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We in ves ti gate the stra tig ra phy of the Mio cene fos sil ostracod fauna from the AyrancÏ Ba sin in south ern Tur key, based on
five key strati graphic sec tions. Abun dant ostracods be long ing to the Neomonoceratina helvetica-Aurila soummamensis
Biozone were found within the lime stones of the MazÏ For ma tion. This for ma tion also re cords the ini tial ap pear ance of
Carinocythereis and Praeorbulina glomerosa curva-Orbulina suturalis, which are in dic a tive of the Orbulina universa plank -
tonic foraminiferal Biozone. The Divlek For ma tion, char ac ter ized by fossiliferous ar gil la ceous lime stones and marls, con -
tains a di verse and well-pre served ostracod as sem blage, al low ing cor re la tion of this lithological unit with the late ap pear ance 
of Cyprideis dur ing the Mio cene. The for ma tion age has been de ter mined to span from the Tortonian, with an age range of
7.1–8.4 Ma based on 87Sr/86Sr ra tios of two sam ples.
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INTRODUCTION

The study area en com passes the cen tral part of the AyrancÏ
Ba sin, sit u ated in the Karaman Prov ince of south ern Tur key
(Fig. 1). Pre vi ous in ves ti ga tions con ducted in the AyrancÏ Ba sin
have fo cused on an a lyz ing the sed i men tary se quences of the
Mid dle and Up per Mio cene. These stud ies used the fos sil con -
tent to de ter mine biostratigraphy and un der stand the evo lu tion
of the ba sin (KoçyiÈit, 1976; Pampal, 1987; Pampal and Meriç,
1990; Murat and Temur, 1995). A thor ough geo log i cal in ves ti -
ga tion was un der taken in the Karaman-Ermenek re gion, with a
spe cific fo cus on in ter pret ing the Mio cene ma rine suc ces sion
and the over ly ing lac us trine lime stones (KoçyiÈit, 1976;
Pampal, 1986, 1987). Pre vi ous stud ies con ducted in the
Mut-Ermenek re gion (south of the AyrancÏ Ba sin) by Tanar and
Gökçen (1990) have pro vided de tailed in for ma tion on the
Lower and Up per Oligocene, Burdigalian, Langhian, and
Serravallian for ma tions, in clud ing their re spec tive depositional
en vi ron ments.

In this study, we aim to es tab lish a con sis tent re gional
frame work for palaeontological and chemostratigraphical in -
ves ti ga tions of the Divlek and MazÏ for ma tions within the
AyrancÏ Ba sin. Ostracod biozones are iden ti fied and es tab -
lished and are cor re lated with biozones re ported else where in
the lit er a ture.

STUDY AREA

The old est rocks ex posed in the study area are at trib uted to
the KÏraman ophiolitic unit, sit u ated above the Berendi unit with
a tec tonic bound ary, and emplaced in the re gion dur ing the
Campanian (Murat and Temur, 1995). The Berendi For ma tion,
con sist ing of Ju ras sic-Cre ta ceous lime stones, com prises the
basal unit in the study area. These lime stones were de pos ited
on a shal low and sta ble car bon ate plat form (DemirtaþlÏ et al.,
1983). In the Late Mio cene, oolitic lime stones formed in as so ci -
a tion with these de pos its (Fig. 1).

The MazÏ For ma tion, which is the old est Mio cene unit, un -
con form ably over lies the KÏraman ophiolitic mélange. The for -
ma tion is char ac ter ized by a basal con glom er ate com posed of
ser pen tin ite peb bles, and ar gil la ceous lime stone. The Divlek
For ma tion, which over lies the MazÏ For ma tion, rep re sents the
up per most part of the Mio cene in the re gion. It is com posed of
cream-col oured, fossiliferous lime stones that de vel oped within
oolitic sed i ments dur ing the Tortonian Stage (Murat and Temur, 
1995). It is over lain by the HotamÏþ For ma tion char ac ter ized by
the pres ence of claystone, siltstone, sand stone, clay,
fossiliferous clay and lig nite lay ers. Above the older units, there
is an un con form able cover of al lu vium con sist ing of con glom er -
ate and sand stone, con trib ut ing to the cur rent geo mor phol ogy
of the ba sin (Salman, 2010).

METHODS

The first geo log i cal maps of the Karaman (AyrancÏ) re gion
were pro duced be tween 2018 and 2019.

* Cor re spond ing au thor: e-mail: nusretnurlu@gmail.com

Re ceived: No vem ber 20, 2023; ac cepted: June 26, 2024; first
pub lished on line: August 19, 2024



2 Hande Sonsun et al. / Geo log i cal Quar terly, 68, 25

Fig. 1A – the lo ca tion of the study area in Tur key (GöncüoÈlu et al., 1997); 
B – geo log i cal map of the study area, sim pli fied from MTA (2002)

NAFZ – North Anatolian Fault Zone; EAFZ – East Anatolian Fault Zone



The pres ent study was con ducted in the Divle, KÏraman,
and Ereklidere sec tions (map sheets Karaman N31a3,
Karaman N31b4 and Karaman N31b3). Fossiliferous lev els and 
lithological data were col lected dur ing the mea sure ment of
these sec tions. 73 sam ples were col lected and washed us ing
pres sur ized wa ter in sieves with mesh sizes of 0.25 mm,
0.50 mm and 1 mm. The washed sam ples were sub se quently
dried and stored. From the washed sam ples, ostracod spe cies
and gen era were iden ti fied. The iden ti fied taxa were counted,
and the lat eral and ver ti cal dis tri bu tions of the ostracods an a -
lyzed. Represention of the fre quency of ostracods is as fol lows:
very rare (1–2 valves), rare (3–5 valves), com mon (6–15
valves), fre quent (15–25 valves), and very fre quent (more than
25 valves), de noted by the sym bol “+”. The clas si fi ca tion of
ostracods was based on Sissingh (1972) and fol lowed the clas -
si fi ca tion by Hartmann and Puri (1974) as well as Frenzel and
Viehberg (2004). Palaeoenvironmental anal y ses and ostracod
data in ter pre ta tion were based on Morkhoven (1963), Doruk
(1973), Bassiouni (1979), Tanar (1989), Šafak (1993),
Gammudi and Keen (1993), Šafak and Donat (2014), Led and
�smail (2016) and Šafak and Nurlu (2018). Ad di tion ally, sev eral
gen era and spe cies of plank tonic foraminifera were iden ti fied in
the washed sam ples. The spe cies iden ti fied are ar chived in the
Çukurova Uni ver sity Ge ol ogy-Pa le on tol ogy Lab o ra tory with
col lec tion num bers Ay/1-68. The ostracod zonation es tab lished
al lowed cor re la tions with pre vi ously stud ied suc ces sions in
nearby bas ins.

In ad di tion, strontium iso to pic anal y sis of two sam ples of the 
Divlek For ma tion was con ducted at the METU Cen tral Lab o ra -
tory, spe cif i cally at the Ra dio genic Iso tope Lab o ra tory within the 
R&D Train ing and Mea sure ment Cen ter. The an a lyt i cal meth -
ods and con di tions used for the stron tium iso to pic anal y sis were 
in ac cor dance with the pro to cols de scribed by Köksal et al.
(2017). The pro cess in volved weigh ing, chem i cal dis so lu tion,
and chro mato graphic pro ce dures con ducted in a clean lab o ra -
tory en vi ron ment that met class 100 cleanroom stan dards.
Ultrapure wa ter and chem i cals were used through out the pro -
ce dures. The iso to pic anal y sis of 87Sr/86Sr for spe cific sed i men -
tary sam ples was per formed at the Ra dio genic Iso tope Lab o ra -
tory of the METU Cen tral Lab o ra tory in An kara, fol low ing the
an a lyt i cal pro ce dures out lined by Köksal and GöncüoÈlu
(2008).

RESULTS

DESCRIPTION OF THE KEY SECTIONS

EREKLIDERE SECTION 1

This sec tion is shown on the 1/25000 scale top o graphic
map (Karaman, N31b4), with base and top co or di nates: X1:
37.154674, Y1: 33.474968, Z1: 1227 m, and X2: 37.154699,
Y2: 33.475046, Z2: 1228 m. Ar gil la ceous lime stones and yel -
low ish claystones are ob served in sam ples E1-1, E1-2, E1-3,
and E1-4 of the Divlek For ma tion, while al lu vial de pos its are
seen to un con form ably over lie the ar gil la ceous and fossiliferous 
lime stones (Fig. 2). Four sam ples were col lected from this 22
metres-thick sec tion.

EREKLIDERE SECTION 2

This is shown on the 1/25000 scale top o graphic map of
Karaman (N31b4). The co or di nates of the sec tion’s base and
top are: X1: 37.154731, Y1: 33.474686, Z1: 1229 m, and X2:
37.154800, Y2: 33.474777, Z2: 1229 m. The basal Divlek For -
ma tion, de pos ited in the Tortonian, con sists of fossiliferous ar -

gil la ceous lime stones (sam ples Er-4, Er-3). The white ar gil la -
ceous lime stone level, from which sam ples Er-2 and Er-1 were
taken, is un con form ably over lain by al lu vium (Fig. 3). Four sam -
ples were col lected from this 30 m-thick sec tion.

K�RAMAN SECTION

This sec tion is shown on the 1/25000 scale top o graphic
map (Karaman, N31b3), with base and top co or di nates: X1:
37.153529, Y1: 33.515454, Z1: 1191 m, and X2: 37.153411,
Y2: 33.515253, Z2: 1174 m. The sec tion com prises peb bly
basal con glom er ates, brown claystone, ar gil la ceous lime stones 
of the MazÏ For ma tion, and abun dant fossiliferous oolitic lime -
stone lev els of the Divlek For ma tion (Fig. 4). Ten sam ples were
ob tained from this 42 m-thick sec tion.

AYRANC� SECTION 1

This sec tion is shown on the 1/25000 scale top o graphic
map (Karaman, N31a3) with base and top co or di nates: X1:
37.194218, Y1: 33.443848, Z1: 1169 m, and X2: 37.193910,
Y2: 33.443587, Z2: 1171 m of the AyrancÏ Ba sin. Through out
the sec tion, 18 ostracod and 10 foraminifera spe cies were iden -
ti fied (Fig. 5). Twenty-five sam ples were col lected from this
110 m-thick sec tion.

AYRANC� SECTION 2

This sec tion is shown on the 1/25000 scale top o graphic
map (Karaman, N31a3) with base and top co or di nates: X1:
37.191650, Y1: 33.451128, Z1: 1171 m, and X2: 37.191894,
Y2: 33.451573, Z2: 1172 m. Within the thirty sam ples col lected
through out the sec tion, 22 ostracod and five foraminifera spe -
cies were iden ti fied. The Neomonoceratina helvetica-Aurila
soummamensis Zone was de fined be tween 24 and 40 metres
of the sec tion (Fig. 6). Thirty sam ples were ob tained from this
130 m-thick sec tion.

A to tal of 69 ostracod spe cies were iden ti fied from the five
strati graphic sec tions mea sured in the AyrancÏ Ba sin. De tailed
SEM im ages of 50 se lected ostracod spe cies and 4 foraminifer
spe cies are shown in Fig ures 7–9.

LITHOSTRATIGRAPHY

MAZ� FORMATION

The MazÏ For ma tion starts with a basal con glom er ate that
passes up wards into ar gil la ceous lime stone and claystone. The 
claystones are thinly bed ded and range in col our from dark
cream to brown. The thin- to me dium-bed ded ar gil la ceous lime -
stones have a pink ish-cream col our. The Langhian–
Serravallian age of this lithological unit is in di cated by plank -
tonic and ben thic foraminifera, ostracods as well as echinoid
spe cies found in the lime stones (Pampal, 1987). Fig ure 10
sum ma rizes the dis tri bu tion of ostracods and plank tonic
foraminifera in the MazÏ For ma tion of the study area. The age of 
the unit was given as Plio cene by pre vi ous re search ers (Murat
and Temur, 1995). This study shows that the for ma tion was de -
pos ited from the Burdigalian to the late Serravallian.

DIVLEK FORMATION

This for ma tion com prises me dium- to thick-bed ded fossili -
ferous yel low ish cream lime stones and is char ac ter ized by the
strong pres ence of oolitic lime stones. Its chronostratigraphic po -
si tion is up per Serravallian–Tortonian.
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Fig. 2. The dis tri bu tion of ostracod and plank tonic foraminifer spe cies in the Ereklidere 1 mea sured sec tion
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Fig. 3. The dis tri bu tion of ostracod and plank tonic foraminifera spe cies in the Ereklidere 2 mea sured sec tion
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Fig. 4. The dis tri bu tion of ostracod spe cies in the KÏraman mea sured sec tion



The de po si tion of the Divlek for ma tion, marked by the first
ap pear ance and con tin ued range of Cyprideis, start ing from the 
up per Serravallian and con tin u ing into the Tortonian, was pri -
mar ily de ter mined based on ostracods along with plank tonic
foraminifera (Fig. 10).

STRONTIUM ISOTOPE STRATIGRAPHY

The two cal cu lated 87Sr/86Sr ra tios in the Divlek For ma tion
range from 0.708926 to 0.708951. These val ues in di cate that
two car bon ate sam ples of the Divlek For ma tion show ages of
7.1 and 8.4 Ma based on these ra tios (Fig. 11).

BIOSTRATIGRAPHY

The Neomonoceratina helvetica-Aurila soummamensis
Biozone (Gökçen, 1984) and first ap pear ances of
Carinocythereis and Cyprideis have been iden ti fied in the ar gil -
la ceous lime stones of the MazÏ for ma tion.

NEOMONOCERATINA HELVETICA-AURILA SOUMMAMENSIS BIOZONE

D e s c r i p t i o n. – The zone is lim ited by the first ap pear -
ance of Aurila soummamensis Coutella and Yassini, 1974 and
the first ap pear ance of Carinocythereis (Fig. 12).

Z o n e  d e  f i n e d  b y: Gökçen (1984)

Hande Sonsun et al. / Geo log i cal Quar terly, 68, 25 7

Fig. 5. The dis tri bu tion of ostracod spe cies in the AyrancÏ 1 mea sured sec tion



A g e. – Burdigalian–early Langhian
L o c a l i t y. – Fos sils of this zone were de tected in sam -

ples 2–4 of the AyrancÏ 1 sec tion and samples 4–8 of the
AyrancÏ 2 sec tion taken from the MazÏ For ma tion in the study
area.

C o m  m o n  s p e  c i e s. – Aurila soummamensis
Coutella and Yassini, 1974, Neomonoceratina helvetica Oertli,
1958, Hemicyprideis villandruensis (Moyes, 1965) Cyamo -
cytheridea reversa (Egger,1858), Krithe papillosa Bosquet,
1852, Hermanites haidingeri mi nor (Reuss, 1850).

CARINOCYTHEREIS FIRST APPEARANCE

D e s c r i p t i o n. – This oc curs in the ar gil la ceous lime -
stone beds within the MazÏ For ma tion. This level com prises the
first ap pear ance of Carinocythereis, as well as ostracod spe -

cies such as Neomonoceratina mouliana Sissingh, 1972, Costa 
edwardsii (Roemer, 1838), Aurila ulicznyi Sissingh, 1972 and
as sem blage. 

A g e. –  Langhian–Serravallian
L o c a l i t y. – The fos sils of this in ter val were ob tained

from the MazÏ For ma tion, and ob served in sam ples 5–9, 11 and 
12 of the mea sured sec tion of AyrancÏ 1 and sam ples 8–12, 15,
17–19 of the mea sured sec tion of AyrancÏ 2.

CYPRIDEIS FIRST APPEARANCE

D e s c r i p t i o n. – This level be gins in the ar gil la ceous
lime stone-oolitic lime stone of the Divlek For ma tion. In ad di tion
to the first ap pear ance of Cyprideis at this level, the ostracod
spe cies and dis tinc tive fos sil as sem blage con tain Cytherella
glypta Doruk, 1977, Neomonoceratina acupicta Bonaduce,
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Fig. 6. The dis tri bu tion of ostracod spe cies in the AyrancÏ 2 mea sured sec tion
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Fig. 7. Ostracod spe cies iden ti fied from the mea sured sec tions

A – Cytherella glypta Doruk, 1977, shell, back view, Ereklidere 1 sec tion, sam ple 4, Tortonian; B – Cytherella vulgata Ruggieri, 1962, shell,
left ex te rior view, Ereklidere 1 sec tion, sam ple 1, Tortonian; C, D – Neomonoceratina helvetica Oertli, 1958: C – left cover, ex ter nal view,
AyrancÏ 1 sec tion, sam ple 2, Burdigalian; D – car a pace, back view, AyrancÏ 1 sec tion, sam ple 2, Burdigalian; E, F – Neomonoceratina
mouliana Sissingh, 1972; E – shell, right ex ter nal view, Ereklidere 2 sec tion, sam ple 4 Tortonian; F – shell, right ex ter nal view, AyrancÏ 2 sec -
tion, sam ple 10, Langhian; G – Neomonoceratina interiecta Bonaduce, Ruggieri, Russo, Bis muth, 1992, right car a pace, ex ter nal view,
Ereklidere 2 sec tion, sam ple 4, Tortonian; H – Neomonoceratina laskarevi (Krstic and Pietrzeniuk, 1972), left car a pace, ex ter nal view,
Ereklidere 1 mea sured stra tig ra phy sec tion, sam ple 3, Tortonian; I –Schneidrella dromas (Schnei der, 1939), shell, left ex ter nal view,
KÏraman sec tion, sam ple 4, Tortonian; J – Cyprideis anatolica Bassiouni, 1979, right car a pace, ex ter nal view, AyrancÏ 2 sec tion, sam ple 27,
Tortonian; K – Cyprideis seminulum (Reuss),1958, shell, back view, AyrancÏ 1 mea sured stra tig ra phy sec tion, sam ple 16, Tortonian; L –
Miocyprideis konyaensis, Bassiouni,1979, right car a pace, ex ter nal view, Ereklidere 1 mea sured stra tig ra phy sec tion, sam ple 4, Tortonian; M
– Celtia quadridentate (Baird, 1850), shell, right ex ter nal view, AyrancÏ 1 mea sured stra tig ra phy sec tion, sam ple 4, Burdigalian; N – Krithe
papillosa Bosquet, 1852, right car a pace, ex ter nal view, AyrancÏ 2 sec tion, sam ple 25, Tortonian; O – Krithe monosteracensis (Sequenza,
1880), shell, right ex ter nal view, AyrancÏ 2 sec tion, Sam ple 23, Tortonian; P – Krithe citae Oertli, 1961, shell, right ex ter nal view, AyrancÏ 2
sec tion, sam ple 23, Tortonian; Q – Krithe langhiana Oertli, 1961, right car a pace, ex ter nal view, Ereklidere 2 sec tion, sam ple 4, Tortonian; R – 
Acantocythereis hystrix (Reuss, 1850), right car a pace, ex ter nal view, KÏraman sec tion, sam ple 1, Langhian; S, T – Costa edwarsii (Roemer,
1838): S – left car a pace, ex ter nal view, KÏraman sec tion, sam ple 3, Tortonian; T – left car a pace, ex ter nal view, Ereklidere 1 sec tion, sam ple
4, Tortonian; U – Costa tricostata (Reuss, 1850), shell, right ex ter nal view, KÏraman sec tion, sam ple 3, Serravallian; V, W – Cistacythereis
pokornyi (Ruggieri, 1962): V – shell, left ex ter nal view, AyrancÏ 1 sec tion, sam ple 16, Tortonian; W – left car a pace, ex ter nal view, KÏraman
sec tion, sam ple 2, Serravallian; X – Carinocythereis antiquata (Baird, 1850), shell, left ex ter nal view, Ereklidere 1 sec tion, sam ple 3,
Tortonian; Y – Carinocythereis carinata (Roemer, 1838), left car a pace, ex ter nal view, Ereklidere 2 sec tion, sam ple 3, Tortonian
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Fig. 8. Ostracod spe cies iden ti fied in the mea sured sec tions

A – Hiltermanicythere rugosa Costa, 1952, left car a pace, ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; B, C – Echinocythereis
scabra Muenster, 1830: B – right car a pace, ex ter nal view, Ereklidere 2 sec tion, sam ple 3, Tortonian; C – left car a pace, ex ter nal view,
Ereklidere 2 sec tion, sam ple 4, Tortonian; D – Ruggieria tetraptera tetraptera (Sequenza, 1880), shell, ridge view, Ereklidere 1 sec tion, sam -
ple 4, Tortonian; E, F – Thalmannia hodgii (Brady, 1866): E – left car a pace, ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; F – right
car a pace, ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; G – Aurila soummamensis Coutelle and Yassini, 1974, left car a pace, ex -
ter nal view, AyrancÏ 1 sec tion, sam ple 3, Burdigalian; H – Aurila ducasseae Moyes, 1961, shell, left ex ter nal view, AyrancÏ 1 sec tion, sam ple
9, Serravallian; I – Aurila freudenthali Sissingh, 1972, left car a pace, ex ter nal view, Ereklidere 2 sec tion, sam ple 2, Tortonian; J – Aurila
convexa (Baird, 1850), right car a pace, ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; K – Aurila ulicznyi Sissingh, 1972, shell, left
ex ter nal view, AyrancÏ 1 sec tion, sam ple 12, Serravallian; L, M – Pokornyella deformis minör (Moyes, 1965): L – shell, right ex ter nal view,
Ereklidere 1 sec tion, sam ple 4, Tortonian; M – shell, ridge view, Ereklidere 1 sec tion, sam ple 4, Tortonian; N – Hermanites haidingeri mi nor
(Reuss, 1850), right car a pace, ex ter nal view, Ereklidere sec tion, sam ple 2, Tortonian; O – Tenedocythere prava (Baird, 1850), left car a pace,
ex ter nal view, Ereklidere 2 sec tion, sam ple 1, Tortonian; P – Tenedocythere salebrosa Uliczny, 1969, left car a pace, ex ter nal view, Ereklidere 
2 sec tion, sam ple 3, Tortonian; Q – Urocythereis favosa exedata Uliczny, 1969, left car a pace, ex ter nal view, KÏraman sec tion, sam ple 4,
Tortonian; R – Occultocythereis cf. bituberculata Reuss, 1850, shell, right side view, KÏraman sec tion, sam ple 1, Serravallian; S – Cytheretta
semiornata (Egger, 1958), shell, left ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; T – Loculicytheretta pavonia (Brady, 1866),
Shell, left ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; U, V – Loxoconcha alata Brady, 1868: U – shell, right ex ter nal view,
Ereklidere 2 sec tion, sam ple 4, Tortonian; V – Shell, ridge view, Ereklidere 2 sec tion, sam ple 4, Tortonian; W – Loxoconcha rhomboidea
(Fischer, 1855), shell, right ex ter nal view, Ereklidere 1 sec tion, sam ple 3, Tortonian; X – Loxoconcha cristatissima Ruggieri, 1867, right car a -
pace, ex te rior view, Ereklidere 2 mea sured stra tig ra phy sec tion, sam ple 1, Tortonian
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Fig. 9. Ostracod and foraminifera spe cies iden ti fied in the mea sured sec tions

A – Eucytherura gibbera Mueller, 1894, shell, left side view, KÏraman sec tion, sam ple 5, Tortonian; B – Semicytherura boldi Ducassae, 1967, 
shell, left view, AyrancÏ 1 sec tion, sam ple 7, Serravallian; C – Cytheropteron alatum Sars, 1866, shell, right ex ter nal view, KÏraman sec tion,
sam ple 3, Serravallian; D – Xestoleberis glabrescens (Reuss, 1850), shell, right ex ter nal view, AyrancÏ 2 sec tion, sam ple 5, Burdigalian; E –
Xestoleberis ventricosa Mueller, 1894, right car a pace, ex ter nal view,AyrancÏ 2 sec tion, sam ple 23, Tortonian; F – Xestoleberis communis
Mueller, 1894, shell, right ex ter nal view, Ereklidere 2 sec tion, sam ple 1, Tortonian; G – Propontocypris (Ecpontocypris) pyrifera Mueller,
1894, shell, left ex ter nal view, Ereklidere 1 sec tion, sam ple 4, Tortonian; H – Argilloecia conoidea Sars, 1923, shell, right ex ter nal view,
KÏraman sec tion, sam ple 5, Tortonian; I – Paracypris polita Sars, 1866, shell, left ex ter nal view, AyrancÏ 2 sec tion, sam ple 8, Langhian; J –
Praeorbulina glomerosa curva (Blow, 1956), side view, AyrancÏ 2 sec tion, sam ple 5, Burdigalian; K, L – Orbulina suturalis Brönnimann,
1951, side view, AyrancÏ 2 sec tion, sam ple 5, Langhian; M – Orbulina universa d’Orbigny, 1839, AyrancÏ 2 sec tion, sam ple 19, Serravallian;
N–P – Globorotalia cf. margaritae Bolli and Bermudez, 1965: N – side view, AyrancÏ 1 sec tion, sam ple 21, Tortonian; O – rise view, AyrancÏ 1
sec tion, sam ple 21, Tortonian; P – abdominal view, AyrancÏ 1 sec tion, sam ple 21, Tortonian
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Fig. 10. Gen er al ized strati graphic sec tion of the study area



Ruggieri, Russo & Bis muth, 1992, N. laskarevi Kristic &
Pietzeniuk, 1972, Schneidrella dromas (Schnei der, 1939),
Cyprideis anatolica Bassiouni, 1979, Costa edwardsii (Roemer, 
1838), Carinocythereis an ti quate (Baird, 1850), C. carinata
(Roemer, 1838), Cistacythereis pokornyi (Ruggieri, 1962) and
Chrysocythere paradisus Doruk, 1973.

A g e. – Up per Serravallian–Tortonian.
L o c a l i t y. – The fos sils of this zone were re cov ered from 

sam ples 14–16 and 18 of the AyrancÏ 1 sec tion and sam ples
20, 22 and 25–30 of the AyrancÏ 2 sec tion within the Divlek For -
ma tion.

CHRONOSTRATIGRAPHIC UNITS

Burdigalian. The Burdigalian was de ter mined in the dark
cream-col oured claystone-clayey lime stone lev els of the MazÏ
For ma tion out crop ping around the AyrancÏ Dam in the re gion
stud ied. The ostracods re corded are com pa ra ble to the ostra -
cods found at the same strati graphic lev els in Med i ter ra nean
coun tries that be long to the Neomonoceratina helvetica-Aurila
soummamensis Biozone (Ta ble 1).

Langhian. The Langhian was iden ti fied in the dark
cream-col oured claystone-clayey lime stone lev els of the MazÏ
For ma tion out crop ping to the north of Divle vil lage. The taxa
char ac ter iz ing this stage can be com pared with the ostracods
found at the same strati graphic lev els in Med i ter ra nean coun -
tries (Gökçen, 1984; Tanar, 1989; Tanar and Gökçen, 1990;
ªafak, 1993; ªafak and Donat, 2014; ªafak and Nurlu, 2018).
The ini tial level of Carinocythereis also in di cates the Langhian
Stage, sup ported by the Praeorbulina glomerosa curva plank -
tonic foraminiferal Biozone de fined in the study area.

Serravallian. The Serravallian was found in the dark
cream-col oured claystone-clayey lime stone lev els of the MazÏ
For ma tion out crop ping to the north of Divle vil lage. The taxa
char ac ter iz ing this level can be com pared with the ostracods
found at the same strati graphic lev els in Med i ter ra nean coun -
tries (Gökçen, 1984; Tanar, 1989; Tanar and Gökçen, 1990;
ªafak, 1993; ªafak and Donat, 2014; ªafak and Nurlu, 2018).
The Orbulina universa plank tonic foraminiferal Biozone char ac -
ter ized in the area stud ied also sup ports iden ti fi ca tion of that
level with the con tin u a tion of Carinocythereis re corded in de -
pos its of the Serravallian Stage.

Tortonian. The Tortonian was de ter mined in the light
cream-col oured claystone-clayey lime stone lev els of the Divlek
For ma tion out crop ping in Divle and Çatköy. The taxa rep re -
sent ing this stage can be com pared with ostracods from the
South Aegean Is lands (Plio cene; Sissingh, 1972), North ern
Aegean-Greece (Plio cene; Stambolidis, 1985), and Tur key
(Tortonian; Doruk, 1979, 1993; ªafak et al., 1996, ªafak, 1997,
ªafak and Nurlu, 2018, Ilgar et al., 2019), sup port ing the pres -
ence of Cyprideis through out the Tortonian Stage. Cyprideis
seminulum, one of the most com mon Tortonian ostracod spe -
cies de scribed in this study, has been re ported in the
Pannonian (Kollmann, 1960) of Aus tria and Hun gary and the
up per Mio cene-Plio cene of Tur key (Bassiouni, 1979; ªafak,
1996). The ostracod Loculicytheretta pavonia re ported in this
study has also been found in the Plio cene (Doruk, 1973) and
Tortonian (Avºar et al., 2006) in Tur key.

In the AyrancÏ Ba sin, the ostracod biozone iden ti fied cor re -
sponds to the Neomonoceratina helvetica-Aurila soumma -
mensis Biozone. This zone is equiv a lent to the Loxoconcha
linearis and Neomonoceratina helvetica zones in the Tethys
zonation of the Burdigalian (Krstic, 1975). It also cor re sponds to 
zones A and B of Carbonel and Jiricek (1977), rep re sent ing the
Burdigalian–Hel ve tian in the Tethys, and the NO-3 and NO-4
zones in the Eggenburgian–Ottnangian of the Paratethys. Sim i -
lar to the Neomonoceratina helvetica Superzone, the Neo -
mono ceratina helvetica-Aurila soummamensis Biozone has
been iden ti fied in the Adana, Gözne/Mersin, Antakya and
Karsanti bas ins (�afak and Ünlügenç, 1992; Nazik, 1993;
ªafak, 1993). The Carinocythereis Biozone is ob served from
the be gin ning of the Langhian. It cor re sponds to the Cytheridea
paracuminata verrucosa, Carinocythereis semior nata,
Acantocythereis hystrix, and Cytherella vandenboldi biozones
of the Tethys (Krstic, 1975; Ta ble 1). Sim i lar zonal rep re sen ta -
tions have also been found in other stud ies, such as of
Carinocythereis pokornyi and Verrucocytheris verrucosa in the
Serravallian and the Bythocypris lucida, Eocytheropteron
inflatum-Acanthocythereis hystrix Biozone in the Langhian of
the Paratethys.

Hande Sonsun et al. / Geo log i cal Quar terly, 68, 25 13

Fig. 11. Stron tium iso tope vari a tion curve for the Mio cene in ter val 
(McArthur et al., 2001)
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DISCUSSION

Pre vi ous stud ies of the AyrancÏ Ba sin have not men tioned
the pres ence of Mid dle Mio cene lithological units. This re -
search, how ever, pro vides a de tailed anal y sis of the Mio cene
suc ces sion, spe cif i cally the Divlek and MazÏ for ma tions
(Fig. 10). The MazÏ For ma tion, the first Mio cene unit con sist ing
of claystone and clayey lime stone, over lies the KÏraman
Ophiolitic Mélange and was de pos ited dur ing the Burdigalian to
Late Serravallian in ter vals. The Divlek For ma tion marks the end 
of the Mio cene Ep och in the re gion (Murat and Temur, 1995).

The ostracod biozone iden ti fied in the AyrancÏ Ba sin
through this study is the Neomonoceratina helvetica-Aurila
soummamensis Biozone. This cor re sponds to the Loxoconcha
linearis and Neomonoceratina helvetica biozones of the
Burdigalian Tethys zonation (Krstic, 1975). Ad di tion ally, it cor re -
sponds to the Neomonoceratina helvetica Superzone, rep re -
sent ing the Burdigalian to Hel ve tian in the Tethys with Zones A
and B, and in the Paratethys, it cor re sponds to the
Eggenburgian–Ottnangian NO-3 and NO-4 zones. In the
Burdigalian, Neomonoceratina helvetica-Aurila soummamen -
sis Biozone in clude Loxoconcha linearis linearis Carbonnel,
1969; Neomonoceratina helvetica Oertli, 1958; Cytheridea
ottnangensis (Toula, 1914); and Obitacythereis ruggieri, along
with Bythoceratina vandenboldi Ruggieri, 1960, and Cytherella
postdenticulata at the be gin ning of the Langhian, as listed by
Sokac (1978).

In the Tethys, this biozone is char ac ter ized by the Neo -
monoceratina helvetica and Ruggieria carinata biozones, the
Pseudopsammocythere kollmanni and Neomonoceratina
helvetica biozones, and the Krithe citae-Krithe langhiana
Biozone. In the Paratethys, it cor re sponds to the Neomono -
ceratina helvetica-Cytheridea otnangensis Biozone and the
Cytheridea paracuminata-Paracyprideis triebeli Biozone
(Jiricek, 1983).

CONCLUSIONS

A to tal of 73 sam ples from five strati graphic sec tions in the
AyrancÏ Ba sin have yielded 69 ostracod spe cies listed in Ap -
pen dix 1. Based on these col lec tions, the ini tial oc cur rences of
Carinocythereis and Cyprideis were es tab lished in the
Burdigalian-Langhian-Serravallian and Tortonian units. In the
up per Burdigalian–lower Langhian of the AyrancÏ Ba sin, the
Neomonoceratina helvetica-Aurila soummamensis biozone
have been iden ti fied. This zonation is con sis tent with the gen -
eral zonation of the Tethys-Paratethys re gion. Ad di tion ally, it
has been rec og nized as a zone fos sil for the Burdigalian in ter -
val within the Tethys-Paratethys re gion. This zonation de lin -
eates equiv a lent strati graphic lev els ob served in Neo gene
ostracod zones doc u mented in south ern Anatolia, par tic u larly
in the east ern Med i ter ra nean area. The ostracod spe cies iden ti -
fied from the AyrancÏ Ba sin rep re sent la goonal and neritic en vi -
ron ments, pri mar ily epineritic and infraneritic. The prev a lence
of allochthonous ostracod gen era in the AyrancÏ Ba sin reefs in -
di cates a com plex and in ter con nected eco sys tem with di verse
eco log i cal niches.

A shift from ter res trial con di tions dur ing the Campanian–
Early Mio cene to a ma rine trans gres sion (Neomonoceratina
helvetica-Aurila soummamensis Biozone) has been noted for
the first time in the AyrancÏ Ba sin. The trans gres sion con tin ued
south ward dur ing the Mid dle Mio cene (Langhian–Serravallian)
marked by the first ap pear ance of Carinocythereis, while oolitic
lime stones (first ap pear ance of Cyprideis) were de pos ited
through out the Late Mio cene (Tortonian). This depositional pat -
tern is par tic u larly ev i dent in the cen tral part of the AyrancÏ Ba -
sin, with poorly pre served fos sils, in di cat ing the com plete re -
treat of the sea by the end of the Tortonian. How ever, the
AyrancÏ-Karaman route (east of the AyrancÏ Ba sin) is char ac -
ter ized by fewer oolitic de pos its, in di cat ing a less ac tive trans -
gres sion in these ar eas. Stron tium iso tope ages for the Divlek
For ma tion gave ages of 7.1–8.4 Ma.
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T a  b l e  1

 Com par i son of the biozones re vealed in the study area with biozones in other re gions
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APPENDIX 1

Acanthocythereis hystrix (Reuss, 1850)

Argilloecia conoidea Sars, 1923

Aurila albicans (Ruggieri, 1958)

Aurila convexa (Baird, 1850)

Aurila ducasseae Moyes, 1961

Aurila freudenthali Sissingh, 1972

Aurila pigadiana Sissingh, 1972

Aurila soummamensis Coutelle & Yassini, 1974

Aurila sp. Bassiouni 1979

Aurila speyeri (Brady, 1868)

Aurila ulicznyi Sissingh, 1972

Bairdia subdeltoidea (Muenster, 1830)

Carinocythereis antiquata (Baird, 1850)

Carinocythereis carinata (Roemer, 1838)

Celtia quadridentata (Baird, 1850)

Chrysocythere paradisus Doruk, 1973

Cistacythereis caelatura Uliczny, 1969

Cistacythereis pokornyi (Ruggieri, 1962)

Costa edwardsii (Roemer, 1838)

Costa tricostata (Reuss, 1850)

Cyamocytheridea me nis cus Doruk, 1978

Cyamocytheridea reversa (Egger, 1858)

Cyprideis seminulum (Reus, 1958)

Cyprides anatolica Bassiouni, 1979

Cytherella glypta Doruk, 1977

Cytherella vandelboldi Sissingh, 1972

Cytherella vulgata Ruggieri, 1962

Cytheretta semiornata (Egger, 1858)

Cytheropteron alatum Sars, 1866

Echinnocythereis scabra Muenster, 1830

Eucytherura gibbera Müller, 1894

Falunia sphaerulinata (Jones, 1857)

Hemicyprideis villandrautensis (Moyes, 1965)

Hermanites haidingeri mi nor (Reuss, 1850)

Hiltermanicythere rugosa Costa, 1952

Krithe citae Oertli, 1961

Krithe langhiana Oertli, 1961

Krithe monosteracensis (Seguenzac, 1880)

Krithe papillosa Bosquet, 1852

Krithe sp. Brady, Crosskey & Rob ert son, 1874

Loculicytheretta pavonia (Brady, 1866)

Loxoconcha alata Brady, 1868

Loxoconcha cristatissima Ruggieri, 1967

Loxoconcha rhomboidea (Fischer, 1855)

Loxoconcha tumida Brady, 1869

Miocyprideis konyaensis Bassiouni, 1979

Miocyprideis sp. Kollmann, 1960

Neomonoceratina acupicta Bonaduce, 

Ruggieri, Russo & Bis muth, 1992

Neomonoceratina helvetica Oertli, 1958

Neomonoceratina interiecta Bonaduce, Ruggieri, 

Russo & Bis muth, 1992

Neomonoceratina laskarevi (Kristic and Pietrzeniuk, 1972)

Neomonoceratina mouliana Sissingh, 1972

Occultocythereis cf. bituberculata Reuss,1850

Paracypris polita Sars, 1866

Pokornyella deformis mi nor (Moyes, 1965)

Pontocythere elongata (Brady, 1868)

Procythereis sulcatopunctatus (Reuss, 1850)
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Propontocypris (Ecpontocypris) pirifera Müller, 1894

Pseudopsammacythere kollmanni Carbonel, 1966

Ruggieria tetraptera tetraptera (Sequenza, 1880)

Schneidrella dromas (Schnei der, 1939)

Semicytherura boldi Ducassae, 1967

Tenedocythere prava (Baird,1850)

Tenedocythere salenbrosa Uliczny,1969

Thalmannia hodgii (Brady, 1866)

Urocythereis favosa exedata Uliczny,1969

Xestoleberis communis Müller, 1894

Xestoleberis glabrescens (Reuss, 1850)

Xestoleberis ventricosa Müller, 1894
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