaged during excavation and salvage operations.

The material from Cestepe includes the remains of an ochotonid
lagomorph and several lizards. Lizards are represented by 88 spec-
imens referred to three taxa: cf. Lacerta sp., non-Anguis Anguinae
indet. and Varanus sp. The numerous fragmented vertebrae prob-
ably belonged to at least partially complete skeleton of monitor
lizard as seen on Fig. 4D. The ochotonid is represented by three frag-
mentary lower jaws, skull fragments and one upper cheek tooth.
We tried to fix bone fragments to complete some specimens as
much as possible, without great success due to the loss of con-
tact between the fragments. All this material is housed at Ankara
University, department of Engineering Geology.

For the description of ochotonid teeth, we used the terminology
of Lopez-Martinez (1989). Upper cheek teeth are abbreviated with
capital letters and lower cheek teeth with lower case letters. All
measurements are in millimeter.

4. Systematic study

Class Reptilia Laurenti, 1768

Order Squamata Oppel, 1811
Superfamily Lacertoidea Oppel, 1811
Family Lacertidae Oppel, 1811
Genus Lacerta Linnaeus, 1758

cf. Lacerta sp.

Material: one fragmentary right dentary (CT-10).

Description: The incomplete right dentary CT-10 (Fig. 5A, B)
preserves the anterior portion, 8 mm long, up to the eighteenth
tooth position. Teeth are (at least partially) preserved in the
positions from two to seven, nine, 11, 13, 15 and 16; they are
pleurodont, long and cylindrical. The anterior teeth are anterodor-
sally directed and show a single cusp. The other teeth are dorsally
directed and the well-preserved crown in the ninth position is
clearly bicuspid, with a very small anterior cusplet separated by a
shallow lingual groove from the main cusp. Other teeth, as the one
preserved in the eleventh position, show a lingual groove probably
indicating the former presence of an anterior cusplet. The dental
crestis dorsally curved and its medial edge is rounded. The Meckel’s
groove is fully open, reaching the anterior tip of the dentary, and
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Fig. 5. A, B. cf. Lacerta sp., fragmentary right dentary CT-10 in lateral and medial views. C. Non-Anguis Anguinae indet., poorly preserved osteoderm CT-11 in external view.
D-F. Varanus sp., trunk vertebra CT-12 in dorsal, ventral, and left lateral views. Scale bars equal 2 mm in A-C and 10 mm in D-F.

A, B. cf. Lacerta sp., fragment de dentaire droit (CT-10) en vue latérale et médiale. C. Non-Anguis Anguinae indét., ostéoderme fragmentaire (CT-11) en vue externe. D-F. Varanus sp.,
vertébre du tronc (CT-12) en vue dorsale, ventrale et latérale gauche. Les échelles correspondent a 2 mm pour A-C et @ 10 mm pour D-F.

widens posteriorly. In lateral view, the dentary deepens backward
and hosts six mental foramina aligned to the dorsal edge of the
element.

Remarks: The characters described above, the pleurodont
bicuspid dentition and the open Meckel’s canal in particular, fit well
with those of lacertid lizards (among others Arnold, 1973, 1989;
Barbadillo and Sanz, 1983; Barahona and Barbadillo, 1997; Arnold
et al., 2007). The size of the only available element suggests the
presence of a member of Lacerta that according to Uetz et al. (2016)
is currently represented in Anatolia by the following species: Lac-
erta agilis Linnaeus, 1758, Lacerta media Lantz and Cyrén, 1920,
Lacerta pamphylica Schmidtler, 1975, Lacerta strigata Eichwald,
1831, Lacerta trilineata Bedriaga, 1886, and Lacerta viridis (Laurenti,
1768). However, since the comparative osteology of these species
is currently unknown and, moreover, it cannot be excluded that
the single fragmentary lacertid element currently available (CT-10)
belongs to a subadult representative of the larger genus Timon or
even to an extinct taxon, the identification is limited at genus level,
with the addition of the qualifier cf. indicating close morphological
similarity to Lacerta.

Lacertid lizards were reported from about 10 Turkish localities
whose age ranges from the late Oligocene to the Middle Pleistocene
(Bohme and Ilg, 2003). Some of them have been even referred
to the genus Lacerta, but only those from the middle Pleistocene
of Emirkaya (Venczel and Sen, 1994) have been described and
figured. No other lacertid genera than Lacerta were reported for
Turkey despite the fact that it currently hosts 13 genera (Uetz et al.,
2016). In the same broad geographic area, a green lizard, Lacerta
gr. L. viridis, has been recently reported from the Early Pleistocene
of Dmanisi in Georgia (Blain et al., 2014) and Lacerta sp., Ophisops
elegans and Lacertidae indet. from the Middle Pleistocene of Azokh
1 Cave in Nagorno Karabakh region (Blain, 2016).

Superfamily Anguioidea Gray, 1825
Family Anguidae Gray, 1825
Subfamily Anguinae Gray, 1825

non-Anguis Anguinae indet.

Material: 1 osteoderm (CT-11).

Description: The preserved portion of the osteoderm CT-11
(Fig. 5C) is 5.0 mm wide and 5.1 mm long. The lateral and posterior
edges are incomplete. The external surface is altered, but the fol-
lowing characters can be detected: presence of an anterior smooth
strip posteriorly followed by a much larger and vermiculated area
divided in two by a longitudinal ridge. The internal surface does
not preserve any relevant character (i.e. the presence of foramina
cannot be ascertained).

Remarks: Isolated osteoderms are very common in the fossil
record (for example, more than 8000 in the late Miocene of Mon-
cucco Torinese - Italy; Colombero et al., 2017) probably because
they are massive bony structures that are very numerous in a
single lizard individual and they are also easy to detect because
of their characteristic shape and relatively large size. However,
even if the skull and lower jaw osteology of the western Palaearc-
tic anguines was carefully described (among others: Rocek, 1980;
Klembara et al., 2010, 2014; Klembara, 2012), little attention has
been paid to the comparative morphology of the osteoderms and
therefore only Anguis can be easily and reliably detected. As already
remarked by Colombero et al. (2014), the osteoderms coming
from a certain site are usually referred to the taxon identified
on the basis of cranial characters, and when two taxa are recog-
nized in a single site on the basis of cranial elements it has been
suggested not to refer the osteoderms to them (Augé and Rage,
2000).

Anguid lizards were reported in about 15 Turkish localities
(Bohme and Ilg, 2003), but with the exception of the materials
referred to Pseudopus from the early Pliocene of Calta (Rage and
Sen, 1976; Sen and Rage, 1979) and the middle Pleistocene of
Emirkaya (Venczel and Sen, 1994), all the others were identified
at family level. Pseudopus apodus is the only non-Anguis anguine
currently inhabiting Anatolia (Uetz et al., 2016) and was recently
reported from the Middle Pleistocene of Azokh 1 Cave (Nagorno
Karabakh region; Blain, 2016).

Superfamily Varanoidea Camp, 1923
Family Varanidae Gray, 1827
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Genus Varanus Merrem, 1820

Varanus sp.

Material: two trunk vertebrae (CT-12 and 13); 20 fragments
referable to at least 15 trunk vertebrae (CT-14); 1 fragmentary
sacral vertebra (CT-15); 15 fragmentary caudal vertebrae (CT-16);
31 vertebral fragments (CT-17); 1 fragmentary right scapuloco-
racoid (CT-18); 1 fragmentary right ischium (CT-19); 1 distal
epiphysis of a (?)tibia (CT-20); 1 right astragalocalcaneum (CT-21);
1 tarsal (CT-22); 5 metapodials (CT-23); 7 phalanges (CT-24).

Description: Despite not being complete, because the anterior
edge of the neural arch, the tip of the neural spine, the dorsal
portion of the cotyle and the condyle are partially damaged, the
trunk vertebra CT-12 (Fig. 5D-F) is the most informative element
of this taxon. The preserved portion of the anterior area of the
neural arch is concave. The prezygapophyses are markedly tilted in
dorsolateral direction. The synapophyses are rather globular and
noticeably protruding laterally, but with a narrow connection with
the lateral edge of the cotyle. The neural canal is proportionally
narrow and roundish. The cotyle and the condyle are markedly
compressed dorsoventrally, with a ventral edge very much more
posteriorly placed than the dorsal edge. The lateral sides of the ver-
tebra and part of those of the neural arch are distinctly striated. The
centrum, 11.7 mm long, shows lateral edges distinctly converging
posteriorly and with a significant precondylar constriction.

Caudal vertebrae are characterized by the following characters:
cotyle and condyle similar to those described for the trunk verte-
brae; centrum anteroposteriorly elongated; lateral apophyses
dorsoventrally flattened and variably broadened; pedestals for
chevron bones present and well-defined; precondylar constriction.
The largest caudal vertebra with a measurable centrum (CT-16a)
is 9.8 mm long.

The rest of the remains are very fragmentary and/or not taxo-
nomically diagnostic (as the astragalocalcaneum CT-21) because of
the absence of comparative studies on their morphology.

Remarks: The size and general morphology of the vertebrae,
the dorsoventrally compressed cotyle and condyle with their ven-
tral edge much posterior than the dorsal one, and the precondylar
constriction in particular (an autoapomorphy of Varanus, see Smith
et al.,, 2008, and literature therein), clearly support the identifi-
cation of a monitor lizard of the genus Varanus. However, their
morphology is not congruent with that of Varanus griseus (Daudin,
1803), the only species currently inhabiting Anatolia (with a sin-
gle taxon/locality datum in southeastern Turkey; Sindaco and
Jeremcenko, 2008). The distinctly converging lateral edges of the
centrum (in ventral view) and therefore the marked precondylar
constriction of the vertebra CT-12 are in contrast with the mor-
phology of V. griseus, but reminiscent of a generalized morphology
of many other species with at least a relatively large size (see
fig. 3 in Delfino et al., 2013). Such morphology was reported in
the Mediterranean area for both the late Miocene extinct Varanus
marathonensis Weithofer, 1888 and Varanus amnhophilis Conrad
etal, 2012.

Varanus was reported in four Turkish localities (Bohme and
Ilg, 2003) ranging in age from the middle Miocene to the early
Pliocene, and isolated trunk vertebrae from the early Pliocene of
Calta (Rage and Sen, 1976) with a morphology similar to those
from Cestepe were actually referred to V. marathonensis. However,
besides doubts on the validity of the latter species, the vertebral
morphology is not diagnostic at species level and therefore the
material here described is simply referred at genus level. Since all
fossil remains from Cestepe could belong to a single individual
(because of the congruent size and absence of duplications) all the
rest of the material is referred to the same taxon.

Mammalia Linnaeus, 1758

Table 1

Measurements of lower and upper cheek teeth of Ochotona mediterranensis from
Cestepe, Turkey.

Dimensions des dents jugales d’'Ochotona mediterranensis de Cestepe, Turquie.

Tooth n Length Width trigonid Width talonid
Range X Range X Range X

p3 1 1.36 1.25

p4 2 1.38-1.47 143 1.33-1.43 1.38 1.48-1.54 1.51

ml 3 1.48-1.51 1.50 1.49-1.57 1.52 1.56-1.61 1.58

m2 3 1.30-1.53 1.45 1.42-1.57 1.51 1.49-1.55 1.52

P4 1 1.08 1.64 1.97

n: number of specimens; X: mean values.

Order Lagomorpha Brandt, 1885
Family Ochotonidae Thomas, 1897
Genus Ochotona Link, 1795

Ochotona mediterranensis Suata Alpaslan, 2009

Material: [solated right P4 (CT-1); right mandible fragment with
p3-m2 (CT-2); right mandible fragment with detached incisor, alve-
olus of p3 and p4-m2 (CT-3); right mandible fragment with m1-m2
(CT-4), fragment of ramus of a right mandible (CT-5). The material
also includes several small fragments that apparently belonged to
a skull. We tried to fix them to rebuild this skull, without success.
The anatomical position of most fragments is not recognizable. Only
one pair of occipital condyles together and parts of occipital bones
arereliably referable to this ochotonid. The material is homogenous
and does not contain fossils that may belong to any other taxon.

Measurements: See Table 1.

Description: Putting together the available fragments, it is pos-
sible to restore the mandible (Figs. 6 and 7). The missing parts are
the posterior part of the body, part of the angular process and m3.
In lateral view, the body is deepest below p4 (5.20 mm), while the
ventral margin of the bone shows a clear swelling forward and
backward. The tip of the incisor reaches the occlusal level of cheek
teeth. The length of the diastema is 4.58 mm on the most complete
specimen (CT-2), and it is gently concave. The p3-m3 length can
be estimated as about 7 mm. Below the p4, there is a strong taurus
mandibulae, which is a round bone thickening for the attachment
of masseter muscles. The lateral surface of the body has numerous
tiny foramina, mainly grouped below p3 and m1. The anterior men-
tal foramen is situated below the p3 (CT-3) or p3-p4 limit (CT-2).
The posterior mental foramen is situated about 3.5 mm below the
m2.

On the fragment of ramus, the articular process has an articular
surface that covers the head of this process. Dorsally it is teardrop
shaped. The coronoid process is not preserved. The angular process
is partly preserved and it is apparently quite strong.

In medial view, the articular surface of the symphysis extends
on 2.35mm below the diastema. The medial face of the body is
concave between the alveolar margin and the protuberance of the
lower incisor. Several small foramina are scattered on this face.

In ventral view, the mylohyoid line starts where the lower
incisors ends and it extends backward along the medial side till
below m2.

A complete lower incisor measures 12.3mm in length. It is
gently curved. The enamel only covers the mesial face (width
1.51 mm). The section is almost triangular. The anterior edge bears
two wear facets, the one dorsal on 2.71 mm and the other medial
on 2.50 mm, both separated by a right angle. Inside the mandible,
the distal end of the incisor reaches the level of p4-m1 boundary,
and it is lingually rooted next to the premolars.

From the cheek teeth, the p3 is slightly longer than wide.
The anteroconid has a badly defined trefoil occlusal outline with
anterolateral and anteromedial depressions without cement. Its
length and width are similar (0.56 mm). The anteroconid is con-
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nected to the posterior part by a narrow isthmus. The paraflexid
is clearly shorter than the protoflexid, and both are oblique back-
ward. The hypoflexid is shallow, V-shaped and rather transverse.
All three flexids are filled with cement. The mesoflexid is lacking.
The enamel is thick around the protoconid, in front of the para-
conid, and along the posterior margin of the hypoconid. Enamel is
moderately thick and rather homogeneous on the anteroconid.

The p4, m1 and m2 are bilophodont as usual in all ochotonids.
The anterior loph is diamond shaped, while the posterior loph is
rather crescent shaped. The posterior loph is a little larger than the
anterior loph in p4 and m1, but slightly narrower or equivalent
in m2. The enamel is thick on the posterior margin of both lophs,
which corresponds to the main shearing blades, and rather thin on
the anterior margins; in any case, it is never interrupted.

A complete isolated upper cheek tooth is determined as right P4
because of its anterior loph clearly shorter and narrower than the
posterior loph (1.64 versus 1.97 mm). The hypoflexus ends quite far

Fig.6. Ochotona mediterranensis from Cestepe, early Pliocene of Kazan Basin. A.Right
mandible (CT-2) with p3-m2 inlabial view. B. Same specimenin lingual view. C.Right
mandible fragment (CT-3) with the alveolus of p3 and p4-m2 in labial view. Scale
bar equals 5 mm.

Ochotona mediterranensis de (estepe, Pliocéne inférieur du bassin de Kazan.
A. Mandibule droite (CT-2) avec p3-m2 en vue labiale. B. Méme spécimen en vue linguale.
C. Fragment de mandibule droite (CT-3) avec l'alvéole de p3 et p4-m2 en vue labiale.
L’échelle correspond a 5mm.

from the labial margin. The enamel is thick on the mesial margin of
lophs but thin on their distal margin; it lacks on the labial margin.
The shaft is moderately curved labially and wrinkled mesially.

Remarks: The Cestepe ochotonid clearly belongs to the genus
Ochotona in having small-sized cheek teeth, p3 with a simple
occlusal pattern, two labial and one lingual flexids, the anteroconid
of p3 without flexid and connected to the posterior complex by a
narrow isthmus.

Among the most similar ochotonids, the genus Ochotonoides
Teilhard de Chardin and Young, 1931 is different in being of very
large size, and in having large anteroconid on p3 with folded and
cemented flexids. The genus Ochotonoma Sen, 1998a, 1998b is also
different in being larger in size, and, in particular, in having p3
with a large anteroconid and a short talonid; its anteroconid is
penetrated by labial and/or lingual flexids filled with cement; the
protoflexid and paraflexid are larger, deeper and strongly directed
backward; the hypoflexid is narrow, and the lophs on p4-m2 are
compressed mesio-distally. Pliolagomys Agadjanian and Erbajeva,
1983 is another ochotonid known from the Pliocene and early
Pleistocene of Eastern Europe and Western Asia. The three species
referred to this genus are larger in size than the Cestepe specimens,
their p3 have anteroconid enamel more or less folded, the isth-
mus between the anteroconid and posteroconid is labially shifted
because the paraflexid is twice deeper than the protoflexid, and
hypoflexid narrower.

The genus Ochotona has a large distribution in Asia and west-
ern North America with 28 extant species generally recognized
based on morphological as well as molecular studies (Hoffmann
and Smith, 2005; Ge et al., 2013; Lissovsky, 2014). Some of the
extant species are also known as fossil during the Pleistocene,
e.g., Ochotona pusilla (Pallas, 1769), which has a large distribution
in Eurasia during the Pleistocene (Malatesta, 1951; Malez, 1969;
Erbajeva et al., 2001). In addition to the extant species, Erbajeva
etal.(2015)recognized 44 extinct species of Ochotonain Europe and
in particular Asia. As we will discuss here below, the question of the
synonymy of some species is an ongoing debate among the lago-
morph specialists, which is out of the purpose here. Actually, such
a question cannot be solved without a complete revision of avail-
able collections, and perhaps more abundant and better preserved
specimens.

During the last decade some effort was invested for a better
description of the European and some Asian fossil species (see in
particular Erbajeva et al., 2001; Sen, 2003; Fostowicz-Frelik, 2008;
Fostowicz-Frelik and Frelik, 2010; Cermak, 2010, 2016; Cermak and
Rekovets, 2010; Delinschi, 2014) and for morphological cladistic
analysis of most extinct and some extant species (Fostowicz-Frelik
et al, 2010; Ge et al., 2013). These studies provide reliable criteria
for comparing the Cestepe ochotonid with others for its systematic
assignment.

Ochotona sp. cf. O. lagreli Schlosser, 1924 from late middle
Miocene locality of Damiao in Inner Mongolia (Zhang et al., 2012)
is apparently the oldest record referred to the genus. Ochotona
ozansoyi Sen, 2003 from the late Vallesian of Turkey (dated to
9.4 Ma) and Ochotona kalfense (Lungu, 1981) from the late Valle-
sian of Moldova (ca. 9-9.5 Ma) evidence that this genus, probably
originated in East Asia, already reached the eastern Mediterranean-
southeastern Europe in late Miocene (Sen, 2003; Cermak, 2016).
0. ozansoyi was recovered in Turkey in three localities (Sinap Loc.
84, In6ni 1 and Kiiciikcekmece) (Sen, 2003, 2016), and O. kalfense
at Kalfa (Moldova), all correlated to the late Vallesian. Both species
are larger in size compared to the Cestepe specimens, have larger
and simple-shaped anteroconid and shorter posterior segment on
the p3, and their lower (upper) cheek teeth are curved labially
(lingually), while in Plio-Pleistocene representatives of Ochotona,
the lower cheek teeth become rather strait, and the curvature of
upper cheek teeth decrease. We consider the genus Proochotona
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Fig. 7. Ochotona mediterranensis from Cestepe, early Pliocene of Kazan Basin. A. Right P4 (CT-4) in occlusal view. B. Right lower toothrow (CT-3) with the alveolus of p3 and
p4-m2 in occlusal view. C. Right lower toothrow (CT-2) with p3-m2 in occlusal view. D. Right lower jaw reconstructed using all available fragments from Cestepe, in labial
view. The grayed parts are missing. On cheek teeth, blackened lines represent enamel; white, dentine; dotted areas are cement infill. Scale bars equal 1 mm in A-C and 5 mm

inD.

Ochotona mediterranensis de Cestepe, Pliocéne inférieur du bassin de Kazan. A. P4 droit (CT-4) en vue occlusale. B. Série dentaire inférieure droite (CT-3) avec l'alvéole de p3 et
p4-m2 en vue occlusale. C. Série dentaire inférieure droite (CT-2) avec p3-m2 en vue occlusale. D. Mdchoire inférieure droite reconstruite en utilisant tous les fragments disponibles,
en vue labiale. Les parties grisées sont manquantes. Sur les dents, les lignes noircies représentent I'émail ; les parties blanches indiquent la dentine et les zones en pointillés sont

remplies de cément. Les échelles correspondent a 1 mm pour A-C et a 5mm pour D.

Khomenko, 1914 as a junior synonym of Ochotona (see discussion
in Sen, 2003; Cermak, 2016). Other Ochotona species in Europe and
Turkey are all from Plio-Pleistocene localities.

The size is used as an important criterion to distinguish extinct
species of Ochotona. Erbajeva (1988, 1994) grouped Ochotona
species as small, medium and large-sized species. Later on,
Fostowicz-Frelik et al. (2010) used this criterion in their phy-
logenetic analysis. They defined as small the species having
p3-m3 toothrow length lower than 8 mm, medium-sized for length
between 8.1-9.9 mm, and large-sized the species having p3-m3
longer than 10 mm. In this classification, the Cestepe ochotonid
ranks among the small-sized species (p3-m3 length estimated to
about 7 mm), together with O. bazarovi Erbajeva, 1988, O. dehmi
Erbajeva, 2005, O. mediterranensis Suata Alpaslan, 2009, O. minor
Bohlin, 1942, O. polonica Sych, 1990, O. pusilla, O. valerotae Erbajeva
et al., 2001, O. zabiensis Fostowicz-Frelik, 2008.

Among these species, the Central Asian step pika O. pusilla is
quite common in European Plio-Pleistocene localities. Malatesta
(1951), Malez (1969) and Erbajeva et al. (2001) provided a large
account of its occurrences in Europe and Asia. Lastly, Fostowicz-
Frelik and Frelik (2010) reported on its occurrence in Poland since
the latest Pliocene (locality of Kielniki 3), almost coeval with its
first occurrence in Kazakhstan (Aktogai; Erbajeva, 1988). In Turkey,
this species was found in two middle-late Pleistocene localities
at Yarimburgaz Cave near Istanbul, and Emirkaya-2 fissure filling

near Konya (Montuire et al., 1994; Santel and Von Koenigswald,
1998; see also Erbajeva et al., 2001), and Cermak et al. (2006) men-
tioned its possible occurrence in Giizyurdu Cave near Giimiishane.
O. pusilla is a small-sized species, characterized by a very small
anteroconid, and reduced paraflexid and protoflexid on the p3. It is
hardly compared with the Cestepe ochotonid.

During the Pliocene and early Pleistocene in Europe, O. polonica
is the best-documented species in several localities of Poland.
Fostowicz-Frelik (2008) rightly included in this species Ochotona
dehmi from the latest Pliocene locality of Schernfeld (Germany)
and O. valerotae from Les Valerots (early Pleistocene, France).
She demonstrated that these two species are similar in size to
0. polonica, and their p3 is elongated, the anteroconid is simple and
tapers anteriorly as in O. polonica. Indeed, a few differences that the
authors showed to distinguish these forms from O. polonica are in
the range of individual variation. The measurements of mandible
and cheek teeth of O. polonica are rather similar to that of Cestepe.
However, O. polonica is different from the Cestepe ochotonid in
having mandible with flat ventral margin (curved at Cestepe), p3
elongated, and its anteroconid elongated and triangular without
any grooves and with a sharp apex (Fostowicz-Frelik, 2008). The
proportions of the anteroconid and posteroconid on the p3 are also
different. In summary, despite the similarity in size, the morphol-
ogy of mandible and lower cheek teeth of O. polonica are clearly
different from that of Cestepe.

Please cite this article in press as: Sen, S., et al., Cestepe, a new early Pliocene vertebrate locality in Central Anatolia and its stratigraphic
context. Annales de Paléontologie (2017), http://dx.doi.org/10.1016/j.annpal.2017.01.004



dx.doi.org/10.1016/j.annpal.2017.01.004

G Model
ANNPAL-2292; No.of Pages15

S. Sen et al. / Annales de Paléontologie xxx (2017) XxXx—-xxx 11

Fostowicz-Frelik (2008) described another small-sized
ochotonid, O. zabiensis, from the early Biharian locality Zabia
Cave, Poland. In this species, the ventral margin of the mandible
is almost flat and the p3 is elongated with a mesially sharp
anteroconid as in O. polonica. O. zabiensis is distinguished in having
the paraflexid of p3 deeper than protoflexid, different from the
condition observed in O. polonica as well the Cestepe pika. This
is also the case of O. kormosi Fostowicz-Frelik et al., 2010 from
the latest Pliocene of Hungary (type loc. Ostramos-3), which is
distinguished from the other species by its p3 markedly elongated
with a long and narrow posteroconid, and anteroposteriorly
compressed anteroconid.

The Cestepe ochotonid is better compared with Ochotona anti-
qua Argyropulo and Pidoplichko, 1939 from Novopetrovka (type
locality) in Ukraine. Lastly, Cermak and Rekovets (2010) restud-
ied the material from its type locality and from some others in
Ukraine. These authors largely discussed the morphological affini-
ties and differences of the type material with other Pliocene species
from central and eastern Asia, which were updated by Erbajeva and
Zheng (2005) and Erbajeva et al. (2011). The Cestepe specimens are
similar to that of O. antiqua from its type locality both in the shape
of the mandible and the pattern of cheek teeth, in particular the p3,
and they do not show any reliable difference to be noted. However,
the size of the Cestepe specimens is about 1/3 smaller than O. anti-
qua. O. mediterranensis is known from its type locality of Igdeli in
the Sivas Basin. We agree with Suata Alpaslan (2009) that the pika
remains from the early Pliocene locality of Maritsa (island of Rho-
dos, Greece; De Bruijn et al., 1970) may be included in this species.
Both localities are dated to early Pliocene (MN14). This species has
also the same characters on its mandible and tooth pattern, but it is
clearly smaller and it fits in size with the Cestepe specimens. Based
on the similarities in size, and also the shape of mandible and tooth
pattern although shared with O. antiqua as discussed above, the
Cestepe specimens are referred to O. mediterranensis.

The presence of great morphological resemblances, but a signif-
icant difference in size between O. mediterranensis and O. antiqua
recalls the Bergmann’s rule that states that species of larger size
are found in colder environments, and species of smaller size are
found in warmer regions. The known dispersal area of the smaller
species O. mediterranensis (Igdeli, Maritsa and Cestepe) is situated
between the latitudes 35-40° N while that of O. antiqua between
the latitudes 45-50° N (north of Black Sea and possibly Romania),
both during the early Pliocene. Although this hypothesis suggests a
possible synonymy of O. mediterranensis with O. antiqua, we know
nothing on the latitudinal size variation in the extant and extinct
species of Ochotona, thus preventing to assert such synonymy.

The list of extinct Ochotona species given by Erbajeva et al.
(2015) includes two species, O. agadzhaniani Melik-Adamian, 2003
and O. azerica Gadzhiev and Aliev, 1969, both from Armenia. As this
territory is neighbor to Turkey, we would compare these species
with the Cestepe specimens. Alexey Tesakov (Geological Institute of
the Russian Academy of Sciences, Moscow) gently provided infor-
mations dealing with them. “O. agadzhaniani is from the locality
of Nurnus (MN14), and it was named in the unpublished thesis
of Melik-Adamyan (2003). O. azerica is reported from the famous
Azukh or Azokh cave, apparently from upper Ascheulian beds. Its
validity is also questionable. The original thesis on mammals from
Azykh by Aliev (1969) was not officially published” (Tesakov, in lit-
teris, August 20, 2016; see also Cermak et al., 2006). In summary,
both species are nomen nudum, since they are not described and
illustrated in a published paper.

5. History of lagomorphs in Asia Minor

Since their appearance in early Eocene, the evolutionary history
of lagomorphs is shaped by their dispersal all over the three
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Fig. 8. Time range of fossil lagomorph genera in Anatolia.
Distribution temporelle des genres de lagomorphes fossiles en Anatolie.

continents of the Old World (Flynn et al., 2013; Erbajeva et al.,
2015). Asia Minor is situated in a central position between these
continents and had to play the role of bridge on the dispersal
routes of lagomorphs throughout the Cenozoic. Below, we propose
a synthesis of available data to highlight the taxa already recog-
nized, and to try an attempt on their paleobiogeographic affinities
with other regions of the Old World.

Taking into account all published faunal lists (Sickenberg et al.,
1975; Sarag, 2003), NOW Database (Fortelius, 2016), and descrip-
tions in several papers (Unay and Sen, 1976; Sen et al., 1989; Sen,
1990, 1991, 1998a, 1998b, 2003, 2016; Montuire et al., 1994; Unay
and de Bruijn, 1998; Unay and Goéktas, 1999; Unay et al., 2001; De
Bruijn et al., 2003, 2006; Suata Alpaslan, 2009), fossil lagomorphs
have been recorded in Anatolia in 66 localities aged between early
Miocene and middle Pleistocene. The specimens from 19 localities
are more or less well described and illustrated to satisfy their iden-
tifications at generic and in most cases specific level. It appears
that the family Ochotonidae is the best-documented, with six gen-
era (Albertona, Alloptox, Prolagus, Bellatonoides, Ochotonoma and
Ochotona)in 48 localities, compared to the Leporidae with four gen-
era (Alilepus, Hypolagus, Trischizolagus and Lepus) in 9 localities, and
the Palaeolagidae with one genus (Eurolagus) in 2 localities.

Fig. 8 summarizes the chronological occurrence of fossil lago-
morphs in Anatolia during the Neogene and Quaternary. It appears
that the earliest lagomorph in Anatolia is referred to the genus
Albertona, which is an ochotonid known up to date from Serbia,
Greece and Turkey during early Miocene (L6pez-Martinez, 1986;
Unay and Goktas, 1999; Markovic, 2010). In middle Miocene locali-
ties, the common genera are Alloptox and Prolagus, which generally
co-occur in the same localities (Pasalar, Candir, Bagici, Zambal 2;
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Sen, 1990; De Bruijn et al., 2003; Sarac, 2003), and in similar per-
centages. Alloptox as Albertona has Asiatic affinities, while Prolagus
is mostly a European genus (L6pez-Martinez, 2001).

The history of the genus Prolagus is rather peculiar in Anatolia. It
is common in middle Miocene localities, as mentioned above, but
totally absent in late Miocene localities, except at Diizyayla and
Kangal 1, both in the Sivas Basin, where De Bruijn et al. (1999)
and Sarac¢ (2003), respectively, mentioned the occurrence of Prola-
gus, without further study. These identifications need to be verified.
Prolagus is not recorded in the well-documented Sinap Formation
localities that cover the time interval 8-11 Ma. Prolagus “reappears”
in the Pliocene faunas of Anatolia. For instance, it is quite common
and the unique ochotonid in the western Anatolian localities of
Develi and Halitpasa (Sen et al., 1989; Kaya et al., 2004), while in
eastern Anatolia it co-occurs at Igdeli (MN14, Sivas Basin) together
with Ochotona (Suata Alpaslan, 2009; Suata Alpaslan et al., 2010),
and it is absent at Calta (MN15, Kazan Basin). We have to remem-
ber that Prolagus is widely distributed mostly in Europe, and that
Anatolia is in the southeastern borders of its dispersal area. Thus,
it is quite likely that the occurrence of Prolagus in the Pliocene of
Anatolia can be qualified as a Lazarus event.

Lagomorphs are absent around the middle-late Miocene bound-
ary in the well-documented Sinap Formation localities in the Kazan
area. Their first occurrence is dated to 9.9 Ma at Sinap Loc. 8A with
Bellatonoides eroli. From the late Miocene upwards, the genera of
the “Ochotona group” (sensu Sen, 2003; i.e. Bellatonoides, Ochotona
and Ochotonoma) replace the couple Alloptox-Prolagus of the mid-
dle Miocene. All three genera have clearly Asian affinities. Ochotona
ozansoyi from Sinap Loc. 84, dated to 9.4 Ma by magnetostratigra-
phy (Kappelman et al., 2003) is the oldest species referred to this
genus. It is also recorded in another locality in Central Anatolia
(cf. at Indni; Sen, 2003) and at Kiiciikcekmece near Istanbul (Sen,
2016), both correlated to the late Vallesian. We have to mention
here that Erbajeva et al. (2015) suggested to refer O. ozansoyi to
the genus Proochotona Khomenko, 1914, known with Proochotona
eximia Khomenko, 1914 from the late Miocene (early Turolian)
locality of Tarakliya in Moldova. The status of the genus Proochotona
is still debated (Sen, 2003; Erbajeva et al., 2011, 2015; Delinschi,
2014; Cermak, 2016). This taxonomic problem needs further study
on the material of its type locality and also additional material from
similar age localities.

During the Turolian, lagomorphs seem to be absent or extremely
discrete in Anatolia, but this is probably due to insufficient fos-
sil record. Indeed, Turolian localities in Turkey are mainly known
for their large mammals, except a few localities from which small
mammals are documented (e.g., Corakyerler, Karaozii, Kalekdy)
otherwise than preliminary identifications.

The genus Ochotona reappears in Anatolia in early Pliocene
(Suata Alpaslan, 2009), and became probably extinct during the
historical times (Cermak et al., 2006).

Leporids are poorly documented in Anatolia, as seen on Fig. 8.
The oldest record is a lower molariform tooth from Sinap Tepe Loc
12 referred to Leporidae indet. (Sen, 2003). This is a surface finding,
and consequently its age may be different from that of this local-
ity, which is dated by magnetostratigraphy at 9.6 Ma (Kappelman
et al., 2003). The genera Trischizolagus, Hypolagus and Lepus are
known each from one locality (Tozaklar, Emirkaya 2, Dursunlu,
respectively), and the genus Alilepus is mentioned in two localities
(Diizyayla and Halitpasa; De Bruijn et al., 1999; Sarag, 2003).

In summary, the state of the art shows that the family of
Ochotonidae is well-documented in Turkey, while the record deal-
ing with the Leporidae is poor. The record is rich for some intervals
of Neogene (e.g. middle Miocene, early late Miocene, early Pliocene)
and still sparce for other intervals. When accurately studied, the
Lagomorpha effectively contribute to the dating of fossiliferous
deposits and to the environmental context of mammalian faunas.

Although poor, the Cestepe faunule provides a good example for
this.

6. Conclusions

Sedimentary deposits are the archives of the past. In the eastern
part of the Kazan Basin (NW to Ankara), sedimentary deposits of
the Sinap Formation are richly fossiliferous and documented Neo-
gene mammalian faunas. A new locality at the village of Cestepe,
in the northeastern margin of this basin, provides a new landmark
to document the stratigraphy. The fossil material consists of frag-
mented bones and jaws. We identified three species of reptiles
(cf. Lacerta sp., Anguinae indet. and Varanus sp.) and an ochotonid
lagomorph, Ochotona mediterranensis. The occurrence of the latter
species, previously known from the localities of Igdeli in the Sivas
Basin and Maritsa in the island of Rhodes (Greece), suggests the cor-
relation of this locality to early Ruscinian (early Pliocene, MN14) (De
Bruijn et al., 1970; Suata Alpaslan, 2009). Among these taxa, both
Varanus and Ochotona were previously recorded in the same basin,
but in different stratigraphic horizons. The only locality in Turkey
from which Varanus remains are described is Calta, at 16.5 km SW
to Cestepe (Rage and Sen, 1976). This locality is a little younger
than Cestepe, correlated to the late Ruscinian (MN15). Also, two
localities in the Kazan Basin yielded the remains of an ochotonid,
Ochotona ozansoyi Sen, 2003 from two sites dated to the late Valle-
sian (MN10). This species is different from that of Cestepe, having
a larger size, smaller and simple-shaped anteroconid and shorter
posterior segment on the p3, and curved cheek teeth. The speci-
mens from Cestepe fit in the shape of the lower jaw and the pattern
of cheek teeth with O. mediterranensis. Morphological similarities
between this species and O. antiqua from the northern rims of Black
Sea should be noted, although O. mediterranensis is 1/3 smaller.

The faunule from Cestepe includes only Eurasian taxa. However,
it must be noted that this assemblage is biased by collecting tech-
nique. It is far from reflecting the spectrum of an early Pliocene
fauna, and it is hardly compared with faunas of similar age,
which limits its paleobiogeographic and environmental signifi-
cance. Although the genus Ochotona had, during the Pleistocene,
a large spatial range from the Pyrenees and southern England to
eastern China, it is now mainly considered as an Asiatic element
adapted to steppic environments with low vegetation. Its extant
species live on rocky mountainsides to find shelter in crevices. In
Turkey, the genus survived during the Pleistocene, but apparently
become extinct in Holocene (Cermak et al., 2006). This study evi-
dences that the fossil record in terrestrial deposits, although limited
in the number of taxa as it is the case in the present study (just three
reptiles and one ochotonid), contributes to document the history
of these groups, and beyond this, it provides biochronological and
environmental data for the related deposits.
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