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Early Eocene (middle-late Cuisian) Molluscs Assemblage from the Harpactocarcinid
Beds, in the Yoncali Formation of the Cankir1 Basin, Central Anatolia, and Implications

for Tethys Paleogeography

Cankir1 Havzast Yoncalt Formasyonu (Orta Anadolu) Harpactocarcinid Yataginda Erken

Eosen (orta-ge¢ Kiiviziyen) Mollusk Birlikteligi ve Tetis Paleocografyasindaki Yeri
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! Ankara University, Faculty of Engineering, Dept. of Geological Engineering,
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ABSTRACT

A diverse and abundant Early Eocene (middle-late Cuisian) molluscs assemblage from the Yoncali
Formation of the Cankir1 Basin in central Anatolia is documented for the first time in this study. Six
species of bivalves, four species of gastropods, and one species of scaphopod are described from the
formation. The central part of the Yoncali Formation consists mostly of sandstones, pelagic mudstone
and limestones with harpactocarcinids and the molluscs found were derived from this part. Associated
fauna found here included benthic foraminiferans, serpulids, undetermined echinoids and shark teeth,
and dating was mainly based on the benthic foraminiferans. The distribution of bivalve, gastropod and
scaphopod species suggest that this area has affinities with the East European Province of Turkey. The
cosmopolitian distribution of the recorded species is useful for paleobiogeographic reconstruction. This
reveals that there was a direct connection throughout the Tethyan realm and a connection between the
Tethyan central Anatolia and Indo-Pasific realms, at least until the end of the Paleocene to Early Eocene
(Early Tertiary), and this allowed the migration of benthic organisms.

Key words: Cankir1 Basin, Early Eocene, Molluscs, Paleogeography, Turkey
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Orta Anadolu’da Cankiri Havzasi'nda ilk defa Erken Eosen (orta-ge¢ Kiiviziyen) mollusk birlikteligi
tammlanmigtir. Yoncali Formasyonu nun orta kesimlerinden alinan mollusklardan, alti bivalv tiirii, dort
gastropod tiirii ve bir skapod tiirii tamimlanmistir. Calisilan birim harpactocarcinidler ile birlikte
kumtasi, pelajik ¢camurtasi ve kiregtasindan olusmustur. Birimin yasi bentik foraminiferlere dayanarak
verilmistir. Mollusklarin birlikte bulundugu diger fosil topluluklart ise bentik foraminiferler, serpulidler,
tammlanamamis ekinitler ve kopekbaligi disleridiv. Bivalv, gastropod ve skapodlarin dagilimlar
incelendiginde, ¢alisma alaninin paleocografik yapilanmada Dogu Avrupa bélgesinin bir parcasi
oldugunu gosterir. Tetis Bolgesi ele alindiginda Paleosen sonundan Erken Eosen’e kadar Tetis’in orta
Anadolu ve Hint-Pasifik bélgesiylede baglantili oldugu bentik organizmalarin yayiimyla ortaya

ctkmaktadur.

Anahtar kelimeler: Cankirt Havzasi, Erken Eosen, Mollusk, Paleocografya, Tiirkiye

INTRODUCTION

Turkey is comprised of many tectonic belts
separated by sutures. The tectonic belts were
formed by the total closure of the Tethyan ocean
palaecogeographic
reconstruction of the study area (Figure 1) in

and related basins. The

Early Eocene, and in particular its latitudinal
position at about 35 N, places the southeastern
margin of the Cankir1 Basin, so during the Early
Eocene, Cankir1 Basin was part of the East
European Province. (Tiysliz and Dellaloglu,
1992; Smith et al., 1994). The Tethyan evolution
of Turkey may be divided into Paleotethyan and
Neotethyan phases. The present tectonic
framework of Turkey was formed mainly as a
result of the closure of the multibranched
Neotethyan Ocean during the Late Mesozoic and
1981). The

closure of the Neotethyan ocean in Late

Cenozoic (Sengdr and Yilmaz,

Cretaceous times is recorded by the emplacement

of deep-water margin units, melange and
ophiolites onto the former passive margins of
microcontinents. Integral to the suture zone are

large Early Tertiary sedimentary basins situated

around the central Anatolian block. Central
Anatolia contains many intracontinental basins
bordered by the Pontides to the north and the
Taurides to the south (Figure 2). The central
Anatolian basins developed in the Paleocene-
Eocene, and include the Haymana, the Tuzgolii,
the Kizilirmak, the Kirikkale, the Sivas and the
Cankir1 Basins (Goriir et al., 1998; Cemen et al.,
1999). Rich fossiliferous strata in Early Eocene
Basins are widespread in Central Anatolia.
Serpulids and decapods from these strata have
been previously recorded in detail (Hosgor and
Okan, 2006; Okan and Hosgdr, 2007; Schweitzer
et al.,, 2007), but research on molluscs is very
limited. Previously only four species, from one
genus of Late Paleocene-Early Eocene
ampullinid gastropods, have been described from
the Haymana Basin, and the southern Cankiri
Basin (Okan and Hosgor, 2008). In recent years,
an increasing diversity of Early Eocene molluscs
have been discovered as a result of detailed field
work. The occurence of bivalves, gastropods,
scaphopods and other fossils in the Early Eocene
part of the Yerkoy region is documented here. All

the fossils described are from the Yoncali
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formation (Figure 3), in the Cankir1 Basin. The
Yoncalt
sedimentary sequences (Figure 4), with varied
macrofossil assemblages dominated by decapods

formation is a series of marine 2007)

(Harpactocarcinus yozgatensis Schweitzer et al.,
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2007) (Okan and Hosgor, 2007; Schweitzer et al.,

and serpulids (Rotularia spirulaea

Lamarck, 1818) (Hosgor and Okan, 2006).

Figure 1. Location of Cankir1 Basin (C) in
the East European Province on
a palacogeographic map of the
Early Eocene (after Smith et
al., 1994; Okan and Hosgor,
2008).

Sekil 1. Erken Eosen’'de paleocografik
haritada Dogu Avrupa
Bdélgesindeki Cankirt
Havzasimin  konumu  (Smith
vd., 1994; Okan ve Hosgor,
2008).

Figure 2. Major sedimentary basins and
microcontinental  units  of
Central Anatolia (adapted
from Goriir et al., 1998).

Sekil 2. Orta Anadolu mikrokitalar: ve
onemli sedimanter havzalar
(Goriir vd., 1998 °den
degistirilerek alinmistir).
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Figure 3. Schematic geological map and three dimensional construction of the study area showing the distribution of the
main rock types (Akgiin et al., 2002). Studied region is shown with square.

Sekil 3. Calisma bolgesinin onemli birimleri (Akgiin vd., 2002) ve jeolojik yapiyi gésteren sayisal modeli.
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Figure 4. Generalized stratigraphic columnar section, showing the rock units in the study area of the Cankir1 Basin
(Schweitzer et al., 2007). Molluscs are collected from harpactocarcinid beds; crab specimen shown is in

place from field image.

Sekil 4. Cankir1 Havzasinda ¢alisma alanminin kaya birimlerini gosteren genel stratigrafik kolon (Schweitzer vd., 2007).
Harpactocarcinid yataginda yengeg fosilleri ile birlikte bulunan Mollusk lokalitesinin arazi goriintiisii.
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Dating the Paleocene-Eocene formations in
central Turkey is commonly done using benthic
foraminifera. However, in some cases molluscs
are used as tool for dating Early Eocene shallow
marine sequences. Biostratigraphic control for
the neritic Lower Tertiary unity is provided by
Laffitteina,
Nummulites, Discocyclina and Assilina, and also

large  foraminifera, such as
for pelagic wunits by Globorotalia and
Globigerina species. For benthic Lower Tertiary
biozones the stage names ‘llerdian’ and ‘Cuisian’
are commonly used in Turkey. The Ilerdian stage
overlaps with the late Thanetian and early
Ypresian (Early Eocene), and the Cuisian
corresponds to the late Ypresian (Berggren et al.,
1995; Serra-Kiel et al., 1998; Okay et al., 2001;
Okan and Hosgor, 2008).

A marine molluscan fauna has not
previously been found in these sedimentary units.
The objective of this paper is to describe the
molluscs recovered from samples with decapods;
and their taxonomic  descriptions and
paleobiogeographic affinities allow new insights
into Tethys paleogeography at the begining of the

Cenozoic.

GEOLOGICAL SETTING, ASSOCIATED
BIOTA AND FAUNAL COMPOSITION

The Cankiri Basin lies adjacent to the Izmir-
Ankara-Erzincan Suture Zone along which the
Pontides and the Taurides are thought to have
collided and amalgamated (Sengér and Yilmaz,
1981; Tiiysliz and Dellaloglu, 1992) (Figure 2).
The fill of the Cankir1 Basin is more than 4 km
thick and comprises accumulated sedimentation
from different cycles (Kaymakg1 et al., 2003). In
the investigated area, the sedimentary fill of the

Cankirt Basin of Early to Late Eocene age
unconformably overlies the Late Cretaceous
Cicekdag Belt (Akgiin et al., 2002). Generally,
there are three composite stratigraphic units in
this region: 1) the Cicekdag Belt forming the
basement, 2) the Cankir1 basin-fill, and 3) the
cover series (Erdogan et al., 1996). The Cicekdag
Belt is represented by the Yozgat magmatics and
Cokelik volcanics of the Campanian to Paleogene
ages. The mafic volcanic rocks, the Cokelik
volcanics of the Cigekdag Belt, are cross-cut by
the Yozgat granitoids. The basin fill of the
Cankirt Basin is mainly composed of three
lithostratigraphic units, being the Bayat volcanics
of Early Eocene age, and the Yoncali and Incik
Formations of the Middle Eocene age. The cover
series is dominated by Miocene to Pleistocene
red sandstone, and a conglomerate of the Bozkir,
Kizilirmak and Degim formations overlies the
lithological units of the Cankir1 Basin-fill (Ketin,
1955; Erdogan et al., 1996; Akgiin et al., 2002;
Karadenizli et al., 2003).

The Cankir1 Basin-fill deposits have the
characteristics of a continental and shallow-
marine environment. The general composition of
the Yoncali Formation is sandstone, pelagic
mudstone and limestone with a thickness of about
1500 m (Figure 4). The molluscs fossils, which
are the main subject of this study, were collected
from the central part of the Yoncali Formation
(Hosgor and Okan, 2006). Beds containing the
bivalves, gastropods, scaphopods and associated
biota in the Kocagay limestone, crop out as
discontinuous bodies in the region and attain 15
to 100 m in thickness. The samples analysed
come from sandstones and limestone beds with
decapods
Schweitzer et al., 2007) from the central Yoncali

(Harpactocarcinus yozgatensis



formation (Okan and Hosgor, 2007; Schweitzer
et al., 2007) (Figure 4). Specimens were collected
from a single exposure in the Yoncali Formation,
on the Kirsehir J32-b2, quadrangle, at latitude 34°
68 N, longitude 39° 25" E.

The molluscs fossils are associated with
Nummulites distans Deshayes (A and B forms),
Assilina laxispira Dela Harpe (Sirel, personal
commun., 2007); the serpulids are Rotularia
spirulaea Lamarck, 1818 (Hosgér and Okan
20006); there are also undetermined echinoids and
shark teeth. According to Serra-Kiel et al. (1998),
these foraminiferal species indicate SB-11-12
zones (middle-late Cuisian). Based on this, the
Yoncali formation is middle-late Cuisian in age.
The decapods reported in Okan and Hosgor
(2007) and Schweitzer et al., (2007) are typical
taxon for middle-late Cuisian (late Ypresian).
The uppermost part of the Kocacay limestone
includes only algae fossils. Foraminiferal
assemblage reveals the warm and shallow marine
conditions for the middle-late Cuisian period.
The sandstone and shale alternation points to
cyclic high energy periods of transportation of
coarse material from the coastal area. Towards
the top of the sequence, the increments in the
algae content suggest that warm, shallow and low
energy conditions dominated in the region during
the middle-late

significant

Cuisian time interval. A

decrease in sedimentation had
occurred by that time, due to a rapid change from
shallower (nearshore) to deepwater (offshore)
conditions in the depositional environment during
the late Ypresian time (Figure 4) (Hosgdr and
Okan, 2006; Schweitzer et al., 2007).

Exhaustive analysis of the samples
studied allowed us to identify 11 mollusc

species. The mollusc assemblage is abundant and

Yavuz OKAN, izzet HOSGOR

biostratigraphically useful. Six species of
bivalves (Atrina affinis (Sowerby, 1821),
Chlamys solea (Deshayes, 1824), Cardita

(Venericardia) aizyensis Deshayes, 1860, Chama
fimbriata Defrance 1817, Panopea gastaldii
Michelotti, 1861, Corbula (Bicorbula) gallica
Lamarck, 1805), four species of gastropods
(Velates perversus (Gmelin, 1789), Rimella
fissurella (Linne, 1758), Calyptraea (Trochita)
aperta (Solender, 1766), Globularia vapincana
(d’Orbigny 1850)), and one species of scaphopod
(Dentalium montense Briart and Cornet, 1889)
are described from the Yoncali Formation.

The material used in this study is housed
in the Department of Geological Engineering,
Ankara University (AU).

SYSTEMATIC PALEONTOLOGY

The classification of molluscs in this study
follows that of Knight et al. (1960), Bieler and
Mikkelsen (2006) and Waller (2006).

Class: Bivalvia Linne, 1758
Subclass: Pteriomorphia Beurlen, 1944
Order: Mytiloida Ferussac, 1822
Superfamily: Pinnoidea Leach, 1819
Family: Pinnidae Leach, 1819

Genus: Atrina Gray, 1842
Type Species: Pinna nigra Dillwyn, 1817.

Atrina affinis (Sowerby, 1821)
PL1, Fig. 1

1861 Pinna affinis Sowerby, Wood; p. 55, pl. 10,
fig.1.

1965 Pinna affinis Sowerby, Glibert and Poel; p.
9.



Early Eocene (middle-late Cuisian) Molluscs Assemblage from the Harpactocarcinid Beds, in the Yoncali Formation of the Cankirt Basin,

Central Anatolia, and Implications for Tethys Paleogeography

1995 Atrina affinis (Sowerby), Marquet; p. 248,
pl. 2, figs. 1-3; pl. 3, fig. 1.

Remarks. Atrina affinis from Belgium, orginally
described as a Pinna, was redescribed by
Marquet (1995) and placed in Atrina. Most of the
European Early Cenozoic pinnids have been
assigned to Pinna margaritacea Lamarck, 1806
(Marquet 1995, p. 242, pl. 2, fig. 4) or Atrina
affinis 1821) (= Pinna affinis
Sowerby, Particularly, the

(Sowerby,
1821).
distinguishing character between these species is
the more elongated shape of Atrina affinis and its
less distinctly curved ridges on the ventral part of
the shell. On the other hand, their morphological

main

differences are minor and have never been clearly
defined. Moreover, most European Paleogene
pinnids are poorly preserved and commonly
deformed. The width of the shell is therefore not
a useful tool to determine their taxonomic
character.

Order: Pectinoida H. and A. Adams, 1857
Superfamily: Pectinoidea Rafinesque, 1815
Family: Pectinidae Rafinesque, 1815

Genus: Chlamys Bolten, 1798
Type Species: Chlamys cinnabarina Bolten, 1798

Chlamys solea (Deshayes, 1824)
Pl 1, Fig. 2

1824 Pecten solea Deshayes, p. 302, pl. 42, figs.
12-13.

1904-13 Chlamys solea (Deshayes), Cossmann
and Pissarro; pl. 40, fig. 131-1; pl. 41, fig.
132-1952  Chlamys solea (Deshayes),
Vasilenko; p. 70, pl. 4, fig.1.

1957 Chlamys (Chlamys) solea (Deshayes),
Meszaros; p. 25-26, 89 pl. 3, fig. 6; pl. 15,
fig. 1.

Remarks. Chlamys solea resembles examples
found in the Early to Late Eocene Paris Basin and
Bulgarian Paleoogene Basin Chlamys (Chlamys)
breviaurita (Deshayes, 1824) (Karagiuleva 1964,
p. 34-35, pl. 5, fig. 8) in having a concentric
steps, but differs from the latter species in having
a coarser sculpture and much broader umbonal
angle. True Chlamys is well represented in
Eocene to Holocene faunas, but its Paleocene
history remains obscure. C. solea is similar in
gross morphology to Chlamys aquilonia Waller
& Marincovich, 1992 (Marincovich 1993, p. 14-
15, fig. 10-1) in the Danian Arctic Region. C.
solea clearly differs from these species by its
significantly smaller size.

Subclass: Heterodonta Neumayr, 1883
Order: Carditoida Dall, 1889
Superfamily: Crassatelloidea Ferussac, 1822
Family: Carditidae Fleming, 1828

Genus: Cardita Bruguiere, 1792
Subgenus: Venericardia Lamarck, 1801

Type Species: Venericardia imbricata Lamarck,

1801

Cardita (Venericardia) aizyensis Deshayes, 1860
PL 1, Figs. 3,4

1860 Cardita aizyensis Deshayes, p. 762, pl. 61,

figs. 32-34.

1904-13  Cardita  (Venericardia)  aizyensis
Deshayes, Cossmann and Pissarro; pl. 31,
figs. 97-11.

1957 Cardita (Venericardia) aizyensis Deshayes,
Meszaros; p. 16-17, pl. 1, figs. 11-12.



with
specimens from the Early Eocene of France
described by Cossmann & Pissarro (1904-13).
The similar Venericardia hortenensis (Vinassa de
Regny, 1897) (Karagiuleva, 1964, p. 129, pl. 38,
figs. 4-5; pl. 39, fig. 2) has rounded ribs that are
not as strongly radiating.

Remarks. Our specimen 1is identical

Order: Veneroida H. and A. Adams, 1856
Superfamily: Chamoidea Lamarck, 1809
Family: Chamidae Lamarck, 1809

Genus: Chama Linne, 1758
Type Species: Chama lazarus Linne, 1758

Chama fimbriata Defrance 1817
PL 1, Figs. 5,6

1904-1913 Chama  fimbriata
Cossmann and Pissaro; pl. 21, fig. 7.

1947 Chama fimbriata Defrance, Furon and
Soyer; pl. 10, fig. 76-7.

1957 Chama (Chama) fimbriata Defrance,
Meszaros; p. 12-13, 59, pl. 1, fig. 7; pl. 10,
fig. 4.

1977 Chama fimbriata Defrance, Piccoli et al.,
pl. 2, fig. 21.

Defrance,

Remarks. The in the
Cenomanian. During the Tertiary, and especially

Chamidae originated

since the FEocene, they became relatively
abundant, peaking in the Pliocene tropical and
subtropical faunas (Pastorino, 1991). This species
is characterized by strong growth lamellae that
develop spine-like projections where they are
intersected by radiating costate. Paleocene
species of Chama are known from Georgia
(Palmer and Brann, 1966). In the Eocene this

genus became relatively more frequent as

Yavuz OKAN, izzet HOSGOR

suggested by the presence of Chama calcarata
Lamarck in the Lutetian of France and Chama
granulosa d’Archiac in the Middle-Late Eocene
from Romania and Italy (Meszaros, 1957; Piccoli
et al. 1977). Chama fimbriata Defrance, differs
from Chama calcarata Lamarck (Meszaros,
1957; p. 59, pl. 10, figs: 3, 5) in having radiating
costae of irregular size, shape, and distribution,
that extend between about 1 cm to 5 cm from the
beak of the left valve.

Superfamily: Hiatelloidea J. E. Gray, 1824
Family: Panopeidae Bronn, 1862

Genus: Panopea Menard, 1807
Type Species: Panope aldrovandi Menard, 1807.

Panopea gastaldii Michelotti, 1861
Pl 1, Fig. 7

1861 Panopea gastaldii Michelotti, p. 54, pl. 5,
fig. 10.

1911 Panopea gastaldii Michelotti, Boussac, p.
248, pl. 15, figs. 26, 35.

1925 Panopea gastaldii Michelotti, Schlosser, p.
26.

1964 Panope gastaldii Michelotti, Karagiuleva, p.
118, pl. 37, fig. 2.

1977 Panopea gastaldii Michelotti, Piccoli,
Schiraldi, Sgarbossa and Tessarolo; pl. 3,
fig. 36.

Remarks. Most of the Tethys provences,

Paleocene-Eocene large deep burrowing bivalves
have been assigned to Panope heberti Bosquet,
1911),
Panope remensis Melleville, 1843, Panope (P.)
Korobkov, 1941,
Mayer 1887,
canevae (Fabiani, 1905) and Panopea gastaldii

1849, Panope allonsensis (Boussac,

oppenheimi Panopea

bachmanni Eymar Panopea
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Michelotti, 1861. The
character between the Panopea gastaldii species

main distinguishing

is the more elongated shape of Panope heberti
(Karagiuleva 1964, p. 117, pl. 36, fig. 2) and its
short-thick anterior margin. Panope allonsensis
(Karagiuleva 1964, p. 116, pl. 37, figs. 1, 4) is of
a similar size, has a prominent beak like Panopea
gastaldii, but the former has a anteriorly situated
beak. Panopea gastaldii is bigger and has a more
regular ornamentation than Panope remensis
(Farchad 1936, p. 49, pl. 2, fig. 3), Panope (P.)
oppenheimi (Meszaros 1957, p. 32, pl. 5, fig. 6),
Panopea bachmanni (Piccoli et al. 1977, p. 24,
text.fig. 15a.) and Panopea canevae (Piccoli et
al. 1977, pl. 3, fig. 33).

Order: Myoida Stoliczka, 1870
Superfamily: Myoidea Lamarck, 1809
Family: Corbulidae Lamarck, 1818

Genus: Corbula Bruguiere, 1797
Subgenus: Bicorbula Fischer, 1887
Type Species: Corbula gallica Lamarck, 1805

Corbula (Bicorbula) gallica Lamarck, 1805
PIL 1, Figs. 8,9

1824 Corbula gallica Lamarck, Deshayes; p. 49,
pl. 7, figs.1-3.

1911 Corbula gallica Lamarck, Boussac; p. 234,
pl. 12, fig. 15; pl. 13, fig. 7; pl. 15, fig. 2-
36.

1904-13 Corbula (Bicorbula) gallica Lamarck,
Cossmann and Pissarro; pl, 3, fig. 20-2.

1933 Corbula (Bicorbula) gallica Lamarck,
Glibert; p. 164, pl. 11, fig. 2.

1947 Corbula gallica Lamarck, Furon and Soyer;
pl. 8, fig. 20-2.

1957 Corbula (Bicorbula) gallica Lamarck,
Meszaros,; p. 34-35, pl. 5, figs. 7-8.

1963 Corbula (Bicorbula) gallica Lamarck,
Vlaicu-Tatarim; p. 160-161, pl. 11, fig. 2-
4; pl. 12, figs. 1-2.

1964 Corbula (Bicorbula) gallica Lamarck,
Karagiuleva; p. 81, pl. 25, figs. 15, 17-19.

1977  Corbula
Schiraldi, Sgarbossa and Tessarolo; pl. 2,
fig. 30.

gallica Lamarck, Piccoli,

Remarks. This species is the most abundant
species in the West-central European Paleogene
Basins, where it occurs in nearly shallow-water
sedimentary facies. The species that appears most
similar in morphology to the present one is
Corbula semicostata (Bellardi, 1852) (Boussac
1911, p. 233, pl. 14, figs. 30, 39-42, 49-50) which
is well known in Early-Middle Eocene faunas of
the Alpine regions. Corbula (Bicorbula) gallica
differ from Corbula semicostata by having a
relatively more elongated shape, with a strongly
produced posterior margin.

Class: Gastropoda Cuvier 1797
Subclass: Prosobranchia Milne Edwards 1848
Order: Archaeogastropoda Thiele 1925
Suborder: Neritopsina Cox and Knight 1960
Superfamily: Neritoidea Rafinesque 1815
Family: Neritidae Rafinesque, 1815

Subfamily: Neritinae Rafinesque 1815
Genus: Velates Montfort 1810
Type Species: Velates conoideus de Montfort
1810, by original designation= Neritina
schmideliana (Chemnitz 1853)= Nerita perversa
Gmelin 1791.

Velates perversus (Gmelin, 1789)
PL 2, Figs. 1-8



1904-13  Velates  schmiedeli  (Chemnitz.),
Cossmann and Pissarro; pl. 6, fig. 40-1.
1936 Velates cf. V. perversus (Gmelin), Pinard;

p- 101.
1952 Velates perversus (Gmelin), Eames; p. 12.
1947 Velates schmiedeli Chemnitz, Furon and
Soyer; 230, pl. 6, fig. 40-1
Velates  schmidelianus Chemnitz,
Malaroda; p. 37, pl. 2, fig. 1; pl. 10, fig. 14.
1957 Velates (Velates) schmiedelianus Chemnitz,
Meszaros; p. 37, 112, pl. 6, fig. 1; pl. 21,
fig. 10; pl. 22, fig.1.
1963 Velates schmiedelianus Chemnitz, Vlaicu-
Tatarim; p. 163.
1964 Velates perversus (Gmelin), Karagiuleva; p.
132-133, pl. 40, figs. 3-10.
1969a Velates perversus (Gmelin), Igbal; p. 43,

1954

pl. 5, fig. 69.

1969b Velates perversus (Gmelin), Igbal; p. 42,
pl. 16, fig. 4.

1972 Velates  schmidelianus ~ (Chemnitz),

Kecskemétiné-Kormendy; p. 220, pl. 5, fig.
7; pl. 6, figs. 1-2.
1973 Velates perversus (Gmelin), Igbal; p. 21, pl.
24, fig. 5; pl. 25, fig. 6.

2000 Velates perversus (Gmelin), Bonci, Cirone,
Merlino and Zaliani; p. 214, pl. 3, fig. 4.
2006 Velates perversus (Gmelin), Mikuz; p. 54,

pl. 1, fig. 1; pl. 2, fig. 1; pl. 3, fig. 1.
2008 Velates perversus (Gmelin), Okan and
Hosgor, text-fig., 6-e.

Remarks. The species of the neritid gastropods
Velates perversus (Gmelin) are represented by
better preserved and more abundant material than
are the other gastropods; therefore, this section
discusses the neritids (Figure 5). Vokes (1935)
argued that the oldest Velates is V. cuneatus
(Gabb) of Campanian age. Kenn and Cox (1960)
give the range of Velates Cenomanian through
Eocene, which is the same range as that given by
Cossmann (1925), who listed the species upon
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which he based the range (Woods and Saul,
1986). Typical Velates, then, with an expanded,
thick, inner lip callus covering the apertural face
and inner lip teeth reduced to coarse serrations
(Figure 5), is known only from the Eocene. The
shell in V. perversus is large and thick. Its
geometry is roughly conical, with 2-3 tightly
coiled apical whorls. When referring to shell
morphology in Velates, it is convenient to refer to
an abepertural and an apertural side,
corresponding to the cone-shape surface and the
basis of the cone, respectively (Savazzi, 1992).

Several taxa (V. noetlingi Cossmann and
Pissaro, 1909; V. balkanicus Bontscheff, 1896;
V. equinus Bezongon, 1870) are more similar to
V. perversus. V. noetlingi is more oval, and has a
very low spire (Cossmann and Pissaro, 1909, p.
76). V. balkanicus (Bontscheff, 1896 p. 380, pl.
6, Figs. 1-6) is similar to V.perversus. It differs
from V. perversus in is thickened outer lip,
thicker more rolled ablabral deck margins, and
slightly less convexly swollen deck surface. V.
equinus (Cossmann and Pissaro, 1910; pl. 6, fig.
40.2) differs from V. perversus in its stronger,
broader teeth on the inner lip and in its roundly
inflated whorl with no trace of the shoulder
angulation.

Subclass: Opisthobranchia Milne Edwards 1848
Order: Mesogastropoda Thiele, 1925
Superfamily: Calyptracoidea Lamarck, 1809
Famuly: Calyptraeidae Lamarck, 1809

Genus: Calyptraea Lamarck, 1799
Subgenus: Trochita Schumacher, 1817
Type Species: Patella trochiformis Gmelin, 1791.

Calyptraea (Trochita) aperta (Solender, 1766)
PL 3, Figs. 1-4

1766 Trochus apertus Solander, p. 9, figs. 1, 2.
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Abapertural view of showing spiral surface

Spiral view of whorl profile 1

14

. ablabral margin

. anterior is used for the abspiral

end of aperture and shell margin

. callus

deck

. height is parallel to axis of coiling

. inner lip edge

. labral margin

. outer lip

. posterior is used for the adspiral
end of the aperture and shell margin

10. shell layer

11. shoulder

. 12. spire

15 13. teeth

Apertural view showing apertural surface 14 thickness
15. width

Dimensions of Velates perversus.

CoNoOOhW N

Specimens Height ~ Width  Thickness Inner lip length Deck width

(mm)

AUY07106 70 65 32 25 12
AUY07107 80 68 36 - -
AUY07108 76 62 34 - -
AUYO07109 71 66 33 30 14

Figure 5. Diagrams for Velates perversus (Gmelin) (modified from Woods and Saul, 1986).

Sekil 5. Velates perversus (Gmelin) tiiriiniin tanimlanmasinda esas aliman diyagramlar (Woods ve Saul, 1986 dan degistirilerek
alinmigtir).

1904-1913  Calyptraca  aperta  (Solender), 1938 Calyptraea (Calyptraea) aperta (Solender),

Cossmann and Pissaro, pl. 12, fig. 1. Glibert; p. 54, pl. 1, fig. 21.
1911 Calyptraea aperta (Solender), Boussac; p. 1957 Calyptraea (Trochita) aperta (Solender),
276-2717. Meszaros; p. 40, 133-134, pl. 7, figs. 4-
1925 Calyptraea aperta (Solender), Schlosser; p. 7; pl. 26, fig. 4.
89, pl. 3, fig. 22. 1964 Calyptraea (Trochita) aperta (Solender),
1933 Calyptraea cf. aperta (Solender), Isaeva; p. Karagiuleva; p. 159-160, pl. 43, fig.
12, pl. 1, fig. 16. 14.
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Remarks. Specimens of Calyptraea (Trochita)
aperta (Solender) are common at the Yoncali
formation. This limpet-like gastropod has a
conical shell that is almost circular in outline.
The very  modified
caenogastropods. They tend to modify their shells

Calyptracoidea  are
to a dorso-ventrally flattened, limpet or limpet-
like morphology. They also tend to an almost
sessile habit. The species is known in North
America from the Eocene to the Miocene (Harris
and Palmer, 1946) and in Europe from the Late
Paleocene to the Late Eocene. Karagiuleva
(1964) (p, 159; pl. 43, figs. 12-13) suggested that
C. (T.) suessoniens (d’Orbigny, 1847) from
Bulgaria was closely related. However, this
species never developed the rows of foliated
spines.

Superfamily: Stromboidea Rafinesque, 1815
Family: Strombidae Swainson, 1840

Genus: Rimella Agassiz, 1840
Type Species: Rostellaria fissurella Linne 1758.

Rimella fissurella (Linne, 1758)
Pl. 3, Figs. 5, 6

1866 Rostellaria fissurella Lamarck, Deshayes;
p. 458

1911  Rimella (Coquebert and

Brongniart), Boussac; p. 317, pl. 18, fig. 89.

1911 Rimella fissurella (Linne), Cossmann and

fissurella

Pissarro; pl. 30, fig. 1.

1925 Rimella fissurella (Linne), Schlosser; p. 36,
99, pl. 3, fig. 25; pl. 8, fig. 8.

1933 Rimella fissurella (Linne), Glibert; p. 56-
57, pl. 3, fig. 12.

1933 Rimella fissurella (Linne), Gocev; p. 187,
pl. 5, sek. 10.

12
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1947 Rimella fissurella (Linne), Furon and
Soyer; p. 68, 117, 162, pl. 14, fig. 1.
1957 Rimella fissurella (Linne), Meszaros; p. 43-
44,139, pl. 8, fig. 2-3; pl. 27, fig. 7.
1963 Rimella fissurella (Linne), Vlaicu-Tatarim;
p. 171-172, pl. 16, fig. 8.
1964 Rimella fissurella (Linne), Karagiuleva; p.
163, pl. 44, fig. 6.
1988 Rimella fissurella (Lamarck), Abate,
Baglioni, Bimbatti and Piccoli; p. 138, pl.
1, fig. 13.

Remarks. Rimella labrosa (Sowerby, 1823)
(Karagiuleva, 1964, p. 162-163, pl. 44, figs. 7-8)
from the Late Eocene of Bulgaria is clearly
distingushed from this species by its slender
outline, and less angulated and wider aperture.

Superfamily Ampullinoidea Cossmann 1918
Family Ampullinidae Cossmann 1918
Genus Globularia Swainson 1840
Type Species. Ampullaria sigaretina Lamarck
1804.

Globularia vapincana (d’Orbigny 1850)
Pl 3, Figs. 7, 8

1850 Natica vapincana d’Orbigny, p. 345.

1873 Natica vapincana d’Orbigny, Bayan, p.
104-105, pl. 15, figs. 1-2.

1911 Natica (Ampullina) vapincana d’Orbigny,
Boussac, p. 327-328, pl. 20, figs. 11, 13.
1957  Ampullina vulcani (Brongniart) var.
vapincana d’Orbigny, Meszaros, p. 128, pl.

25, fig. 7.

1964 Globularia (Globularia)
(d’Orbigny), Karagiuleva, p. 176, pl. 51, fig.
1-9.

2008 Globularia vapincana (d’Orbigny 1850),
Okan and Hosgor, p. 789, pl. 1, figs. 1-9.

vapincana
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Remarks.  Globularia  (Globularia)  vulcani
(Brongniart 1864) (Karagiuleva 1964, p. 175, pl.
49, fig. 4) from the Middle Eocene of Bulgaria is
very similar in size and shape to this species but
the former differs from the latter by having a less
distinctive carination and higher whorls of the
spire. The large taxonomic description and
geologic occurrences of Globularia are listed and
summarized in Okan and Hosgor (2008).

Class: Scaphopoda Bronn, 1862
Ordo: Dentaliida Starobogatov, 1974
Family: Dentaliidae Gray, 1824

Genus: Dentalium Linne, 1758
Dentalium montense Briart and Cornet, 1889
PL 3, Fig. 9

1889 Dentalium montense Briart and Cornet, p.
80, pl. 24, fig. 12.

1915 Dentalium (Fustiaria) montense Briart and
Cornet, Cossmann; p. 6, pl. 1, figs. 18-19.

1975 Dentalium (Pseudantilis) montense Briart
and Cornet, Anderson; p. 142, pl. 12, figs.
1-2.

Remarks. The sculpture of this specimen is
highly reminiscent of that of  Dentalium
montense Briart and Cornet 1889, which was
descibed as Dentalium (Fustiaria) montense
Briart and Cornet,1889, by Cossmann (1915)

from the synchronous Belgic formation.

STRATIGRAPHIC AND
PALEOGEOGRAPHIC IMPORTANCE

The Early Cenozoic timescale provides a

framework within which to examine the
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evolution and geographic distribution of various
animal groups such as terrestrial vertebrates,
marine invertebrates and the larger Foraminifera
and, thereby, the history of this period of the
Tethys sea. The Nummulites limestones are
extended from the West Pacific, to the Central
Mediterranean, and to the Atlantic (Figure 6)
(Racey, 2001). Apart from the many correlations
of Tethyan Early Cenozoic based on benthic
foraminifera and calcareous nannoplankton, we
remember several studies based at least partially
on molluscs (Figure 7), for instance by Meszaros
(1960), Renzi (1975), Maxamed and Carush
(1982), Piccoli et al. (1977), Piccoli (1984),
Piccoli et al., (1986), Abate et al., (1988),
Amitrov (1994) and Okan and Hoggdr (2008.).

In the Eocene time, the mollusc faunas of
France (Loire-Paris Basin), Italy (Venetian and
Piedmont Basin) and other large European Basins
are very similar or almost the same. The
environmental conditions must have been
essentially the same. In particular, bivalves and
gastropods of shallow seas represent a good
means for paleobiogeographic correlations and,
to some extent, also stratigraphic markers, if the
comparision is made within homogeneous or
between similar environments (Piccoli, 1984;
Piccoli et al., 1986; Amitrov, 1994). The fossil
mollusc assemblages of the Eocene have been
examined for this purpose from the following
areas (Figure 7); Southern England (Edwards,
1854; Wood, 1861, Wrigley, 1946, 1949); the
Venetian Basin (NE Italy) (Malaroda, 1954;
Piccoli and Mocellin, 1962; Piccoli et al., 1977;
Abate et al., 1988; Mavros, 1990), the Piedmont
Basin (NW Italy) (Bonci et al., 2000), the Loire-
Paris Basin and Vigny (France) (Deshayes, 1824;
Cossmann, 1895; Cossmann and Pissaro, 1904-
13; Farchad, 1936; Pinard, 1936; Furon and
Soyer, 1947), Belgium (Glibert, 1933; Glibert



and Poel 1965;
(Schlosser, 1925; 1975), the
Transylvanian Basins (Romania) (Popescu-
Voitesti, 1910; Meszaros, 1957; Vlaicu-Tatarim,
1963; Meszaros et al., 1969), the Dinaric
carbonate platform (Pavic, 1970; Mikuz, 2006),
the Bulgarian Paleogene basins (Bontscheff,
1896; Douville, 1908; Gocev, 1933; Karagiuleva,
1964), the Hungarian Paleogene basins (Douville,
1908; Szots, 1953; Kecskeméti-Kormendy, 1972;
1974,
1980; Bodo,

Marquet, 1995), Germany

Anderson,

Laszlo, and

Kecskeméti-Kormendy
1992),

Meszaros the Crimea

Middle PaIeocene-Ea’ ;
Oligocene Nummulites #
carbonate deposites

Early Cenozoic Mollusc
of the Tethys and Indo-P

Yavuz OKAN, izzet HOSGOR

(Douville, 1908; Isaeva, 1933; Vasilenko, 1952),
the Turkish Paleogene basins (Haymana-Polatls,
Cankir1 Basins and KB Malatya) (Stchepinsky,
1941; Eriinal, 1942; Orcen, 1985; Okan and
Hosgor, 2008; herein) chosen as sample zone of
the Tethys, North Africa (Tunusia and Egypt)
(Cuvillier, 1930, Abbass, 1972; Elbassyony,
2004), Iran (Chahida, 1978), Qatar (Boukhary,
1985; Abu-Zeid and Boukhary, 1984), Pakistan
(Igbal, 1969a, 1969b, 1973) and India (Vokes,
1937; Eames, 1952).

Figure 6. Geographical distribution of the Middle Paleocene-Early Oligocene Nummulites carbonate deposites (modified from
Racey, 2001) and Early Cenozoic Mollusc Faunas (Maxamed and Curush, 1982; Piccoli et al., 1986).

Sekil 6. Orta Paleosen-Erken Oligosen araliginda Nummulites karbonat depolanmalarinin (Racey, 2001 'den) ve Erken Eosen
Mollusklarinin cografik dagilimi (Maxamed ve Curush, 1982; Piccoli vd., 1986).
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Figure 7. Stratigraphic and geographic distribution of the mollusc assemblage from Early Eocene of the Cankirt Basin.

Sekil 7. Cankirt Havzasi Erken Eosen mollusk toplulugunun stratigrafik ve cografik dagilimi.
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In this study, the stratigraphic ranges and
paleogeographic distributions of some of the
species have been modified. The following
species are found here for the first time within
Turkey; Atrina affinis (Sowerby), Chlamys solea
(Deshayes), Cardita (Venericardia) aizyensis
Deshayes, Chama fimbriata Defrance, Panopea
gastaldii Michelotti, Corbula (Bicorbula) gallica
Lamarck. The stratigraphic ranges of some of the
species in this study have been changed after
calibration with the benthic foraminifera and
their studied invertebrate groups (decapods and
serpulids) with which they are associated.

The
stratigraphically

identified mollusc faunas are
and geographically widely
distributed species. In Turkey these occur in the
Early Eocene (middle-late Cuisian) of the Cankir1
the
Paleocene to Early Oligocene of Europe (Figure

7).

Basin. They are also described from

DISCUSSIONS AND CONCLUSIONS

Molluscs were identified from the middle part of
the
decapods. Within the Yoncali Formation, Akgiin
et al. (2002) described the first palynomorph
assemblages of the Early-Middle Eocene age.
Hosgor and Okan (2006) studied the nummulitic
limestones of shallow marine environment origin

Yoncali formation which also contains

and showed by aid of serpulids that these are
detailed
biostratigraphical study of the Yoncali Formation

Early Eocene in age. A more
with new decapods was performed by Schwietzer
(2007). These authors dated various

macrofauna by comparing them to nummulites

et al.

assemblages of the Early Eocene age. From the
Central Anatolian area the only age date for the
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sedimentary rocks with nummulitic limestones is
given in Sirel (1998) and Ozcan et al. (2007).

Another new data

concerns the Atlantic, Mediterranean and Indo-

implication for

Pacific Region distribution of the Early Tertiary
molluscan fauna that we found in the Cankiri
Basin. The Early Eocene molluscs assemblage
described in this study exhibits a capability of
being transported over long distances. In
particular benthic molluscs, with a long larval life
of a planktotrophic type, represent one of the best
ways for reconstruction of the pathways of
migration along marine currents through geologic
1984; Hosgor, 2008.). This
conclusion is in accordance with the suggestion
of Piccoli (1984) and Piccoli et al. (1986) and

may help in the correlation of these main

time (Piccoli,

provinces.

The data may contribute to a discussion
on the Early Eocene paleogeography of the
Eocene in the Tethyan realm. The similarity of
the Early Eocene Molluscan fauna in the middle-
eastern Tethys to that of further western Tethys
basins and of the major oceans may indicate that
these were already connected and that the former
was shallow water, as was the Indo-Pacific.

In conclusion, the results of our new data
can be summarised as follows:
1. Age determination using molluscan fauna data
from a Yoncali Formation within the Early
Tertiary sedimentary sequences of the Cankiri
Basin seems to indicate the presence of Early
(middle-late
assemblages from the decapod beds around the

Eocene Cuisian) mollusc
Yerkdy area. This age is further confirmed by
data from nummulites and serpulids.

2. The molluscan assemblage and associated

biota suggest warm shallow-marine conditions
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during middle-late Cuisian time. Essentially,
these beds are interpreted to represent more
shallow water facies.

3. The new data suggest that during the Early
Eocene the Tethyan oceans in the east and west
were not isolated; they were shallow water and
connected to the Indo-Pacific ocean areas.
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GENISLETILMIS OZET

Orta Anadolu’nun o6nemli havzalarindan biri
Cankart Tersiyer
Torid/Anatolid ve Sakarya kitalart arasinda yer
alan bir ¢arpisma havzasi olarak sekillenmistir
(Tiiysiiz ve Dellaloglu, 1992). Havzamin giiney
sty boyunca, Yozgat-Yerkoy arasinda, Tersiyer
yasl havza dolgusu egemen olarak karasal ve sig
denizel fasiyestedir ve Ge¢ Kretase yash Yozgat
veya volkanik
Yoncali formasyonu (sig

seyller ve  kirectast
mercekleri), formasyonu  (karasal
konglomeralar kumtagslart)
formasyonu (karasal laviar ve proklastik kayalar)
Erken-Ge¢ Eosen yashdwr ve birbirleriyle yanal
ve diisey gecislidir (Erdogan vd. 1996, Akgiin vd.

olan Havzast stiresince,

magmatiklerini seriyi
uyumsuzilukla orter.
kumtaslari,
Incik
ve

denizel

ve  Bayat

17

2002). Ilgesinin  giineyinde
Pohrenk Koyiiniin 1lkm KD da bulunan ¢alisma
alaminda, daha onceki yilarda yapimis olan
calismalarla decapoda-yengeg fosilleri
(Harpactocarcinus yozgatensis Schweitzer et al.,
2007) ile birlikte annelid polychaetelerden bir tiir
spirulaea 1818)
tammlanmigtir (Hosgor ve Okan, 2006). Bolgeye
yapilan son arazi ¢alismasinda
fosillerinin egemen oldugu seviyede mollusklar
bulunmustur. Yoncali Formasyonu’nun orta
kesimlerinden alinan mollusklardan, alti bivalv
tiri: Atrina affinis (Sowerby, 1821), Chlamys
solea (Deshayes, 1824), Cardita (Venericardia)
aizyensis Deshayes, 1860, Chama fimbriata
Defrance, 1817, Panopea gastaldii Michelotti,
1861 ve Corbula (Bicorbula) gallica Lamarck,
1805, dort gastropod tiirii: Velates perversus
(Gmelin, 1789), Rimella fissurella (Linne, 1758),
Calyptraea (Trochita) aperta (Solender, 1766) ve
Globularia vapincana (d’Orbigny, 1850) ve bir

Yozgat-Yerkoy

(Rotularia Lamarck,

ise yenge¢

skapod tiirti: Dentalium montense Briart ve
Cornet, 1887 tammlanmistir. Calisilan birim
harpactocarcinidler ile birlikte kumtasi, pelajik
camurtast ve kirectasindan olusmugstur. Birimin
yast bentik foraminiferlerden Nummulites distans
Deshayes (A ve B formlari), Assilina laxispira
Dela Harpe’ye dayanarak SB 11-12 zonuna
karsilik  gelen  Erken  FEosen  (orta-geg
Kiiviziyen) 'dir. Mollusklarin birlikte bulundugu
diger fosil toplulukilar ise bentik foraminiferler,
serpulidler, tamimlanamamis  ekinitler  ve
kopekbaligi  disleridir.
skapodlarin dagilimlart incelendiginde, ¢alisma
alanmimin  paleocografik  yapilanmada  Dogu
Avrupa bolgesinin bir pargast oldugunu gosterir.

Bivalv, gastropod ve

Tetis Bolgesi ele alindiginda Paleosen sonundan
Erken Eosen’e kadar Tetis’in orta Anadolu ve

Hint-Pasifik bélgesiyle de baglantili oldugu
bentik  organizmalarmn  yaythmiyla  ortaya
ctkmaktadur.



PLATE 1
Figure 1. Atrina affinis (Sowerby, 1821), right valve, AUY07101.
Figure 2. Chlamys solea (Deshayes, 1824), left valve, AUY07102.
Figures 3-4. Cardita (Venericardia) aizyensis Deshayes, 1860

3. right valve, internal view,

4. right valve, external view, AUY07103.
Figures 5-6. Chama fimbriata Defrance, 1817

5. left valve, external view,

6. left valve, internal view, AUY07104.

Figure 7. Panopea gastaldii Michelotti, 1861, left valve, AUY07106.

Figures 8-9. Corbula (Bicorbula) gallica Lamarck, 1805
8. dorsal view,

9. left valve, external view, AUY07105.

(Scale bars 10 mm).
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PLATE 2

Figure 1-8. Velates perversus (Gmelin, 1789)

1. abapertural view showing spiral surface,

2. apertural view, AUY07106

3. abapertural view, AUY07107

4. abapertural view, AUY07108

5. abapertural view,

6. apertural view,

7-8. polished section showing thin shell in apertural area of last whorl, layers deposited,

internally in spiral area, thick callus on apertural face and very thick callus around

ablabral margin, AUY07109.

(Scale bars 10 mm).
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PLATE 3

Figure 1-4. Calyptraea (Trochita) aperta (Solender 1766)
1. apical view, AUY07110.
2. apical view, AUYO07111.
3. apical view,
4

. apertural view, AUY07112.
Figure 5-6. Rimella fissurella (Linne, 1758).
5. abapertural view,
6. apertural view, AUY07113.
Figure 7-8. Globularia vapincana (d’Orbigny 1850).
7. abapertural view,

8. apertural view, AUY07114.

Figure 9. Dentalium montense Briart and Cornet, 1889, AUYO07115.

(Scale bars 10 mm).
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Ayvalik kuzeybatisinda bulunan Alibey ve Maden adalar1 ¢evresinden alinmis olan 4 kora ait 91 ¢okel
Orneginin giincel bentik foraminifer igeriginin belirlenmesi sirasinda kavkilarinda morfolojik bozukluk
gosteren c¢ok sayida Peneroplis pertusus, P. planatus, Lobatula lobatula, Ammonia compacta, A.
parkinsoniana, Challengerella bradyi, Elphidium complanatum, E. crispum gibi bentik foraminifer
bireylerine rastlanilmistir. Karasal alandaki agir metallerin denizlerdeki biotaya girdisi ve birikmesi ,
sucul yasam iizerinde ¢evresel risk olusturur. 20. yiizy1l’in 6zellikle ikinci yarisinda gerek karasal ¢evre
ve gerekse denize atildig1 diisiiniilen muhtelif atiklar nedeniyle bu alanlarda mangan, kursun ve demir
gibi agir metal bakimindan bir kirlenme meydana gelmistir. Keza maden yatagi/yataklarinin
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caligtirilmas1 cevredeki foraminifer toplulugunda morfolojik acidan anlamli  degisikliklere neden
olmustur. Varilan sonug ise foraminifer kavkilarinda gozlenen ve ekte sunulan anormalliklerin denize
ulasan agir metallerin biyolojik etkileri ile gelistigi ve bu durumlarin dogal c¢evre kirliliginin
belirlenmesinde kullanigh bir biogosterici oldugudur. Arastirmanin amaci bolgede sikga rastlanilan bu
gibi morfolojik bozukluklarin nedenini agiklamak ve benzer olusumlara sebep olan diger etkenler ile
karsilagtirmaktir.

Anahtar kelimeler: Alibey ve Maden adalar1 (Ayvalik), anormal bireyler, bentik
foraminiferler, radyoaktivite, sediment jeokimyasi.

ABSTRACT

Four core samples were collected from the vicinity of Alibey and Maden islands on the northwestern of
Ayvalik. 91 sediment samples were obtained from the cores and were analyzed for their recent
foraminifer content. High abundance of individuals with morphological abnormalities were observed in
benthic foraminifer species such as, Peneroplis pertusus, P. planatus, Lobatula lobatula, Ammonia
compacta, A. parkinsoniana, Challengerella bradyi, Elphidium complanatum, E. crispum. The
introduction and deposition of heavy metal with terrestrial origin in marine biota result in an
environmental risk for aquatic life. Environmental pollution became common mainly in the second half
of 20th century, because of dumping of materials, such as manganese, lead and iron to terrestrial and
marine environments. Also managing the ore beds led to significant morphological changes in
foraminiferal assemblages. The abnormal test development observed in foraminifers and presented in
this study are suggested to be the result of biological effects of the heavy metals that reached marine
environment, and this phenomenon can be used as a practical indicator to determine the natural
environmental pollution. The aim of this study is to find out the possible reasons of these morphological
abnormalities, and compare with other factors which are known to cause similar deformations.

Key words: abnormal individuals, Alibey and Maden islands (Ayvalik), benthic foraminifera,
radioactivity, sediment geochemistry.

GIRIS seklini Miyosen’de baslayip Orta-Geg Pliyosen’e
Inceleme alani, Ege Denizi’nin kuzeydogusunda, kadar siirdiiren tektonik-jeomorfolojik olaylar ile
Biga Yarimadas1 ve Edremit Korfezi’nin Pleyistosen-Holosen’de baskin olan kiiresel,
giineyinde  bulunmaktadir. Kuzeyde Biga iklimsel ve deniz diizeyi degisimleri sonunda

Yarimadasi, giineyde ise Ayvalik ve batida kazanmistir (Arpat ve Saroglu, 1975; Sengdr ve
Midilli Adas1 arasinda yeralan kita sahanligindaki Yilmaz, 1981; Erol, 1987; Kurter, 1988; Yilmaz,
Edremit Korfezi Cukuru’nun giiney uzantisi 1990; Mascle ve Martin, 1990; Erol, 1992; Erol
iizerinde ve kiyr alanindadir (Sekil 1). Edremit ve Cetin, 1995; Yaltirak, 1995; Cagatay vd.,
Korfezi jeolojik acidan, glinlimiiz konumu ve 1996; Boztepe-Giliney vd., 2001). Ayrica, son

32



Alibey ve Maden Adalart (Ayvalik-Balikesir) Cevresi Geng Cokellerinde Gozlenen Bentik Foraminifer Kavkilarindaki Anormal Olusumlar ve

Nedenleri

ACIKLAMALAR

- Monzonit porfir
] rrakitacic o
- Volkanosedimentler g
[T igimbiritik tiif ’
/—“ Cakaltas

E Kalkalkanen volkanitler

/‘ﬁl Cevher filonlar
—  Giriiniir fay

Olasih fay

- -
Birim sur

2 km

ey Adass
L &

aAmstlz

wadl rumdve (¢
Q-‘ %.h‘ $
= f‘,l ™t
Crplak Ads ﬂ

AKDENIZ & )”‘"'"

I|1> 7700 00 o

Maden Adasi

Goverculi Adan

Alibey Adast

[&

Alibey Kiyii

Seytan Soffan
.

Sekil 1. Calisma Bolgesi jeoloji ve yer bulduru haritasi ile korlarin alindigi noktalar (Dora ve

Savascin, 1982°den degistirilerek alinmistir).

Figure 1. Locations of core samplings and geological map of the study area (modified from

Dora and Savas¢in, 1982).

buzul ¢ag1 ve buzularasi donemde kiiresel ostatik
degisimleri farkli arastiricilar
tarafindan yorumlanmis olup, Akdeniz sularmin

deniz diizeyi

giineyden kuzeye ilerleyerek Once Marmara
Denizi’ni ve sonra Karadeniz’i etkisi altina aldig1
diisiincesine varilmistir (Ering, 1978; Kraft vd.,
1980; Stanley ve Blanpied, 1980; Aksu ve Piper,
1983; Herman, 1989; Bodur ve Ergin, 1992;
Ergin, 1996).

Agir metaller ¢evrede dogal olarak iz
diizeyinde, cansiz alemde kayaglar ile toprak ve
suda, canli alemde ise bitki ve hayvanlarda
bulunmaktadir. Ancak, toprak ve sudaki metal
konsantrasyonu insan etkisi/etkileri ile daha da
artabilir. Oksidasyon ve ¢ozlilme, ¢6ziilmiis agir
metallerin ve siilfatin alic1 ortama yayilmasi
gevrede ciddi bir kirlenmeye neden olur.
Ozellikle de agir metal igeren atiklar dogrudan
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sucul ortama birakilirsa bu olay daha baskin bir
sekilde gergeklesir.
yataklariin isletilmesi sirasinda veya bunlarin

Bu durumda maden

kapatilmasindan sonra metallerin uzun vadede

cevreye yayillmast veya dogadaki maden
yataklarindaki agir metallerin yeraltt suyu
sirkiilasyonu ~ ile  sucul  ortam/ortamlara

ulasmasinin bu gibi olaylara neden olabilecegini
diigiindiiriir.  Ozellikle 20. Yiizyil’m
yarisinda Alibey ve Maden adalarindaki bakir ve
kursun yataklarinin isletilmesi (Sekil 1) bunun
baslica nedenini olusturmaktadir (Dora, 1967,
Dora ve Savas¢in, 1982). Denizel kirleticilerin
degerlendirilmesinde birtakim bitkiler,
diatomlar gibi biyoindikatorler kullanilmistir
(bitkiler i¢in Padinha vd., 2000), (diatomlar i¢in
Fisher vd., 1981), (biiyiikk deniz hayvanlar igin
Besten vd., 2001; Grout ve Levings, 2001).

ikinci

sucul
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Farkli denizel ¢evrelerde bulunmalari ve

genellikle ¢ok sayida olmalarmdan dolay:
foraminiferler ¢evresel kosullar1 incelemek icin
kullanilan en uygun organizma grubudur. Bazi
tiirlerin birtakim c¢evresel degisikliklere karsi ¢cok
duyarli olduklar1 bilinmektedir (Murray, 1991).
Bunun disinda dogal ¢evresel sartlar altinda
kavki malzemesi gomiilii olarak saglam kalir ve
dogal

1991) ya da insan

korlardan toplanarak zaman icindeki
degisikliklerin (Murray,
kaynakli kirliligin degerlendirilmesinde
kullanilabilir (Alve, 1995; Nagy ve Alve, 1987).
Bentik

ortamlardaki dagilimlar1 konusunda uzun bir

foraminiferlerin  kirlenmis  denizel
siireden beri caligmalar yapilmaktadir (Sharifi
vd., 1991; Geslin vd., 1998, 2000, 2002; Yanko
vd., 1998, 1999; Geslin, 1999; Debenay vd.,
2001; Elberling vd., 2003; Bergin vd., 2006; Ruiz
vd., 2008; Tranchina vd., 2008; Nikulina vd.,
2008).

Foraminiferlerin ~ denizel  ¢evredeki
degisikligi gosteren en hassas ve bulunmasi en
kolay olan biyoindikator olduklar1 bir gercektir
(Alve, 1995; Yanko wvd., 1999).

etkilerine dair caligmalar

Kirliligin
foraminifer
toplulugunun kompozisyonunun ve morfolojik
anormalliklerin  ¢esitli  kirleticiler ile olan
iliskisini kapsamaktadir. Ornegin petrol atiklar,
tarim kimyasallar1 ve agir metaller gibi (Alve,
1995; Ellison vd., 1986; Nagy ve Alve, 1987;
Samir ve El-Din, 2001). Agir metal kirlilginin
oldugu alanlarda deforme olmus bireylere ait
kavkilarin deforme olmamus bireylere nazaran Pb
ve Cd gibi agir metalleri igerdikleri de
belirlenmistir (Samir ve El-Din, 2001). Yanko
vd. (1999) agir

konsantrasyonu ve miktari

sedimandaki metal

foraminifer ve

cesitliligi arasinda negatif korelasyon, agir metal

ve deforme kavkilar arasinda da pozitif
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korelasyonun varligini ortaya koymuslardir. Alve
ve Olsgard (1999) yiiksek konsantrasyonlarda
Cu’ya maruz kalan topluluklarda deforme kavki
sayisinda bir artis oldugunu belirtmislerdir. Bu
nedenle bazi ¢alismalarda morfolojik ¢esitliligin
ve kirleticinin karakteristigi ile baglantili olarak
varolan bazi dominant formlar incelenmistir.
Keza, foraminiferlerde gozlenen deformasyonun
yoreye Ozgili antropojenik/orojenik kirleticinin
zamana ve alana gore dagilimini degerlendirmede
bir biyoindikatdr olarak kullanilmasi gerektigi
ileri siiriilmiistiir. Bu caligma, insan ve doga
kaynakli agir metallerin c¢evredeki biyolojik
etkisinin nicelik ve niteligini ortaya koymak
amaci ile yapilmustir.

CALISMA ALANININ OZELLIiKLERIi

Iklim
Yaz aylarinda belirlenen yerel imbat-poyraz
sistemleri bolgedeki tipik hava hareketleridir.
Balkanlar
hareketlerinin hemen ardindan

tizerinden inen kuzeyli hava

gelen, ayni
dogrultuda, ancak giineyden kuzeye esen giiney
rliizgarlari, bolgenin ikinci derecede  etken
riizgarlarimi olusturur. Bolgedeki baskin riizgar
kuzeydogu (kis aylarinda 6zellikle Ocak ayinda
%40) ve kuzey (Temmuz ayinda %44) yonlii
olup, riizgar siddetinin yillik ortalamasi 4 bofor
kuvvetindedir. Ortalama riizgar hiz1 yillik 5.4
knot civarindadir. Yillik ortalama sicaklik 16.4°C
dir. Edremit Korfezi’nde ortalama yagis miktar
yillik 783.6 mm dir. Ortalama olarak bolgede kis
mevsiminde 379.4 mm, yaz mevsiminde ise 20.3
mm yagis diismektedir. Yilin en fazla yagis alan
ay1 146.2 mm ile Aralik, en az yagis alan ay1 ise
Dikili
cevresinde ise ortalama yagls 668 mm dir
(Meteoroloji Biilteni, 1984).

39 mm ile Temmuz’dur. Kanali
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Deniz Suyu sicakhigi

Edremit Korfezi'nde dip  suyunun ekstrem
degerleri ile ortalama degerleri arasinda fark
yluzey
mevsimlere bagl olarak farkliliklar gézlenmekte

goriilmemesine  karsin, suyunda
ve yiizey suyunun mevsimlere gore kalmligi
izlenebilmektedir. Ilkbahar (Mayis)’da 10 m
civarinda olup, yazin (Temmuz) ise 30 metredir.
Ortalama yiizey suyu sicakligi ilkbaharda
(Mayis) 15.5°C, vyazin (Temmuz) 22.5°C,
sonbaharda (Eylil) 20.8°C, kisin ise (Subat)
13.03°C degerlere sahiptir. Ortalama dip suyu
ilkbaharda (Mayis) 14.8°C, yazin (Temmuz)
16.0°C, sonbaharda (Eyliil) 16.1°C ve kisin
(Subat) 12.36°C dir. Dikili
ortalama ylizey suyu sicakligi ilkbaharda (May1s)
16.39°C, yazin (Temmuz) 23.76°C, sonbaharda
(Eyliil) 21.61°C ve kisin (Subat) 13.97°C dir.
Ortalama dip suyu ise ilkbaharda (Mayis)
14.24°C, yazin (Temmuz) 15.77°C, sonbaharda
(Eyliil) 15.26°C ve kismn (Subat) 13.39°C olarak
belirlenmistir (SHOD, 1988 ve 1995).

Kanali’nda ise

Deniz Suyu Tuzlulugu

Edremit Korfezi yiizey suyu ile dip suyu arasinda
tiim mevsimlerde tuzluluk farkinin fazla olmadig1
gozlenmistir.  Ancak, bolgeye tasinan tath su
kaynaklarmin azalip ¢ogalmasmna ve yerel
sicaklik farklarindan olusan akintilarin neden
oldugu kiiciik degisimler bazi1 derinliklerde

gozlenmektedir.

Edremit Korfezi’nde tuzluluk ilkbahar
(Mayis) yiizey suyunda %o 38.84-39.04; 30 m su
derinliginde %038.9-39.08; yazin (Temmuz)
ylizey suyunda %039.08-39.26; 30 m su
derinliginde %038.95-39.08; sonbaharda (Eyliil)
ylizey %038.97-39.15; 30 m

suyunda su
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derinliginde %38.87-39.01 ve kisin (Subat) ylizey
suyunda %038.58-39.21; 30 m su derinliginde ise
%038.63-39.23 arasinda degismektedir (SHOD,
1988 ve 1995).

Akintilar

Edremit Korfezi’'nde yapilmis olan akint1 dl¢tim
caligmalar1 sonucunda, bolgede, belirgin bir
akint1 sisteminin mevcut olmadig1 saptanmustir.
Genellikle goriilen bolgesel akmtilar, sicaklik,
tuzluluk ve yogunluk farklar1 ile meteorolojik
faktorlere bagli olarak gergeklesmektedir. Farkli
olusturacagi
akintilar 6zellikle bolgeye tatli su tastyan Havran
Cay1
mevsimlerde olugmaktadir. Ayrica, meteorolojik

yogunluktaki su kiitlelerinin

ve diger akarsularin debisinin arttig1

unsurlarin  ylizeydeki akintilarin y6n  ve
stiratlarini de etkileyecegi bilinmektedir (SHOD,

1988 ve 1995).

Dikili
ile

Edremit
Candarh
korfezlerindeki su hareketleri de bu bolgeyi

Kanali’'nda kuzeydeki
Korfezi giineydeki Izmir ve
etkiler. Korfezler arasinda bir gecis bolgesi
ozelligini tastyan Dikili Kanali’'nda bolgedeki
baskin riizgar yonlerine ve mevsimsel kosullara
bagh

kiitlesi hareketlerinden s6z edilebilir. Ayrica,

olarak kuzey-giiney dogrultusunda su
genel su kiitlesi hareketlerinin ters yoniinde
olusan tatl su akintilarina Dikili Korfezi’nde de
rastlanilir. Keza, kuzeyli riizgarlarda saat
yOniiniin tersinde, giineyli riizgarlarda ise saat
yoniinde kiy1 akintilart olusabilir (SHOD, 1988

ve 1995).

Alibey ve Maden Adalarinda Cevherlesme

Alibey ve Maden adalarinda Orta-Ust Miyosen
yasl alkali bazaltik volkanitler icinde (Savas¢in
ve Giileg, 1992) yaklagik K-KD dogrultulu fay ve
catlaklar boyunca polimetalik cevherli damarlara
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rastlanilir. Maden Adasi’nda cevherli filonlar ya
da bunlara karsilik som kuvars damarlarn da yer
alir. Derinlerden tek damar olarak yiikselen
filonlar, yiizeye yaklastikca bir demet seklinde
ptskiillenir. Filonlarin uzunlugu 10 ile 800 m
arasinda degisir. Bu konumlar1 ile filonlar,
genlesme tektonigi sonucu olugmus tipik yelpaze
bicimli fay ve ¢atlak dolgularin1 simgelemektedir

(Dora ve Savasein, 1982) (Sekil 1).

Alibey Adast’nda ylizeyde go6zlenen
mostralarda cevher filonlan ile ilgili olarak ¢ok
az ize rastlanilir. 10-40 cm enindeki ve 5-30 m
boyundaki bresik catlaklarda limonit ve Mn
oksitlerinden (pirolusit ve psilomelan) olusan
cevherli sivamalar izlenir. Yan kayaglar ise
alterasyona ugramis alkali volkanittir. Yiizeydeki
az gorlinlime karsin, terkedilmis biiyik isletme
binalari, izabe firini, diizgiin bir sekilde oriilmiis
kuyular ve biiylik pasa yignlari, yorede uzun
bir
isletmeciligini isaret etmektedir. Deniz diizeyi

yillar  boyunca yiiriitiilmiis maden
altina inildikce, ortaya ¢ikan teknolojik sorunlar
nedeniyle, maden isletmesi biiyiikk bir olasilikla
terkedilmistir. Pasalar arasinda gozlenen ayrismis
cevherli parcalarda galenit, hematit ve Mn
oksitleri gozlenir. Dolgu minerali ince taneli

catlak kuvarsidir (Dora ve Savase¢in, 1982).

Maden Adast’n1 KKD-GGB
dogrultusunda hemen hemen tiimiiyle kateden
ana filonda cevherli kesimler, boylarnt 1-4 m
arasinda degisen ve enleri 9.5 m ye ulasan
mercekler seklindedir. Bu sekliyle tiim filon,
acilip kapanan, sucuk yapili bresik bir fay zonu
olusturur. Birincil kalkopirit, pirit ve galenit
minerallerine ancak 25 m kadar derinlikteki
rastlanilmaktadir.

galerilerde Sementasyon

zonunda kalkozin ve kovellin; oksidasyon

zonunda ise malakit, azurit, hematit, anglezit ve
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seruzit mineralleri gozlenir. Baskin gang minerali
kuvarstir. Bunun yaninda kalsit, siderit, barit ve
epidot bulunur. Ana filonun dogusunda yeralan,
40-60 m uzunlugundaki, kars1 dogrultuda uzanan
ikincil filonlarda, baskin cevher minerali
galenit’tir ve ender olarak sfalerit gdzlenir. Iri
kristalli galenit minerali tonda en ¢ok 80 g giimiis
Ag,

yerlesmistir.

kafesine
Maden
Adasi’nda da alkali volkanitiler i¢inde uzanir. Fe

kapsar. galenit  kristalinin

Polimetalik  filonlar

ve Mn oksitleri kapsayan ve som kuvarstan yapili
filonlara ise volkanosedimenter birim i¢inde de
rastlamak olasidir. Bélgede belli belirsiz de olsa,
icten disa dogru, cevherli filonlardan steril
filonlara gegen bir zonlamanin varligl s6z
konusudur (Dora, 1967).

Bat1 Anadolu’da geng alkali volkanitler
cevher getirimi yoniinden genellikle sterildir.
Geng alkali sokulumlar ise, pek ¢ok ydrede
cevherlesmeye neden olmustur (Ovacik ve
gevresinde Yilmaz vd., 2007; Yamanlar ve
cevresinde Sayili ve Gonca, 1999; Efemcukuru
ve c¢evresinde Oyman vd., 2000; Bodrum ve
dikkate

Bu nedenle Alibey ve Maden

gevresinde Pigkin, 1980 ¢aligmalari
alinmustir).
adalarindaki cevher getiricisini de monzonitik
damar kayalarma (kuvars latitlere) baglamak en
gercekei yaklasim olacaktir (Dora ve Savascin,
1982).

volkanosedimenter

mineralleri,
gelismis
diopsit ve amfibolit

Dolayis1 ile  cevher
kayalarda
skarnlasmanin  (epidot,
felslerin olusumu ile) periferide, en geng fay ve
catlak

Damar

sistemlerinin i¢inde gdzlemlenmistir.

dolgusunu olusturan kuvars
minerallerinde yapilmis s1vi kapanim 6l¢iimlerine
dayali olarak, cevherlesmenin skarnlagsmanin
ardindan, 350 °C sicaklikta yiiksek hidrotermal
evrede meydana geldigini sdylemek olasidir. Bu

yiiksek sicakliklar nedeniyle de galenit oldukca
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diisiik degerde Ag kapsamaktadir ve Au tenori
yoniinden sterildir (Yage1, 1981).

Termal Olusumlar

Calisilan alanda farklt 4 noktadan alinmis olan
korlarin incelenmesi sirasinda 45 cm’lik 3a
korunda 28-45 cm arasindaki geng¢ cokellerde

oldukea bol denilebilecek 6zellikte jips kristalleri

gozlenmistir. Keza yasam sirasinda farkli
gruplara ait kavkilarin etrafinda gelismis olan jips
kristallerinin ~ varligr ilging bir  goriiniim

olusturmaktadir. Ozellikle Ammonia compacta ve
Elpihidium complanatum  ile bazi gastropod

kavkilar1 ve Posidonia pargalart c¢evresinde
olusmus olan jips kristalleri bolge icin dikkat
bir Bolgede

belirlenmis olan bu 6zellik, yakin ge¢miste deniz

cekici durum olusturmaktadir.

icindeki termal kaynagin/kaynaklarin

varoldugunu ortaya Benzer
ozellikler {ilkemizde Hali¢’te (Istanbul) Holosen
(Merig vd., 2003a ve 2007; Onal, 2004) ile Izmit

Korfezi’'nde Orta-Geg Pleyistosen sedimanlar

koymaktadir.

icinde de gozlenmistir (Meri¢ ve Suner, 1995;
Suner ve Merig, 2001). En 6nemli 6zelliklerden
bir digeri deginilen korda gdzlenmis olan tiim
jips kristallerinin (Levha 9, sekil 1-14) tamamiyle
seffaf olmasidir. Hali¢ (Istanbul) jipsleri ayni
de, geng
¢cOkellerinde gozlenenler mattir. Bunun disinda

ozellige sahipse [zmit Korfezi

3a koruna ait bazi1 diizeylerde foraminifer
kavkilarinin pismis tugla renginde olmasi ve
sayica ¢ok azalmalar termal suyun sicaklik
degerinin olduk¢a yiiksek ve sicak su etkisi
altinda kavkilarin kismen pismis oldugunu
desteklemektedir.
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MALZEME VE YONTEM

Alibey Adas1 kuzey boliimiinde 3 ve Maden
Adas1t dogusunda bir olmak iizere toplam 4
alanda 11 adet kor ¢akilmistir (Sekil 1). Bu dort
alandan birer kor segilerek bunlar boyuna
kesilmis ve bir bolimii sedimenter ve diger
boliimii’de faunal 6zelliklerin belirlenmesi igin
herbirinden 2 cm lik 6rnekleme yapilmis, 5 gr yas
ornek alinmistir. Bu 5 gr lik 6rneklere %10’luk
H,0, katilarak 24 saat bekletilmis ve bu siire
sonunda 0.063 mm’lik elekte tazyikli su altinda
yikanarak 50 °C etiivde kurutulmustur. Bu islemi
takiben 2.00, 1.00, 0.500, 0.250 ve 0.125 mm’lik
eleklerde

incelenmigtir. 1.00 mm ‘lik elekte az sayida

elenip  binokiiller = mikroskopta
foraminifer ve ostrakod gozlenmis olup, 0.500 ve
0.250 mm’lik

acisindan zengindir. 1., 2. ve 4. alandan ig, 3.

elekler bentik foraminifer
alandan ise 2 kor alinmistir. Bunlarin alinmis
oldugu derinlikler 0.80 m ile 8.00 m arasinda
degismektedir. Incelenen korlarin almmis oldugu
noktalarin  koordinatlar1 ile bunlarim boylar
Cizelge 1’de verilmistir. 45 cm’lik 1c korunda
22, 42 cm’lik 2¢ korunda 21, 45 cm’lik 3a
korunda 22 ve 52 cm’lik 4b korunda ise 26 olmak
iizere toplum 91 6rnek incelenmistir.

Orneklerin ~ jeokimyasal analizleri,
Mustafa Kemal Universitesi, Merkezi Arastirma
Laboratuari’nda bulunan ICP-AES (Inductively
coupled Plasma Atomic Emission Spectrometry,
Varian-Liberty II model) ile 6l¢lilmiistiir. Cihazin
hassasiyet aralig1 (Dedection limits): Zn (0,009 —
450), Co (0,05 - 2500), Cr (0,04 - 2000), Cu
(0,02 - 1000), Fe (0,015 - 750), Mn (0,003 - 150),
Ni (0,06 - 30000)’dir.
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Cizelge 1. Calisma bolgesinde alinan korlarin uzunlugu, koordinatlari ve su derinligi.
Table 1. Length, depth and coordinates of the core samples collected from the study area.

Su Derinligi Kor Uzunlugu
Kor Ad1 Enlem Boylam
(m) (cm)
lc 39°22.548" | 26°38.552 -1,5 45
2¢ 39°23.427" | 26°36.029' -8 42
3a 39°22.394" | 26°36.929' -2,7 45
4b 39°22.220" | 26°37.499' -0,8 52
Kimyasal analizler i¢in 50 °C de Buna gore toplam belirsizlik % 95 giivenilirlikle

kurutularak 6gitiilmiis

sediment Orneklerinde

1b, 2a, 3b ve 4a korlarindan derlenen 34 seviyede
agir metal (Cu, Co, Ni, Cr, Zn, Fe ve Mn)
iceriklerini Olgebilmek icin belirli metodlarla
(Chester ve Hughes, 1967; Agemian ve Chau,
1976; UNEP/IAEA, 1986; Loring, 1987; Loring
ve Rantala, 1988) c¢oOzlindiirilme islemi
gergeklestirilmis ~ ve AA-6701-F
atomik absorbsiyon spektrofotometresinde hava-
asetilen
jeokimyasal degerlendirmeleri yapilmustir.

Shimadzu

alevinde analiz edilerek bunlarin

Radyoaktivite analizlerinde, toplam alfa
ve toplam beta Olgiimleri Cekmece Niikleer
Arastirma ve Egitim Merkezi Olgme ve
Enstriimantasyon Boliimii, Radyoaktivite Olgme
ve Analiz Birimi laboratuarinda yapilmistir. 1b,
2a, 3b ve 4a olarak 4 kordan toplam 34 sediment
orneginde yapilan Olglimlerde Berthol Lb 770
Low Level Counter cihazi kullanilmigtir. Olgiim
belirsizligi :+2c arahigindadir. Orneklerin aktivite
konsantrasyonlarinin
diizeltmesi, self absorpsiyon diizeltmesi, sayim
ve Ornegin sayim ig¢in hazirlanmasi sirasinda
meydana gelen toplam belirsizligi hesaplanmustir.

hesabinda, background
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:+2c araligindadir.
BULGULAR

Bentik Foraminifer Toplulugu

Calisma alaninda foraminifer toplulugu olarak 42
cins ve 78 tiir saptanmustir.(Cizelge 2-5). Bu cins
ve tiirlerin belirlenmesinde: Cimerman ve
Langer, 1991; Hatta ve Ujiie, 1992; Hottinger
vd., 1993; Sgarrella ve Moncharmont-Zei, 1993;
Loeblich ve Tappan, 1994; Avsar, 1997 ve 2002;
Avsar ve Merig, 2001; Avsar ve Ergin, 2001;
Avsar vd., 2001; Meri¢ ve Avsar, 2001; Meri¢
vd., 1995; 2002 a ve b; 2003 a, b ve ¢, 2004 a ve
b; 2005; Kaminski vd., 2002 gibi kaynaklardan
yararlanilmstir.
foraminifer toplulugu Ege Denizi’nde calisilan
diger alanlara nazaran zengin degildir. Ornegin
Cesme-Ilica Koyu (izmir) (Avsar ve Meric,
2001), Gokgeada gevresi (Meric ve Avsar, 2001),
Gokgeada-Bozcaada-Canakkale  arast  bolge
(Avsar, 2002), Midilli Adasi ¢evresi (Meri¢ vd.,
2002 a), Bozcaada ¢evresi (Meri¢ vd., 2002 b),
Edremit Koérfezi (Merig vd., 2003 b), Dikili
Korfezi (Meri¢ vd., 2003 c), Ege Denizi kiyilari

Bolgede gozlenmis olan
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(Meri¢ vd., 2004 a), Saros Korfezi (Meri¢ vd.,
2004 b). Sistematik diizenlemede (Loeblich ve
Tappan, 1988)  dikkate

Rhabdammina abyssorum Sars, Iridia diaphana

almmis  olup,

Heron-Allen ve Earland, Eggerelloides scabrus
(Williamson), bocki
Vertebralina striata d’Orbigny,

Textularia Hoéglund,
Nubecularia
lucifuga Defrance, Adelosina cliarensis (Heron-
Allen ve Earland), 4. duthiersi Schlumberger, A.
mediterranensis (Le Calvez J. ve Y.), A. partschi
(d’Orbigny), A. d’Orbigny,
Spiroloculina angulosa Terquem, S. antillarum
d’Orbigny, . d’Orbigny, S.
excavata d’Orbigny, S. krumbachi Wiesner, S.
ornata d’Orbigny,
(d’Orbigny), S. aspera (d’Orbigny), Cycloforina
contorta (d’Orbigny), C. villafranca (Le Calvez
J. ve Y.), Lachlanella undulata (d’Orbigny), L.
variolata  (d’Orbigny),
(d’Orbigny), Quinqueloculina
d’Orbigny, Q. bidentata d’Orbigny, Q. disparilis
d’Orbigny, Q. jugosa Cushman, Q. laevigata
d’Orbigny, Q. lamarckiana d’Orbigny, Q.
seminula (Linné),  Miliolinella dilatata
(d’Orbigny), M. labiosa (d’Orbigny), M.
semicostata (Wiesner), M. subrotunda
M. webbiana (d’Orbigny),
Pseudotriloculina  laevigata (d’Orbigny), P.
oblonga (Montagu), P. rotunda (d’Orbigny), P.
(Martinotti),

pulchella

depressa

Siphonaperta agglutinans

Massilina  secans

berthelotiana

(Montagu),

sidebottomi Pyrgo  anomala
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(Schlumberger), Triloculina marioni
Schlumberger, 7. plicata  Turquem, T.
schreiberiana  d’Orbigny,  Wellmanellinella
striata  (Sidebottom),  Sigmoilinita  costata
(Schlumberger), Parrina  bradyi  (Millet),
Coscinospira hemprichii Ehrenberg,

Laevipeneroplis karreri (Wiesner), Peneroplis
pertusus (Forskal), P. planatus (Fichtel ve Moll),
Sorites orbiculus Ehrenberg, Polymorphina sp. 1,
2 ve 3, Neoeponides bradyi (Le Calvez),
(Rzehak),
R.  globularis

Rosalina
d’Orbigny,
Conorbella imperatoria (d’Orbigny), Lobatula
lobatula  (Walker Jacob),
mediterranensis d’Orbigny, Cibicidella variabilis
(d’Orbigny),
Sphaerogypsina globula (Reuss), Asterigerinata

Neoconorbina  terquemi

bradyi Cushman,

ve Planorbulina

Acervulina inhaerens Schultze,

mamilla (Williamson), Amphistegina lobifera
Larsen, Nonion depressulum (Walker ve Jacob),
Ammonia compacta Hofker, A. parkinsoniana
(d’Orbigny), A. tepida Cushman, Challengerella
ve  QOesterle,

(d’Orbigny),

Porosononion subgranosum (Egger), Elphidium

bradyi  Billman, Hottinger

Cribroelphidium poeyanum
aculeatum (d’Orbigny), E. advenum (Cushman),
E. complanatum (d’Orbigny), E. crispum (Linné),
E. depressulum Cushman, E. macellum (Fichtel
ve Moll) ve Elphidium sp. gibi cins ve tiirler
belirlenmistir.
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Cizelge 2. 1c korundaki bentik foraminifer cins ve tiirlerinin dagilim.
Table 2. Distribution of benthic foraminifer genera and species in core sample Ic.
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Cizelge 3. 2¢ korundaki bentik foraminifer cins ve tiirlerinin dagilimi.
Table 3. Distribution of benthic foraminifer genera and species in core sample 2c.
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Cizelge 3. Devam
Table 3. continued
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Cizelge 4. 3a korundaki bentik foraminifer cins ve tiirlerinin dagilimi.
Table 4. Distribution of benthic foraminifer genera and species in core sample 3a.
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Cizelge 4. Devam
Table 4. continued
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Nedenleri

Cizelge 5. 4b korundaki bentik foraminifer cins ve tiirlerinin dagilimu.

Table 5. Distribution of benthic foraminifer genera and species in core sample 4b.
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Nedenleri

Anormal Bentik Foraminifer Toplulugu

Saptanan bentik foraminifer toplulugu arasinda
Ic, 2c ve 3a korlarinda morfolojik bozukluk
gosteren Lobatula lobatula (Walker ve Jacob),
Ammonia compacta Hofker, A. parkinsoniana

ise Peneroplis pertusus (Forskal) ile P. planatus
(Fichtel ve Moll)  bireyleri baskin olarak
gozlenmistir (Cizelge 6-9) (Sekil 2-5). Bunun
disinda az sayida da olsa benzer 6zellikleri sunan
Spiroloculina angulata d’Orbigny, Cibicidella

(d’Orbigny), Challengerella bradyi Billman, variabilis (d’Orbigny) fertlerine de
Hottinger ve Oesterle, Elphidium complanatum rastlanilmigtir.
(d’Orbigny) ve E. crispum (Linné); 4b korunda
Cizelge 6. 1c korunda gozlenen anormal kavkiya sahip bentik foraminiferler.
Table 6. Benthic foraminifer species with abnormal tests observed in core sample Ic.
(4]
g |5 .
Kor 1¢ § § c_; % é _ C_% g 5’
2 S|E|E|E|8|E|2 5
s ([ B | 8|l | 8| =|0o|=|%
Q| 2 = Q Q| Q Q S
alo | J <[]0 | W ||k
0-2 2 - - 3 2 - - 1 8
2-4 2 - - 4 2 - - 2 |10
4-6 1 - - 713 - 4 | 7 |22
6-8 1 1 - | - - - - 3
8-10 2 15 1 4 13 - 2 13120
10-12 1 2 - 4 - 1 2 1 |11
12-14 1 2 1 5 2 - 1 3 |15
14-16 1 1 2 | 6 - - - 1 |11
16-18 - - - 4 1 6 - 4 |14
18-20 1 - - 2 1 1 1 6
20-22 - - - 2 - - - - 2
22-24 - - - - - - - -
24-26 - - - - - - - - -
26-28 - - - - - - - - -
28-30 - - - 3 - - - 1 | 4
30-32 - - 1 - - - | - 2
32-34 - - 6 | 4 - - 1 4 | 15
34-36 - - 312 1 2 | 2 |11
36-38 - 3142 1 - 4 12 |16
38-40 1 1 1 2 - - 5 1 |11
40-42 - - - 5 1 2 - 1 9
42-45 - 2 1 [ 14| 2 1 1 2 |23
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Cizelge 7. 2¢ korunda gbzlenen anormal kavkiya sahip bentik foraminiferler.
Table 7. Benthic foraminifer species with abnormal tests observed in core sample 2c.

©

C © >

B EHEEIHETEHBRLHEE
2| E|lg|e|lg g8 glz|k
22|28/ 8/ g£|5|8|5]|%

a |l | J]0 | | <C]O | W |W]|M

0-2 1 3 16 | 2 3 1 - 2 7 | 35
2-4 - 5 14 1 12 - - 1 4 | 37
4-6 - 3 4 - 1 - 2 4 14
6-& 1 3 5 1 - - - 3 4 17
8-10 - 4 10| 3 1 - - 4 10 | 32
10-12 1 2 10 - 4 1 - 3 11| 32
12-14 - 2 8 - 6 - - 3 11 | 30
14-16 - - 14 - 2 - - 6 6 | 28
16-18 1 - 9 1 3 - - 4 2 120
18-20 - - 5 1 4 - - 3 4 17
20-22 1 1 15 - 2 - - 1 10 | 30
22-24 - - 18 - 1 - - 6 6 | 31
24-26 - 2 13 - - - - 2 1 18
26-28 - 2 11 1 - - - 4 4 |22
28-30 - - 6 1 1 1 - 5 4 18
30-32 - 1 16 1 2 - - 1 4 |25
32-34 - - 11 - 1 - - - 2 14
34-36 - 1 11 - 1 - - 4 6 | 23
36-38 - - 3 2 1 - - 2 1 9
38-40 - 1 15 - 1 - - 5 4 |26
40-42 - 1 4 - 1 1 4 4 15
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Cizelge 8. 3a korunda gozlenen anormal kavkiya sahip bentik foraminiferler.
Table 8. Benthic foraminifer species with abnormal tests observed in core sample 3a.

©
& E _
%) o] c © >
PR AL AR AR
2IE|E 2|g|2|g|g 5 s
g8ls|=2|S|8|8|5|8|&5| &=
a o | J]10 << | <O |||k
02 |9 14| -3 5[ -11]2712]46
24 | 7 |11 5] -4 313|438
46 |16 |2 -T2 -1T-1T5 2718
68 | - | - |4 1| -|-]1]5]5]/ 16
810 | - | - |3 | -3 -12193 20
10-12 | - |27 [3 5 -1215/14]38
204 | - |2 |1 |1 |71 3]9]11]35
1416 | - | - | - -7 -1T271917]35
1618 | - | 1| 2 |1 |13 1|26 ]15]4l
18-20 - - 1 1 10 | 1 2 6 | 20 | 41
2022 | - | -2 -5 -JT1]7]9]24
224 | - | - |3 - [ 3] -[1[10]15]3
2426 | - |1 |2 | - 11| -8 |8 [14]44
2628 | 1 | - | - | - | 3| -148]6]22
2830 | - | - | - | -2 -T4 48718
3032 | - | - | 1] - | - | -] - -1
32-34 - - 5 - 12 - 4 5 11 | 37
3436 | - | - | 4| - |12 1] 3 [11]16]47
3638 | - | - |2 24 -]35]6]22
3840 | - | - | - | - - -T2 11]-713
4042 | - | - |1 | - [ - -5 [-1T27s
245 | - [ -1 [ -4 -T1]3]5 /14
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Cizelge 9. 4b korunda gozlenen anormal kavkiya sahip bentik foraminiferler.
Table 9. Benthic foraminifer species with abnormal tests observed in core sample 4b.

Kor _
=S

2 |3 |3

2 =2

g2 |=s | &

o o =
0-2 9 2 11
2-4 20 1 21
4-6 15 2 17
6-8 16 5 21
8-10 17 10 27
10-12 15 7 22
12-14 22 6 28
14-16 21 6 27
16-18 28 - 28
18-20 15 6 21
20-22 35 6 41
22-24 17 3 20
24-26 38 8 46
26-28 29 3 32
28-30 12 6 18
30-32 25 3 28
32-34 21 3 24
34-36 28 2 30
36-38 16 4 20
38-40 8 3 11
40-42 20 3 23
42-44 19 6 25
44-46 19 4 23
46-48 21 3 24
48-50 24 5 29
50-52 18 2 20
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Sekil 2. 1c¢ korunda gozlenen anormal kavkili foraminiferlerin derinlige gére dagilimi.
Figure 2. Distribution of abnormal foraminifers observed in core 1c¢ according to depth.
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Sekil 3. 2¢ korunda gozlenen anormal kavkili foraminiferlerin derinlige gore dagilimi.
Figure 3. Distribution of abnormal foraminifers observed in core 2¢ according to depth.
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Sekil 4. 3a korunda gozlenen anormal kavkili foraminiferlerin derinlige gore dagilimi.
Figure 4. Distribution of abnormal foraminifers observed in core 3a according to depth.
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Sekil 5. 4b korunda gdzlenen anormal kavkili foraminiferlerin derinlige gore dagilimai.
Figure 5. Distribution of abnormal foraminifers observed in core 4b according to depth.

Goriilen morfolojik bozukluk
kapsaminda, kavkilardaki loca gelisimi ve bu
nedenle olusmus sekil bozukluklar1 dikkati

cekmektedir. Bunun disinda 2 agizhi bireyler
(Levha 1 sekil 1-3, 5, 6), agzin bulundugu son
locadaki morfolojik bozukluk ile agzin konumu
(Levha 1 sekil 4 ve 7), agizlarin farkl yerlerde
olugmasi (Levha 1 sekil 8, Levha 3 sekil 2, 3 a ve
b), kendine has agi1z 6zelligi disinda farkli cins ve
tire ait 2. sahip Dbireylerin
bulunmus olmasi (Levha 1 sekil 10 a, b, ¢; Levha
3 sekil 4 a, b, c), loca geligimi sirasinda geniglik
ve ylkseklik agisindan ani degisimlerin ortaya
¢ikmasi (Levha 1 gekil 9, 11-21; Levha 2 sekil 1-
22; Levha 3 sekil 1, 5-14; Levha 4 sekil 1-3;
Levha 5 sekil 14, 18-22; Levha 6 sekil 1-21,
Levha 7 sekil 2-20, 22-25), kavkilardaki normal
dist gelisme (Levha 5 sekil 12, 15-17), son
localardaki ani gelismeler (Levha 4 sekil 4-22,
Levha 5 sekil 1-11, 13), kavki ¢evre hattinda
meydana gelmis ani bozukluklar (Levha 7 sekil

agiz yapisina

51

1, 9 ve 21) ile kavkilardaki renklenme (Levha 8
sekil 1-4) gibi Ozellikler c¢aligilan bolge igin
dikkat ¢ekici bulgulardir.

Sedimentlerin Jeokimyasal Ozelligi

Ayvalik Alibey ve Maden adalar1 g¢evresinden
alinan 1b, 2a, 3b ve 4a korlarina ait toplam 34
diizeyde agir metal analizi (Cu, Co, Ni, Cr, Zn,
Fe ve Mn) yapilmistir. Ortalama 45 cm uzunluga
boliinerek

sahip korlar 5 araliklara

calisiimustir.

cm

Calisma alaninda alinan korlarin agir
metal icerikleri karsilastirildiginda, 2a korunda
Cr on plana g¢ikmakta, 3b korunda Zn ve Cu
noktasal pikler vermekle birlikte, yine de
digerlerine gore daha yiiksek ve 4a korunda ise
Mn, Fe ve Co 1 yiiksekligi dikkat ¢ekmektedir
(Sekil 6-12). Kor 4a
digerlerinden daha fazla konsantrasyona sahiptir.

Diger korlarda ortalama %]1.5 olan Fe, 4a da %

Fe ve Mn bakimindan
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kaldigini

ile bu alanin farkli bir birikimin etkisinde
Cokellerin  yiiksek
oranda kavki icerdikleri de dikkate alindiginda Fe

gostermektedir.

birikiminin ¢amur tane boyu fazlaligindan
da Mn
ortalamasi 4a da 900 ppm iken diger {iglinde 280

kaynaklandigi sOylenemez. Yine,
ppm civarindadir. Birbirine yakin olan korlardaki
bu farklilik  noktasal

kaynaklanabilir. Co 4a da digerlerine gdére daha

Oonemli faktorlerden
yiiksek degerde olmasina ragmen fark Mn ve Fe
kadar degildir (6 ppm-17 ppm). Ni ve Cu en
diisiik olarak 4a da belirlenmis olup, digerlerinde
birbirleriyle benzer dagilimlar géstermektedir. Zn
her korda degisken dagilim sergilemesine ragmen
3b de daha yiiksektir. Cr, 2a da digerlerine
nazaran biraz daha fazla ve 3b de daha diisiik
tim korlarda diizenli

goriinmesine  karsin,

dagilim sergilemektedir. Bu korlarda en dikkat

cekici Ozellik 4a daki Fe ve Mn artisidir. Kendi
bu
kapsaminda diistik

icinde  degerlendirilen korlarmm  metal

sonuglari, denizel c¢okel
ozellikte olup, yalmz Mn disindaki degerlerin
daha az oldugu kabul edilebilir. Ancak, seyreltici
etkenlerin fazlalig1 dikkate alindiginda (6zellikle
kavki miktarinin fazlaligi sozkonusu) calisma
alanindaki gen¢ ¢okeller oldukca belirgin metal
konsantrasyonlarina sahiptir.
Calisma  alaninda  korlarin  farkli
diizeylerindeki agir metal artislar1 Fe disinda Zn
ve Mn degerleri Krauskopf (1985)’e gore yiiksek
kabul edilebilir.
diizeylerinde yiiksek (90.3-338.5 ppm) degerde
Ol¢iilmiistiir. Ayrica 4a’nin bazi diizeylerindeki
Co degeri (16.5 ppm), Krauskopf (1985)’in seyl
degerlerine yakindir.

Zn bitin korlarin  bazi

—e— 4A-Mn (ppm)
—a— 1B-Mn (ppm)

2A-Mn (ppm)
—<— 3B-Mn (ppm)

ppm Mn
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Sekil 6. Korlarda Mn degerinin degerlendirilmesi.

Figure 6. Evaluation of Mn value in cores.
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Sekil 7. Korlarda Fe degerinin degerlendirilmesi.
Figure 7. Evaluation of Fe value in cores.
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Sekil 8. Korlarda Co degerinin degerlendirilmesi.

Figure 8. Evaluation of Co value in cores.
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Sekil 9. Korlarda Zn degerinin degerlendirilmesi .

Figure 9. Evaluation of Zn value in cores.
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Sekil 10. Korlarda Cu degerinin degerlendirilmesi .

Figure 10. Evaluation of Cu value in cores.
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Sekil 11. Korlarda Ni degerinin degerlendirilmesi
Figure 11. Evaluation of Ni value in cores.
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Sekil 12. Korlarda Cr degerinin degerlendirilmesi

Figure 12. Evaluation of Cr value in cores.

Sedimentlerin Radyoaktivite Ozelligi
Caligilan 1b, 2a, 3b, 4a korlarindan derlenen 34
adet sediment Ornegi iizerinde radyoaktivite
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seviyesine iligkin inceleme yapilmistir. Elde

edilen sayimm  sonuglari  Cizelge 10°da

verilmektedir.
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Cizelge 10. Korlarda sedimentlerin toplam alfa ve toplam beta (Bg/kg) 6l¢iim degerleri.
Table 10. The measurement values total alpha and beta (Bq/kg) of sediments in cores.

Kor adi ve 6rnek derinligi (cm) | Alfa Akt (Bq/Kg) | Beta Akt (Bq/Kg)

0-5 265+12 542+34
5.-10 313+14 538+34
10.-15 31614 553+35
15-20 336+14 548+34
1b 20-25 318+£15 502+31
25-30 329+14 518+32
30-35 362+16 603+38
35-40 299+14 565+35
40-47 376+17 563+35
0-5 454420 549+34
0-5 241£10 481430
5.-10 324+14 377124
5.-10 232+10 482430
5.-10 615+27 545+34
10.-15 369+16 625+39
10.-15 229+10 489+31
10.-15 540+23 632+40
15-20 294+13 415426
15-20 221+10 453428
2a 15-20 578+25 593+37
20-25 289+13 417+26
20-25 266+12 430+27
25-30 273+12 433+27
25-30 252+11 448428
25-30 512422 468+29
30-35 217+£10 395+25
30-35 288+13 497+31
35-40 526+23 523+33
35-40 291+13 432427
35-40 266+12 449428
0-5 331+14 196+12
0-5 199+9 479+30
0-5 336+15 514+32
10.-15 220+10 158+10
10.-15 261£11 37724
10.-15 528+23 472430
15-20 271£12 192+12
3b 15-20 499+22 414426
30-35 249+11 27017
30-35 290+13 433+27
30-35 625+27 547+34
40-45 315+14 210+13
40-45 393+17 384+24
40-45 660+28 556+35
0-5 500+22 447+28
5.-10 346+15 368+23
10.-15 507+22 404425
15-20 419+18 431427
4a 2025 51922 027127
25-30 379+16 482430
30-35 444+19 494431
35-40 383+17 398+25

56



Alibey ve Maden Adalar1 (Ayvalik-Balikesir) Cevresi Geng Cokellerinde Gozlenen Bentik Foraminifer Kavkilarindaki Anormal Olusumlar ve

Nedenleri

Cizelge 10’da goriilen toplam alfa ve
toplam beta sayim sonuglar1 grafik olarak
sirastyla Sekil 13 de goriilmektedir. Sekil 13
incelendiginde hem toplam alfa ve hem de
toplam beta sayimlart i¢in numune yerine gore
farkliliklar oldugu anlagilmaktadir. Kor 1b da alfa
degerleri 265-376 Bqg/kg, B degerleri 502-603
Bg/kg; Kor 2a da alfa degerleri 217-615 Bq/kg,
degerleri 377-632 Bqg/kg; Kor 3b de alfa degerleri
199-660 Bg/kg, B degerleri 158-556 Bq/kg ve
Kor 4a da alfa degerleri 346-519 Bq/kg, B
degerleri 368-494 Bq/kg araliginda Olgiilmiistiir.

En diisiik ve en yiiksek toplam alfa degerleri Kor
3b de, en diisiik toplam beta degerlerine Kor 3b
de, en yiiksek toplam beta degerleri de Kor 2a da
Ol¢iilmiistiir. En yiiksek toplam alfa degerleri Kor
1b da 30-35 cm, Kor 2a da 5-10 cm, 10-15 cm,
15-20 cm, 25-30 cm ve 35-40 cm seviyelerinde,
Kor 3b de ise 30-45 ¢cm, Kor 4a da ise 20-25 cm
seviyelerinde; en yliksek toplam beta degerlerine
ise Kor 1b de 35-40 cm, Kor 2a da 10-15c¢m, Kor
3b de 40-45 cm ve Kor 4a da ise 30-35 cm
seviyelerinde rastlanilmustir.

Bag/kg

100

o
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| —e— Alfa Akt (Bg/Kg) —=— Beta Akt (Bg/Kg) | -
Sekil 13. Korlarda sedimentlerin toplam alfa ve toplam beta (Bq/kg) dagilimu.
Figure 13. Distribution of total alpha and beta (Bq/kg) in sediments in cores.

Foraminiferlerin incelenmis oldugu 3a oldukca bol denilebilecek ozellikte  jips

korunda 28-45 cm arasindaki genc cokellerde
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kristallerinin goézlendigi dikkate alindiginda, bu
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korla birlikte alinmis olan 3b korundaki toplam
alfa ve toplam beta degerlerinin en yiiksek
oldugu seviyeler 30-35 ile 40-45 cm arasindadir.

TARTISMA VE SONUCLAR

Incelenen 4 korun hepsi bolgedeki maden
yataklarinin yakin ¢evresinde olup, herbiri farkli
Fakat,
terkedilmis olan maden hakkinda ayrintili bilgi

oOzelliklere sahiptir. yakin zamanda
bulunmamaktadir. Isletme sirasinda ¢ikarilan ve
denize atilan pasalar ile ilgili herhangi bir kayit
yoktur. Dolayis1 ile denize ulasan agir metallerin
kokeninin yalnizca yeralti sularit mi?, yoksa
denize atilmis olan pasalar ile mi? c¢evre
ekolojisinde etken oldugu bilinememektedir. 1c
ve gerekse 2¢ koru ¢okel istifinde ¢ok sayida ¢ift
kavkili

gdzlenmesi,

ostrakodlar ile Posidonia’larin

bunlar1 iceren geng ¢okellerin
olustugu donem siiresinde yorenin bitkisel yagam

acisindan zengin ve sakin bir ortam o6zelligi

tagidigim1  belirtmektedir. Keza, Peneroplis
planatus (Fichtel ve Moll), Ammonia compacta
Hotker,  Challengerella  bradyi  Billman,
Hottinger ve Oesterle, Elphidium crispum

(Linné) gibi iri kavkili foraminifer bireylerinin
bollugu bu alanda CaCO; girdisinin de fazlaligini
ortaya koymaktadir. Bu ozelliklerin disinda 3a
korunda deniz tabanindan itibaren 28-45 cm
bol
denilebilecek jips kristalleri igermektedir (Levha
9,
gruplara ait kavkilarm etrafinda gelismis jips

arasindaki gilincel sedimanlar oldukca

sekil 1-8). Keza, yasam sirasinda farkli
kristallerinin varlig1 ilgingtir. Yine, yakin bir
donemde deniz tabaninda yasamini siirdiirmiis
olan Posidonia’lar ¢evresinde de jips kristalleri
olusumu gibi aym o6zellikler gozlenmistir (Levha
9, sekil 9-14). Bolgede belirlenmis olan bu
durum, caligilan alanda yakin ge¢miste deniz
icindeki termal kaynagin/kaynaklarin varligini
ortaya koymaktadir. Benzer 6zellikler Tiirkiye’de
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Halig’te (istanbul) Holosen (Meri¢ vd., 2003a ve
2007; Onal, 2004) ve izmit Kérfezi’nde Orta-Geg
Pleyistosen sedimanlart icinde de gozlenmistir
(Meri¢ ve Suner, 1995; Suner ve Meri¢ 2001).
Bunun disinda yakin bolge olarak Midilli Adasi
dogu kiyilarinda ¢ok sayida termal kaynaklar
bulunmaktadir. Cogun tuzlu su 6zelligini tasiyan
bu kaplicalarda su sicakligi 39.70 °C, 45.80 °C,
46.90 °C, 69.00 °C arasinda degismektedir (Merig
vd., 2002a). Yine Edremit Korfezi’nin dogusunda
bulunan Akcay ve Oren’de deniz suyu ile bu
alandaki deniz i¢i su kaynaklarmin ¢ok soguk
olmas1 bolge icin dikkat cekici bir oOzelliktir.
Edremit-Akcay
kuzeyindeki Giire Kaplicalari’nda su sicakligi

Buna karsin karayolu
59.00 °C dir. Ayrica deginilen yoredeki Bostanct
(59.50 °C), Zeytinpinar1 (20.00 °C) ve Kiigiik
Cetmi (41.00 °C) gibi daha

bulunmaktadir. Deginilen bdlge ile ilgili olarak

3 kaplica

Ayvalik glineyinde kalan alanda Dikili-Candarl
sahil yolu {izerinde Bademli ve Aliaga’daki
Ilicaburun kaplicalarinin varligi (Meri¢ vd., 2003
b)
giiniimiizde ve gerekse yakin gecmiste ¢ok sayida

calisgilan alan ve yakinlarinda gerek

termal kaynagin/kaynaklarin  bulunabilecegini
disiindiiriir.  Bu alanlar disinda Ilica Korfezi
(Cesme-Izmir) (Merig, 1986; Avsar ve Meric,
2001), Gokgeada giliney ve glineydogusu (Merig
ve Avsar, 2001), Bozcaada dogu ve giineyinde
(Meri¢ vd., 2002 b) oldugu gibi Milos Adasi
glineyinde 10.00 m derinlikteki bir sicak su
kaynag1 c¢evresindeki c¢ok farkli bir yasamin
farklilig1r Thiermann vd. (1997) tarafindan ortaya
konulmugtur. Yine, Hellenik Volkanik Yay1
iizerinde Methana Yarimadasi’ndaki bir ¢ok
korfezde, Milos Adasi, Sisam Adasi ve Yali
Adasi
kaynaklarin

aciklarinda 6nemli gen¢ hidrotermal

varligt  Varnavas vd. (1999)

tarafindan belirtilmistir.



Alibey ve Maden Adalar1 (Ayvalik-Balikesir) Cevresi Geng Cokellerinde Gozlenen Bentik Foraminifer Kavkilarindaki Anormal Olusumlar ve

Nedenleri

Bolge icin en 6nemli 6zellik, Ayvalik 3a
korunda gdzlenen jips kristallerinin timi ile
seffaf olmasidir. Hali¢ jipsleri benzer ozelligi
da (Meri¢ vd., 2003 a),
Korfezi’ndekiler mattir (Meri¢ ve Suner, 1995;
Suner ve Meri¢ 2001). Yine, bu korda da iri
kavkili bentik foraminiferlerin bollugu Alibey
Adas1 KB’s1 ile Maden Adasi arasi alanda CaCO;
girdisinin fazla oldugunu diislindiiriir. Korlarin

tasirsa [zmit

alimmis oldugu noktalarn cevresindeki faylarin
(Sekil 1),
destekleyici niteliktedir.

varligt ileri stirtilen varsayimi

Incelenen son kor olan 4b digerlerine
farkli  bir

Coscinospira hemprichii, Peneroplis pertusus ve

gore topluluk  sunmaktadir.
P. planatus’un baskin oldugu bu toplulukta tiim
foraminifer bireyleri kizil kahve, turuncu, sar1 ve
kismen koyu gri renklidir. Anormal derecede
morfolojik bozukluk sunan bu bireylerin yakin
¢evrede
hatlar1 boyunca denize ulasan agir metallerin
etkisi ile renklilik (Levha 8, sekil 1-4) ve sekil
bozuklugu gibi oOzellikleri kazanms oldugu
(Yalgin ~ vd., 2004). Ozellikle
kizilkahve renkli ince kumdan olusan geng
pelesipod, gastropod ve
toplulugu acisindan digerlerine nazaran ¢ok az

bulunan maden yataklarindan kirik

diistiniiliir

¢okeller ostrakod
sayida cins ve tiirleri icermektedir. Bu kor i¢in
ilging olan bir baska ozellik, diger 3 korda
bu
gbzlenmemis olmasidir. Bu korda, bulunmus olan

rastlanilan  Posidonia’larin alanda hig
yiiksek Fe ve Mn degerlerinin yanisira kavki
anomalisine sahip bireyler ile peneroplid’lerin
bolluguna karsin diger foraminifer cins ve tiirleri,
ostrakod, mollusk ve Posidonia’larin azalmasi
dikkat g¢ekici bir durum olusturmaktadir. Sonug
olarak, bu korun alindig1 alanda Fe ve Mn
degerlerindeki yiikseklik kavki morfolojisindeki

anomaliler ve renklenme disinda peneroplid’lerin
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¢ogalmasi ve diger gruplarin azalmasi ydniinde
etken rol oynamustir.

Ic, 2¢ ve 3a korlarinda baskin tiirlerin
Lobatula A.
parkinsoniana, Challengerella bradyi, Elphidium

lobatula, Ammonia compacta,
complanatum ve E. crispum olmasina karsin, 4b
korunda baskin cins ve tiirler Peneroplis pertusus
ile P. planatus’dur. Bu cins ve tiirlere ait

bireylerde  gbzlenen anormal  morfolojik
bozukluklar 1c, 2¢ ve 3a korlarinda farkli cins ve
tirlerde gozlenen durum nedeni ile esdeger
degildir (Cizelge 6-9). Fakat, bu 3 kordaki
anormal denilebilecek morfolojik bozukluklar

¢ok sayida bireyde gézlenmektedir. Sonug olarak

foraminifer kavkilarinda gdzlenen
anormalliklerin  sekil ve sayisal degerinin
biyoindikator olarak cevresel etkilerin
degerlendirilmesinde kullanilmas1  burada

tartistlmustir. Incelenen alan bu tiir bir calisma
icin ¢ok uygundur. Ciinkii, ¢alisilan bolge diger
alanlarin aksine insan kaynakl kirliligin yogun
gbzlenmedigi bir bolgedir.

Bolgedeki deniz i¢i tath su kaynaklarmin

varligi, mevsimlere bagli olarak bunlarin
debilerindeki artig veya azalig nedeniyle ¢iktiklari
alanlarda olusturacaklar1 ani tuzluluk degisimleri
ve kiytya yakin alanlardaki zeytincilik’te
kullanilan zirai ilaglarin yeralt1 sulan ile denize
ulasmasi’da dikkate alinirsa bu gibi olaylarin
morfolojik  degisimlerde etken olabilecegi
diistintilir. Keza yakin cevrede zeytinyagi ve
sabun tiretimi diginda asir1 bir sanayi s6z konusu

degildir.

Sonu¢ olarak 1c, 2c, 3a ve 4b gibi 4
kordan derlenmis olan farkli bentik foraminifer
cins ve tirlerinde

bozukluklar

gbzlenmis
renkli

morfolojik

ile kavkilarin goriiniim
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kazanmis olmasimin nedeni olarak Alibey Adasi
ve Maden Adasi’ndaki maden yataklar ile farkli
nokta/noktalar’dan ¢ikan termal kaynaklarin
varlig1 ve bunlarin kimyasal 6zelliklerinin etkili

oldugu diisiintilmektedir.

1- Alibey ve Maden adalar1 ¢evresinde gozlenen
foraminifer toplulugu tipik Akdeniz faunasina
aittir. Bu alanda bentik foraminifer toplulugu
boliimiinde deginildigi iizere, Ege Denizi’nin
cesitli alanlarina nazaran zengin bir topluluk
Toplulukta
degisiklikler genelde dogal kaynakli etkilere

oldugu sdylenemez. gbzlenen

baghidir.

2- Termal olusuma baglh olarak 3a korunda
gozlenen jips kristalleri (Levha 9, sekil 1-14) ve
baz1 diizeylerdeki foraminifer ve mollusk
kavkilarindaki kirmizimsi renkler, sicak su etkisi
ile kavkilarda pismenin gergeklestigini ortaya

koymaktadir.

3- Peneroplis pertusus, P. planatus, Lobatula
lobatula, Ammonia compacta, Challengerella
bradyi, Elphidium complanatum ve E. crispum
bireylerinde gozlenen deformasyon korlardaki

hemen hemen biitiin diizeylerde aynidir.

4- Foraminiferler iizerindeki genelde dogal ve
kismen insan kaynakl etkilerin sonuglarint ayird
etmek pek miimkiin degildir. Ancak, bu alanda
maden yataklarina bagli dogal etki, g¢evresel
etkiden fazladir. Bu nedenle Peneroplis pertusus,
Lobatula lobatula,

Challengerella  bradyi,

Ammonia
Elphidium
complanatum ve E. crispum  bireylerindeki
Alibey Maden
cevresindeki maden yataklarindan kaynaklanan

P.  planatus,
compacta,
anormalliklerin ve adalan
kirlilik i¢in biyoindikatdr olarak kullanilabilecegi
diistintiliir.

60

5- Anormal Ornekler arasinda ender olarak
gozlenen ve Peneroplis pertusus-Coscinospira
hemprichii  ile  P.  planatus-Coscinospira

hemprichii birlikteligini sergileyen iki bireyin
varlig1 (Levha 1, sekil 10; Levha 3, sekil 3, 4), bu
gibi anormal ekolojik kosullarda farkli iki cins ve
tire ait bireylerden olusan gametler arasinda
birlesme olup olamayacagi konusunda bir
diisiinceye neden olmustur (Meri¢ vd., 2008).
fleride gergeklesecek calismalar bu konuda daha

ayrintili bilgilerin ortaya ¢ikmasini saglayacaktir.
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OZKAR-ONGEN ile Do¢.Dr. Seving OZKAN-
ALTINER (ODTU)’e ayrica tesekkiir ederler.

EXTENDED SUMMARY

The coastal underground water systems carry
heavy metals into the marine environment via
faults and other similar structures. The heavy
metals adversely affect the biota and cause
individuals.

morphological abnormalities in

Being found in abundance, benthic foraminifera
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constitute one of the important groups when
investigating such effects. It is known that benthic
foraminifera  show  great  sensitivity  to
1991). The

foraminifera tests remain in the sediment for a

environmental changes (Murray,

long time without any deterioration. Thus, they
are good biomarkers for environmental pollution
from natural (Murray, 1991) or artificial causes
(Nagy ve Alve, 1987; Alve, 1995; Yanko vd.,
1999). Petroleum wastes, agricultural chemicals
and heavy metals (Ellison vd., 1986, Nagy ve
Alve, 1987; Alve, 1995; Samir ve EIl-Din, 2001)
are known to be responsible for these anomalies.
It that
concentrations in the tests of individuals with

has been reported heavy metal
abnormal morphologies are higher than in
normal individiuals from polluted areas (Yanko
vd., 1999; Alve ve Olsgard, 1999, Samir ve El-

Din, 2001).

In the framework of this study, core
samples were collected from four different
stations on the coasts of the Alibey, Maden and
Kiiciik Maden islands (NW Ayvalik). Of the three
core samples obtained from each station, only
one was analysed for its foraminiferal content.
Small reserves of lead, manganese, hematite and
limonite were found around the stations on
Alibey, Maden and Kiigiik Maden Islands.

A part of the recent sediments were found
to be reddish brown in color and they contained
reddish brown, yellow, orange and dark gray
colored foraminifera (or foraminifera colored
with a combination of these) in large quantities,
mainly Peneroplis pertusus (Forskal) and P.
planatus (Fichtel ve Moll). Morphologically

abnormal Peneroplis individuals were very
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the other

investigated, the sediments were found to be

frequently observed. In areas
composed of light gray sand and there was a very

small amount of partially colored or uncolored

indivuals. Ammonia compacta Hofker, A.
parkinsoniana  (d’Orbigny),  Challengerella
bradyi  Billman, Hottinger and QOesterle,

Elphidium complanatum (d’Orbigny) and E.
crispum (Linné) were the dominant species in
these sediments.  Although morphologicaly
abnormal individuals were observed in these
sediments, they were less attractive than the

samples from other locations.

recent
The
reddish brown sediments included a smaller

The ostracod fauna of the
sediments also varied between stations.

number of genera and species, however, the gray
sediments contained a diverse and rich fauna.
The diversity of the mollusc fauna was in
accordance with the foraminifer and ostracod
faunas. Only a few species were found in the
reddish brown sediments, but the gray sediments
were rich in mollusc species.

In
abnormalities observed in different genera and

conclusion, morphological
species of benthic foraminifera in four core
samples are suggested to have been caused by
the mine reserves located around Alibey and
Maden Islands, as well as the thermal springs
found in the vicinity. The core sample 4a was
found to contain higher concentrations of Fe and
The Fe
concentration of 4a was 2.3%, whereas the mean

Mn than the other core samples.

Fe concentration of the other cores was 1.5%,
indicating that different factors play a role in
sediment deposition in this region.
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1

Adelosina cliarensis (Heron-Allen ve Earland). Dis goriiniim, kor 2c, 20-22 cm,Ayvalik.
Adelosina cliarensis (Heron-Allen ve Earland). Dig goriiniim, kor 3a, 2-4 cm,Ayvalik.
Adelosina cf. cliarensis (Heron-Allen ve Earland). D1 goriiniim, kor 3a, 20-22 cm,Ayvalik.
Adelosina duthiersi Schlumberger. Dig goriiniim, kor 2¢, 2-4 cm, Ayvalik.

Adelosina mediterranensis (le Calvez J. ve Y.). Dig goriiniim, kor 2¢, 10-12 cm, Ayvalik.
Spiroloculina angulosa Terquem. Dig gériiniim, kor 2¢, 20-22 cm, Ayvalik.

Massilina secans (d’Orbigny). Dig goriiniim, kor 3c, 4-6 cm, Ayvalik.

Laevipeneroplis karreri (Wiesner). Dig gorliniim, kor 2c¢, 30-32 cm, Ayvalik.
Laevipeneroplis karreri (Wiesner). Di1g goriiniim, kor 2¢, 2-4 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriintimler, a, iist gériiniim, b ve ¢, ikinci ve

kalbur seklindeki agizin farkli yonlerden gortiniimii, kor 3a, 2-4 cm, Ayvalik.
Peneroplis pertusus (Forskal). Dis goriiniim, kor 3a, 4-6 cm, Ayvalik.

Peneroplis pertusus (Forskal). D1g goriiniim, kor 3a, 4-6 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dig goriiniim, kor 3a, 32-34 cm, Ayvalik.

Peneroplis pertusus (Forskal). D1s goriiniim, kor 4b, 0-2 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 0-2 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 2-4 cm, Ayvalik.

Peneroplis pertusus (Forskal). D1s goriiniim, kor 4b, 4-6 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 4-6 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 6-8 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 8-10 cm, Ayvalik.

Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 8-10 cm, Ayvalik.

PLATE 1

Figure 1.
Figure 2.
Figure 3.
Ayvalik.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Adelosina cliarensis (Heron-Allen and Earland). External view, Core 2¢c, 20-22 cm, Ayvalik.
Adelosina cliarensis (Heron-Allen and Earland). External view, Core 3a, 2-4 cm,Ayvalik.
Adelosina cf. cliarensis (Heron-Allen and Earland). External view, Core 3a, 20-22 cm,

Adelosina duthiersi Schlumberger. External view, Core 2c, 2-4 cm, Ayvalik.

Adelosina mediterranensis (le Calvez J. and Y.). External view, Core 2¢, 10-12 cm, Ayvalik.
Spiroloculina angulosa Terquem. External view, Core 2¢, 20-22 cm, Ayvalik.

Massilina secans (d’Orbigny). External view, Core 3a, 4-6 cm, Ayvalik.

Laevipeneroplis karreri (Wiesner). External view, Core 2¢, 30-32 cm, Ayvalik.
Laevipeneroplis karreri (Wiesner). External view, Core 2c¢, 2-4 cm, Ayvalik.

Figure 10. Peneroplis pertusus (Forskal). External views, a, external view, b and c, views of the second

cribriform aperture from different angles, Core 3a, 2-4 cm, Ayvalik.

Figure 11. Peneroplis pertusus (Forskal). External view, Core 3a, 4-6 cm, Ayvalik.
Figure 12. Peneroplis pertusus (Forskal). External view, Core 3a, 4-6 cm, Ayvalik.
Figure 13. Peneroplis pertusus (Forskal). External view, Core 3a, 32-34 cm, Ayvalik.
Figure 14. Peneroplis pertusus (Forskal). External view, Core 4b, 0-2 cm, Ayvalik.
Figure 15. Peneroplis pertusus (Forskal). External view, Core 4b, 0-2 cm, Ayvalik.
Figure 16. Peneroplis pertusus (Forskal). External view, Core 4b, 2-4 cm, Ayvalik.
Figure 17. Peneroplis pertusus (Forskal). External view, Core 4b, 4-6 cm, Ayvalik.
Figure 18. Peneroplis pertusus (Forskal). External view, Core 4b, 4-6 cm, Ayvalik.
Figure 19. Peneroplis pertusus (Forskal). External view, Core 4b, 6-8 cm, Ayvalik.
Figure 20. Peneroplis pertusus (Forskal). External view, Core 4b, 8-10 cm, Ayvalik.
Figure 21. Peneroplis pertusus (Forskal). External view, Core 4b, 8-10 cm, Ayvalik.
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LEVHA 2

Sekil 1. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 8-10 cm, Ayvalik.
Sekil 2. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 10-12 cm, Ayvalik.
Sekil 3. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 12-14 cm, Ayvalik.
Sekil 4. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 12-14 cm, Ayvalik.
Sekil 5. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 14-16 cm, Ayvalik
Sekil 6. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 16-18 cm, Ayvalik
Sekil 7. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 16-18 cm, Ayvalik
Sekil 8. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 16-18 cm, Ayvalik
Sekil 9. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 20-22 cm, Ayvalik
Sekil 10. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 24-26 cm, Ayvalik
Sekil 11. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 34-36 cm, Ayvalik
Sekil 12, Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 34-36 cm, Ayvalik
Sekil 13. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 38-40 cm, Ayvalik
Sekil 14. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 40-42 cm, Ayvalik.
Sekil 15, Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 40-42 cm, Ayvalik.
Sekil 16. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 44-46 cm, Ayvalik.
Sekil 17. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 44-46 cm, Ayvalik.
Sekil 18. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 44-46 cm, Ayvalik.
Sekil 19. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 46-48cm, Ayvalik.
Sekil 20. Peneroplis pertusus (Forskal). Dig goriiniim, kor 4b, 46-48 cm, Ayvalik.
Sekil 21. Peneroplis pertusus (Forskal). Dis goriiniim, kor 4b, 50-52 cm, Ayvalik.
Sekil 22. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 1c, 12-14 cm, Ayvalik.

PLATE 2

Figure 1. Peneroplis pertusus (Forskal). External view, Core 4b, 8-10 cm, Ayvalik.

Figure 2. Peneroplis pertusus (Forskal). External view, Core 4b, 10-12 cm, Ayvalik.
Figure 3. Peneroplis pertusus (Forskal). External view, Core 4b, 12-14 cm, Ayvalik.
Figure 4. Peneroplis pertusus (Forskal). External view, Core 4b, 12-14 cm, Ayvalik.
Figure 5. Peneroplis pertusus (Forskal). External view, Core 4b, 14-16 cm, Ayvalik
Figure 6. Peneroplis pertusus (Forskal). External view, Core 4b, 16-18 cm, Ayvalik
Figure 7. Peneroplis pertusus (Forskal). External view, Core 4b, 16-18 cm, Ayvalik
Figure 8. Peneroplis pertusus (Forskal). External view, Core 4b, 16-18 cm, Ayvalik
Figure 9. Peneroplis pertusus (Forskal). External view, Core 4b, 20-22 cm, Ayvalik
Figure 10. Peneroplis pertusus (Forskal). External view, Core 4b, 24-26 cm, Ayvalik
Figure 11. Peneroplis pertusus (Forskal). External view, Core 4b, 34-36 cm, Ayvalik
Figure 12. Peneroplis pertusus (Forskal). External view, Core 4b, 34-36 cm, Ayvalik
Figure 13. Peneroplis pertusus (Forskal). External view, Core 4b, 38-40 cm, Ayvalik
Figure 14. Peneroplis pertusus (Forskal). External view, Core 4b, 40-42 cm, Ayvalik.
Figure 15. Peneroplis pertusus (Forskal). External view, Core 4b, 40-42 cm, Ayvalik.
Figure 16. Peneroplis pertusus (Forskal). External view, Core 4b, 44-46 cm, Ayvalik.
Figure 17. Peneroplis pertusus (Forskal). External view, Core 4b, 44-46 cm, Ayvalik.
Figure 18. Peneroplis pertusus (Forskal). External view, Core 4b, 44-46 cm, Ayvalik.
Figure 19. Peneroplis pertusus (Forskal). External view, Core 4b, 46-48cm, Ayvalik.
Figure 20. Peneroplis pertusus (Forskal). External view, Core 4b, 46-48 cm, Ayvalik.
Figure 21. Peneroplis pertusus (Forskal). External view, Core 4b, 50-52 cm, Ayvalik.
Figure 22. Peneroplis planatus (Fichtel and Moll). External view, Core 1c, 12-14 cm,

Ayvalik.
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LEVHA 3

Sekil 1. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 2c, 38-40 cm, Ayvalik.
Sekil 2. Peneroplis planatus (Fichtel ve Moll). Dis goriiniim, kor 2¢, 10-12 cm, Ayvalik.
Sekil 3. Peneroplis planatus (Fichtel ve Moll). D1s goriiniimler, a, genel goriiniim ve b,
kavkinin iist bolimiiniin ayrintili goriiniimii, kor 2c, 2-4 cm, Ayvalik.
Sekil 4. Peneroplis planatus (Fichtel ve Moll). D1s goriiniimler, a, kavkinin genel
goriiniimii, b, list ve ¢, farkli gelisen boliimiin ayrintili gériintimleri, kor 3a, 0-2 cm, Ayvalik.
Sekil 5. Peneroplis planatus (Fichtel ve Moll). Dig goriiniim, kor 3a, 10-12 cm, Ayvalik.
Sekil 6. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 4b, 12-14 cm, Ayvalik.
Sekil 7. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 4b, 18-20 cm, Ayvalik.
Sekil 8. Peneroplis planatus (Fichtel ve Moll). Dis goriiniim, kor 4b, 20-22 cm, Ayvalik.
Sekil 9. Peneroplis planatus (Fichtel ve Moll). Dis goriiniim, kor 4b, 20-22 cm, Ayvalik.
Sekil 10. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 4b, 26-28 cm, Ayvalik.
Sekil 11. Peneroplis planatus (Fichtel ve Moll). Dis goriiniim, kor 4b, 26-28 cm, Ayvalik.
Sekil 12. Peneroplis planatus (Fichtel ve Moll). D1 goriiniim, kor 4b, 28-30 cm, Ayvalik.
Sekil 13. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 4b, 28-30 cm, Ayvalik.
Sekil 14. Peneroplis planatus (Fichtel ve Moll). D1s goriiniim, kor 4b, 30-32 cm, Ayvalik.

PLATE 3

Figure 1. Peneroplis planatus (Fichtel and Moll). External view, Core 2c, 38-40 cm, Ayvalik.
Figure 2. Peneroplis planatus (Fichtel and Moll). External view, Core 2¢, 10-12 cm, Ayvalik.
Figure 3. Peneroplis planatus (Fichtel and Moll). External views, a, general view and b,

detailed view of the upper part, Core 2¢c, 2-4 cm, Ayvalik.
Figure 4. Peneroplis planatus (Fichtel and Moll). External views, a, general view of the test

b, detailed views of the upper part and ¢, abnormal development, Core 3a, 0-2 cm, Ayvalik.
Figure 5. Peneroplis planatus (Fichtel and Moll). External view, Core 3a, 10-12 cm, Ayvalik.
Figure 6. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 12-14 cm, Ayvalik.
Figure 7. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 18-20 cm, Ayvalik.
Figure 8. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 20-22 cm, Ayvalik.
Figure 9. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 20-22 cm, Ayvalik.
Figure 10. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 26-28 cm, Ayvalik.
Figure 11. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 26-28 cm, Ayvalik.
Figure 12. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 28-30 cm, Ayvalik.
Figure 13. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 28-30 cm, Ayvalik.
Figure 14. Peneroplis planatus (Fichtel and Moll). External view, Core 4b, 30-32 cm, Ayvalik.
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Sekil 1. Peneroplis planatus (Fichtel ve Moll). D1 goriiniim, kor 1c, 8-10 cm, Ayvalik.

Sekil 2. Peneroplis planatus (Fichtel ve Moll). Dig gorliniim, kor 2¢, 42-45 cm, Ayvalik.

Sekil 3. Peneroplis planatus (Fichtel ve Moll). Dig goriiniim, kor 2¢, 2-4 cm, Ayvalik.

Sekil 4. Peneroplis planatus (Fichtel ve Moll). Dig goriiniim, kor 2¢, 4-6 cm, Ayvalik.

Sekil 5. Lobatula lobatula (Walker ve Jacob). Dis goriinliim, spiral taraf, kor 2c, 10-12 cm, Ayvalik.
Sekil 6. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2¢, 20-22 cm, Ayvalik.
Sekil 7. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 22-24 cm, Ayvalik.
Sekil 8. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2¢, 24-26 cm, Ayvalik.
Sekil 9.  Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 24-28 cm, Ayvalik.
Sekil 10. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2¢, 30-32 cm, Ayvalik.
Sekil 11. Lobatula lobatula (Walker ve Jacob). Dis goriinliim, spiral taraf, kor 2c, 32-34 cm, Ayvalik.
Sekil 12. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2¢, 34-36 cm, Ayvalik.
Sekil 13. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 34-36 cm, Ayvalik.
Sekil 14. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 3a, 4-6 cm, Ayvalik.
Sekil 15. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 3a, 6-8 cm, Ayvalik.
Sekil 16. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 3a, 18-20 cm, Ayvalik.
Sekil 17. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 3a, 34-36 cm, Ayvalik.
Sekil 18. Lobatula lobatula (Walker ve Jacob). Dis goriinliim, spiral taraf, kor 3c, 36-38 cm, Ayvalik.
Sekil 19. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 3a, 42-45 cm, Ayvalik.
Sekil 20. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 0-2 cm, Ayvalik.
Sekil 21. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2¢, 0-2 cm, Ayvalik.
Sekil 22. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2c, 0-2 cm, Ayvalik.

PLATE 4

Figure 1. Peneroplis planatus (Fichtel and Moll). External view, Core 1c, 8-10 cm, Ayvalik.

Figure 2. Peneroplis planatus (Fichtel and Moll). External view, Core 2c, 42-45 cm, Ayvalik.

Figure 3. Peneroplis planatus (Fichtel and Moll). External view, Core 2c, 2-4 cm, Ayvalik.

Figure 4. Peneroplis planatus (Fichtel and Moll). External view, Core 2¢, 4-6 cm, Ayvalik.

Figure 5. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 10-12 cm, Ayvalik.
Figure 6. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 20-22 cm, Ayvalik.
Figure 7. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 22-24 cm, Ayvalik.
Figure 8. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2c, 24-26 cm, Ayvalik.
Figure 9. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 24-28 cm, Ayvalik.
Figure 10. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2c, 30-32 cm, Ayvalik.
Figure 11. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 32-34 cm, Ayvalik.
Figure 12. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 34-36 cm, Ayvalik.
Figure 13. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢c, 34-36 cm, Ayvalik.
Figure 14. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 3a, 4-6 cm, Ayvalik.
Figure 15. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 3a, 6-8 cm, Ayvalik.
Figure 16. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 3a, 18-20 cm, Ayvalik.
Figure 17. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 3a, 34-36 cm, Ayvalik.
Figure 18. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 3¢, 36-38 cm, Ayvalik.
Figure 19. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 3a, 42-45 cm, Ayvalik.
Figure 20. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 0-2 cm, Ayvalik.
Figure 21. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2¢, 0-2 cm, Ayvalik.
Figure 22. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2c, 0-2 cm, Ayvalik.
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Sekil 1. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2¢, 14-16 cm, Ayvalik.

Sekil 2. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2¢, 20-22 cm, Ayvalik.

Sekil 3. Lobatula lobatula (Walker ve Jacob). Dis goriinliim, spiral taraf, kor 2c, 20-22 cm, Ayvalik.

Sekil 4. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 22-24 cm, Ayvalik.

Sekil 5. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 22-24 cm, Ayvalik.

Sekil 6. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, ombilikal taraf, kor 2¢, 28-30 cm, Ayvalik.

Sekil 7. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 32-34 cm, Ayvalik.

Sekil 8. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 38-40 cm, Ayvalik.

Sekil 9. Lobatula lobatula (Walker ve Jacob). Dig goriiniim, spiral taraf, kor 2c, 38-40 cm, Ayvalik.

Sekil 10. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢, 10-12 cm, Ayvalik.

Sekil 11. Cibicidella variabilis (d’Orbigny). Dis goriiniim, ombilikal taraf, kor 2c, 10-12 cm, Ayvalik.

Sekil 12. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢, 10-12 cm, Ayvalik.

Sekil 13. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢c, 16-18 cm, Ayvalik.

Sekil 14. Cibicidella variabilis (d’Orbigny). D1s goriiniim, spiral taraf, kor 2¢, 18-20 cm, Ayvalik.

Sekil 15. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢, 36-38 cm, Ayvalik.

Sekil 16. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢, 36-38 cm, Ayvalik.

Sekil 17. Cibicidella variabilis (d’Orbigny). Dis goriiniim, spiral taraf, kor 2¢, 32-34 cm, Ayvalik.

Sekil 18. Ammonia compacta Hofker. Dig goriiniim, spiral taraf, kor 1c, 12-14 cm, Ayvalik.

Sekil 19. Ammonia compacta Hofker. Dig goriiniim,ombilikal taraf, kor 1c, 10-12 cm, Ayvalik.

Sekil 20. Ammonia parkinsoniana (d’Orbigny). Dig gorlinlimler, a, spiral ve b, omblikal taraflar, kor 3a,
16-18 cm, Ayvalik.

Sekil 21. Ammonia parkinsoniana (d’Orbigny). Dig gorliniim, spiral taraf, kor 3a, 4-6 cm,Ayvalik

Sekil 22. Ammonia parkinsoniana (d’Orbigny). Dis goriiniim, ombilikal taraf, kor 2¢, 28-30 cm, Ayvalik

PLATE 5

Figure 1. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2¢, 14-16 cm, Ayvalik.
Figure 2. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 20-22 cm, Ayvalik.
Figure 3. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 20-22 cm, Ayvalik.
Figure 4. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 22-24 cm, Ayvalik.
Figure 5. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢, 22-24 cm, Ayvalik.
Figure 6. Lobatula lobatula (Walker and Jacob). External view, umblical side, Core 2c, 28-30 cm, Ayvalik.
Figure 7. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 32-34 cm, Ayvalik.
Figure 8. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2c, 38-40 cm, Ayvalik.
Figure 9. Lobatula lobatula (Walker and Jacob). External view, spiral side, Core 2¢c, 38-40 cm, Ayvalik.
Figure 10. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2c, 10-12 cm, Ayvalik.

Figure 11. Cibicidella variabilis (d’Orbigny). External view, umblical side, Core 2¢, 10-12 cm, Ayvalik.
Figure 12. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2¢, 10-12 cm, Ayvalik.

Figure 13. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2c, 16-18 cm, Ayvalik.

Figure 14. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2¢, 18-20 cm, Ayvalik.

Figure 15. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2¢, 36-38 cm, Ayvalik.

Figure 16. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2c, 36-38 cm, Ayvalik.

Figure 17. Cibicidella variabilis (d’Orbigny). External view, spiral side, Core 2c, 32-34 cm, Ayvalik.

Figure 18. Ammonia compacta Hofker. External view, spiral side, Core 1c, 12-14 cm, Ayvalik.

Figure 19. Ammonia compacta Hofker. External view,umblical side, Core 1c, 10-12 cm, Ayvalik.

Figure 20. Ammonia parkinsoniana (d’Orbigny). External views, a, spiral and b, omblikal sides, Core 3a, 16-
18 cm, Ayvalik.

Figure 21 Ammonia parkinsoniana (d’Orbigny). External view, spiral side, Core 3a, 4-6 cm, Ayvalik
Figure 22. Ammonia parkinsoniana (d’Orbigny). External view, umblical side, Core 2c, 28-30 cm,
Ayvalik
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LEVHA 6

Sekil 1.
Sekil 2.

Sekil 3.
Sekil 4.

Sekil 5.
Sekil 6.
Sekil 7.
Sekil 8.
Sekil 9.

Ammonia tepida Cushman. Dig gorliiniim, spiral taraf, kor 2¢, 40-42 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniimler, a, spiral ve

b, ombilikal taraflar, kor 3a, 4-6 cm, Ayvalik
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniimler, a,spiral ve b,
ombilikal taraflar, kor 3a, 14-16 ve 6-8 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniimler, a,spiral ve b,
ombilikal taraflar, kor 3a, 24-26 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniim,ombilikal taraf, kor 3a, 24-26 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniim, spiral taraf, kor 3a, 26-28 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dig goriiniim,ombilikal taraf, kor 3a, 26-28 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniim, spiral taraf, kor 3a, 28-30 cm, Ayvalik.
Challengerella bradyi Billman, Hottinger ve Oesterle. Dig goriiniim, spiral taraf, kor 3a, 32-34 cm, Ayvalik.

Sekil 10. Challengerella bradyi Billman, Hottinger ve Oesterle. Dig goriiniim,ombilikal taraf, kor 3a, 34-36 cm, Ayvalik.
Sekil 11. Challengerella bradyi Billman, Hottinger ve Oesterle. Dig goriiniimler, a,spiral ve b, ombilikal taraflar, kor 3a, 42-45
cm, Ayvalik.

Sekil 12. Challengerella bradyi Billman, Hottinger ve Oesterle. Dis goriiniim, spiral taraf, kor 1c, 14-16 cm, Ayvalik.
Sekil 13. Challengerella bradyi Billman, Hottinger ve Oesterle.Dis goriiniim, spiral taraf, kor 2c, 18-20 cm, Ayvalik.
Sekil 14. Challengerella bradyi (Billman, Hottinger ve Oesterle). Dis gorliniim, spiral taraf, kor 3a, 24-26 cm, Ayvalik.
Sekil 15. Challengerella bradyi (Billman, Hottinger ve Oesterle). Dis goriiniim, spiral taraf, kor 3a, 28-30 cm, Ayvalik.
Sekil 16. Challengerella bradyi (Billman, Hottinger ve Oesterle). Dis goriiniim, spiral taraf, kor 3a, 32-34 cm, Ayvalik.
Sekil 17. Elphidium advenum (Cushman). Dis goriiniim, kor 3a, 20-22 cm, Ayvalik.

Sekil 18. Elphidium advenum (Cushman). Dis goriiniim, kor 3a, 34-36 cm, Ayvalik.

Sekil 19. Elphidium advenum (Cushman). Dis goriiniim, kor 3a, 24-26 cm, Ayvalik.

Sekil 20. Elphidium advenum (Cushman). Dig goriiniim, kor 3a, 34-36 cm, Ayvalik.

Sekil 21. Elphidium advenum (Cushman). Dig goriiniim, kor 2¢, 10-12 cm, Ayvalik.

PLATE 6

Figure 1. Ammonia tepida Cushman. External view, spiral side, Core 2¢c, 40-42 cm, Ayvalik.

Figure 2. Challengerella bradyi Billman, Hottinger and Oesterle. External views, a, spiral and b, umblical sides, Core 3a, 4-6
cm, Ayvalik
Figure 3. Challengerella bradyi Billman, Hottinger and Oesterle. External views, a, spiral

and b, umblical sides, Core 3a, 14-16 and 6-8 cm, Ayvalik.
Figure 4. Challengerella bradyi Billman, Hottinger and Oesterle. External views, a,spiral

and b, umblical sides, Core 3a, 24-26 cm, Ayvalik.
Figure 5. Challengerella bradyi Billman, Hottinger and Oesterle. External view, umblical side, Core 3a, 24-26 cm, Ayvalik.
Figure 6. Challengerella bradyi Billman, Hottinger and Oesterle. External view, spiral side, Core 3a, 26-28 cm, Ayvalik.
Figure 7. Challengerella bradyi Billman, Hottinger and Oesterle. External view, umblical side, Core 3a, 26-28 cm, Ayvalik.
Figure 8. Challengerella bradyi Billman, Hottinger and Oesterle. External view, spiral side, Core 3a, 28-30 cm, Ayvalik.
Figure 9. Challengerella bradyi Billman, Hottinger and Oesterle. External view, spiral side, Core 3a, 32-34 cm, Ayvalik.

Figure 10. Challengerella bradyi Billman, Hottinger and Oesterle. External view, umblical side, Core 3a, 34-36 cm, Ayvalik.
Figure 11. Challengerella bradyi Billman, Hottinger and Oesterle. External views, a,spiral and b, umblical sidelar, Core 3a, 42-
45 cm, Ayvalik.

Figure 12. Challengerella bradyi Billman, Hottinger and Oesterle. External view, spiral side, Core lc, 14-16 cm, Ayvalik.
Figure 13. Challengerella bradyi Billman, Hottinger and Oesterle.External view, spiral side, Core 2c, 18-20 cm, Ayvalik.
Figure 14. Challengerella bradyi (Billman, Hottinger and Oesterle). External view, spiral side, Core 3a, 24-26 cm, Ayvalik.
Figure 15. Challengerella bradyi (Billman, Hottinger and Oesterle). External view, spiral side, Core 3a, 28-30 cm, Ayvalik.
Figure 16. Challengerella bradyi (Billman, Hottinger and Oesterle). External view, spiral side, Core 3a, 32-34 cm, Ayvalik.
Figure 17. Elphidium adandnum (Cushman). External view, Core 3a, 20-22 cm, Ayvalik.

Figure 18. Elphidium adandnum (Cushman). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 19. Elphidium adandnum (Cushman). External view, Core 3a, 24-26 cm, Ayvalik.

Figure 20. Elphidium adandnum (Cushman). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 21. Elphidium adandnum (Cushman). External view, Core 2¢, 10-12 cm, Ayvalik.
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LEVHA 7

Sekil 1. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 3a, 10-12 cm, Ayvalik.
Sekil 2. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 3a, 14-16 cm, Ayvalik.
Sekil 3. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 3a, 22-24 cm, Ayvalik.
Sekil 4. Elphidium complanatum (d’Orbigny). Dig gériiniim, kor 3a, 24-26 cm, Ayvalik.
Sekil 5. Elphidium complanatum (d’Orbigny). Dig gériiniim, kor 3a, 24-26 cm, Ayvalik.
Sekil 6. Elphidium complanatum (d’Orbigny). Dig gériiniim, kor 3a, 24-26 cm, Ayvalik.
Sekil 7. Elphidium complanatum (d’Orbigny). Dis gérliniim, kor 3a, 34-36 cm, Ayvalik.
Sekil 8. Elphidium complanatum (d’Orbigny). Dis goriiniim, kor 3a, 34-36 cm, Ayvalik.
Sekil 9. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 3a, 34-36 cm, Ayvalik.
Sekil 10. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 3a, 36-36 cm, Ayvalik.
Sekil 11. Elphidium complanatum (d’Orbigny). Dig goriiniim, kor 1c, 10-12 cm, Ayvalik.
Sekil 12. Elphidium complanatum (d’Orbigny). Dig gériiniim, kor 1c, 36-38 cm, Ayvalik.
Sekil 13. Elphidium crispum (Linné). Dis goriiniim, kor 2c, 10-12 cm, Ayvalik.

Sekil 14. Elphidium crispum (Linné). Dig gbriiniim, kor 3a, 4-6 cm, Ayvalik.

Sekil 15. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 6-8 cm, Ayvalik.

Sekil 16. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 12-14 cm, Ayvalik.

Sekil 17. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 22-24 cm, Ayvalik.

Sekil 18. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 34-36 cm, Ayvalik.

Sekil 19. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 34-36 cm, Ayvalik.

Sekil 20. Elphidium crispum (Linné). Dig goriiniim, kor 3a, 42-45 cm, Ayvalik.

Sekil 21. Elphidium crispum (Linné). Dig goriiniim, kor 1c, 0-2 cm, Ayvalik.

Sekil 22. Elphidium crispum (Linné). Dig goriiniim, kor 1c, 4-6 cm, Ayvalik.

Sekil 23. Elphidium crispum (Linné). Dig goriiniim, kor 1c, 36-38 cm, Ayvalik.

Sekil 24. Elphidium crispum (Linné). Dis goriiniim, kor 3a, 12-14 cm, Ayvalik.

Sekil 25. Elphidium macellum (Fichtel ve Moll). Dig gériiniim, kor 3a, 22-24 cm, Ayvalik.

PLATE 7

Figure 1. Elphidium complanatum (d’Orbigny). External view, Core 3a, 10-12 cm, Ayvalik.

Figure 2. Elphidium complanatum (d’Orbigny). External view, Core 3a, 14-16 cm, Ayvalik.

Figure 3. Elphidium complanatum (d’Orbigny). External view, Core 3a, 22-24 cm, Ayvalik.

Figure 4. Elphidium complanatum (d’Orbigny). External view, Core 3a, 24-26 cm, Ayvalik.

Figure 5. Elphidium complanatum (d’Orbigny). External view, Core 3a, 24-26 cm, Ayvalik.

Figure 6. Elphidium complanatum (d’Orbigny). External view, Core 3a, 24-26 cm, Ayvalik.

Figure 7. Elphidium complanatum (d’Orbigny). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 8. FElphidium complanatum (d’Orbigny). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 9. FElphidium complanatum (d’Orbigny). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 10. Elphidium complanatum (d’Orbigny). External view, Core 3a, 36-36 cm, Ayvalik.

Figure 11. Elphidium complanatum (d’Orbigny). External view, Core 1c, 10-12 cm, Ayvalik.

Figure 12. Elphidium complanatum (d’Orbigny). External view, Core lc, 36-38 cm, Ayvalik.

Figure 13. Elphidium crispum (Linné). External view, Core 2c, 10-12 cm, Ayvalik.

Figure 14. Elphidium crispum (Linné). External view, Core 3a, 4-6 cm, Ayvalik.

Figure 15. Elphidium crispum (Linné). External view, Core 3a, 6-8 cm, Ayvalik.

Figure 16. Elphidium crispum (Linn¢). External view, Core 3a, 12-14 cm, Ayvalik.

Figure 17. Elphidium crispum (Linn¢). External view, Core 3a, 22-24 cm, Ayvalik.

Figure 18. Elphidium crispum (Linné). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 19. Elphidium crispum (Linné). External view, Core 3a, 34-36 cm, Ayvalik.

Figure 20. Elphidium crispum (Linné). External view, Core 3a, 42-45 cm, Ayvalik.

Figure 21. Elphidium crispum (Linné). External view, Core lc, 0-2 cm, Ayvalik.

Figure 22. Elphidium crispum (Linné). External view, Core lc, 4-6 cm, Ayvalik.

Figure 23. Elphidium crispum (Linné). External view, Core lc, 36-38 cm, Ayvalik.

Figure 24. Elphidium crispum (Linné). External view, Core 3a, 12-14 cm, Ayvalik.

Figure 25. Elphidium macellum (Fichtel and Moll). External view, Core 3a, 22-24 cm,
Ayvalik.
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Sekil 1. Genel goriiniim. Kor 4b, 0-2 cm. Ayvalik.
Sekil 2. Genel goriiniim. Kor 4b, 2-4 cm. Ayvalik.
Sekil 3. Genel goriinim. Kor 4b, 4-6 cm. Ayvalik.
Sekil 4. Genel goriiniim. Kor 4b, 6-8 cm. Ayvalik.

PLATE 8

Figure 1. General view. Core 4b, 0-2 cm, Ayvalik.
Figure 2. General view. Core 4b, 2-4 cm, Ayvalik.
Figure 3. General view. Core 4b, 4-6 cm, Ayvalik.
Figure 4. General view. Core 4b, 6-8 cm, Ayvalik.
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Sekil 1. Jips kristalleri. Kor 3a, 28-30 cm, Ayvalik.

Sekil 2. Jips kristalleri. Kor 3a, 30-32 cm, Ayvalik.

Sekil 3. Jips kristalleri. Kor 3a, 30-32 cm, Ayvalik.

Sekil 4. Jips kristalleri. Kor 3a, 32-34 cm, Ayvalik.

Sekil 5. Jips kristalleri. Kor 3a, 34-36 cm, Ayvalik.

Sekil 6. Jips kristalleri. Kor 3a, 38-40 cm, Ayvalik.

Sekil 7. Jips kristalleri. Kor 3a, 40-42 cm, Ayvalik.

Sekil 8. Jips kristalleri. Kor 3a, 42-45 cm, Ayvalik.

Sekil 9. Challengerella bradyi Billman, Hottinger ve Oesterle kavkis1 lizerinde gelismis bir
jips kristali. Kor 3a, 40-42 cm, Ayvalik.

Sekil 10. Elphidium crispum (Linné) kavkisi etrafinda gelisen jips kristali. Kor 3a, 40-42 cm,
Ayvalik.

Sekil 11. Challengerella bradyi Billman, Hottinger ve Oesterle kavkisi ¢evresinde gelismis
bir jips kristali. Kor 3a, 40-42 cm, Ayvalik.

Sekil 12. Iginde bir Posidonia pargast bulunan jips kristali. Kor 3a, 40-42 cm, Ayvalik.

Sekil 13. Jips kristali i¢cinde foraminifer kavkilar1. Kor 3a, 40-42 cm, Ayvalik.

Sekil 14. Elphidium crispum (Linné) kavkisi etrafinda gelisen jips kristali. Kor 3a, 34-36 cm,
Ayvalik.

PLATE 9

Figure 1. Gypsium crystals. Core 3a, 28-30 cm, Ayvalik.

Figure 2. Gypsium crystals. Core 3a, 30-32 cm, Ayvalik.

Figure 3. Gypsium crystals. Core 3a, 30-32 cm, Ayvalik.

Figure 4. Gypsium crystals. Core 3a, 32-34 cm, Ayvalik.

Figure 5. Gypsium crystals. Core 3a, 34-36 cm, Ayvalik.

Figure 6. Gypsium crystals. Core 3a, 38-40 cm, Ayvalik.

Figure 7. Gypsium crystals. Core 3a, 40-42 cm, Ayvalik.

Figure 8. Gypsium crystals. Core 3a, 42-45 cm, Ayvalik.

Figure 9. Gypsium crystal on the Challengerella bradyi Billman, Hottinger and Oesterle test.

Core 3a, 40-42 cm, Ayvalik.

Figure 10. Gypsium crystal around of the Elphidium crispum (Linn€) test. Core 3a, 40-42 cm,
Ayvalik.

Figure 11. Gypsium crystal around of the Challengerella bradyi Billman, Hottinger and
Oesterle test. Core 3a, 40-42 cm, Ayvalik.

Figure 12. The piece of the Posidonia in the gypsium crystal. Core 3a, 40-42 cm, Ayvalik.

Figure 13. Tests of foraminifer in the gypsium crystal. Core 3a, 40-42 cm, Ayvalik.

Figure 14. Gypsium crystal around of the Elphidium crispum (Linné) test. Core 3a, 34-36 cm,
Ayvalik.
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ABSTRACT

The study area comprises about 40 km” and is located in the north of Seydiler town near Kastamonu
city. The unit, that is widely exposed in the region, is named for the first time “Seydiler Formation”.
This formation conformably overlies the Lutetian Giirleyikdere Formation at the base while it is overlain
by Recent and Quaternary alluvium deposits with an unconformity at the top. Seydiler Formation is
represented by thin bedded sandstone-marl alternations at the base and by medium to thick-bedded, dark
grey marls in the upper parts. The thickness of the formation varies from 30 to 215 meters.
Paleontological examinations were carried out on 184 samples collected from 7 stratigraphic sections.
Overall, 19 taxa belonging to 11 ostracod genera in 9 different families were determined. Among the
families Cytherellidae, Bairdiidae and Krithidae, were the dominant genera. One species
“Echinocythereis anatolica n.sp.” is proposed as a new species. Cytherella and Krithe are very abundant
and dominant within the ostracoda assemblage. Based on the ostracod assemblage examined, the age of
this unit is assigned as Bartonian-Priabonian. This assignment is also supported by the dating of
planktonic foraminifers, nannoplanktons and dinoflagellates. All paleontological data of the study area
indicate neritic to bathyal marine depositional conditions with normal salinities.

Keywords: Ostracoda, Bartonian-Priabonian, Seydiler Formation, Kastamonu, Turkey.
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oz

Calisma, yaklasik 40 km’ lik bir alanda ve Kastamonu Ili, Seydiler Iicesi kuzeyinde gerceklesmistir.
Genis bir yaythima sahip olan séz konusu birim, ilk kez “Seydiler Formasyonu” olarak
isimlendirilmistir. Seydiler Formasyonu Liitesiyen yasl Giirleyikdere Formasyonu iizerine uyumlu
olarak gelir. Giincel ve Kuvaterner aliivyon ¢okellerle de uyumsuz olarak ortiiliir. Seydiler Formasyonu
tabanda ince tabakali kumtasi-marn ardalanmasi ile baslar ve iist seviyelerde orta-kalin tabakalr koyu
gri marnlarla temsil edilir. Formasyonun kalinligi 30-215 metre arasinda degismektedir. Paleontolojik
calismalar, 7 stratigrafik kesitten derlenen 184 ornek iizerinde yiiriitiilmiistiiv. Bu ¢alismalara bagh
olarak, baslica Cytherellidae, Bairdiidae ve Krithidae familyalart olmak tizere 9 familyaya ve 11
ostrakod cinsine bagl toplam 19 tiir tanimlanmistir. Bunlardan biri “Echinocythereis anatolica n.sp.”
ilk kez bu ¢alismada yeni tiir olarak onerilmistir. Ostrakod faunast i¢inde Cytherella ve Krithe cinsleri
ile bunlara ait tiirler bol ve baskindwr. Tamimlanan ostrakod faunasina gore, bu formasyonun yasi
Bartoniyen-Priaboniyen’dir. Bu yas bulgusu ayrica planktonik foraminifer, nannoplankton ve
dinoflagellatlar ile de desteklenmistir. Tiim fauna ve flora toplulugu yasam ortaminin normal tuzluluk
kosullarina sahip, neritikden batiyale kadar degisebilen bir derinlikteki depolanma ortaminmin varligini
isaret etmektedir.

Anahtar kelimeler: Bartoniyen-Priaboniyen, Kastamonu, Seydiler Formasyonu, Ostrakoda, Tiirkiye.

INTRODUCTION Yesilyurt, 2004; Yesilyurt et al., 2005; Yildiz et

al., 2007). An important investigation dealing
Bartonian-Priabonian lithostratigraphic units are with the foraminiferal biostratigraphy of
very restricted in Turkey: The Catalca Peninsula Bartonian, Priabonian and Oligocene shallow-
in the Thrace Basin (Sonmez-Gokgen, 1973), the water sediments of southern and eastern Turkey
Bakirkoy Basin-Istanbul (Safak, 1997); the Sinop was carried out by Sirel (2003). Another one,
Basin (Tunoglu, 2001) and the Devrekani Basin dealing with the larger foraminiferal

in northern Anatolia (Tunoglu, 1991a, b), the biostratigraphy and its correlation  with
Kasaba Basin-Antalya in southern Turkey (Bilen, planktonic foraminifer and nannoplankton zones
1996; Tunoglu and Bilen, 2001) and the Darende of the Tethyan Paleocene and Eocene, was
Basin (Nazik, 1993) in Eastern Anatolia are a few carried out by Serra-Kiel et al. (1998).
of them (Figure 1).

This article is concerned with the first

Many geological investigations had been record of a diverse and correlative Bartonian-
carried out in the Devrekani basin and its Priabonian ostracod assemblage within the
surroundings: (Blumethal, 1948; Dizer, 1953; Seydiler Formation of the Devrekani basin in the

Geiss, 1954; Goktunali, 1955; Ketin, 1962, central Pontid region of northern Turkey (Figure
Tunoglu, 1991a, b; 1992a, b; 1993, 1994, 2001; 1).
Bragin et al., 2001; Bardet & Tunoglu, 2002;
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Figure 1. Geologic setting and location map of the study area (large map after Okay and Gonciioglu, 2004 and small map after

Yesilyurt et al., 2005 and Y1ldiz et al., 2007).

Sekil 1. Calisma alani yer bulduru haritasi ve jeolojik konumu (Biiyiik harita Okay ve Gonciioglu, 2004 'ten, kiiciik harita ise

Yesilyurt ve dig., 2005 ve Yildiz ve dig., 2007 'den degistirilerek alinmustir).

GEOLOGICAL SETTING

The investigation area comprises about 40 km’
and is located in the north of Seydiler town near
Kastamonu city in northern Anatolia (Kastamonu

E31-d2; 51%-64" latitude and 087-16"
longitude). The study area is located
geologically in the central part of the Pontid

tectonic unit (Ketin, 1966), or the “ Rhodope-
Pontide fragment” according to Sengoér (1984).
The Pontid area is a main orogenic belt in
northern Turkey, which spread along east to west
and is characterized by the presence of several
basins with transgressive to reggressive Jurassic,
Cretaceous successions

and Tertiary on

?Precambrian or Paleozoic methamorphic

basement units (Figure 1). One of these basins is
the Devrekani basin (Tunoglu, 1991a), which
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represents a depression with a nearly east-west
trending long axis. This basin was entirely related
to the Tethyan bioprovince. Late Mesozoic and
Cenozoic marine sedimentation took place in the
basin on a metamorphic basement of supposed
Precambrian age in the south, and on Jurassic
clastics and carbonates in the north. The Late
and Early-Middle
represented by the following lithostratigraphic
units in the basin (Figure 2, 3): The Campanian-

Mesozoic Cenozoic are

Mastrichtian and Paleocene Davutlar Formation
is represented by marls, sandy marls, sandy
and claystones with
thicknesses of approximately 300-400 meters
(Tunoglu, 1991 a, b and 1992 a, b). Eocene
(Lutetian) The Giirleyikdere Formation The
overlies the Davutlar Formation conformably

limestones, sandstones

(Figure 3). Giirleyikdere formation is mainly
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composed of limestones, sandy limestones, foraminifer and dinoflagellate assemblages. In
bryozoan limestones and a few marls bearing the study area the upper level of the Seydiler
benthic foraminifers, brachiopods, bryozoa, algae Formation is observed as erosional surfaces.

and corals. The Seydiler Formation was

deposited during Bartonian-Priabonian stages and Geologic sections are measured along
it is dominantly composed of marls, claystones two main roads; the NW-SE Seydiler-inebolu
and mudstones (Figure 3). This unit overlies a road (Figure 5a) and the E-W Seydiler-Agli road
hardground surface on the Girleyikdere (Figure 5b). Paleontological research was carried
Formation (Figure 3, 4), and contains diverse out on 184 marl samples collected from 7
ostracod, nannoplankton, benthic and planktonic different measured sections.

EXPLANATIONS

i Plunging
Tes : Seydiler Fm X Anticline Axis
Teg Gurleyikdere Fm

Kpd Davutlar Fm. /r Strike and dip

- 20
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-
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= Mi{scllunlcr‘ 20 Tes
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i) L kim
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Figure 2. Geological map of the investigation area (changed after Yesilyurt et al., 2005).

Sekil 2. Incelenen bolgenin jeoloji haritasi (Yesilyurt ve dig., 2005 den degistirilmistir).
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Figure 3. Generalized stratigraphic section of the investigation area (chanced after Yesilyurt et al., 2005).

Sekil 3. Incelenen bélgenin genellestirilmis stratigrafik istifi (Yesilyurt ve dig., 2005 'den degistirilmistir).
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Figure 4. Hardground (paraconformity) surface between Giirleyikdere (Teg) and Seydiler (Tes) Formations from the type
section locality (Yesilyurt et al., 2005).

Sekil 4. Tip kesit lokasyonunda Giirleyikdere (Teg) ve Seydiler (Tes) formasyonlari arasinda gozlenen — hardground
(parakonformite) yiizeyi (Yesilyurt ve dig., 2005).
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Figure 5 a) E-W directed (Seydiler-Agh road) geologic section of Seydiler Formation and locations of referance sections
(chanced after Yesilyurt et al., 2005).
b) E-W directed (Seydiler-Agli road) geologic section of Seydiler Formation and locations of referance
sections (chanced after Yesilyurt et al., 2005).

Sekil 5 a) Seydiler Formasyonu’nun D-B uzamimli (Seydiler-Agh yolu) jeolojik kesiti ve referans kesit yerleri (Yesilyurt ve
dig., 2005 'den degistirilmistir).
b) Seydiler Formasyonu 'nun D-B uzamimli (Seydiler-Agl yolu) jeolojik kesiti ve referans kesit yerleri
(Yesilyurt ve dig., 2005 'den degistirilmistir).
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Figure 6. Ostracod association and distribution in the GC-1 Type section.

Sekil 6. GC-1 Tip kesitindeki ostrakod birlikteligi ve dagilimi.
METHODOLOGY

This both field and
laboratory studies of the samples taken from
Seydiler

investigation includes

Formation. Paleontological
examinations were carried out on 184 samples
collected from 7 different stratigraphic sections
along the Seydiler-Inebolu and Seydiler-Agh
Roads (Figure 2), and they were prepared for

micropaleontologic study to determine the
ostacod assemblage under a  binocular
microscope. Especially claystone, and marl

samples from the study area were processed
using dilute 10% H,0O,. During the study an
Olympus binocular stereo microscope was used
while a Scannig Electron Microscope (SEM-Jeol-
JSM-6400)
determinations and photomicrography.

was used for more precise
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DESCRIPTION OF THE SECTIONS

Measured Stratigraphic Sections were taken
along two different routes (Figure 2), one of them
is along the slope of the Inebolu-Seydiler Road,
in a nearly NW-SE direction (GC-1, GC-2 and
GC-3), and the other is along the slope of the
Seydiler-Agli Road, in a nearly E-W direction
(SA-1, SA-2, SA-3 and SA-4). Below are given
some main aspects and features that indicate all
of these sections.

The GC-1 stratigraphic section has a
thicknees of 155 m (Figure 6). The whole section
is represented by gray claystones and marls.
Macro fossils can not be observed. 52 samples
have been collected along this section. 6 ostracod
taxa and three unfossilifereous zones have been
identified in the GC-1 Section. The Cytherella
species dominant the section.

are along
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Figure 7. Ostracod association and distribution in the GC-2 reference section.

Sekil 7. GC-2 Referans kesitindeki ostrakod birlikteligi ve dagilimi.

The GC-2 stratigraphic section has a
thickness of 60 m (Figure 7). The whole section
is represented by claystones and marls. 29
samples have been collected from the section
and 5 ostracod taxa have been determined.
Cytherella is the dominant genus and Cytherella
(Cytherelloidea) gantensis is the dominant
species throughout this section.

The thickness of the section GC-3 is
measured as 60 meters. Claystone and marl
alternation is the dominant lithology in this
section. 18 samples have been collected from
the section but no ostracods can be observed.
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For this reason, this section has not been given
as a figure in this paper.

The thickness of the section SA-1 is
195 meters (Figure 8). The
mainly

measured as

lithology s claystone and marl
alternations. 27 samples have been collected
from this section and 14 ostracod taxa have
been determined. The diversity and abundance
of ostracod species are very high towards the
upper levels of this section. Cytherella and
Krithe are the dominant genera along the

section.
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Figure 8. Ostracod association and distribution in the SA-1 reference section.

Sekil 8. SA-1 Referans kesitindeki ostrakod birlikteligi ve dagilim.

Section SA-2 has a 30 m total thickness
(Figure 9). This section is represented by yellow
and gray claystone and marl alternations. 13
samples have been collected from the section. 11
of the samples contain ostracods and these

samples belong to the lower and upper levels of
the 11 ostracod taxa have been
determined. Cytherella and Krithe are the

section.

dominant genera. The number of individuals
decrease in this section.
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Figure 9. Ostracod association and distribution in the SA-2 reference section.

Sekil 9. SA-2 Referans kesitindeki ostrakod birlikteligi ve dagilimi.
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Figure 10. Ostracod association and distribution in the SA-3 reference section.

Sekil 10. SA-3 Referans kesitindeki ostrakod birlikteligi ve dagilimi.

SA-3 has a thickness of 100 m. (Figure
10). The Section is represented by yellow, gray
claystone and marl alternations. 22 samples have
been collected along the section and 9 samples
belonging to the upper and lower levels are
fossilifereous. 11 ostracod taxa have been
identified. Cytherella and Krithe the
dominant genera in this section.

arc

SA-4 has a thickness of 115 meters
(Figure 11). The Section is represented by yellow
and gray claystone and marl alternations. 15
samples have been collected along the section. 11
ostracod taxa have been identified. Cytherella
and Krithe are the dominant genera in this
section.
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Figure 11. Ostracod association and distribution in the SA-4 reference section.
Sekil 11. SA-4 Referans kesitindeki ostrakod birlikteligi ve dagilimi.
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SYSTEMATIC DESCRIPTION

Nineteen ostracod species belonging to eleven
genera and nine families were identified from the
One species
within this fauna is proposed as new, eleven

Bartonian-Priabonian  deposits.

species are known but seven species have been
left the Ostracod
assemblages and their SEM images are given in
plates 1-3 (some of the figures of the first plate
which are related to the Type Section of this
study have been used and published in Yildiz et
al., 2007). The classification of Ostracoda by
Hartmann and Puri (1974) is used for the
taxonomy of the species. Moore (1961),
Morkhoven (1962, 1963) and the Catalogue of
Ostracoda (Ellis and Messina, 1953-1985) have
also been used for identification. The species are
archived at the paleontological laboratory of
Geological Engineering Department of Hacettepe

in open nomenclature.

University.

Sub Class: OSTRACODA Latreille, 1802
Order: PODOCOPIDA G.W. Miiller, 1894
Sub Order: PLATYCOPA Sars, 1866
Family: CYTHERELLIDAE Sars, 1866

Sub Family: CYTHERELLINAE
1958

Genus: Cytherella Jones, 1849

Pokorny,

Type-species: Cytheralla ovata Roemer, 1841
Stratigraphic range: From Jurassic to Recent.

Environment: marine
bathymetric levels, rare in the brackish water

environments (Morkhoven, 1963).

Generally  whole
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Cytherella (Cytherelloidea) gantensis
(Monostori, 1977)

PIL 1, Figs.1-3

1977  Cytherella (Cytherelloidea) gantensis

Monostori, p. 76, 77, pl. 1, fig. 1.

1985a  Cytherella
Monostori, Monostori, p. 27-31,
figs. 1-17.

(Cytherelloidea) gantensis
pl. 1,

Material: 68 carapaces, 42 valves.

Dimensions: Length: 0.67 — 0.87 mm

Height: 0.41 — 0.48 mm
Width: 0.40 — 0.45 mm

Remarks: Cytherella (Cytherelloidea) gantensis
has been identified in three different forms (being
A, B, C forms of Cytherella (Cytherelloidea)
gantensis) by Monostori (1985a). Our specimen
is identical to the B form.

Geographic distribution and
range: Hungary: Environs of Budapest and
Gant, Middle Eocene (Monostori, 1977, 1982,
1985a). Turkey: Seydiler/Kastamonu, Bartonian-

stratigraphic

Priabonian.

Cytherella ihsaniyensis Sonmez-Gokgen,1973
PL 1, Figs. 4,5

1973 Cytherella ihsaniyensis Sonmez-Gokgen,

p. 24,25, pl. 11, figs. 5-9.
Material: 11 valves, 2 carapaces.
Dimensions: Length: 0.75-0.77 mm
Height: 0.45-0.48 mm

Width: 0.35-0.40 mm



Geographic distribution and stratigraphic
range: Turkey: Thrace basin-Incegiz, Bartonian
1973);
Bartonian-Priabonian.

(Sonmez-Gokgen, Seydiler/Kastamonu,

Cytherella triestina Kollmann, 1962
PL 1, Figs. 6-9

1962  Cytherella triestina Kollmann, p. 210,

pl. 3, figs. 1-10.

1970  Cytherella triestina Kollmann, Gokgen,
p. 93, pl. 1, figs. 5, 6.

1973 Cytherella triestina Kollmann, Sonmez-
Gokeen, p. 27, pl. 2, figs. 16 -21.

1985  Cytherella triestina Kollmann, Duru ve
Gokgeen, p. 52-53, pl. 1, figs. 13-15.

1993 Cytherella triestina Kollmann, Nazik, p.

21, pl. 1, fig.1.
Material: 61 valves, 11 carapaces.

Dimensions: Length: 0.78-0.84 mm

Height: 0.44-0.49 mm
Width: 0.35-0.38 mm

Geographic distribution and stratigraphic
range: Yugoslavia/Serbia: Lutetian (Kollmann,
1962). England:
(Gokgen, 1970). Turkey: Thrace basin-Incegiz,
Bartonian (Sonmez-Gdkgen, 1973); Polath basin,
1985);

1993);

London basin, Ipresian

Ilerdian-Kuvizian (Duru and Gokgen,
(Nazik,
Seydiler/Kastamonu, Bartonian-Priabonian.

Darende Basin, Lutetian

Sub Order: PODOCOPA Sars, 1866
Super Family: BAIRDIACEA Sars, 1866
Family: BAIRDIIDAE Sars, 1866
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Genus: Bairdia M’coy, 1844
Type-species: Bairdia curtus M’ coy, 1844
Stratigraphic range: From Silurian to Recent.

Environment: Marine, Occurs in very shallow
waters as well
(Morkhoven, 1963).

as in very deep waters

Bairdia crebra (Deltel, 1962-63)
PIL 1, Figs. 10, 11
1962-63 Bairdia crebra Deltel, p. 138, 139, pl.

1, figs. 15-17.

1973 Baridia crebra Deltel, Soénmez-
Gokeen, p. 35, pl. 111, figs. 22-25.

1985 Bairdia crebra  Deltel, Duru and
Gokgen, p. 57, pl. 2, figs. 1-4.

2001 Baridia crebra Deltel, Tunoglu, p. 151,

pl. 1, fig. 1.
Material: 2 carapaces, 5 valves.

Dimensions: Length: 0.86-1.00 mm

Height: 0.67-0.92 mm
Width: 0.52-0.65 mm

Geographic distribution and stratigraphic
range: France: Coupe de Gibret, Lutetian
(Deltel, 1962-63). Turkey: Thrace basin-Incegiz,
Bartonian (Sonmez-Gdkcen, 1973); Polath basin,

Tanetian-Kuvizian (Duru and Gokgen, 1985);

Sinop Basin, Lutetian-Bartonian (Tunoglu,
2001); Seydiler/Kastamonu, Bartonian-
Priabonian.
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Bairdia sp.1
PL. 1, Figs. 12, 13

Description:  Valve shape is typically

“bairdioid”, antero-dorsal and postero-dorsal
margins are angular, antero-dorsal margin is
elevated towards dorsal margin, postero-ventral
margin is tapering backward. The posterior
margin is truncated towards the ventral margin.
The left valve is larger than the right. The
posterior end tapers more than the anterior at
dorsal view. Maximum length, height and width
are near the center of the carapace. The valve

surface is smooth.
Material: 3 carapaces, 2 valves.

Dimensions: Length: 0.42-0.55 mm

Height: 0.27-0.30 mm
Width: 0.28-0.32 mm

Remarks: This species is very similar to Bairdia
sp. determined by Donze et al. (1982-Tunusia/El
Kef Section) in having a similar valve shape and
outline of the dorsal margin; but our species has a
very different antero-ventral area and a more
rounded anterior margin than Donze et al.’s
taxon.

Locality and stratigraphic level in this study:
GC-1 measured stratigraphic section (MSS),
sample number(s) (SN): 15, 20, 21, 49; SA 4
MSS, SN: 67, Bartonian-Priabonian.

Genus:
Jennings, 1935.

Bairdoppilata  Coryell, Sample &

Type-Species: Bairdoppilata martyini Coryell,
Sample & Jennings, 1935.

Stratigraphic range: From Cretaceous to

Recent.
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Environment: From very shallow to very deep
marine waters (Morkhoven, 1963).

Bairdoppilata cf. gliberti Keij, 1957
PL 1, Fig. 14

1957  Bairdoppilata gliberti Keij, p. 53, pl. 1,

figs. 18-21.

1958  Bairdoppilata gliberti Keij, Marlieére, p.

18, pl. 2, figs. 5-6.

1959  Bairdoppilata gliberti Keij, Ducasse, p.

13, pl. 1, fig. 4; pl. 10, fig. 2.

1968  Bairdoppilata gliberti Keij, Haskins, p.

1, pl. 2, figs. 29, 30.

1969  Bairdia gliberti Keij, Pietrzeniuk, p.15,

pl. 11, figs.9, 10.

1973 Bairdoppilata gliberti Keij, Sonmez-

Gokgeen, p. 38, 39, pl. 4, figs.12-14.

1985  Bairdoppilata gliberti Keij, Duru and

Gokgeen, p. 59, 60, pl. 3, figs. 1-4.

1997  Bairdoppilata gliberti Keij, Safak, pl. 1,
fig. 1.
2001  Bairdia (Bairdoppilata) gliberti Keij,

Tunoglu, p. 152, pl. 1, figs. 2-5.

2008  Bairdia (Bairdoppilata) cf. gliberti Keij,

Shahin, El Halaby, El Baz, p. 129, pl. 1,
fig. 12.

Material: 2 carapaces, 2 valves.
Dimensions: Length: 0.85-1.50 mm
Height: 0.50-0.80 mm
Width: 0.45-0.70 mm

Remarks: This specimen is higher but less
elongated than the Keij (1957)’s holotype and



paratypes. For this reason, this taxon is proposed
as “cf”.

Geographic distribution and
range: Belgium:
1957; Marliére,
Tanetian-Lutetian (Apostolescu, 1955,

stratigraphic
Lutetian-Bartonian (Keij,
1958). France: Paris basin;
1956);
Aquitaine basin, Lutetian-Bartonian (Ducasse,
1959). England: Bartonian (Haskins, 1968).
Spain: Campo, Early Eocene/llerdian-Cuisian
(Ducasse, 1959). Germany: Northern Germany,
1969). Turkey: Thrace
Bartonian

Eocene (Pietrzniuk,
basin-incegiz, (Sonmez-Gokeen,
1973); Polathi basin, Tanetian-Kuvizian (Duru
and Gokgen, 1985); Darende Basin, Lutetian-
Priabonian (Nazik, 1993); Bakirkdy Havzasi,
Istanbul, Late Eocene (Safak, 1997); Sinop
Basin, Lutetian-Bartonian (Tunoglu, 2001);
Egypt, Middle Eocene (Shahin, El Halaby, El
2008),

Priabonian.

Baz, Seydiler/Kastamonu, Bartonian-

Family: KRITHIDAE Mandelstam, 1960
Sub Family: KRITHINAE Mandelstam, 1974

Genus: Krithe Brady, Crosskey and Robertson,
1874

Type-Species: Ilyobates praetexta Sars, 1866
but Cythere
(Cytherideis) bartonensis Jones, 1857

according to some authors

Stratigraphic range: From Cenomanian to
Recent (Mokhoven, 1963).

Environment: Marine, especially infraneritic
and bathyal environments (Morkhoven, 1962,
1963).
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Krithe cf. bartonensis (Jones, 1857)
PIL 2, Figs. 1-3

1857  Krithe bartonensis (Jones), Keij, p. 85,

pl. VIIL, figs. 11-17.

1959 Krithe bartonensis (Jones), Ducasse, p.

49-50, pl. 111, fig. 1; pl. XX, figs. 3a-b.

1969 Krithe bartonensis (Jones), Pietrzeniuk,

p. 21, figs. 5-6; pl. V, fig. 12.

1969  Krithe bartonensis (Jones), Scheremeta,

p. 88, 89, pl. VIII, figs. 1, 2.

1970 Krithe bartonensis (Jones), Haskins, p.

13-16, pl. 1, figs. 5-14.

1973  Krithe  bartonensis (Jones), Sonmez-

Gokeen, p. 54, pl. VII, figs. 3 -7.

1985a Krithe bartonensis (Jones), Monostori,

p. VII, figs.9-21.

1987  Krithe bartonensis (Jones), Monostori,

p. 145, pl. 3, figs.12, 13.

1996 Krithe bartonensis (Jones), Monostori, p.

39-41, pl. 11, figs. 4-8; pl. 12, figs. 1-8.

2008 Krithe bartonensis (Jones), Shahin, El

Halaby, El Baz, p. 131, pl. 2, figs. 1, 2.

Material: 101 carapaces, 20 valves.

Dimensions: Length: 0.57-0.62 mm

Height: 0.28-0.32 mm
Width: 0.25-0.30 mm

Geographic distribution and stratigraphic
range: England: FEarly-Middle  Eocene
(Haskins,1970). Belgium: Early-Middle Eocene
(Keij, 1957). France: ?Paleocene-?0Oligocene
(Ducasse, 1959). Germany: Middle Eocene
(Pietrzeniuk, 1969). Ukraine: Early-Late Eocene
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(Scheremeta, 1969). Hungary: Middle Eocene
(Bartonian-Early Priabonian) (Monostori, 1985a,
1987,1996).
Middle Eocene-?Early Oligocene (Sonmez-
Gokegen, 1973); Egypt, Middle Eocene (Shahin,
El Halaby, El Baz, 2008), Seydiler/Kastamonu,
Bartonian-Priabonian.

Turkey: Thrace basin-Incegiz,

Krithe obesa Sonmez-Gokgen,1973
Pl. 2, Fig. 4,5

1973  Krithe obesa  Sonmez-Gokgen, p. 54,

55, pl. VII, figs. 8-10.
Material: 4 carapaces, 2 valves.
Dimensions: Length: 0.62-0.70 mm
Height: 0.35-0.40 mm
Width: 0.30-0.35 mm

Geographic distribution and stratigraphic
range: Turkey: Thrace basin-Incegiz, Bartonian
1973);
Bartonian-Priabonian.

(Sonmez-Gokgen, Seydiler/Kastamonu,

Krithe pernoides (Bornemann, 1855)
PL 2, Figs. 6-8

1957  Krithe pernoides (Bornemann), Keij, p.
86, pl. 6, figs. 11a-b.

1962  Krithe pernoides (Bornemann),
Bassiouni, p. 22, pl. 9, figs.1- 3.

1985a Krithe n.sp. aff. Krithe pernoides
(Bornemann), Monostori, p. 66, 67, pl.
VII, figs. 22-27.

1985b  Krithe pernoides (Bornemann),

Monostori, p.189-190, pl. 4, fig. 9.
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1996  Krithe pernoides (Bornemann),
Monostori, p. 42, 43, pl. 14, figs. 5-8; pl.
15 figs. 1-3.

Material: 20 carapaces, 4 valves.

Dimensions: Length: 0.60-0.84 mm

Height: 0.25-0.35 mm
Width: 0.20-0.32 mm

Geographic distribution and stratigraphic
range: Germany: Early Eocene-Late Oligocene
(Bassiouni, 1962). Belgium: Rupelian (Keij,
1957). Hungary: Middle Eocene-Late Oligocene
1985a,b; 1996). Turkey:

Seydiler/Kastamonu, Bartonian-Priabonian.

(Monostori,

Krithe cf. strangulata Deltel, 1962-63
PI 2, Figs. 9-11

1962-63 Krithe strangulata Deltel, p. 173-174,
pl. IV, figs. 90-92.

Material: 87 carapaces, 21 valves.
Dimensions: Length: 0.62-0.67 mm
Height: 0.35-0.40 mm
Width: 0.29-0.33 mm

Geographic distribution and stratigraphic
range: France: Aquitaine basin Stampian
(Deltel, 1962-63). Turkey: Seydiler/Kastamonu,
Bartonian-Priabonian.

Krithe sp. 1
PIL 2, Fig. 12

Description: The valves are elongated, ovate in
lateral outline, the dorsal margin is straight, the
ventral margin nearly stratight in the left valve.
The left valve is larger than the right. The
anterior margin is broadly rounded, the dorsal



and ventral margins are nearly parallel, the
antero-dorsal and postero-dorsal corners are not
marked, the posterior end is obliquely truncated
and the posteroventral end is beak shaped. The
valve surface is smooth. The maximum height is
between the anterior and center of the valve.
Maximum length and width are measured at the
center.

Material: 2 carapaces, 6 valves.
Dimensions: Length: 0.70-0.65 mm
Height: 0.25-0.35 mm
Width: 0.25-0.30 mm

Remarks: This species is very similar to Krithe
truncatus Sonmez-Gokgen, but Krithe sp. 1 is
slightly straighter at the ventral side, and the
postero-ventral margin of Krithe sp.1 is stronger
than that of K. truncatus.

Locality and stratigraphic level in this study:

SA-1 MSS, SN: 2, 8, 9,
Bartonian-Priabonian.

11, 15,16,18, 23;

Family: TRACHYLEBERIDIDAE Sylvester-
Bradley, 1946

Sub Family: TRACHYLEBERIDINAE
Sylvester-Bradley, 1948

Genus: Oertliella, Pokorny, 1964

Type-species: Cythere reticulata Kafka, 1886

Stratigraphic range: Late Cretaceous-
Paleogene.
Environment:  Generally neritic = marine

environment (Pokorny, 1964).
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Oertliella aculeata (Bosquet, 1852)
Pl 2, Figs. 13, 14

1852  Cythere aculeata Bosquet, p. 107, pl. 5,
fig. 10.
1955  Trachyleberis aculeata (Bosquet),

Apostolescu, p. 271, pl. 8, figs. 123-124.

1957  Trachyleberis (Trachyleberis) aculeata
(Bosquet), Keij, p. 90, pl. 13, figs. 16-17;

pl. 16, figs. 14-15.

1959  Trachyleberis (Trachyleberis) aculeata
(Bosquet), Ducasse, p. 68, pl. 5, fig. 4;
pl. 26, fig. 1.

1961  Trachyleberis aculeata (Bosquet),

Deltel, p. 183, pl. 18, figs. 301, 302.

1965  Trachyleberis (Trachyleberis) aculeata
(Bosquet), Eager, p. 24, pl. 3, figs. 5, 6.

1972 Oertliella aculeata (Bosquet),
Tambareau, p. 312-320, pl. 10, figs1-21.

1973 Trachyleberis aculeata (Bosquet),
Sénmez-Gokeen, p. 79,80, pl. 9, figs. 39-
40.

1977  Oertliella aculeata (Bosquet),

Szczechura, p. 68-69, pl. 22, figs.1-6.

1984  Oertliella aculeata (Bosquet), Duru, p.

74,75, pl. 5, figs. 1-4.
Material: 4 carapaces.

Dimensions: Length: 0.70-0.75 mm

Height: 0.40-0.50 mm
Width: 0.35-0.40 mm

Geographic distribution and stratigraphic
range: England: Ledian (Middle Eocene) (Keij,
1957); 1965). Belgium:
Danian-Bartonian (Keij, 1957). France: Paris

Montian-Ledian/Middle

Bartonian (Eager,

basin, Eocene (Keij,
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1957; Apostelescu, 1955); Aquitaine basin,
Lutetian (Ducasse, 1959; Deltel, 1961). Poland:
Paleocene-Eocene (Szczechura, 1977). Spain:
Campo, Ilerdian (Tambareau 1972). Turkey:
Thrace basin, Bartonian (Sonmez-Gokcen,1973);
Polath basin, Tanetian-Kuvizian (Duru, 1984);
Seydiler/Kastamonu, Bartonian-Priabonian.

Genus: Echinocythereis Puri, 1954

Type-species: Cythereis goretti Howe & Mc

Cuirt, 1935
Stratigraphic range: From Paleocene to Recent.

Environment: Marine, deep
(infraneritic, bathyal) (Morkhoven, 1963).

regions

Echinocythereis anatolica n.sp.
PI 2, Figs. 15-18

Derivation of name: Anatolia, the Asian part of
Turkey.

Holotype: Carapace, right valve (plate 3, figure
2)

Paratype: 30 carapaces, 7 valves.

Type-ocality: Seydiler, SA-1 MSS, SN:16.
Type-level: Bartonian-Priabonian.

Diagnosis: The carapace is subovate in lateral
view, the dorsal and ventral margins are nearly
parallel. The anterior margin is broadly rounded.
The posterior margin is “V” shaped. The left
valve is larger than the right. The surface of the
valve is covered with numerous small spines,
tubercules and shallow pits.

Description: The carapace is subovate in lateral
view. The dorsal margin is almost straight, the
ventral margin is concave at the center. The
anterior margin is broadly and well rounded. The
posteroventral end is well rouded but the
The

posterodorsal end is diagonally acute.

101

posterior margin is broadly “V” shaped and
approximately centrally subacute, the anterior
peripheral and posterior area are compressed.
The carapace is swollen at the dorsal view. The
anterior end is more tapering than the posterior
end at the dorsal view. The maximum height is at
the anterior, the maximum length and width are
at the center of the carapace. The surface of the
valve is covered with numerous small spines,
tubercules and shallow pits bearing normal pore
canals at their centers. They are aranged in
peripheral concentric lines but not at the central
areca of the carapace. Two well developed
peripheral ridges lie nearly parallel to the ventral
margin, and there are weak ridges nearly parallel
to the anterior and posterior margins. Eye spots
are well developed and large at the anterodorsal
corner. Males are slightly longer, alongate and
narrower than females. The hinge, muscle scars
and marginal pore canals are not observed.

Length: 0.70-0.87 mm

Heigth: 0.45-0.50 mm

Dimensions:

Width: 0.30-0.42 mm

Remarks: Echinocythereis anatolica n.sp. is very
different from known Echinocythereis taxa.
Echinocythereis karoma, McKenzie, differs by
possesing anterior marginal spines. Also the
anterior peripheral and posterior area of our taxon
is compressed and straight. Echinocythereis
multicostata Deltel, has very dense parallel costa
from anterior to posterior on the valve surface.
Echinocythereis lutfullahi Sonmez-Gokgen has
very dense and large tubercules on the valve
surface. E. dadayana (Méhes) is very closely
similar to E. anatolica in terms of general valve
shape but E. dadayana differs by possesing large
reticulates and ridges on the valve surface
(Monostori, 19852a,1996).

Locality and stratigraphic level in this study:
GC-2 MSS, SN:72, SA-1 MSS, SN:2, §, 9, 15,



16, 18, 23; SA 2 MSS, SN:33, 35; SA-4 MSS,
SN:70. Bartonian-Priabonian.
Family: HEMICYTHERIDAE Puri, 1954

Sub Family: THAEROCYTHERINAE

Hazel, 1965

Genus: Bradleya Hornibrook, 1952
Type-species: Cythere arata Brady, 1880
Stratigraphic range: Late Cretaceous-Recent.

Environment: Marine (Morkhoven, 1963).

Bradleya sp.
PIL 3, Fig. 1

Description: The valves are rectangular in lateral
view. The anterior margin is broadly and well
rounded, bearing short spines, the postero-dorsal
magin is angular, the dorsal margin slightly
convex, the ventral margin slightly concave, the
slighty the
posterodorsal area has five or six distinct spines.

posterior margin convex and
Dorsal and ventral margins are nearly parallel.
There is a straight rib near the ventral margin
continuing along the anterior margin. The valve
surface is reticulated with a meandric pattern.
Maximum length and width are at the center of

the valves, maximum height is anterior.

Material: 2 carapaces.

Dimensions: Length: 0.62-0.70 mm
Heihgt: 0.32-0.35 mm
Width: 0.30-0.34 mm

Remarks: This species is similar to B.

bosquetina  (Jones and Sherbon) according to

general valve shape, but B. bosquetina has

longer and stronger ridges on the valve surface.
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Locality and stratigraphic level in this study:
SA-1 MSS, SN: 2, Bartonian-Priabonian.

Family: XESTOLEBERIDIDAE Sars, 1927
Genus: Xestoleberis Sars, 1866
Type-species: Cythere aurrantia Bbaird, 1838

Stratigraphic range: From Cenomanian to

Recent.

Environment: They can live from oligohaline to
mesohaline water conditions, from 2° C to 20°
C and from littoral to bathyal (Morkhoven,
1962).

Xestoleberis gantensis Monostori, 1977

PL 3, Fig. 2

1977  Xestoleberis gantensis Monostori, p.
113-115, pl. 1V, figs. 14-17.

1985a Xestoleberis  gantensis ~ Monostori,
Monostori, p. 121-124, pl. XVI, fig. 13.

1987  Xestoleberis  gantensis ~ Monostori,
Monostori, p. 158-159, pl. 7, figs. 4, 8-
11.

2000 Xestoleberis  gantensis Monostori,

Monostori, pl. 9, figs. 2-7; pl. 10, figs. 1-
7; pl. 11, figs. 1-4.

Material: 8 carapaces, 2 valves.

Dimensions: Length: 0.45-0.60 mm

Height: 0.32-0.48 mm
Width: 0.25-0.34 mm

Geographic distribution and stratigraphic

range: Hungary: Middle-Late Eocene (Late

Lutetian, Bartonian, Priabonian), (Monostori
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1977,  1985a, 1987,  2000).
Seydiler/Kastamonu, Bartonian-Priabonian.

Turkey:

Xestoleberis sp. 1
Pl 3, Fig. 3

Description: The valves are ovate or egg shaped
in lateral view. The dorsal margin is strongly
convex, the ventral margin slightly concave, the
posterior margin broadly and well rounded, and
the anterior margin is depressed towards the
ventral margin and well rounded. Maximum
length, height and width are measured at the
center of the valve. The valve surface is smooth.

Material: 2 carapaces, 9 valves.

Dimensions: Length: 0.65-0.67 mm
Height: 0.35-0.40 mm
Width: 0.30-0.37 mm

Remarks: This species is very similar to

Xestoleberis ? kenawyi Cronin and Khalifa, but
the ventral margin of Xestoleberis ? kenawyi is
more concave.

Locality and stratigraphic level in this study:

GC-1 MSS, SN: 15; SA-1 MSS, SN: 16, 18, 21,
22, 23, 27; SA-3 MSS, SN: 42, 58, 60;
Bartonian-Priabonian.

Family: MACROCYPRIDIDAE G.W. Miiller,
1912

Genus: Macrocypris Brady, 1868
Type-species: Cythere minna Baird, 1850

Stratigraphic range: Early Cretaceous-Recent.
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Environment: Marine, generally from
infraneritic to bathial conditions (Morkhoven,
1962, 1963).

Macrocypris sp.

PIL 3, Fig. 4

Description: The valves are large and elongated
in lateral view. The dorsal margin is straight, the
postero-dorsal and antero-dorsal corners are
angular, the ventral margin is slightly concave.
The anterior margin is blunt, broadly rounded
and depressed towards the ventral end. The
Posteroventral end is strongly tapering and acute,
the posterior is more tapering than the anterior in
dorsal view. Maximum length, height and width
are at the center of the carapace. The valve
surface is smooth.

Material: 2 carapaces.

Dimensions: Length: 0.80-1.00 mm
Height: 0.38-0.43 mm
Width: 0.25-0.30 mm

Remarks: This taxon is very similar to

Macrocypris sp. of Guernet (1985), but

Macrocypris sp. differs by having a more

concave ventral margin.

Locality and stratigraphic level in this study:
SA-3 MSS, SN: 55; Bartonian-Priabonian.

Family: PONTOCYPRIDIDAE G. W

Miiller,1894
Genus: Pontocypris Sars, 1866

Type-species: Cythere ( Bairdia ) mytiloides
Norman, 1862

Stratigraphic range: From Paleocene to Recent.



Environment: They are active swimmers in the
neritic environment (Morkhoven, 1963).

Pontocypris sp. 1
PL 3, Figs. 5-7

Description: Valves are nearly triangular or
subrtiangular in lateral view. The dorsal margin
is strongly convex and well rounded, the ventral
margin is slightly concave. The anterior margin is
depressed from the dorsal to the ventral margin
and well rounded, the posterior margin is
truncated and tapering at the posteroventral area.
The left valve is larger than the right. Anterior
and posterior parts are equally tapering in dorsal
view. Maximum length, height and width are at
the center of carapace. The valve surface is
smooth.

Material: 8 carapaces.

Dimensions: Length: 0.95-1.00 mm
Height: 0.40-0.57 mm
Width: 0.32-0.37 mm

Remarks: This specimen is similar to

Pontocypris sp. of Oertli (1956), but Pontocypris
sp. has a more concave ventral margin and tapers
more in the postero-ventral area.

Locality and stratigraphic level in this study:
SA-4 MSS, SN: 64, 66; Bartonian-Priabonian.

Family: CANDONIDAE Kaufmann, 1900
Sub Family: PARACYPRIDINAE Sars, 1923
Genus: Paracypris Sars, 1866

Type-species: Paracypris polita Sars, 1866

Stratigraphic range: From Silurian to Recent.
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Environment: Marine. They generally prefer
deep (from infraneritic to bathyal) and oxygen
rich waters (Morkhoven, 1963).

Paracypris sp. 1
PI 3, Figs. 8-10

Description: Valves are elongated and
subtriangular in lateral view. The left valve is
larger than the right. The dorsal margin is nearly
straight and angular at the antero-dorsal and
postero-dorsal areas. The anterior margin is
broadly and well rounded. There is tapering
towards the posterior. The posteroventral end is
acutely pointed and the posterior margin is
truncated behind the hinge margin. The ventral
margin is concave at the center. Maximum
length is near the ventral margin, maximum
width is at the center, maximum height is
measured between the anterior and the center of

the carapace. The valve surface is smooth.
Material: 6 carapaces.

Dimensions: Length: 0.83-1.10 mm
Height: 0.30-0.56 mm
Width: 0.30-0.35 mm

Remarks: This species is closely similar to P.
polita Sars and P. aerodynamica Oertli, but our
specimen has a very tapering postero-ventral part.

Locality and stratigraphic level in this study:
SA-1 MSS, SN: 1; SA-3 MSS, SN: 58; SA-4
MSS, SN: 77; Bartonian-Priabonian.
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OTHER PALEONTOLOGICAL DATA

Seydiler Formation (Yesilyurt, 2004) has very the

abundant and diverse nannoplankton,
dinoflagellate and benthic and planktonic
foraminifer associations. The main
nannoplankton species in this formation

(determined by Prof. Dr. Aysegiil Yildiz-Nigde
University) consists of Coccolithus pelagicus
(Wallich),
Braarudosphaera bigelowi (Gran and Braarud),

Coccolithus formosus,

Braarudosphaera discula, Ericsonia robusta,
Ericsonia formosa (Kamptner), Biantholithus
sparsus Bramlette and Martini, Sphenolithus
radians Deflandre, Sphenolithus obtusus Bukry,
Perch
Perch and Nielsen,

Sphenolithus  editus and Nielsen,

Sphenolithus  elongatus
Pontosphaera plana (Bramette and Sullivan),
Pontosphaera multipora (Kamptner), Discoaster
saipanensis Bramlette and Riedel, Discoaster
sublodoensis Bramlette and Sullivan, Discoaster
barbadiensis Tan, Discoaster sp., Chiasmolithus
grandis (Bramlette and Riedel), Reticulofenestra
dictyoda (Deflandre), Reticulofenestra coenuna,
Helicosphaera euphratis Hag, Micrantholithus
sp. This
Eocene. The species of planktonic foraminifers
(determined by Prof. Dr. Aysegiil Yildiz-Nigde
University) listed below occurs in the Seydiler
Giiembel,
Globigerina inaequispira Subbotina, Globigerina
Bolli,
Turborotalia cerroazulensis
(Subbotina). this
reperesents the Middle-Late Eocene. The other
that of the
Adnatosphaeridium

assembleage indicates Middle-Late

Formation: Globigerina eocaena

higginsi Globigerina lozanoi Colom,
frontosa
Similarly, assemblage
important fossil association is
dinoflagellates:

Williams

arcuatum

multispinosum and Downie,

Areosphaeridium Eaton,

Areosphaeridium sp., Cleistosphaeridium sp.,
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Cordosphaeridium eoinodes Eisenack,

Cordosphaeridium  microtriania  Eisenack,
Cordosphaeridium sp., Deflandrea oebisfeldensis
Albeti, Deflandrea

Deflandrea sp., Glaphorocysta texta (Bujak),

phosporitica  Eisenack,
Glaphorocysta sp., Homotriblium abbreviatum
Eoton, Homotriblium tenuispinosum Davey and
Willams, Impagidinium dispertitum (Cookson
and Eisenack), Kisselovia coleothrypta (Williams
and Downie), Rhomboedinium perforatum (Jan
du  Chene

chlamydohora

Samlandia

sp.,
Wetzeliella articulata Eisenack, Wetzeliella sp.

and Chateauneuf),

Eisenack,  Spiniferites
This fossil flora association has been determined
by Kaya Ertug (TPAO-Turkish Petroleum
Corporation) and the stratigraphical range of the
Seydiler Formation has been given as between
Late Paleocene-Late Eocene.

CHRONOSTRATIGRAPHICAL,
PALEOENVIRONMENTAL AND
PALEOGEOGRAPHICAL
INTERPRETATION

The chronostratigraphic correlations of the
Seydiler Formation in the Devrekani basin are
based the

associations. The age of the ostracod assemblage

on determination of ostracod

is integrated with that of the calcareous
benthic

foraminifers and dinoflagellates.

nannoplanktons, and planktic

A total of 19 ostracod species (nine
family and eleven genera) have been determined
from the Seydiler Formation in the Devrekani
basin. A Late Lutetian-Bartonian age has been
assigned, based on the occurence of Cytherella
ihsaniyensis and Krithe obesa but the last
occurence of Cytherella triestina, Bairdoppilata
gliberti, Trachyleberis aculeata, Xestoleberis

gantensis and  Echinocythereis  dadayana



suggests the Bartonian-Priabonian stages (Figure
12). Late Lutetian is indicated by the planktonic
foraminifer association. Ostracod nannoplancton

and planktonic  foraminifers are  good

biostratigraphic markers for Late Lutetian-

Nazan YESILYURT , Cemal TUNOGLU and ibrahim K. ERTEKIN

Bartonian deposits of the Tethys bioprovince.
The geographic distribution of the determined
species in Europe, Africa (Shahin et al., 2008)
and Anatolia is given in figure 13.

GEOLOGIC

EOCENE OLIGOCENE

TIME
Early

Middle

Late Early | Late

OSTRACODA

Ypresian

Lutetian

Bartonian | Priabonian| Rupelian| Chattian

Cytherella (C) gantensis

Cytherella ihsaniyensis

Cytherella triestina

Bairdia crebra

Bairdoppilata cf. gliberti

Krithe cf. bartonensis

Krithe obesa

Krithe pernoides

Krithe cf. strangulata

Oertliella cf. aculeata

Xestoleberis gantensis

ﬂ;i i

Figure 12. Chronostratigraphic ranges of ostracod species recognized in this investigation (Releated referances have been given

in the sistematic).

Sekil 12. Bu ¢calismada saptanan ostrakod tiirlerinin kronostratigrafik menzilleri (tiirlerin kronostratigrafik menzilleri ile ilgili

referanslar sistematik kisminda verilmigtir).

106



Ostracoda Assemblage and Environmental Interpretation of the Bartonian-Priabonian Seydiler Formation (Kastamonu-Northern Turkey)

ON4200e0KOX 1

EXPLANATIONS
Cytherella (Cytherelloidea) gantensis

Cytherella ihsaniyensis
Cytherella triestina

Bairdia crebra
Krithe cf. bartonensis

Krithe obesa

Xestoleberis gantensis

Bairdoppilata cf. gliberti
Oertliella cf. aculeata
Study area

Krithe pernoides
Krithe cf. strangulata

?
D

a®

Apostolescu, 1955; Deltel, 1“1

Figure 13. Geographic distribution in Europe, Africa and Turkey of ostracod species recognized in this study.

Sekil 13. Bu calismada saptanan ostrakod tiirlerinin Tiirkiye, Avrupa ve Afrikada’ki cografik yayilimlari.
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Northern  Anatolian Late Lutetian-
Bartonian and Priabonian outcrops are very
difficult to correlate with the Upper Eocene and
Oliocene shallow-water sediments of southern
and eastern Turkey, because they have different
facies. Sirel (2003) has used only foraminiferal
biostratigraphy which does not correlate with any
other microfossil group. At the same time, the

ostracod associations are not very well known. In

Nazan YESILYURT , Cemal TUNOGLU and ibrahim K. ERTEKIN

addition to the environment determinating the
characteristics of the ostacod fauna in this region,
taking into consideration the other microfauna
and flora present, and the lithological aspects and
their facies characteristics, the deposition of
Seydiler Formation is thought to have occured in
a marine environment and at depths changing
from neritic to bathyal under transgressive
conditions (Figure 14).

ENVIRONMENTS

OSTRACODA

LITTORAL

EPINERITIC

INFRANERITIC
BATHYAL
ABYSSAL

Cytherella

Bairdia

Bairdoppilata

Krithe

Oertliella

Echinocythereis

Bradleya

Xestoleberis

Macrocypris

Pontocypris

Paracypris

it

Figure 14. Paleoenvironment of ostracod genera recognized in this study (Moore, 1961; Morkhoven, 1962, 1963)

Sekil 14. Bu ¢alismada saptanan ostrakod cinslerinin paleo-ortamlari (Moore, 1961; Morkhoven, 1962, 1963)
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GENISLETILMIS OZET

Bu arastrma Kastamonu 1li, Seydiler Ilgesi
kuzeyinde, yaklasik 40 km’ lik bir alanda
gergeklestirilmistir. Bu  kesimde genis bir

yaytlima sahip olan soz konusu birim, ilk kez

Yesilyurt vd. 2005 tarafindan  “Seydiler
Formasyonu” olarak isimlendirilmigtir. Seydiler
Formasyonu  Liitesiyen  yasli  Giirleyikdere

Formasyonu tizerine uyumlu olarak gelir. Ancak
her iki birim arasinda bir “hardground” asinim
ve kisa siireli bir oksidasyon yiizeyinin varlig
Ust
Kuvaterner aliivyon ¢okellerle uyumsuz olarak

izlenmektedir. birimi ise Giincel ve
ortiiliir ve biiyiik bir kesim mera ve eklim alam
olarak kullanmilmaktadir. Seydiler Formasyonu 'nu
inceleyebilmek  ancak  Seydiler-Inebolu  ve
Seydiler-Agh yolu boyunca yol yarmalari ve bazi
kiigiik tepeler ile Giirleyikdere Formasyonu
tizerinde asimmadan geriye kalan bazi kalinti
parcalarda miimkiin  olabilmektedir. Seydiler
Formasyonu, tabanda ince tabakali kumtasi-
marn ardalanmast ile baglar ve iist seviyelerde
tabakali

temsil

orta-kalin koyu gri yer yer sar
edilir.  Biiyiik

makrofosilsizdir. Formasyonun kalinligi 30-215

marnlarla oranda

metre arasinda degismektedir.
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Paleontolojik ¢alismalar daha c¢ok yol
yarmalart boyunca ol¢iilmiis, 7 stratigrafik kesit
184
yiiritillmiistir. Bu ¢aliymalara bagl olarak,
Cytherellidae, Bairdiidae, Krithidae,
Pontocyprididae, Macrocprididae, Candonidae

boyunca  alinan ornek  tizerinde

Hemicytheridae, Xestoleberidae ve
Trachyleberididae familyalari olmak iizere 9
familyaya ve 11 ostrakod cinsine bagl toplam 19
tiir tanmimlanmustir. Bunlardan biri
“Echinocythereis anatolica n.sp.” ilk kez bu
calismada  yeni  tiir olarak  onerilmistir.
Cytherella ve Krithe cinsleri ile bunlara ait tiirler
ostrakod faunast iginde en bol ve baskin

olanlardir.

Ozellikle Krithe obesa, K. cf. strangulata
ve Cytherella ihsaniyensis ile diger ostrakod
tiirleri

bu formasyonun yasini Bartoniyen-

yas
foraminifer,
nannoplankton ve  dinoflagellatiar ile de
desteklenmigtir (Yildiz vd., 2007). Tiim fauna ve
flora toplulugu,

Priaboniyen  olarak  gostermektedir. Bu

bulgusu  ayrica  planktonik

normal tuzluluk kosullarina
sahip, neritikden batiyale kadar degigebilen bir
derinlikteki, bir
ortaminin varligini géstermektedi

transgressif depolanma



PLATE 1

1-3.

4,5.

6-9.

10, 11.

12,13.

14.

Cytherella  (Cytherelloidea)  gantensis
(MONOSTORI, 1977)
Bartonian-Priabonian Collection
H.U.JMB.O 2003 NY 001 (X50).
1. Carapace, left side, (SA-1 Section,
sample no: 18).
2. Carapace, right side,
Section, sample no: 49).
3. Carapace, ventral side
Section, sample no: 66).
Cytherella ihsaniyensis
GOKCEN, 1973
Bartonian-Priabonian. Collection no: H.U.
JMB.O 2003 NY 002 (X50).
4. Left valve, external view (GC-1
Section, sample no: 49).
5. Left valve, internal view (GC-2
Section, sample no: 53).
Cytherella triestina KOLLMANN, 1962
Collection no: H.U. JMB.O 2003 NY 004
(X50). Bartonian-Priabonian.
6. Carapace, right side (SA-1 Section,
sample no: 16).
7. Carapace, dorsal view (SA-1
Section, sample no: 17).
8. Carapace, left side (GC-1 Section,
sample no: 11).
9. Carapace, right side
Section, sample no: 17).
Bairdia crebra (DELTEL, 1962-63);
Collection no: H.U. JMB.O 2003 NY 007
(X50). Bartonian-Priabonian.
10. Carapace, right side
Section, sample no: 57).
11. Carapace, left side (SA-3 Section,
sample no: 55).
Bairdia sp.1
Collection no: H.U. JMB.O 2003 NY 008
(X50). Bartonian-Priabonian.

no:

(GC-1
(GC-2

SONMEZ-

(SA-1

(SA-3

12. Carapace, right side (SA-3
Section, sample no: 53).
13. Carapace, dorsal view (SA-3

Section, sample no: 57).
Bairdoppilata gliberti KE1J, 1957.
Collection no: H.U. JMB.O 2003 NY 010

(X50). Bartonian-Priabonian.
14. Left valve, external (SA-3 Section,

sample no: 58).
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LEVHA 1

1-3.

4,5.

6-9.

10, 11.

12, 13.

14.

Cytherella  (Cytherelloidea)
(MONOSTORI, 1977)
Bartoniyen-Priaboniyen. Kolleksiyon no:
H.U.JMB.O 2003 NY 001 (X50).
1. Kabuk, sol taraf, (SAl Kesiti,
ornek no: 18).
2. Kabuk, sag taraf, (GC-1 Kesiti,
ornek no: 49).

gantensis

3. Kabuk, ventral goriinti (GC-2
Kesiti, 6rnek no: 66).
Cytherella ihsaniyensis SONMEZ-

GOKCEN, 1973
Bartoniyen-Priaboniyen. Kolleksiyon no:
H.U. JIMB.O 2003 NY 002 (X50).
4. Sol kapak, dig gorinti (GC-1
Kesiti, 6rnek no: 49).
5. Sol kapak, i¢ goriinti (GC-2
Kesiti, 6rnek no: 53).
Cytherella triestina KOLLMANN, 1962
Kolleksiyon no: H.U. JMB.O 2003 NY 004
(X50). Bartoniyen-Priaboniyen.
6. Kabuk, sag taraf (SA-1 Kesiti,
ornek no: 16).
7. Kabuk, dorsal goriintii (SA-1
Kesiti, 6rnek no: 17).
8. Kabuk, sol taraf (GC-1 Kesiti,
ornek no: 11).
9. Kabuk, sag taraf (SA-1 Kesiti,
ornek no: 17).
Bairdia crebra (DELTEL, 1962-63);
Kolleksiyon no: H.U. JMB.O 2003 NY 007
(X50). Bartoniyen-Priaboniyen.
10. Kabuk, sag taraf (SA-3 Kesiti,
ornek no: 57).
11. Kabuk, sol taraf (SA-3 Kesiti,
ornek no: 55).
Bairdia sp.1
Kolleksiyon no: H.U. JIMB.O 2003 NY 008
(X50). Bartoniyen-Priaboniyen.
12. Kabuk, sag taraf (SA-3 Kesiti,
ornek no: 53).
13. Kabuk, dorsal gorinti (SA-3
Kesiti, 6rnek no: 57).
Bairdoppilata gliberti KE1J, 1957.
Kolleksiyon no: H.U. JMB.O 2003 NY 010
(X50). Bartoniyen-Priaboniyen.
14. Sol kapak, dis goriintii (SA-3

Kesiti, 6rnek no: 58).
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PLATE 2

1-3. Krithe cf. bartonensis (JONES, 1857).

Collection no: H.U. JMB.O 2003 NY 011 (X50).

Bartonian-Priabonian.
1. Carapace, left side (SA-4 Section, sample no: 65).
Carapace, right side (SA-4 Section, sample no: 65).

3. Carapace, dorsal view (SA-1 Section, sample no:

21).

4, 5. Krithe obesa SONMEZ-GOKCEN, 1973.

Collection no: H.U. JMB.O 2003 NY 012 (X50).

Bartonian-Priabonian.
4. Carapace, right side (SA-3 Section, sample no: 45).
5. Carapace, left side (SA-3 Section, sample no: 45).
6-8. Krithe pernoides ( BORNEMANN, 1855).

Collection no: H.U. JMB.O 2003 NY 013 (X50).

Bartonian-Priabonian.
6. Carapace, left side (SA-3 Section, sample no: 70).
7. Carapace, right side (SA-4 Section, sample no: 58).
8. Carapace, dorsal view (SA-3 Section, sample no:

58).

Krithe cf. strangulata DELTEL, 1962-63

Collection no: H.U. JMB.O 2003 NY 014 (X50).

Bartonian-Priabonian.
9. Carapace, left side (SA-1 Section, sample no: 18).
10. Carapace, right side (SA-2 Section, sample no: 30).

11. Carapace, dorsal view (SA-1 Section, sample no:

18).
12. Krithe sp. 1

Collection no: H.U. JMB.O 2003 NY 015 (X50).

Bartonian-Priabonian.
12. Carapace, left side (SA-1 Section, sample no: 18).
13,14.  Oertliella aculeata ( BOSQUET, 1852)

Collection no: H.U. JMB.O 2003 NY 016 (X50).

Bartonian-Priabonian.
13. Carapace, right side (SA-2 Section, sample no: 36).

14. Carapace, dorsal view (SA-2 Section, sample no:

36).

15-18.  Echinocythereis anatolica n.sp.,

Collection no: H.U. JMB.O 2003 NY 017 (X50).

Bartonian-Priabonian.
15. Carapace, left side (SA-4 Section, sample no: 72).
16. Carapace, right side (SA-1 Section, sample no: 16).
17. Carapace, right side (SA -1 Section, sample no: 16).
18. Carapace, dorsal view (SA-1 Section, sample no: 1).
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LEVHA 2

1-3. Krithe cf. bartonensis (JONES, 1857).
Kolleksiyon no: H.U. JMB.O 2003 NY 011 (X50).
Bartoniyen-Priaboniyen.
1. Kabuk, sol taraf (SA-4 Kesiti, 6rnek no: 65).
2. Kabuk, sag taraf (SA-4 Kesiti, 6rnek no: 65).
3. Kabuk, dorsal goriintii (SA-1 Kesiti, 6rnek no: 21).
Krithe obesa SONMEZ-GOKCEN, 1973.
Kolleksiyon no: H.U. JMB.O 2003 NY 012 (X50).
Bartoniyen-Priaboniyen.
4. Kabuk, sag taraf (SA-3 Kesiti, 6rnek no: 45).
5. Kabuk, sol taraf (SA-3 Kesiti, 6rnek no: 45).
6-8. Krithe pernoides (BORNEMANN, 1855).
Kolleksiyon no: H.U. JMB.O 2003 NY 013 (X50).
Bartoniyen-Priaboniyen.
6. Kabuk, sol taraf (SA-3 Kesiti, 6rnek no: 70).
7. Kabuk, sag taraf (SA-4 Kesiti, 6rnek no: 58).
8. Kabuk, dorsal goriintii (SA-3 Kesiti, 6rnek no: 58).
9-11. Krithe cf. strangulata DELTEL, 1962-63
Kolleksiyon no: H.U. JMB.O 2003 NY 014 (X50).
Bartoniyen-Priaboniyen.
9. Kabuk, sol taraf (SA-1 Kesiti, 6rnek no: 18).
10. Kabuk, sag taraf (SA-2 Kesiti, drnek no: 30).
11. Kabuk, dorsal goriintii (SA-1 Kesiti, drnek no: 18).
12. Krithe sp. 1
Kolleksiyon no: H.U. JMB.O 2003 NY 015 (X50).
Bartoniyen-Priaboniyen.
12. Kabuk, sol taraf (SA-1 Kesiti, 6rnek no: 18).
13,14.  Oertliella aculeata ( BOSQUET, 1852)
Kolleksiyon no: H.U. JMB.O 2003 NY 016 (X50).
Bartoniyen-Priaboniyen.
13. Kabuk, sag taraf (SA-2 Kesiti, 6rnek no: 36).
14. Kabuk, dorsal goriintii (SA-2 Kesiti, 6rnek no: 36).
15-18.  Echinocythereis anatolica n.sp.,
Kolleksiyon no: H.U. JMB.O 2003 NY 017 (X50).
Bartoniyen-Priaboniyen.
15. Kabuk, sol taraf (SA-4 Kesiti, 6rnek no: 72).
16. Kabuk, sag taraf (SA-1 Kesiti, 6rnek no: 16).
17. Kabuk, sag taraf (SA-1 Kesiti, drnek no: 16).
18. Kabuk, dorsal goriintii (SA-1 Kesiti, 6rnek no: 1).

4, 5.
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PLATE 3

1. Bradleya sp.1
Collection no: H.U. JMB.O 2003 NY 018 (X50). Bartonian-Priabonian.
1. Carapace, left side (SA-2 Section, sample no: 40).
2. Xestoleberis gantensis MONOSTORI, 1977,
Collection no: H.U. JMB.O 2003 NY 019 (X50). Bartonian-Priabonian.
2. Carapace, right side (SA-1 Section, sample no: 6).
3. Xestoleberis sp 1
Collection no: H.U. JMB.O 2003 NY 020 (X50). Bartonian-Priabonian.
3. Carapace, left side (GC-2 Section, sample no: 72).
4. Macrocypris sp.1
Collection no: H.U. JMB.O 2003 NY 021 (X50). Bartonian-Priabonian
4. Carapace, left side (GC-1 Section, sample no: 8).
5-7. Pontocypris sp.1
Collection no: H.U. JMB.O 2003 NY 022 (X50). Bartonian-Priabonian
5. Carapace, right side (SA-4 Section, sample no: 66).
6. Carapace, left side (SA-4 Section, sample no: 66).
7. Carapace, dorsal view (SA-4 Section, sample no: 66).
8-10.  Paracypris sp.1
Collection no: H.U. JMB.O 2003 NY 024 (X50). Bartonian-Priabonian.
8. Carapace, left side (SA-4 Section, sample no: 77).
9. Carapace, left side (SA-4 Section, sample no: 77).
10. Carapace, right side (SA-3 Section, sample no: 58).
LEVHA 3

1. Bradleya sp.1
Kolleksiyon no: H.U. JMB.O 2003 NY 018 (X50). Bartoniyen-Priaboniyen.
1. Kabuk, sol taraf (SA-2 Kesiti, 6rnek no: 40).
2. Xestoleberis gantensis MONOSTORI, 1977;
Kolleksiyon no: H.U. JMB.O 2003 NY 019 (X50). Bartoniyen-Priaboniyen.
2. Kabuk, sag taraf (SA-1 Kesiti, 6rnek no: 6).
3. Xestoleberis sp 1
Kolleksiyon no: H.U. JMB.O 2003 NY 020 (X50). Bartoniyen-Priaboniyen.
3. Kabuk, sol taraf (GC-2 Kesiti, 6rnek no: 72).
4. Macrocypris sp.1
Kolleksiyon no: H.U. IMB.O 2003 NY 021 (X50). Bartoniyen-Priaboniyen
4. Kabuk, sol taraf (GC-1 Kesiti, 6rnek no: 8).
5-7. Pontocypris sp.1
Kolleksiyon no: H.U. JMB.O 2003 NY 022 (X50). Bartoniyen-Priaboniyen
5. Kabuk, sag taraf (SA-4 Kesiti, drnek no: 66).
6. Kabuk, sol taraf (SA-4 Kesiti, 0rnek no: 66).
7. Kabuk, dorsal goriintii (SA-4 Kesiti, 6rnek no: 66).
8-10.  Paracypris sp.1
Kolleksiyon no: H.U. JMB.O 2003 NY 024 (X50). Bartoniyen-Priaboniyen.
8. Kabuk, sol taraf (SA-4 Kesiti, 6rnek no: 77).
9. Kabuk, sol taraf (SA-4 Kesiti, 6rnek no: 77).
10. Kabuk, sag taraf (SA-3 Kesiti, 6rnek no: 58).

114



Ostracoda Assemblage and Environmental Interpretation of the Bartonian-Priabonian Seydiler Formation (Kastamonu-Northern Turkey)

Plate 1-3. Scanning Electron Microscope photographs of ostracod species determined in this study.

Levha 1-3. Bu ¢alismada saptanan ostrakod tiirlerinin Taramali Elektron Mikroskobu gériintiileri.
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A Late Pliocene - Quaternary Pinched Crustal Wedge in NW Central Anatolia, Turkey: A

Neotectonic Structure Accommodating the Internal Deformation of the Anatolian Plate
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ABSTRACT

The Neo-Tethyan suture zone in the western margin of the Cankir1 basin (NW central Anatolia, Turkey)
has been reactivated as a pinched crustal wedge due to a NW — SE compression created by the right
lateral North Anatolian Fault Zone and the Kirikkale — Erbaa Fault Zone. This neotectonic structure, the
Eldivan-Elmadag pinched crustal wedge-(EPCW), having a thrusted eastern and normal faulted western
margin, has accommodated a 2.8 km shortening since the Late Pliocene. This result accords with the
model in which the Anatolian plate is squeezed from the east rather than pulled from the southwest. The
EPCW, a recently active structure, should be regarded as a potential source in the earthquake risk
assessment of central Anatolia, particularly for the capital city Ankara and for Cankiri.
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0z

Sag yanal Kuzey Anadolu Fayr Zonu ve Kirtkkale-Erbaa Fay Zonu tarafindan yaratilan KB-GD sikisma
sonucu Cankirt havzasimin bati kenarinda Neo-Tetis kenet zonu tektonik kama seklinde yeniden
hareketlenmistir. Eldivan-Elmadag Kistirimis Tektonik Kamasi (EKTK) adi verilen bu neotektonik yapt,
bindirme fayli dogu kenarina ve normal fayli bati kenarina sahip olup, Geg Pliyosen’den beri 2.8 km’lik
kisalmayr karsilamaktadir. Bu sonu¢ Anadolu levhasinin GB dan ¢ekilmesi modelinden ziyade dogudan
itilmesi modeli ile uyumludur. Giincel olarak aktif bir yapr olan EKTK, Orta Anadolu’nun ézellikle
baskent Ankara ve Cankiri’'min deprem viski degerlendirilmesinde potansiyel kaynak olarak
algilanmalidir.

Anahtar Kelimeler: Neotektonik, Orta Anadolu, Kiiresel Konumlama Sistemi, Depremsellik, Tiirkiy

INTRODUCTION of the Miocene, probably due to orogenic
collapse, and that the effect of the North

There is agreement about the closure of the Anatolian Fault Zone can be seen in the region

northern branch of the Neo-Tethys during following Pliocene times.

Cretaceous and Eocene times along the north

dipping subduction that produced the Izmir - One of the key locations regarding the

Ankara- FErzincan suture zone in Anatolia, post-collisional tectonic evolution in central

Turkey (Sengor and Yilmaz, 1981; Tiiysiiz et al., Anatolia is the western margin of the Cankiri

1995; Erdogan et al., 1996; Goriir et al., 1998; basin which is surrounded by the Neo-Tethyan
Okay and Tiiysiiz, 1999). However, debate suture zone (Fig. 1). In this area, a Miocene-

continues concerning the post-collisional tectonic lower Pliocene extensional basin fill is
evolution of central Anatolia. Following the fragmented by a NNE-trending east-vergent
classical “neotectonic ova regime” view of tectonic sliver. It has been proposed that this
Sengér (1979; 1980), Goriir et al. (1998) neotectonic structure was created after the late
suggested that the neotectonic period in central Pliocene by the movement of the North Anatolian

Anatolia started at the middle to late Miocene Fault Zone and its splay the Kirikkale — Erbaa
with an intracratonic basin development. Fault Zone (Seyitoglu et al., 2000; 2004).
Kogyigit et al. (1995) proposed another

hypothesis, claiming that the intracontinental The aims of this paper are (a) to give a
convergence related to the closure of the Neo- detailed description of the tectonic sliver named
Tethys, i.e. "the Ankara Orogenic Phase", here as the Eldivan — Elmadag pinched crustal
continuing until late Pliocene. Alternatively, wedge (EPCW) that is one of the rare structures
Seyitoglu et al. (1997) suggest that post- in the geological literature to have sub-parallel
collisional intracontinental convergence gave normal and thrust faults in its western and eastern
way to the extensional tectonics at the beginning margins respectively, and (b) to discuss the

internal deformation of NW central Anatolia by
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combining geological, seismological and GPS by pulling from the west - southwest (Chorowicz
data and to contribute to the discussion et al., 1999; Adiyaman et al., 2001; Mart and
concerning whether the westward translation of Ryan, 2002; Mart et al., 2005; Reilinger et al.,
the Anatolian plate is created by squeezing from 2006).

east (Sengor, 1980; Sengor et al., 1985; 2005) or

42
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Figure 1. General location map of the studied areas. Green areas represent the Neo-Tethyan suture zone. Focal Mechanism
Solutions are from (1) Canitez and Biiyiikasikoglu, 1984; (2) Mc Kenzie, 1972; (3) Kalafat, 1998; (4) Kocaefe, 1981; (5)
Jackson and Mc Kenzie, 1984; (6) Taymaz et al., 2007; (7) Baran, 1996; (8) Harvard CMT solution
(http://www.globalcmt.org/CMTsearch.html). The earthquake epicentres are provided by the Turkish Republic, General
Directorate of Disaster Affairs, Earthquake Research Department.

Sekil 1. Calisma alanlarimin genel yerbulduru haritasi. Yesil alanlar Neo-Tetis kenet zonunu gostermektedir. Odak
Mekanizmasi ¢oziimleri asagidaki referanslara aittir. (1) Canitez and Biiyiikastkoglu, 1984; (2) Mc Kenzie, 1972; (3) Kalafat,
1998, (4) Kocaefe, 1981; (5) Jackson and Mc Kenzie, 1984; (6) Taymaz et al., 2007; (7) Baran, 1996; (8) Harvard CMT
solution (http://www.globalcmt.org/CMTsearch.html). Deprem dismerkezleri Afet Isleri genel Miidiirliigii, Deprem Arastirma
Béliimiine aittir.
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THE MAIN NEOTECTONIC ELEMENTS
OF NW CENTRAL ANATOLIA, TURKEY

There are three main neotectonic elements in NW
central Anatolia, namely the North Anatolian
Fault Zone (NAFZ), the Kirikkale-Erbaa Fault
Zone (KEFZ) and the Eldivan-Elmadag pinched
crustal wedge (EPCW) (Fig.1).

The North Anatolian Fault Zone and the
Kirikkale-Erbaa Fault Zone

The North Anatolian Fault is a right lateral strike-
slip fault (Ketin, 1948) extending from Karliova
in the east to the northern Aegean Sea in the west
(Fig. 1 inset). The age range of the NAFZ is Late
Miocene to Pliocene and the offset values range
between 25 and 85 km (Sengdr, 1979; Barka,
1992). The present day slip rate in this fault zone
has been determined as 25-80 mm/yr by seismic
data (Jackson and McKenzie, 1988) and as 17 -
26 mm/yr by GPS data (Barka and Reilinger,
1997; Mc Clusky et al., 2000; Provost et al.,
2003; Reilinger et al., 2006). Fault mechanism
solutions of the earthquakes show a typical right
lateral strike-slip (Fig. 1). There are two main
views of the evolution of the NAFZ. The most
widely accepted is the tectonic escape model
(Sengor, 1980; Sengodr et al., 1985). It suggests
that collision of the Arabian and Eurasian plates
created the North and East Anatolian Fault
Zones, and the Anatolian plate moves westward.
This model implies that the NAFZ is younger
towards the west, as documented by the evolution
of shear distribution along the NAFZ (Sengor et
al., 2005). On the other hand, Chorowicz et al.
(1999) suggest that the escape wedges are
moving from west to east and continue to the
present day Karliova (Fig. 1 inset). The backward
retreat of the Hellenic slab is given as the cause
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of the west — southwest motion of the Anatolian
that
deformation.

plate creates generally  extensional

The NAFZ has several NE- SW trending
splays (Bozkurt and Kogyigit, 1995; 1996;
Kogyigit and Beyhan, 1998; Westaway and
Arger, 2001), and the Kirikkale- Erbaa Fault
(Sengor et al., 1985; 1989; Polat, 1988) is one of
its important splays (Fig. 1). This fault is also
known as the Ezinepazari Fault (Saroglu et al.,
1992), the Ezinepazari Sungurlu  Fault
(Kogbulut et al., 2003) and the Sungurlu Fault
(Kaymake1 et al., 2003; Sengor et al., 2005). Its
eastern end was activated by the 1939 Erzincan
earthquake (Ketin, 1948; 1957; Ambraseys 1970;
Barka and Kadinsky-Cade, 1988; Tatar et al.,
1995) and connected to the NAFZ by a 15 degree
restraining bend to the southwest of the Niksar
basin (Barka and Kadinsky-Cade, 1988). Its
southwestern end reaches south of Kirikkale via
the northern part of Keskin pluton. In detail, this
fault zone shows an anastomosing structure to the
east of Delice (Figs. 1 and 2). Although
statistically insignificant, GPS measurements
(Reilinger et al.,, 2006; KKIR and YOZG
stations) indicate a 1.35 mm/yr right lateral
displacement; that KEFZ is an active neotectonic
element evidenced by recent seismic activities

(Fig. 1).

The Eldivan-Elmadag pinched crustal wedge
(EPCW)

The Izmir — Ankara - Erzincan suture zone, a
remnant of the Neo-Tethyan oceanic crust, has an
omega shape between Ankara and Sungurlu
(Corum) and limits the Cankir1 basin from the
north and (Fig. 1.
stratigraphy in the Cankir1 basin starts with a

west, east Neogene
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lower Miocene Kilgak formation (Sen et al.,
1998; Kaymakei, 2000; Ozcan et al., 2007)
having conglomerates
sandstones and mudstones with lignite layers
(Fig. 3). It is conformably overlain (Ozcan, 2003)
by the Lower- Middle Miocene alluvial fan and
fluviatile red conglomerates and sandstones of
the Kumartag formation (Sen et al., 1998;
Karadenizli et al., 2003; 2004; Esat, 2004). The
laterally

fluvio-lacustrine

Kumartas  formation passes and

vertically into the yellowish conglomerates,
sandstones and dominantly marl and mudstones

- Guvendik formation
Incik formation
- Deliceirmak formation lZI Landslide
l:l Kocagay member Fold axis
|:] Yoncall formation Strike & Dip
90

94

Reverse fault Strike-slip fault
[ S ]Normal fault Village

of the lacustrine Hangili formation (Karadenizli
et al., 2003; Savase1 and Seyitoglu, 2004). The
Cankir1 member of the Kumartas formation is
covered by the Upper Miocene evaporitic
Bayindir formation and its red mudstones of the
Siileymanli member, which represents flood plain
deposits (Karadenizli et al., 2004). It is overlain
by the Pliocene evaporitic Bozkir formation
(Varol et al., 2002). Late Pliocene to Pleistocene
alluvial fan deposits of the Deyim formation
(Aziz, 1975; Kaymakgi, 2000) cover the earlier
units with an angular unconformity (Fig. 3).

Figure 2. The anastomosing structure along the KEFZ (Seyitoglu unpublished data-1987, Lithostratigraphy is adapted from

Erdogan et al. 1996, Karadenizli 1999, Karadenizli et al. 2004).

Sekil 2. Kirikkale-Erbaa Fay Zonu boyunca dallanmali-orgiilii  yapi (Seyitoglu 1987 — yayinlanmamus veri. Litostratigrafi
Erdogan vd. 1996, Karadenizli 1999, Karadenizli vd. 2004 den uyarlanmuistir).
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Figure 3. Generalized Neogene stratigraphy of western Cankiri basin. The numbers indicate micromammalian fossil locations

(after Karadenizli et al., 2004).

Sekil 3. Cankiri havzast batisimin  genellestivilmis Neojen stratigrafisi. Numaralar mikromemeli fosil lokasyonlarin
gostermektedir (Karadenizli vd. 2004 den alinmistir).
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The lower Miocene - lower Pliocene
basin fill, on the western side of the Cankirt
basin, is fragmented by an east-vergent tectonic
sliver. The western side of this NNE-trending
tectonic sliver shows a normal fault character, but
its eastern side has acted as a thrust. It has been
proposed that this east vergent tectonic sliver was
created by the movement of the NAFZ and its

splay the Kirikkale-Erbaa Fault Zone after the
the
deformation of the Anatolian Plate (Seyitoglu et
al.,, 2000; 2004) (Fig. 4). This tectonic sliver,
named as the Eldivan-Elmadag pinched crustal

late Pliocene, accommodating internal

wedge (EPCW), is mapped in detail from Cankirt
to Kalecik (Fig. 5).

—y o ,' x-—/’\/’é‘-é s %
- S = Z——FZ

Figure 4. A simplified block diagram showing the position of the Eldivan-Elmadag pinched crustal wedge (EPCW) between
the North Anatolian Fault Zone (NAFZ) and the Kirikkale-Erbaa Fault Zone (KEFZ).

Sekil 4. Kuzey Anadolu Fay Zonu ve Kirikkale-Erbaa Fay Zonu arasinda Eldivan-Elmadag Kistirilnmig Tektonik Kamasinin

(EKTK) durumunu gosteren blok diyagram.

SW of Cankiri,
easternmost sector of EPCW is composed of two
small wedges (Fig. 6a and b). These small scale

a structure of the

wedges, having thrusted eastern and normal
faulted western margins, fragment the Cankir
member of Kumartas formation, as well as the
Bayindir and Bozkir formations (Esat, 2004). The
main eastern border of the EPCW is located
further west and thrusted over the Cankiri
member of the Kumartas and Bozkir formations,
and it is responsible for the accumulation of the
clastic Deyim formation (Fig. 5). The main
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normal faulted western border of the EPCW
outcrops around Capar,
formation and overlying Cankiri member of
Kumartas formation form a drag fold syncline in
the hanging wall of the west-dipping normal fault
(Fig. 6¢). The same fault can be followed further
north to the east of Karatekin village (Fig. 5) and
to the east of Korgun town, where it controls the
accumulation of the Deyim formation (Fig. 6d).
The relative structural position of the Korgun
location is shown in Figure 7a.

where the Hangili
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Figure 5. The geological map of the Eldivan-Elmadag pinched crustal wedge (EPCW) in the western margin of Cankir1 basin.

For location see Fig. 1.

Sekil 5. Cankirt havzasimin bati kenarindaki Eldivan-Elmadag kistirilmis tektonik kamasimin (EKTK) jeoloji haritasi. Konumu

icin Sekil 1’e bakiniz.
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Figure 6. Detailed geological maps of the EPCW. a) Geological map of eastern margin of the EPCW at the SW of Cankiri. b)
Details of the eastern small scale wedge. c) Geological map of Capar area at the western margin of the EPCW (after Esat,
2004). d) Geological map of Korgun area. ¢) Geological map of north of the Mart village. f) Geological map of the Hisarcik
village, the complex structure of eastern thrusted margin of EPCW. g) Geological map between the Kumartas and Kilgak
villages (after Ozcan, 2003; Ozcan et al., 2007). See Fig. 5 for locations.

Sekil 6. EKTK min ayrintili jeoloji haritalari. a) Cankiri’'mn GB’sinda EKTK 'min dogu kenarumin jeoloji haritasi. b) En
dogudaki kiigiik olcekli kamanmin ayrintisi. ¢) EKTK 'min bati kenarinda Capar civarimin jeoloji haritast (Esat, 2004 ’ten
alimmugtir). d) Korgun civarimin jeoloji haritasi. e) Mart koyii kuzeyinin jeoloji haritasi. f) Hisarcik koyii civarinda EKTK 'nin
bindirmeli dogu kenarinmin karmasik yapisi. g) Kumartas ve Kilcak kéyleri arasinin jeoloji haritast (Ozcan, 2003; Ozcan vd.
2007 den alinmigtir). Haritalarin konumlary igin Sekil 5’e bakiniz
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eqrethyan
Suture'Zone

E Deyim Fm.

Undifferentiated
Neogene units

East of Koyunbaba

Figure 7. A simplified composite cross section of the EPCW, indicating geological observations from different structural levels
a) Photo showing west dipping Korgun fault that limits the western border of the EPCW at the southeast of Korgun town.
Corrugations indicate normal slip of the fault, see inset. b) The Deyim formation deposited in front of the eastern thrusted
margin of the EPCW. Inset shows the intraformational unconformity in the Deyim formation. Stars indicate the strata having
different dip values. c) A photo of SW dipping normal faulted western margin of the EPCW near the Koyunbaba village. Inset
is a microphotograph obtained from an oriented sample showing top to the SW sense of shear. d) Thrusted eastern margin of the
EPCW with a cataclastic zone (ctz) at the north of Babas village. See Fig. 6 for all locations.

Sekil 7. EKTK min farkli yapisal seviyelerindeki jeolojik gozlemleri basitlestirilmis olarak gésteren birlesik enine kesit.. a)
Korgun GD’sunda EKTK nin bati kenarimi temsil eden batiya egimli Korgun faymna ait fotograf. Fay diizlemi iizerindeki
ondiilasyonlar normal fayi isaret etmektedir, kiiciik resme bakiniz. b ) EKTK 'min bindirmeli dogu kenari éniinde ¢ékelen Deyim
formasyonu. Kiigiik resim Deyim formasyonu igindeki formasyon i¢i uyumsuzlugu goéstermektedir. Yildizlar farkli egimlere
sahip tabakalar: isaret etmektedir. ¢) Koyunbaba koyii yakinlarinda EKTK 'min GB’ya egimli normal fayli bati kenerini
gosteren fotograf. Kiiciik resim fay yiizeyinden alinan yénlii érnek iizerinde iist GB makaslamayr gésteren mikrofotograftir.
d)Babas koyii kuzeyinde EKTK 'min bindirmeli dogu kenarindaki kataklastik zon (ctz). Konum bilgisi igin Sekil 6 'ya bakiniz.
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Further the line of

Karakogas and Hisarcikkay1 villages (Fig. 5), the

south, along
EPCW is composed of western and eastern
wedges (here below WW and EW respectively)
(Fig. 6e). The western margin of the WW has
west-dipping normal fault surfaces separated by a
few transfer faults. North of Mart village, the
eastern margin of the WW is thrusted on the
normal faulted western margin of the EW (Fig.
6e). This relationship shows that the WW is
younger than the EW and indicates an out- of-
sequence thrusting. The western normal faulted
border of the EW can be followed continuously
from north of Mart village to the north of the
Termeyenice river (Fig. 5). The eastern margin of
the EW also represents the main eastern border of
the EPCW, which is clearly thrusted onto the
Bozkir formation (Karabiyikoglu, 2000) (Fig. 5).
In deep cutting valleys, overturned folds are
common in older stratigraphic units such as the
Kumartas and Hangili formations between
Kiigiikhacibey village and the Termeyenice river
(Fig. 5). In the same area, the late Pliocene —
Pleistocene Deyim formation unconformably
The

differences in thickness of this formation and its

overlies the earlier sedimentary units.

intra-formational unconformities demonstrate
that this clastic unit is accumulated in front of the
thrusted eastern margin of the EPCW (Figs. 5 and
7b).

Further south around Hisarcik, tear
faults, small ophiolitic wedges and back thrusting
make the structure of the eastern margin of the
EPCW more complex. Finally, the normal faulted
western margin and thrusted eastern margin of
the EPCW meet north of the Termeyenice river
(Fig. ©6f). South of the Termeyenice river,
structurally lower levels of the EPCW are

exposed due to relatively deeper erosion. In this
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area, the thrusted eastern margin of the EPCW is
continuously followed towards the south and its
best exposure can be seen north of Babasg village,
displaying well developed fault zone features
(Figs. 5 and 7c). The zone is characterised by
intense fracturing and crushing in a hanging wall
along this contact. This eventually results in the
formation of cataclastic rocks, such as mainly
breccias and lesser amounts of cataclasites.
Cataclastic rocks contain angular and sub-
rounded ophiolitic rock fragments in a fine
grained matrix. Clasts and matrix materials of
cataclastic rocks have no preferred orientation.
An overturned syncline of the Kumartag and
Hangili formations is developed on the footwall.
Beyond the fault zone, the rocks are relatively
undeformed both in the hanging wall and the
footwall (Fig. 7c). On the other hand, the western
margin of the EPCW is exposed as two, en
echelon, N-NW trending west- southwest dipping
normal faults. Well-developed fault surfaces are
exposed to several tens of metres in Koyunbaba
village (Fig. 5), displaying a NW-striking fault
surface dipping between 25 and 40° to the SW.
The fault surface contains well-developed
slickenside lineations which trend NE-SW and
plunge SW (Fig. 7d). The fault surface is not
planar but displays corrugations on a scale of
centimetres to a meter. The corrugation axes are
parallel to the lineations on the fault surface. A
cataclastic zone occurs along the fault up to 1
meter wide. This zone consists of breccias and
cataclasites with brittle kinematic indicators. The
cataclastic zone locally displays cataclastic
foliations, especially near the fault surface,
characterized by short-fractures on a meso-scale
that are parallel and subparallel to the main fault
surface. The boundaries of the cataclastic zone
and host rock are transitional and the degree of
deformation decreases towards the host rock.
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Both fault surface and the cataclastic zone of the
fault comprise some kinematic indicators, such as
trails of inclined planar structures, fractures, and
deformed elements, indicating that the hanging
wall of the fault moves to the SW (Fig. 7d-inset)
(Onal et al., 2006). Thus, the brittle features
(meso- and micro-scale) of the fault demonstrate
that a SW-dipping normal fault juxtaposing the
rocks of the Hangili formation over the Neo-
Tethyan suture zone, constitutes the western
margin of the EPCW (Figs. 6 and 7d). On the
footwall of this fault, the syn-sedimentary normal
faults limiting the intra-basinal highs and
controlling the of the Kilgak,
Kumartas and Hangili formations (Karadenizli et
al., 2003; Savagct and Seyitoglu, 2004) are
exposed between the normal faulted western and
thrusted eastern margins of the EPCW. Our
detailed geological mapping
determinations in the area demonstrate the

deposition

and  fossil

existence of the Kilgcak formation on both sides
of the EPCW (Ozcan et al.,, 2007) (Fig. 6g).
Further to the east, a relatively small body of the
EPCW also exists around Candir village (Fig. 5).

the
contemporaneous development of the normal

Evidence  for timing  and
faulted western and thrusted eastern margins of
the EPCW are based on Neogene stratigraphy of
the dated by

micromammalian fossils (Fig. 3). As documented

western  Cankirt  basin,
above, the normal faulted western margin of the
EPCW deforms the Kilgak, Kumartas and Hangili
formations. An apparent drag fold syncline can
be observed on the hanging wall of the normal
faulted western margin to the north of Capar
village (Fig. 6¢). The location further northeast,
immediately east of Korgun town, provides the
youngest age for the normal faulted western
margin of the EPCW. In this area, a west dipping
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normal fault surface limits the poorly sorted, very
angular conglomerates and mudstones of the late
Pliocene — Pleistocene Deyim formation. Its
down-dip movement is documented by
corrugations on the fault surface and drag folds in
the hanging wall that creates increasing dip
angles of the sedimentary strata of Deyim
formation towards the fault (Figs. 6d and 7a).
The

demonstrate a syn-tectonic accumulation of the

intra-formational unconformities
Deyim formation that has been dated by
micromammalian fossils in the other part of the
Cankirt basin (MN 17: Upper Pliocene to lower
Quaternary, Kaymake1, 2000).

The youngest sedimentary unit thrusted
by the eastern margin of the EPCW is the
Pliocene Bozkir formation (Fig. 3), which is well
dated by micromammalian fossils indicating an
MN 14 zone (early Pliocene) (Karadenizli et al.,
2004). For this reason, the initiation age of the
thrusted eastern margin of the EPCW must be
post early Pliocene. Moreover, the thrusts control
the accumulation of the Deyim formation, as
by
unconformities (Fig. 7b) and syn-tectonic wedge
geometries at Bilylikhacibey, Kiigiikkhacibey and
around Merzi villages (Fig. 5). 1.5 km SW of
Merzi village (Fig. 8), a small scale tectonic
sliver deformed the Bozkir and lower parts of the
Deyim formation, but this sliver is covered by the
upper part of the Deyim formation in the west.
The eastward continuation of this tectonic sliver
acted as a blind thrust and created an asymmetric
anticline in the Bozkir formation. The upper part
of the Deyim formation is accumulated on this
having well developed thickness

that the syn-tectonic
deposition of the Deyim formation (Fig. 9a and
b).

clearly  evidenced intra-formational

structure,

differences indicate
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Figure 8. The geological map of the Akgavakif- Merzi area.

Sekil 8. Akcavakif — Merzi arasinin jeoloji haritas.
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Figure 9. a) The cross sections show relationship between the thrusted eastern margin of the EPCW and the Deyim formation.
b) Evidence of syn-tectonic deposition of the Deyim formation. Arrows indicate the thickness differences in the Deyim

formation. For locations see Fig. 8.

Sekil 9. a) Deyim formasyonu ile EKTK 'min bindirmeli dogu kenarimin iligkisini gosteren enine kesit. b) Deyim formasyonunun
tektonikle es zamanl olarak ¢ékeldigine ait veri. Oklar Deyim formasyonundaki kalinlik farklarini gostermektedir. Konum

bilgileri icin Sekil 8’e bakiniz.

A post-early Pliocene activation time of
both the normal faulted western and the thrusted
eastern margins of the EPCW is documented by
the clastic-dominated Deyim
formation. The coeval development of normal
and thrust faults under the NW-SE compression
might have occurred in a fashion similar to the
elastic model developed by Yin (1993). Similar
cases have also been observed in the Himalayas,
as shown by Burchfiel et al. (1992), and in
Algeria during El Asnam earthquake (King and
Yielding, 1984), although the scales are different.

syn-tectonic,

Seyitoglu et al. (2000) proposed that the
EPCW was created as a neotectonic structure by
a NW - SE trending contraction developed
between the NAFZ and the KEFZ. The southern
sector of the EPCW is a key area for testing this
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proposal (Fig. 1). If it is correct, the southern
sector of the EPCW should be restricted along
the KEFZ’s trend, and no thrust faults affecting
Neogene sediments should be observed to the
south of the KEFZ where it is beyond the
contractional area. Indeed, the geometry of the
Neo-Tethyan suture zone shows a dramatic
change south of Elmadag that corresponds to the
meeting point between the EPCW and the trend
of the KEFZ (Fig. 1). In this location, a NNE
trending thrust fault within the late Miocene —
Pliocene (?) (Sarag, 2003) sedimentary unit of the
Balaban basin is observed (Figs. 10 and 11a) and
this sector is considered as a thrusted eastern
margin of the EPCW. This thrusting can be
followed southwards until the approximately E-
W trending right lateral transpressional strike-
slip of the Akarlar fault that passes between
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Yayla and Akarlar villages (Figs. 1 and 10). This
active strike-slip fault causes a right lateral
displacement on the line of creeks and creates a
rapid uplift of its northern block, that is
evidenced by a down-cutting of the creeks
creating steep cliffs (Figs. 11 b and c) (ileri,

2007). To the south of this fault (Fig. 1) no
thrusting  disrupts
successions (i.e. in the Akkasdagi area, Seyitoglu
et al.,, 2005). This, in turn, indicates that the
EPCW is a neotectonic element of NW Central
Anatolia created by the NAFZ and the KEFZ.

Miocene  sedimentary

Figure 10. The geological map of the southern edge of the EPCW (after Ileri, 2007). The numbers on the map indicate
locations of fault slip data presented on the lower hemisphere, equal area stereographic projections.

Sekil 10. EKTK min giiney simrimn jeoloji haritast (Ileri 2007 den alinmustir). Harita iizerindeki numaralar, esit alan alt
yarumkiire streografik projeksiyonlarda gosterilen faylarin kayma verilerini igsaret etmektedir.

THE ROLE OF THE EPCW ON THE
INTERNAL DEFORMATION OF THE
ANATOLIAN PLATE: GPS AND
SEISMOLOGICAL DATA

Strain Analysis and Relative Velocity Vectors

While GPS data within the region (Reilinger et
al., 1997; McClusky et al., 2000; Reilinger et al.,
2006) are too sparse for the detection of low-rate
deformation, they are very useful in quantifying
the first-order deformation of Central Anatolia.
We used the most recent GPS velocity vectors of
11 sites from Reilinger et al. (2006), which lie in
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the northern part of Anatolia (Fig. 12). We
formed polygonal and defined a
homogenous strain within each element. While
different polygonal elements can be chosen, the
detection of relatively small-scale processes
requires elements as small as possible, namely
triangles. On the other hand, configuration of
relatively sparse networks and the need to focus
on the area of interest do not always allow for
freedom to form the smallest elements. In this
respect, we chose a mixed approach which
involves polygons of different sizes with an effort
to form as many smallest elements as possible.

elements
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Figure 11. a) Thrusted eastern margin of the EPCW deforms upper Miocene-Pliocene(?) basin fill of the Balaban basin. Dashed
yellow lines indicate bedding of the sedimentary succession. b) Right lateral displacement on the line of creeks along strike-slip
fault that limits the southern margin of the EPCW. ¢) Steep cliffs in the down cutting creeks indicating recent rapid uplift of the
EPCW. See Fig.10 for locations.

Sekil 11. a) EKTK 'min bindirmeli dogu kenari Balaban havzasimin iist Miyosen-Pliyosen (?) ¢okellerini deforme etmistir.
Kesikli sawr ¢izgiler sedimanter birimlerdeki tabakalanmayi géstermektedir. b) EKTK 'min giiney kenarimi simrlayan sag yanal
atmli fayin derelerde meydana getirdigi sag yanal telenme. ¢) Derine dogru hizla kazilmis dere yataklarindaki dik kenarlar,
EKTK 'min yakin zamanda hizla yiikseldigini géstermektedir. Konum bilgileri icin Sekil 10°a bakiniz.
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Figure 12. GPS velocities relative to a Eurasia-fixed frame. Error ellipses are at 95% confidence level, velocities are taken from

Reilinger et al. (2006).

Sekil 12. Avrasya sabit alinarak goreli Kiiresel Konumlama Sistemine ait hizlar. Hata elipsleri %95 giiven seviyesindedir,
hizlar Reilinger vd. (2006) dan alinmigtir.
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For the computation of strain parameters, tensor
elements were obtained from velocity
observations through linear least squares in
which rotation rates and tensor elements are
simultaneously estimated. Following the method
given in Feigl et al. (1990), the observed
velocities can be decomposed into two parts as
follows:

u=Lx+t
where u : velocities, : translation rates, x

position vector, and L :a matrix consisting of
rigid body rotation (@) and strain rates (é)

(1)

matrices given as

L=e+w )
(Feigl, 1990). While the rigid body rotation rate
matrix @ is a square matrix with a main diagonal
consisting of zeros:

o, = 1| % o, | # ] 3)

= —— =, 1

" 2lax, oy )T

w,=0,i=j

Strain tensor is symmetric and defined as:
1 aui auj

T P )
2\ ox; ox

in Turcotte and Schubert (1982), where partial
derivatives correspond to gradients of north and
east velocities, respectively. The computed strain
rates are shown in Figure 13. One obvious result
from these strain rates is that the Cankir1 basin is,
in general terms, under a strike-slip strain. The
high contraction rate observed in the ISME-
SAMS-KKIR block is attributed to its proximity
to the NAFZ and its bending. On the other hand,
the direction of the NW-SE contraction in the
ISME-KKIR-ANKR-SIVR block is compatible
with the geological observations. Geologically
observed thrusting on the eastern side of the
EPCW and recently observed thrusts in the
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further west of the EPCW (Kutluay, 2007) are
nearly perpendicular to the contraction direction
obtained from strain analysis. One particular
result is that the area to the south of the KEFZ is
almost non-deforming, which implies that the
deformation has been localized between the
NAFZ and the KEFZ.

The obtained contraction rate for the
block (ISME-KKIR-SAMS) is about 140 £+ 20
nanostrain/yr at an azimuth of 316.7° + 2.1° (~
N43W), which corresponds to a contraction rate
of 1.4 mm/yr over 10 km. The NW-SE
contraction in the ISME-KKIR-ANKR-SIVR
block is about 80 # 20 nanostrain/yr at an
azimuth of 305.2° + 2.1° (~ N43W), which
corresponds to a contraction rate of 0.8 mm/yr
over 10 km. If we assume that this contraction is
accommodated by a narrow corridor such as the
EPCW, rather than by the whole block
homogeneously, then the EPCW should have
taken up a shortening of 2.8 km since late
Pliocene (~3.5 Ma).

Structural data

A total of 21 fault slip measurements were
obtained from both the normal faulted western
and the thrusted eastern margins of EPCW (Table
1). The fault slip data from the normal faulted
western margin of EPCW has o;=N50E, 09NE,
indicating a NE-SW extension (Fig. 14 a). The
fault slip data obtained from thrust faults limiting
the eastern margin of the EPCW provide
o=N75W, 02NW, representing a NW-SE
contraction (Fig. 14 b). These data can be
evaluated as a kinematically compatible
population. All fault slip measurement data
indicate 6;=N51W, 08SE and 05=N34E, 30 NE
(Fig. 14c) that conform with the strain analysis of
the ISME-KKIR-ANKR-SIVR block (see Fig.
13).
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Figure 13. Principle strains computed at the centroids of each element. The velocities are taken from Reilinger et al. (2006).

Sekil 13. Her elemanin merkezinde hesaplanan ana yamulmalar. Hizlar Reilinger vd. (2006) 'dan alinmuistir.

Seismicity and Focal Mechanisms

The seismicity of the region from 1900 to 1999
and from 2000 to the present is shown in Figures
15 a & b respectively. All earthquake locations
were obtained from the Kandilli Observatory and
Earthquake Research Institute (KOERI). On the
basis of Figures 15 a and b, the existence of some
clusters can clearly be seen on the maps. Each
clustering region in the figures is shown by a
numbered rectangular area. The high seismicity
in the region of Al was a result of a moderate
earthquake (Ms=5.6) that occurred around
Mecitézii (Corum) on 14 August 1996, and
continuing seismic activity in this area can be
seen at A7 in Fig. 15b. A dramatic increment is
observed specially in the areas A2 — A6 after
2000 (Figure 15b). Indeed, the 6 June 2000 Orta
(Cankir1) earthquake (Mw=6.0) and the 31 July
2005 (Mw=5.3) and 20 December 2007 (MI=5.6)
Bala earthquakes played important roles in
increasing the seismicity in the areas A2 and AS,
respectively. The area of A3 is a local clustering
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region in the west of the EPCW. The clustering
regions at A4 and A6 are directly related to the
seismic activity on the EPCW.

Our local seismic network (AnkNET) has
been established in the region to observe seismic
activity on the EPCW and other main neotectonic
elements around Ankara, following 19. 09 2007.
The first results of this monitoring are presented
in this section. The most recent 10 events with a
magnitude (Md) between 2.2 and 3.1 have been
analyzed to determine their focal mechanisms
(Fig. 15¢) (Appendix I). The majority of focal
mechanism solutions belong to thrust faulting,
indicating a NW-SE contraction, and this agrees
with GPS and structural data obtained from fault
surfaces (see Figs. 13 and 14). Earthquakes due
to normal faulting provide focal mechanism
solutions that indicate a NE-SW extension. These
seismic data support the contention of geological
observations presented in this paper that normal
and thrust faults work simultaneously in the
region.
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Figure 14. Lower hemisphere, equal area stereographic projections
of structural data from EPCW. For detail see Table 1. Filled blue
squares and red circles are extension and shortening axes
respectively. a) Normal fault planes and slickenlines from western
margin of the EPCW. o= NO2E, 77SW; o,= N42W, 10NW; c;=
NS50E, 09NE b) Thrust planes and slickenlines from eastern margin
of the EPCW. o,= N75W, 02NW; c,= N14E, 12SW; c;= N25E,
78NE c) All available fault slip data from the western and eastern
margins of the EPCW. o= N51W, 08SE; 6,= N52E, 59SW; c3;=
N34E, 30NE.

Sekil 14. EKTKdan elde edilen yapisal verilerin egit alan alt
yarimkiire stereografik projeksiyonu. Detaylar i¢in Tablo 1’e bakiniz.
I¢i dolu mavi kareler genisleme, kirmizi daireler sikisma eksenlerini
temsil etmektedir. a) EKTK min batisindan elde edilen Normal fay
diizlemleri ve kayma ¢izikleri. ;= NO2E, 77SW; o= N42W, 10NW;
o3= N5OE, 09NE b) EKTK min dogusundan elde edilen bindirme
diizlemleri ve kayma ¢izikleri. o;= N75W, 02NW; o,= NI4E, 12SW;
o3= N25E, 78NE c¢) EKTK min dogu ve bati kenarindaki faylarin
tiimiinden elde edilen kayma ¢izikleri. o;= N51W, 08SE; o,= N52E,
59SW; o3= N34E, 30NE.
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Seismicity Map (1900-1999)
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Figure 15. The seismicity map of the region during 1900-1999 a) and 2000-Present b). The rectangular areas denote the
earthquake clustering regions. ¢) Focal mechanisms of selected 10 earthquakes. Sizes and colors of the beachballs are scaled by
magnitude and depth respectively. Triangles denote seismic stations of AnkNET. Shaded area represents overall location of the
EPCW.

Sekil 15. Bélgenin depremselligi a) 1900-1999, (b) 2000-Giiniimiiz. Dikdortgen alanlar depremlerin yogunlagtigi kesimleri
gostermektedir. c) Secilmis 10 depremin odak mekanizmasi ¢oziimleri. Céziimlerin sunuldugu balonlarin ¢apr ve rengi
depremin biiyiikliigiine ve derinligine gorve ayarlanmistiv. Ucgenler AnkNET istasyonlarm temsil etmektedir. Golgeli alan
EKTK 'min genel durumunu géstermektedir.

140



A Late Pliocene - Quaternary Pinched Crustal Wedge in NW Central Anatolia, Turkey: A neotectonic Structure Accommodating the Internal
Deformation of the Anatolian Plate

Yozgat=

Magnitudes

M< 3.0
M= 4.0
M= 50

L]
°
@
M= 6.0
‘ M> 7.0

0 5 10 15 20 25
Focal Depth(km)

141



Giirol SEYITOGLU, Bahadir AKTUG, Levent KARADENIZLI, Biilent KAYPAK, Sevket SEN, Nizamettin KAZANCI, Veysel ISIK, Korhan
ESAT, Oktay PARLAK, Baki VAROL, Gergek SARAC, Tlker ILERT

41°

40°

L Yozgats.

Kirsehir

0 5 10 15 20 25
Focal Depth(km)

142



A Late Pliocene - Quaternary Pinched Crustal Wedge in NW Central Anatolia, Turkey: A neotectonic Structure Accommodating the Internal
Deformation of the Anatolian Plate

Table 1. Fault slip measurements from the normal faulted western and thrust faulted eastern margins of the EPCW.

Tablo 1. EKTK 'nin normal fayli bati kenari ve bindirmeli dogu kenarindan elde edilen fay ¢izikleri.

Location (UTM) | Strike Dip Trend Plunge

40632 - 74 483 NO5SE 36NW N86W 3INW Reverse
40 523 — 74 407 NI10E 40NW E-W 36W Reverse
4278277539 N40E 42NW E-W 34W Reverse
40 632 - 74 483 N60OE 44NW N30W 45NW Reverse
42782 -773539 N30E 49NW E-W 45W Reverse
42782 -77539 NI5SW 50SW NSOE 50SW Reverse
45 882-91 246 N1OW 55SW N17W 12NW Reverse
42782 -77 539 N30OW 60SW N39W 18NW Reverse
49276 - 91 292 N72W 62SW N75E 47SW Reverse
4588291 246 N25W 78SW NOSW 55SE Reverse
42782 77 539 N25W 78SW N47TW 62NW Reverse
48 480 - 91 395 N60OW 45SW NSOE 35SW Normal
27972 - 62350 N55W 35SW N40E 36SW Normal
3323966870 NI5E 8SNW N75W 85 NW Normal
28 591- 61 350 N17W 44SW N53E 43SW Normal
27973 - 62 354 N60OW 30SW N45E 26SW Normal
27973 — 62 354 N-S 45W N40E 358W Normal
27973 - 62354 NOSE 45NW N45E 35SW Normal
27973 — 62 354 N15W 37SW N43E 34SW Normal
2983653708 N83E 39SE N40E 27SW Normal
29836 -53 708 N45W 32SW N40E 30SW Normal
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DISCUSSION

One of the key locations on the post-collisional
history of Central Anatolia is the western margin
of the Cankir1 basin where different tectono-
sedimentary models been proposed.
Previous studies (Akyiirek et al. 1980; Hakyemez
et al. 1986; Kogyigit et al. 1995) mapped the
Neo-Tethyan suture zone as a double vergent
thrusting towards the east and west. Kogyigit et
al. (1995) interpreted the Miocene sediments as
deposited in front of the thrust sheets and they
suggest that, the the
shortening indicated by the
development of vertical faults that cut the thrust
zone. It is suggested that these vertical faults
control the accumulation of the Deyim formation.
The thrusting of Neo-Tethyan suture zone rocks
onto Neogene successions is used as evidence of
continuing intracontinental convergence until the
Pliocene (Ankara Orogenic Phase) (Kogyigit et
al. 1995). However, during our field studies, two
different normal fault systems were distinguished
in the region (Fig. 6). The younger ones are
normal faults on the western margin of the
EPCW. The older ones are syn-sedimentary
normal faults controlling the accumulation of
lower — middle Miocene sedimentary units,
namely the Kilcak, Kumartas and Hangili
formations (Savas¢i, 2003; Karadenizli et al.,
2003; Savasci 2004). This
indicates that intracontinental convergence due to
the closure of the Neo-Tethyan Ocean must have
ceased prior to the Early Miocene. In other
words, the Ankara Orogenic Phase model of
Kogyigit et al. (1995) is not confirmed by our
field observations.

have

following Pliocene,

ceased as

and Seyitoglu,

Kaymake¢1 (2000) reported that the

Kilgak formation, which is interpreted as being

144

deposited in front of the thrust sheets, is the last
product of the compressional regime caused by

between the
Kirsehir block.
Kaymake1 (2000) suggests that during the early-
middle
tectonic regime due to orogenic collapse (see also

intracontinental ~ convergence

Sakarya continent and the
Miocene, there was an extensional
Seyitoglu et al., 1997) that created a normal
faulted topographical high separating the Hangili
basin in the west and the Cankir1 basin in the
east. This separation is believed to have created
different stratigraphies, such as the Kumartas
(Altintas) and Hangili formations in the Hangili
basin, and the Candir formation in the Cankiri
basin. Normal faults that limit the topographical
high were later inverted to double vergent thrust
faults under transpression, following the late
Miocene (Kaymakei, 2000; Fig. 4.23). However,
our geological map of the area (Fig. 5) shows that
the Kil¢ak, Kumartas and Hangili formations
crop out in both the western and the eastern sides
of the EPCW, indicating fragmentation of a
single Cankir1 basin by the EPCW. These
observations invalidate the tectono-sedimentary
model that Kaymake1 (2000) and Kaymaker et al.
(2001; 2003) proposed for the western margin of
the Cankir1 basin.

Adiyaman et al. (2001) proposed an
extensional escape wedge immediately west of
study area supporting the model of
Chorowicz et al. (1999). This extensional wedge
was limited by the NAFZ and by the left lateral
strike-slip Korgun Fault which plays
important role in accommodating the south-
westerly extension of the wedge, and this model
requires no early — middle Miocene sedimentary
succession deposited under extensional tectonics
to the east of the Korgun Fault (Adiyaman et al.,
2001; Fig. 11). However, an early — middle

our

an
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that
accumulated under extensional tectonics (Sen et
al., 1998; Seyitoglu et al., 2000; Savas¢1 and
Seyitoglu, 2004) has been described in the east of
the Korgun Fault. In addition, the detailed field
observations presented in this paper indicate that

Miocene sedimentary succession

the Korgun Fault corresponds to the western
margin of the EPCW that was activated following
the late Pliocene. Consequently, the Korgun Fault
has no capacity to control the sedimentation of
the early — middle Miocene successions in the
region. This, in turn, invalidates Adiyaman et
al.’s (2001) extensional wedge model for the
region.

A recent study by Rojay & Karaca
(2008) suggests that normal faulting postdates the
reverse faults in the south of the Galatian
Volcanic Province indicating a NW-SE and
ENE-WSW Our data
presented in this paper do not concur with this

extensional regime.

suggestion.

Our geological, GPS and seismological
data indicate that the NW-SE contraction is
dominant between the NAFZ and the KEFZ. The
contractional nature of the EPCW supports the
view that the Anatolian plate is pushed from the
east (Sengor, 1980; Sengdr et al., 1985; 2005)
rather than pulled from the southwest due to the
Hellenic trench (Chorowicz et al., 1999; Mart et
al., 2005; Reilinger et al., 2006). Moreover, the
GPS horizontal velocities of McClusky et al.
(2000; Fig. 2) in a Eurasia-fixed reference frame
show a fan shape distribution on the north of the
Bitlis suture zone, and this, together with the
regional paleomagnetic data of Glirsoy et al.
(2003; Fig. 8), indicate indentation tectonics due
the This
demonstrates that stations with positive north

to Arabian plate. relationship
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velocities in Central Anatolia such as the KKIR,
YOZG and ABDI are
indentation tectonics of the Arabian plate.

influenced by the

Conclusions

The NNE-trending EPCW is located between
Cankirnn and Ankara and limited by coevally
developed thrust and normal faults in the eastern
and western margins, respectively. It is a post -
early Pliocene neotectonic structure developed
under the NW-SE compression created by the
NAFZ and KEFZ, and accommodates a 2.8 km
shortening within the Anatolian plate. It is clear
that this structure plays an important role on the
internal deformation of the Anatolian plate and
should be regarded as a potential source in the
earthquake risk assessment of Ankara and
Cankir1.
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Appendix I
The regional waveforms recorded by digital
broadband stations of the Ankara University
Seismic Network (AnkNET) are used in the focal
mechanism solutions in NW central Anatolia.
The seismic stations of AnkNET are shown in
Figure 15c. For the computation of the source
parameters of the events, a full waveform
moment tensor inversion method was applied to
three component broadband

provided by AnkNET.

seismograms
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The moment tensor inversion method for
multiple point sources has been developed and
extended to full waveform data at regional or
local distances by Zahradnik et al (2005), based
on Kikuchi and Kanamori (1991). This method
allows full waveform inversion, on the basis of
the discrete wavenumber method of Bouchon
(1981) and Coutant (1989). The moment tensor is
calculated by minimizing the difference between
observed and synthetic displacement in the least
square sense at any predefined trial source
position and any origin time. More detailed
information about the method can be obtained
from Zahradnik et al (2005).

For the focal mechanism solution, the
events selected are given in Table Al. During the
processes, only digital seismograms recorded by
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three component broadband seismometers were
used for the focal mechanism determination.

In our analyses, a simple velocity model
(Toksoz et al., 2003) was used for computation
(Table A2). This velocity model is also used for
the earthquake location procedure by AnkNET.
Only seismograms with quality waveforms (high
Signal/Noise) considered for the
computation. Before the for all
velocity seismograms, instrument correction was

were
inversion,

carried out and all records were then windowed
between 200 and 400 sec for the analyses.

After all the
parameters of the selected 10 earthquakes were

computations, source
obtained. The resulting source parameters and
moment magnitudes of the events are given in
Table A3 and shown in Figure 15c.

Table Al. List of the events recorded and analyzed in this study. The hypocentral locations were computed by AnkNET.

Tablo Al. Bu calismada kaydedilen ve incelenen depremlerin listesi. I¢ merkez konumlart AnkNET verilerinden hesaplanmuistir.

AnkNET
Exfeont Date Origin Time Latitude Longitude Depth Maglzz)ude
1 03/10/2007 11:26:19.71 40.7968 33.5763 4.8 3.1
2 06/10/2007 11:35.08.88 39.9660 33.5892 8.2 2.6
3 09/10/2007 13:54:51.11 40.0748 33.3520 10.4 2.6
4 19/10/2007 04:24:42.37 39.9205 33.2708 7.6 2.7
5 29/10/2007 01:31:16.00 40.8337 33.9170 10.7 2.7
6 30/10/2007 10:07:20.90 39.9332 33.2113 5.0 2.4
7 30/10/2007 14:17:51.43 40.0965 33.4597 3.0 22
8 04/11/2007 06:21:32.32 39.8328 33.1412 3.2 2.9
9 08/11/2007 10:40:57.51 40.0088 33.5563 13.5 2.9
10 21/11/2007 01:15:29.57 40.7158 33.6478 5.0 29
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Table A2. Crustal P-wave velocity model used in the inversions (Toksoz et al., 2003). S-wave velocities and densities are
calculated amprically.

Tablo A2. Kabuksal P-dalga hiz modeli (Toksoz vd., 2003) ters¢oziimlerde kullanmimigtir. S-dalga hizlart ve yogunluklar
ampirik olarak hesaplanmigtir.

Deﬁ};?{nﬁy er Vp(km/s) Vs(km/s) | p(gr/cm’)
0.0 5.00 2.81 2.70
5.0 5.40 3.03 2.78
10.0 6.15 3.46 2.93
20.0 6.40 3.60 2.98
36.0 7.80 4.38 3.26

Table A3. The results of the inversion for the 10 events analyzed in this study.

Tablo A3. Bu ¢calismada incelenen 10 depremin ters¢oziim sonuglart.

AnkNET
Nodal Plane 1 Plane 2 P-axi T-axi
EX/e;m Date Dﬂg%h M odal Plane Nodal Plane axis axis
strike| dip | rake |strike| dip | rake | Azim. | Plunge| Azim. | Plunge
1 03/10/2007 30 | 33| 58 | 44 [ 101|222 47 | 80 | 319 2 63 83
2 06/10/2007 50 | 30 251 60 [ 126 ] 16 | 46 | 44 | 316 9 213 59
3 09/10/2007 30 | 33 | 254 53|87 | 79| 37 | 93 | 346 9 152 82
4 19/10/2007 | 18.0 | 3.1 | 352 | 67 | -82 | 153 | 24 |-108 | 275 67 76 22
5 29/10/2007 50 | 34 1119 35 [ 120 | 264 | 61 | 71 7 14 135 69
6 |30/102007 60 | 30| 74 | 69 | 77 | 287 | 25 [ 120 | 173 23 322 65
7 130/102007® | 35 | 3.1 | 101 | 23 | 116|254 | 70 | 80 | 351 24 146 65
8 04/11/2007 25 | 34 | 332 49 | -88 | 149 | 41 | -92 | 259 87 60 4
9 08/11/2007 50 | 31|18 | 57 [ 119|320 43 | 53 | 254 8 149 65
10 | 21/11/2007 50 | 34 1183 | 58 | 62 | 48 | 42 | 126 | 292 9 41 66
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GENISLETILMIS OZET

Orta Anadolu’nun KB’sinda Cankirt havzasinin
bati kenarinda yeralan Neo-Tetis Kenet Zonu,
Kuzey Anadolu Fay Zonu (KAFZ) ve Kirikkale-
Erbaa Fay Zonu (KEFZ) arasinda gelisen KB-
GD sikisma nedeniyle neotektonik bir yapt olarak
yeniden hareketlenmis ve KKD gidisli bati kenar
normal fayli, dogu kenari ise bindirmelerle sinirli
bir tektonik kama olusturmustur (Sekil 1, 3, 4)
(Seyitoglu vd. 2000).

Bu makalenin amact Eldivan-Elmadag
(EKTK) olarak
neotektonik

Kistirtlmis  Tektonik Kamasi
isimlendirilen bu yapinin
ayrintilarimi - ortaya koymak ve bu yapinn
Anadolu levhasinin deformasyonundaki roliinii
tartismaktir. EKTK Cankiri havzasinin Neojen
¢cokellerini  deforme ettiginden bu havzanin
stratigrafisini gozden gecirmek gerekir. Cankirt
havzasimin Neojen stratigrafisi Erken Miyosen
yaslh Kilcak formasyonu (Sen vd. 1998) ile
baglar. Bu birim Alt -Orta Miyosen Kumartas
formasyonu tarafindan uyumlu olarak tizerlenir
(Ozcan vd. 2007). Kumartas formasyonu yanal ve
diisey olarak Hangili formasyonuna gecer
(Karadenizli vd. 2003; Savas¢i & Seyitoglu,
2004). Kumartas formasyonu’nun Cankiri iiyesi,
Ust Miyosen Bayindir formasyonu ve onun
Stileymanl tiyesi tarafindan tizerlenir
(Karadenizli vd. 2004). Bunu Pliyosen Bozkir
formasyonu izler (Varol vd. 2002). Ust Pliyosen -
Pleyistosen Deyim formasyonu ise tiim birimleri

uyumsuzlukla orter (Sekil 3).

EKTK 'nin
Cankiri’min batisinda gozlenir, giineybatisinda

bindirmeli  dogu  kenari
ise ana yapimn kiiciik 6lgekli kopyalar: dikkat
¢ekicidir. Daha giineyde EKTK bati ve dogu

kama olmak tizere iki kamadan olusur. Bati

ESAT, Oktay PARLAK, Baki VAROL, Gergek SARAC, ilker ILERI

kamanin dogu kama iizerine bindirdigi Mart kéyii
kuzeyinde acgik¢a gozlenmektedir. Termeyenice
civarimda EKTK 'min bindirmeli dogu kenarinin
derin kazilmis vadilerde Kumartas ve Hancili
Bozkir
formasyonu tizerine itildigi goriiliiv. Bindirmenin

formasyonlarini  deforme  ettigi ve
en iyi izlendigi yerlerden biri olan Babas koyii

yakiminda  bindirme zonunda iyi gelismis
kataklastik zon bulunur. Kuzeye dogru yapisal
daha  iist

Biiyiikhacibey, Kiiciikhacibey ve Merzi civarinda

olarak kesimlerin  gozlendigi
goriilecegi gibi EKTK 'nin bindirmeli dogu kenar

Deyim formasyonunun ¢okelimini

denetlemektedir.

EKTK min bati kenart ise normal faylarla
stmirlidir.  Koyunbaba ve Karatepe civarinda
normal faylar KKB gidisli ve GB’ya egimlidir.
Uzerlerindeki
mikrotektonik ¢calisma ile belirlenmistir (Onal vd.
2006). ETTK 'nin normal fayli bati siniri kuzeye

dogru devam eder. Karatekin ve Korgun'un

hareketin normal fay oldugu

dogusunda fay diizlemleri acgik¢a goriiliir ve
Deyim  formasyonunun  ¢okelimini  denetler.
Jeolojik iliskilere gore EKTK Erken Pliyosen
sonrasinda etkin olmus olmalidir (Sekiller 5, 6, 7,

8 9).

EKTK'min KAFZ ve KEFZ arasinda
neotektonik bir yapt olarak gelistigini onun
gliney s inceleyerek de denetleyebiliriz.
Elmadag giineyinde Balaban havzasimin bati
kenarinda EKTK 'min dogu kenarina ait bindirme,
havzanmin Miyosen — Pliyosen ¢okellerini deforme
etmis ve D-B gidisli sag yanal Akarlar faymna
baglanmustir (Sekil 10 ve 11). Bu fayin giineyinde
herhangi bir bindirmeye rastlanmamigtir.

Yayinlanmis Kiiresel Konumlama Sistemi
verileri (Reilinger vd. 2006) degerlendirildiginde
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(Sekiller 12 ve 13) bolgedeki sikismanin KB-GD
yonlii oldugu goriilmektedir. Bu veri EKTK 'nin
konumu ile uyum iginde olup, aymt zamanda
EKTK’min normal ve bindirmeli simirlarindan

elde edilen yapisal veriler de birbirlerine
uyumludur (Sekil 14).
Bélgedeki  sismik  etkinlik  Ankara

Universitesi tarafindan kurulup isletilen AnkNET
adli sismik ag tarafindan gozlenmektedir. Ilk
veriler arasindan segilen 10 depremin odak
mekanizma ¢oéziimleri de (Sekil 15) EKTK 'nin
bati kenart normal fayl, dogu kenari bindirmeli
neotektonik bir yapt oldugunu géstermektedir. Bu
stkismalt  yapimin  varligit  Anadolu levhasinin
GB’dan c¢ekiliyor olmasindan ziyade GD’dan
itildigini géstermesi agisindan énemlidir.
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