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Neotectonic Characteristics and Seismicity of the Resadiye Peninsula and Surrounding Area, Southwest
Anatolia

Resadiye Yarimadast ile Cevresinin Neotektonik Ozellikleri ve Depremselligi, Giineybati Anadolu

Kadir DIRIK Hacettepe University, Department of Geological Engineering,
Tectonic Research Laboratory. TR-06800 Ankara, Turkey
(kdirik@hacettepe.edu.tr)

ABSTRACT

The NW-trending Dat¢a Graben, E-W trending Resadiye Horst, Gokova and Hisarénii Grabens are the most
important morphologic and structural units of the Southwest Anatolia on which, tectonic evolution was controlled
by NW-SE, NE-SW and E-W trending faults. The Datga Graben has been started to develop as a half graben on the
Lycean Nappes of the central part of the Resadiye Peninsula under the control of NW-trending southern marginal
fault during early Pliocene. Lagoonal-fluvial environment connected with shallow marine has evolved its
evolution as a graben till late Pliocene (late Piacenzian). E-W trending Gokova Graben and Hisaronil Graben,
started to develop under the effect of N-S directed extension, ends. the development of the Dat¢a Graben. The
Gokova Graben is about 140 km long and enlarges from about 5 km to 30 km westward, and active Yali and Nisyros
volcanic centers are Jocated at the western tip of the peninsula. E-W trending southern marginal faults of this
graben and northern marginal faults of the Hisaronii Graben cut the late Pliocene deposits of Datga Graben,
forming Resadiye Horst between these two grabens. This is an important evidence for the development of Gokova
and Hisaronii Grabens starting from early Quaternary.

This region is one of the seismically active regions of the southeast Aegean Sea. The records of historic and
instrumental period shows the presence of the strong earthquakes with magnitudes of 7.7 (Ms) and intensity of X,
and the effect of important tsunamies in the region. Based on the focal depth and fault plane solutions of the
earthquakes (Msz4) occurred in the region between 2000-2006, it is observed that shallow earthquakes associate
with E-W trending normal fault planes, where as the deep earthquakes associate with oblique to strike-slip fault
planes. The concentration of earthquake epicenters in the central and northern part of Gulf of Gékova is an
important evidence for the seismic activity of the central part and northern margin of the Gékova Graben.
However, the increase in the density of deep focused earthquakes at the south and SW of Resadiye Peninsula must
be related with northward subduction along the Aegean trench. Based on the earthquakes of the historic period and
seismic activity of the region, we can conclude that the seismic risk and tsunami probability of the region is still
very high.

Key Words: Datca, Gulf of Gékova, neotectonic, Resadiye Peninsula, seismicity, southeast Aegean Sea,
southwest Anatolia
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OZET

Tektonik gelisimi KB-GD, KD-GB ve D-B dogrultulu faylar tarafindan kontrol edilen giineybati Anadolu'daki en
onemli morfolojik ve yapisal unsurlar, KB-gidisli Datga Grabeni, D-B dogrultulu Resadive Yiikselimi, Gokova
Grabeni ve Hisaromi Grabeni'dir. Temelini Likya Naplari'mmn olusturdugu Resadiye Yarimadasi'nin orta
kesiminde yer alan Dat¢a Grabeni, Erken Pliyosende KB-gidisli giiney kenar fayi kontroliinde yari-graben olarak
gelismeye baslamistir. Graben, ge¢ Pliyosen'e (ge¢ Pivasensiven) kadar sig denizle baglantli lagiin-akarsu
ortaminda gelisimini sirdiirmiistiiv. Erken Kuvaternerde K-G dogrultulu geniglemeye bagh olarak gelismeye
baslayan Gékova Grabeni ve Hisardnii Grabeni, Dat¢a Grabeni'nin gelisimini sonlandwnustir. Yaklasik 120 km
uzunlugunda olan Gokova Grabeni batiya dogru 5 km genislikten yaklasik 30 km genislige ulasir ve en bati ucunda
aktif Yali ve Nisyros volkanik merkezleri yer alir. Grabenin giiney kenarini sinirlayan yaklastk D-B gidisli kenar
Jaylar: ve Hisarénii Grabeni'nin kuzey kenar faylart Datca Grabeni'nin geg Pliyosen yash ¢okellerini keser ve
Resadiye Yiikselimi bu iki graben arasinda yiikselir. Bu durum Gékova ve Hisarénii Grabenlerinin erken
Kuvaternerde gelismeye basladiginin énemli bir kamndr.

Bdlge, giineydogu Ege Denizi'nin sismik aktivitesi en yiiksek olan yerlerinden biridir. Tarihsel ve aletsel
dénemlerdeki kayitlar, bolgede siddeti X, biiyikliigii (Ms) 7,7've ulasan depremlerin ve tsunamilerin varligim
gostermektedir. Bolgede 2000-2006 yillar: arasinda mevdana gelen depremlerin (Ms24) odak derinlikleri ve fay
diizlemi ¢oziimleri incelendiginde s1g depremlerin D-B dogrultulu normal fay, derin odakli depremlerin ise oblik
karakterli fay diizlemleriyle iliskili oldugu goriilmektedir. D-B dogrultulu normal faylarla iliskili sig depremlerin
Gokova Korfezi ortalarinda ve kuzeyinde yogunlagsmast Gékova Grabeni'nin orta kesimlerinin ve kuzey kenaruun
da halen aktif oldugunun énemli biv kanitidir: Resadiye Yarimadast'nin giineyinde ve GB'sinda yogunlasan derin
odakll depremlier ise kuzeye dalan Ege yitim zonundaki hareketlerden kaynaklanmalidir. Tarihsel donemdeki
depremler ve bélgedeki sismik aktiviteler goz éoniine alindiginda bolgede tsunami iiretecek biiyiikliikteki
depremlerin olma olasiigiun oldukea yiiksek oldugu goriilmektedir.

Anahtar Kelimeler: Datca, Gokova Kérfezi, giincel tektonik, Resadiye Yarimadasi, depremsellik, giineydogu Ege
Denizi, giineybati Anadolu

INTRODUCTION put forward the idea that the origin of these
The geology and geomorphology of the Resadiye pyroclastics is the same with the pyroclastics formed
Peninsula and surrounding region, located at 161 ka ago. According to these authors, these
Southwest Anatolia, to the Northeast of the Aegean pyroclastic flows have reached to the neighboring
Arc (Figure 1) have attracted the earth scientists, islands, Bodrum and Resadiye Peninsula after this

starting from the beginning of 20" century volcanic activity. Kayan and Tuna (1985) studied the
(Philippson, 1915; Chaput 1947, 1955; Tintant 1954; geomorphology of the Resadiye Peninsula and

Rossi 1966; Orombelli et al. 1967; Becker-Platen discussed the natural environmental characteristics
1970; Erol 1968, 1976, 1983). affecting the old Knidos settlement. Kayan (1988)

studied the sea level changes of late Holocene at west
The studies are mostly concentrated on the volcanism, Anatolia and mentioned importance of these changes.
geomorphology and tectonics of the peninsula and Ersoy (1990, 1991) investigated the stratigraphy and
surrounding areas. The Pliocene-Quaternary tectonics of the Resadiye Peninsula. Based on their
volcanism of the region has been studied by Ercan detailed studies, Goriir et al. (1995) discussed the

(1980), Ercan et al. (1984). Based on the age obtained origin of rifts around Gokova region. Kurt et al. (1999)
by Ar/Ar dating, Smith et al. (1996) suggest that the pointed out the presence of submarine active

age the volcanic activity affecting Kos Island and tectonism in the Gulf of Goékova by using multi-
surrounding region is 161 ka. Allen and Cas (2002) channel seismic reflection data. They also pay
examined the pyroclastics exposing around the Kos attention to the role of southern marginal faults of
island, Bodrum and west of Resadiye Peninsula. They Gokova Graben during the formation of the graben.
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Figure 1. (a) Simplified tectonic map of the Aegean region, (b) General tectonic map of the Resadiye Peninsula and surrounding regions

(modified from Goruretal. 1995 and Kurtetal. 1999).

Sekil 1.
vd. 1999'dan degistirilerek alinmistir).

Based on their studies around Oren (Mugla) and
surrounding regions, Gurer and Yilmaz (2002) try to
explain the origin of Oren and Gokova Grabens.
Kapan Yesilyurt and Taner (2002), examined the
stratigraphy and gastropoda-pelecypoda fauna of
Datca and surrounding regions, and they indicate that
this fauna characterize the late Piacenzian. Altunel et
al. (2003) suggest the presence of two seismic
activities in ancient Knidos. Dirik et al. (2003)
examined the relationship between the
geomorphology-neotectonics and settlement-
development of old civilizations in the central part of
Resadiye Peninsula.
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(@) Ege'nin basitlestirilmis tektonik haritasi, (b) Resadiyeyarimadasi ve civarinin genel tektonik haritasi (Gorir vd. 1995 ve Kurt

The earthquakes of 3-4 August 2004 and 10-11
January 2005 with magnitudes of 5.2, 5.1 and 5.0, 5.1
and hundreds of aftershocks hit the Gokova bay and
caused to increasing the interest of the scientists over
the region. The main objective of this paper is to
discuss the active tectonics and seismicity of the
region, based on the recent studies of the author and
the latest earthquakes occurred in the region.

STRATIGRAPHIC OUTLINE OF THE REGION
The rock units exposing in the Resadiye Peninsula are
divided into basement rocks and a cover sequence.
The rock units older than Pliocene are considered to be
basement rocks and their Plio-Quatemary cover is
considered to be cover sequence (Figures 2 and 3).
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Figure 2. Geologic map ofthe western part of Resadiye Peninsula. DF: Datca fault, MF: Mesudiye fault, YF: Yakakdy fault, DAF: Damlaca

fault.

Sekil 2

o

Saps

;aé

LITHOLOGY

Resadiye Yarimadasi bati kesimininjeolojik haritasi. DF: Dat¢afayi, MF: Mesudiyefayi, YF: Yakakdyfayl, DAF: Damlacafay!.

DESCRIPTION

C: Recent alluvium
B: Colluvium, talus, alluvial fan deposits

A: Terrace deposits

Unconformity

Pyroclastics consisting of tuff, ash and pumice

Unconformity

iO%aa°ia-
cr -i$ i

"R

GasC - d0i
V-dEP:V-a*P:

Blocky conglomerate consisting of angular polygenetic pebbles
settled in brick-red colored sandy and clayey matrix

Unconformity

Yellow-beige colored sandstone

Gray colored tuffite
Conglomerate-sandstone-siltsone-marl alternation.

Conglomerate consists of angular to subangular fragments of
limestone, serpentinites and radiolarites embedded in brownish
red clayey to calcareous matrix

Yellow-beige, gray-black marl-claystone levels with abundant fossils

Unconformity

Conglomerate consisting of limestone and peridotite pebbles
in a carbonate matrix

Unconformity

Pre-Pliocene basement rocks
(different units of Lycean Nappes)

Figlre 3. Generelized stratigraphic columnar seetion ofthe study area.

Sekil3.

Calisma alaninin genellestirilmis stratigrafikdikme kesiti.
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Basement Rocks

The basement rocks consist of different units of
Lycean Nappes including: ophiolites and ophiolitic
mélange, early Jurassic massive carbonates, middle-
late Jurassic radiolarite, cherty limestone and
overlaying early Maestrichtian clayey biomicrite and
marl levels and blocky flysch of Late Cretaceous-
early Eocene (Ersoy 1990,1991).

Plio-Quaternary Cover Sequence

There is very important time gap between Plio-
Quatemary cover sequence and pre-Eocene rock units
in the Resadiye Peninsula. The early Pliocene
conglomerate, sandstone and pebbly limestone
(Kizilagac formation); the Latest Pliocene
(Piacenzian) fluvial-lacustrine to shallow marine
sandstone, conglomerate, marl, claystone, oolitic
limestone alternation with thin tuff intercalations
(Yildirimdi formation), unconformably overlies all of
the older rocks. The Yildirnmdi formation is
unconformably overlain by Karakdy formation in
marginal facies character. Yazikdy pyroclastics,

terrace deposits, colluviums, talus, alluvial fans,
beach rock, beach sand and gravel, and alluvium
constitute the younger cover units.

Kizilagag Formation

This unit is observed at the north and northeast of
Datca Graben (Figure 2) and first named in this study.
The sequence starts with conglomerate consisting of
limestone and peridotite pebbles in a carbonate
matrix. Locally it consists of pebbly limestone. Based
on its stratigraphic the early Pliocene age was
attributed to this unit by Ersoy (1990).

Yildinmli Formation

This unit, displaying great lithologic variations
vertically and laterally, is first named by Rossi (1966)
as Yildinmdi Formation and Pliocene age is attributed
to this unit by this author. Later, Gorir et al. (1995)
named the same unit as Datc¢a formation, but because
of its priority, the Yildinmli Formation term is used
here. The unit has wide spread around Resadiye,
Hizirsah, Kizlan and Kérmen vicinities (Figures 2,4).

Figure 4. Neo-tectonic map of the Datga Graben and surrounding regions. 1 Alluvium, 2. Alluvial fan, 3. Talus, 4. Yazikdy pyroclastics,
5. Karakdy formation, 6. Yildinmli formation, 7. Kizilagag formation, 8. Basement rocks, 9. Dip and strike ofbedding, 10. Faults,

11. Creeks, 12. Water-shed line.

Sekil 4.

Datga Grabeni ve civarinin glincel-tektonik haritasi. 1. Alivyon, 2. Aliivyonyelpazesi, 3. Yamagmolozu, 4. Yalikdypiroklastikleri,

5. Karakdy formasyonu, 6. Yildinmli formasyonu, 7. Kizilagagformasyonu, 8. Temel kayalar, 9. Tabaka edim ve dogrultusu,

10. Faylar, 11. Dereler, 12. Su bolim gizgisi.
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At the west of Kdnnen, the lower part of the unit is
characterized by conglomerate-sandstone and marl
alternation. The pebbles of loose conglomerate were
derived from serpantinde, gabbro and radiolarites.
The sandstone beds interlayer with yellow-beige,
gray-black marl-claystone levels with abundant
fossils (Figure 5). The unit contains thin gray colored
tuff layers around Yildirrm Tepe. The Yildirimdi
Formation juxtaposes with serpantinites along the
WNW-trending northern margin of Datca Graben.
Along this margin, the Yildirimli Formation is
characterized by conglomerate which consists of
angular to sub angular fragments of limestone and
serpentinites embedded in brownish red clayey to
calcareous matrix. Additionally, along the northern
margin the formation displays great lithological
variations starting from bottom to top (Ersoy, 1990).
At the north of Kizlan village, the bottom levels are
characterized by fluvial conglomerates which their
pebbles has been derived from ophiolites and
limestones and embedded in a sandy, clayey matrix.
The bottom strata more eastwards is characterized by
lacustrine thick bedded, white colored oolitic
limestone which includes ophiolite and chert
fragments in further east. At the most eastern side, the
lithology changes into oolitic, pisolithic and

Kadir DIRIK

concretional limestones (Ersoy, 1990). Upward, this
sequence grades into the lacustrine sediments
consisting of conglomerate, sandstone, claystone,
marl and, rare limestones and dolomite. At the
Dalacak Bumu, located to the northeast of Datca
(Figure 4), the Yildirnmli formation unconformably
overlies highly brecciated, gray colored recrystallized
limestones. At this locality the sequence starts with the
conglomerates, which angular fragments have been
derived mostly from gray colored limestone, rarely
from sandstones, and cemented with a calcareous
material. It continues upward with polygenetic blocky
conglomerate and grades to conglomerate-red colored
silty sandstone-clay alternation.

Based on the gastropoda-pelecypoda fauna, the late
Piacenzian age was attributed to the Yildirimh
formation by Kapan-Yesilyurt and Taner (2002).
According to ESR (Electron Spin Resonance) dating,
the age of the unit is 1.891-1.998 Million years
(Kapan-Yesilyurt and Taner, 2002). Great lateral,
vertical lithologic variations and fossil descriptions
(Ersoy 1990; Kapan-Yesilyurt and Taner 2002)
indicate rapid marine transgression following fluvio-
lacustrine deposition and finally sudden regression in
the Datca Graben.

Figure 5. General (a) and close up (b) view offossiliferous level ofthe Y7ldinmh formation (West of Yldirimli Tepe).

Sekil 5.
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Karakdy Formation

This formation is well exposed around Karakdy and
northwest of Datca along the southern margin of Datca
Graben (Figure 4). It is firstly named in this study.
Karakdy formation is characterized by its red color.
Nearly horizontal Karakdy formation unconformably
overlies underlying Yildinmdi formation. It has
developed as marginal facies of graben due to rapid
uplift and erosion of the western part of the Resadiye
horst, and characterized by blocky conglomerate
consisting of angular polygenetic pebbles settled in
brick-red colored sandy and clayey matrix. Away from
the margin, the grain si2e decreases and the unit grades
into the red sandstone, green-yellow claystone-
mudstone alternatibn. Since it unconformably
overlies the late Piacenzian Yildirnmdi Formation, the
age of the Karakdy formation must be early
Quaternary.

Yazikdy Pyroclastics

The Yazikdy pyroclastics, consisting of tuff, ash and
pumice, are well exposed in the valleys and coastal
sections of western part of Resadiye Peninsula
(Figures 2,6 a,b,c,d). Itis first named in this study. The
source for these pyroclastics lies at the eastern end of
the modem Aegean volcanic arc which extends from
the Greek mainland to Turkey (Figure 1a) (Dewey and
Sengor, 1979; Ercan et al., 1984; Allen and Cas, 2002).
Allen and Cas (2002) named these rocks as the Kos
Plateau Tuff (KPT). According to these authors, the
source of the KPT was between Kos and Nisyros
(Figure 1B) and the KPT pyroclastic flows probably
crossed open sea to the south and east of the source in
the eastern Aegean Sea. Single-crystal Ar-Ar analysis
of sanidine crystals dated the KPT as 161 ka (Smith et
al. 1996).

Figure 6. (a) General view of Yazikdy pyroclastics in a quarry (SW of Karakdy); (b) View of pyroclastics flowing on paleo-soil (south of
Yazikdy); (c) General view of pyroclastics beneath hanging terrace deposits (SW of Hizirsah); (d) Pyroclastic flow over the
basement rocks (south of Yazikdy). Td: Terrace deposits, Py: Yazikdy pyroclastics, Ps: Paleo-soil, Me: Mesozoic carbonates.

sekil6.

(@) Yazikdy pimklastiklerinin bir ocak igindeki gdrinimi (Karakdy'in GB'si); (b)Eski-toprak lzerine akan piroklastiklerin

gorintimi (Yazikdy'n glneyi); (c) Asili taraga cokellerinin altinda yiizeyleyen piroklastiklerin genel goriinimi (Hizirsah'in
GB's1); (d) Temel Gizerineyerlesmis olan piroklastiklerin genel gdriiniimi (Yazikdy'lin giineyi). Td: Taraca ¢okelleri, Py: Yazikdy
piroklastikleri, Ps: Eski-toprak, Mc: Mezozoyik karbonatlari.
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Terrace Deposits

These are abandoned old valley bottom deposits and
mostly observed on the valley walls, 20-25 meters
above the present valley floors to the west of Hizir8ah
(Figure 6b, 7a). They consist of the rounded to
subrounded pebbles of limestone, sandstone, and
serpentinite and directly overlie the pyroclastic units.
This indicates that following the filling of the
explosion to the valleys, the new valley floors have
been developed along the valleys. Due to activity
along E-W trending fault during Quaternary, the
valley-fill deposits were raised and formed hanging
terrace deposits by vertical erosion.

Colluvium, Talus andAlluvial Fans

Talus deposits were formed over steep slopes of
limestone outcrops and at their foot. They consist of
loosely cemented angular fragments of limestone.
Colluvium consists ofangular fragments cemented by
brownish calcareous cement. They are also formed at
the foot of vertical cliffs of limestone (Figure 7b).
Alluvial fans were formed at the mouth of rivers in
different size depending on the amount of material
carried by the river or creeks.

Beach rock

These rocks are formed by cementing of the beach
sand and pebbles by carbonate cement. They are found
along both north and south coasts ofthe peninsula.
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Hanging beach rock

These are raised beach rocks seen along the shores of
the peninsula, which are important evidence ofthe sea
level changes. At the north of Kizlan, they are
observed at levels of about 10-15 meters and at the
south of Emecik at the levels of 20-25 meters above
present shore line.

Beach sandandgravel

This material is consists of uncemented sand and
small pebbles, observed along the north and south of
the peninsula.

Alluvium

The unconsolidated silt, sand, clay and pebbles
constitute the alluvium. These deposits fill the flood
plains of streams.

STRUCTURES

Two groups of structures are exposed in the region.
These are the contractional paleotectonic structures,
such as thrusts, folds and the extensional neotectonic
structures such as normal faults and grabens.

Contractional Paleotectonic Structures

The reverse and thrust faults are important structures
of the paleotectonic period (Figure 2). Since these
structures are out of the scope of this article, they are
not studied in detail. However, these structures are
well studied and analysed by Ersoy (1990, 1991).

Figure 7. (a) General view of hanging terrace located in the tectonic trough to the south of Kocadag (view to north); (b) general view of
colluvium along the scarp of Mesudiye fault (MF) (east of Bozdag, view to NE). Td: Terrace deposits, Co: Colluvium, Me:

Mosozoic carbonates.

Sekil 7.(a) Kocadag'in glineyindeki tektonik oluk icindeyer alan asili taraga (bakis kuzeye); (b) Mesudiyefayi (MF) dikli§i boyunca gelismis
koliivyon (Bozdad'in dogusu, bakis KD'ya). Td: Taraca ¢okelleri, Co: Koliivyon, Mc: Mezozoyikkarbonatlari.
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According to Ersoy (1991), the EW- trending fold axis
and reverse-thrust faults are the dominant
compressional structures in the western part of Datga
Graben. However, NE- trending reverse-thrust faults
and asymmetric, overturned folds are the important
compressional structures in the eastern part of Kizlan.
Therefore these structures are the important evidence
of the presence of an approximately NS- and NW-
directed compressional forces in the region during the
paleotectonic period.

Extensional Neotectonic Structures

SW Anatolia and Aegean Sea form one of the most
active and rapidly extending region in the world
(Jackson and McKenzie, 1984; Taymaz, et al., 1991,
Reilinger et al., 1997; Bozkurt, 2001). It is currently
experiencing an approximately, N-S continental
extension at a rate of 30-40 mm/year (Oral etal., 1995;
Le Pichon et al., 1995). Two different graben systems
of different ages and orientations are observed in the
region (Figures 1, 2 and 4). The first system is
represented by NW-SE oriented grabens (Figure 1),
filled with Astaracian to Turolian (about 15 to 5 Ma)
sedimentary rocks intercalated locally with volcanic
rocks (Gorlr et al. 1995, and references therein).
However, the age of sedimentary rocks filling the
Datca Graben is late Pliocene. The second system cuts
across the first one, and is characterized by the large
east-west trending Gokova and Hisaronii Grabens.

Although the scientists agree on the extensional nature
of basins present in the Aegean region, the cause and
origin of crustal extension in the Aegean has long been
debated, and proposals fall into four different models
(Bozkurt, 2001): (1) 'Tectonic escape’ model: the
westward extrusion of the Anatolian block along its
boundary structures since the late Serravalian (12 Ma)
(Sengdr, 1979; Sengdr et al., 1985; Sengdr, 1987;
Dewey and Sengodr, 1979). (2) 'Back-arc spreading'
model: back-arc extension caused by the south-
southwestward migration of the Aegean Trench
system (McKenzie, 1978; Meulenkamp et al., 1988;
Le Pichion and Angelier, 1979); However, there is no
consensus on the inception date for the subduction
roll-back process and proposals range between 60 Ma
and 5 Ma (McKenzie, 1978; Meulenkamp et al., 1988;
Le Pichion and Angelier, 1979, 1981). (3) 'Orogenic
collapse’ model: the extension is induced by the
spreading and thinning of over-thickened crust
following the latest Paleocene collision across
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Neotethys during the latest Oligocene-early Miocene
(Seyitoglu and Scott, 1991, 1992). (4) 'Episodic’ a
two-stage graben model that involves a Miocene-early
Pliocene first stage (orogenic collapse), and a Plio-
Quaternary second phase (westward escape of the
Anatolian block) of N-S extension (Kog¢yigit et al.,
1999).

The age of the grabens is also controversial and
proposal fall into three major categories (Bozkurt
2001): (1) the grabens began to form during the
Tortonian (Sengér and Yilmaz, 1981; Sengoér et al.,
1985; Sengor, 1987). (2) The basins started to form
during the Early Miocene and continued their
evolution since then (Seyitoglu and Scott, 1991,
1992). (3) The grabens are Plio-Quaternary structures
(Kogyigit et al., 1999; Bozkurt, 2000; Yilmaz et al.,
2000).

Dat¢a Graben

E-W trending, 65 km long, only a few km wide
Resadiye Peninsula is located on the southwestemn tip
of the Anatolian coast (Figures 1, 8, 9). In central part
of'this peninsula, approximately WNW-ESE trending,
5 km-wide, 9 km-long depression, seems as a very
characteristic structure. Two natural bays surround
this depression, Kérmen bay at the NW, and Datca bay
at the SE (Figures 2, 8). This depression was first
named as Datca Isthmus by Chaput (1947). But later,
since the northern and southern boundaries of this
depression are faulted, this tectonic depression has
been named as Dat¢a Graben (Ersoy 1990). The hills
and ridges with maximum elevation of about 120
meters are located in the central part of the depression
(Figure 4). This topographically high area is underlain
by the late Pliocene deposits, and the layers of this unit
incline to the south at about 20° forming questa ridges.
The small creeks run in NE-SW direction in the north
of Datca Graben by cutting across the Catake¢t Dagi.
Thus the drainage pattern close to Kdrmen bay creates
an asymmetry in the depressional area. The valleys
and ridges of the northwestern part of this section are
shorter and their slopes are rather steep. However, the
valleys and ridges that lie in the Datca bay direction
are less steep and longer. The 100-120 meters high
erosional surface that cuts the late Pliocene deposits is
one of the most important geomorphologic
characteristics of the Dat¢a Graben. The cut and fill
terraces, seen at the mountainous regions of Resadiye
peninsula which are connected to the mountain cliffs



Kadir DIRIK

Sekil 8.  (a) Resadiye Yarimadasi 'nmyiikselti haritasi (Esytkselti egrileri 200 m de bir gecirilmistir. Esderinlik egrilerinden sadece -200 m
cizilmistir), (b) Dat¢a Yarimadasi'nin drenaj haritasi.

Figure 9. (a) General view ofthe SWhboundary ofthe Datca Graben (view from northern boundary); (b) General view ofthe NE boundary of
the Datca Graben (view from SW boundary).

Sekil 9. (a) Datga Grabeni'nin GBsinirinin genel goriniimi (bakis kuzey kenardan); (b) Datca Grabeni'nin KD sinirinin genel gérintimi
(bakisgliney kenardan).
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Figure 10. (a) Geologic map of the north of Datca. 1) Beach, 2) Alluvium, 3) Colluvium, 4) Karakdy formation, 5) Yildirimh formation,
6) Pre-Pliocene Basement rocks, 7) Ancient Knidos ports, 8) Dip and strike of bedding, 9) Normal fault, theet on downthrown
block, 10) submarine contours, 11) Beach rock, (b) NE-trending normal faults (view to SE).

Sekil 10.  (b) Datca'nin kuzey kesiminin jeolojik haritasi. 1) Kumsal, 2) Aliivyon, 3) Kollivyon, 4) Karakdyformasyonu, 5) Yildirimli
formasyonu, 6) Pliyosen dncesi Temel kayalari, 7) Eski Knidos limanlari, 8) tabaka egim ve dogrultusu, 9) Normalfay, dis diisen
blokta, 10) Es derinlik egrisi, 11) Yalitagl. (b) KD-gidisli normalfaylarin gérinimi (bakis GD'ya).

Figure 11. (a) Travertine occurrence formed along 110°-trending fracture (east of Kizlan), (b) 085°-trending very active fault cutting both
Yildirimli formation and soil (West of Kérmen). 1) recent soil, 2) soil with pebbles, 3) sandy levels, 4) Marl, 5) Clayey limestone.

Sekil1l.  (a) 110°-gidisli biryariktan ¢ikan karbonatlarin olusturdugu traverten (Kizlan dogusu), (b) Yildirimh Formasyonu'nu ve toprak

olusumunu kesen, 085°-gidisli aktifbirfay (Kormen batisi). 1) giincel toprak, 2) cakilli toprak, 3) kumlu seviyeler, 4) Marn,
5) killi kiregtasi.
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by pediments, join this erosional surface. The
southwestern margin of Datca Graben is bounded by a
mountain front, which consists of several hills
reaching up to 1100 m elevations (Figure 9a). NW-
trending linear to en echelon normal faults
characterizes this margin. The Yildiriml formation,
Karak6y formation and basement rocks (Mesozoic
carbonates and blocky flysch) juxtaposes along this
margin. The northeastern margin of the graben is
topographically less steep (Figure 9b). Along this
margin, Yildirimli formation juxtapose with Kizilagac
formation, Mesozoic carbonates, blocky flysch and
ophiolitic rocks. Lower Pliocene Kizilagag formation
unconformably overlies older rocks at the north of the
northern margin of the graben (Figure 4), indicating
the half graben character of the depression during its
initial stage. The lithologic characteristics and fossil
content of the Yildirimli formation indicate that the
lagoonal-fluvial environment connected with shallow
marine has evolved in Datca Graben till late Pliocene
(late Piacenzian). The presence of NNE trending
normal faults around north of Datca (Figure 10), linear
travertine occurrence along 110° —trending fracture at
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the east of Kizlan (Figure 11a) and very young fault
cutting Yudinmli formation and soil at the south of
Ko6rmen (Figure 11b) are important evidences of the
Quaternary activities in the Datca Graben.

Gokova Graben

The Gokova Graben is mainly an EW- trending
depression with 150-km-long, and widens westward
from 5 to 30 km, located between Bodrum peninsula
to the north and Resadiye peninsula to the south
(Figure 1). It forms the Gulf of Gékova. The northern
margin is bounded by a linear mountain front, which
rises steeply to more than 1000 m. EW-trending
normal faults characterize the northern margin of the
graben. The southern margin of the graben is
topographically less steep, but it is also controlled by
submarine listric normal fault, named Datga fault by
Kurtetal. (1999) (Figures 2, 12). The EW- trending
Datca fault cuts the NW-trending boundary faults of
Datca Graben and its late Pliocene fill. Therefore the
age of the boundary faults and basin fill of Gékova
Graben must be post Pliocene,

2500m

Two-way-travel time (s}

\0,0
\
b — CUXS
\ Flio ~Quaternary

Basin Fill

30

Figure 12.
reflection (modified from Kurtetal. 1999).

Sekil 12.
vorumu (Kurtvd. 1999'dan faydalanimistir).
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(a) Multi-channel seismic reflection along N-S direction taken from the entrance of Gulf of G6kova. (b) Interpretation of seismic

(a) Gokova Kérfezi'nin girisinden K-G dogrultusunda alman ¢ok kanallt sismik refleksivon). (b) Ustteki sismik refleksiyomun
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Normal Faults

The neotectonics and morphology of Resadiye
peninsula are both controlled by NE, NW, almost EW-
trending normal faults (Figure 2).

NE-trending Faults
The most important faults of this group are Damlaca
and Mesudiye faults.

Damlacafault (DAF) is located on the western part of
Resadiye Peninsula (Figures 2, 13). On the eastern
footwall of the fault, the, carbonates were formed very
steep fault scarps. Whereas, the Yazikdy pyroclastics
and alluvial fan/talus deposits were protected on the
downthrown block.

Sekil 13,
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Mesudiye fault (MF) is SE dipping normal fault,
extending between Mesudiye at south and south of
Kormen at north (Figure 4). Triassic-Jurassic
carbonates and Cretaceous wild flysch were
juxtaposed along the fault. The Carbonates form very
steep scarps and highland on footwall of the fault. A
graben was formed at the east of Bozdag (Figure 4).
The colluvium (Figure 7b) and fluvial terrace deposits
were formed in this depression.

E W-trending Faults

The Knidos fault, Yakakoy fault and submarine
boundary faults of the Gokova Graben are the most
important EW-trending faults ofthe region (Figures 2,
13).

Resadiye Yarimadasinin en bati ucunu sekillendiren normalfaylar (Altunel vd. 2000'denyararlaniimistir).



Knidos fault (KF) is a normal fault located in the
western tip of Resadiye Peninsula (Figure 13). It is
characterized by a limestone scarp, 6-10 m in height,
which forms a natural bluff on which the city walls of
Knidos were built (Figure 14a). Along the trace of the
fault, massive Jurassic limestone and Quaternary talus
deposits are juxtaposed (Figures 14 b, c). The ancient
site of Knidos lies directly on this active normal fault.
The archaeological studies reveal the presence of at
least two destructive earthquakes in the site (Altunel et
al. 2003). Fresh geomorphic expression of a scarp
defining the boundary between massive limestone and
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Quaternary, and archaeological evidences such as
parallel fallen columns, tilted, offset or rotated
structures are important evidence of the Holocene
activity ofthis fault.

Yakakoy fault (YF) is an EW-trending, about 15 km
long normal fault located on the southern margin of
Kocadag (Figure 2). It controls the northern boundary
of EW-trending trough, filled with Yazikoy
pyroclastics, colluvium and old alluvium. Cut and fill
terraces are important morphologic feature of this
trough (Figure 7a).

Figure 14. (a) General view ofthe fault scarp ofthe Knidos Fault (view to NE). (b,c) Close-up views ofthe same fault plane.

Sekil 14.
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(@) Knidos Fayifay diklidinin genel gdriinimil (KD 'ya bakis), (b,c) aynifay diizlemininyakin gérinimd.
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SEISMICITY OF THE REGION

The Resadiye Peninsula and its surrounding region are
located in one ofthe seismically most active region of
the world (Figure 15). Several major destructive
earthquakes have struck this region (Table 1, 2, 3;
Figure 16). There are three main sources of
earthquakes in the region: (1) the northward-moving
African Plate, subducting below the southwest-
moving Aegean block, and associated transcurrent
faults, (2) Intense volcanic acticity along Aegean
volcanic arc: west of the peninsula lay the active
volcanic centers of Nisyros and Yali (Figure 16).
Major eruptive activity'has occurred on Nisyros in
recent times (AD 1887, 1873 and possibly around
1422) and these violent volcanic events may have
been associated with intense seismic activity (Stiros
2000 and references therein). (3) Another important
source for the earthqukes of the region is the active
submarine faults of the Gokova Graben. 4/08/2004
earthquakes (Table 3; Figure 16) are the important
evidence of the seismic activity of the northern
boundary and submarine faults ofthe Gokova Graben.

In addition to these potential earthquake sources the
Knidos Fault, on which ancient Cnidos city is located,
is important source for earthquakes.

When the figure 16 is analyzed carefully, the
earthquakes can be grouped into two based on the fault
plane solutions: (1) Approximately NE-trending
oblique-slip faults with moderate to deep epicenters
(45-165 km) concentrated in the southwestern part of
the peninsula. (2) EW-trending normal faults with
shallow depth (<15 km), concentrating in Gokova
Graben (Table 3, Figure 15). This observation can be
explained by: (1) to the south and southwest of the
peninsula, the northward-moving African Plate is
subducting below the southwest-moving Aegean
block. This movement generates large earthquakes
below the peninsula along the transcurrent systems
parallel to Pliny-Strabo transform. (2) The roll-back
process along the subducting slab generates extension
near the surface resulting in earthquakes with shallow
depth in and around the EW-trending Gokova Graben.

Figure 15. The epicenters of the earthquakes occurred in and around Gulf of Gokova between 2002-2007 (M=>3) (source: Earthquake

monitor).

Sekil 15.
Deprem monitori).
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Gokova korfezinde ve civarinda 2002-2007 yillari arasinda meydana gelen depremlerin merkez tstleri (M=>3) (Kaynak:



Figure 16.

Sekil 16.

Table 1.

Tablo 1.
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The epicenters of destructive earthquakes of instrumental period (1) and epicenters of the earthquakes (2) with fault plane
solutions (3) occured between 2000-2006 in the region. See table 2 and 3 for details, (source: SED moment tensors and KOERI).

Aletsel dénemdeki yikici depremlerin merkezustleri (1) ve 2000-2006 yillari arasinda meydana gelen yikici depremlerin
merkezustleri (2) ilefay duzlemi ¢oziimleri (3). Detay icin Tablo 2 ve 3'ebakiniz (Kaynak: SED moment tensors ve KOERI).

Destructive historical earthquakes of the region (Source: KOERI).

Bélgedekiyikici tarihsel depremler (Kaynak: KOERI).

Date
MO 222
MO 185
155
08 08 1304
03 10 1481
18 08 1493
18 10 1843
12 10 1856
22 04 1863
29 02 1885

Lat.
36.50
36.00
36.30
36.50
36.00
36.75
36.25
36.25
36.50
37.20

Long.

28.00
28.00
28.00
27.50
28.00
27.00
27.50
28.00
28.00
27.20

Location
Rodos-(Tsunami)
Rodos,
Rodos,Mugla,Fethiye
Rodos,Girit
Rodos,GB Anadolu-(Tsunami)
Istankoy Adasi
Rodos,Ege Denizi
Rodos, Girit-(Tsunami)
Rodos
Ege Denizi
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Intensity
X
IX
X
X
IX
IX
IX
X
X
IX
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Table 2. Destructive earthquakes of instrumental period. For location see Figure 15 (Source: KOERI).

Tablo 2.  Aletsel donemde etkili olmus yikict depremler. Lokasyon igin sekil 15'e bakiniz (Kaynak: KOERI).

No Date Location Intensity | Mag. (Ms)
1 26.06.1926 Rodos (Tsunami) X 7.7
2 23.04.1933 Gokova Korfezi IX 6.4
3 23.04.1941 Mugla VIII 6.0
4 13.12.1941 Mugla VIII 6.5
5 24.04.1957 Fethiye-Rodos IX 6.8
6 25.04.1957 Fethiye-Rodos VIII 7.1
7 25.04.1959 Koycegiz-Mugla VIII 5.9
8 23,05.1961 Rodos-Marmaris VII 6.3
9 05.10.1999 Marmaris-Mugla VI 5.2

Table 3. The earthquakes occurred in the region between 2000-2005 (M>4). (Source: KOERT)

Tablo 3. Bélgede 2000-2005 yillar: arasinda meydana gelen depremler (M>4). (Kaynak: KOERI).

No Date Lat. Long. Magnitude Depth
Mw Mb Ms (km)
1 16/9/2000 | 36.722 | 27.505 4.32 4.5 57
2 | 21/12/2001 | 36.002 | 27.447 4.71 4.5 9
3 1 02/10/2002 | 36.270 | 27.780 4.22 4.3 45
4 126/09/2002 | 36.667 | 28.028 4.41 4.5 18
S [ 30/01/2003 | 36.270 | 27.170 4.72 44 9
6 | 13/09/2003 | 36.629 | 26.918 4.99 5.2 153
7 | 7/02/2004 | 36.040 | 26.910 5.21 5.2 5.1 9
8 | 18/03/2004 | 36.081 | 26.475 4.38 4.5 90
9 | 25/05/2004 | 35.920 | 27.180 4.79 4.6 15
10 | 3/08/2004 | 36.884 | 27.703 4.81 4.5 9
11 | 3/08/2004 | 37.020 | 27.720 5.30 4.8 9
12 | 4/08/2004 | 36.833 | 27.815 5.64 5.1 5.2 9
13 | 4/08/2004 | 36.788 | 27.826 4.65 44 3.7 9
14 | 4/08/2004 | 36.843 | 27.850 5.26 5.2 4.8 9
15 | 4/08/2004 | 36.832 | 27.827 5.41 4.9 4.8 9
16 | 18/08/2004 | 36.130 | 27.520 4.63 4.3 12
17 | 20/08/2004 | 36.536 | 27.881 4.66 4.6 66
18 | 7/10/2004 | 36.429 | 26.796 5.61 5.7 165
19 | 20/12/2004 | 37.042 | 28.206 5.41 5.2 4.7 9
20 | 21/12/2004 | 37.060 | 28.210 4.16 42 9
21 | 28/12/2004 | 36.996 | 28.267 4.33 4.5 4
22 | 10/01/2005 | 37.017 | 27.804 5.55 4.9 4.8 9
23 | 10/01/2005 | 37.018 | 27.919 5.21 5.0 9
24 | 10/01/2005 | 36.917 | 27.867 5.20 5.1 4.4 15
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CONCLUSIONS
Based on the studies done on the Resadiye Peninsula
and surrounding regions, we can conclude that:

The NW-SE, NE-SW and E-W- trending faults have
conrolled the both morphology and neotectonics of
theregion.

The Dat¢a Graben has been started to develop as a half
graben on the Lycean Nappes of the central part of the
Resadiye Peninsula under the control of NW-trending
southern marginal fault during early Pliocene. It has
evolved its evolution as a graben and lagoonal-fluvial
environment connected with a shallow sea till late
Pliocene (late Piacenzian).

E-W trending Gékova and Hisaréni Grabens, started
to develop under the control of N-S directed
extension, end the development of the Datga Graben at
the carly Quaternary.

Based on the fault plane solutions and depth of the
focus of the carthquakes occurred between 2000-
2006, we can conclude that shallow depth earthquakes
are associated with EW-trending normal faults in the
Gulf of Gokova. However, moderate to deep
earthquakes are associated with oblique to strike-slip
fault planes at the south and southwestern part of
Resadiye peninsula. So, for the earthquakes of the
region two sources can be proposed: (1) the
northward-moving African Plate subducting below
the southwest-moving Aegean block generates large
and deep earthquakes below the peninsula along the
transcurrent systems parallel to Pliny-Strabo
transform. (2) The roll-back process along the
subducting slab generates extension near the surface
causing shallow earthquakes in and around the EW-
trending Gékova Graben.

The concentration of shallow depth earthquakes in the
Gokova Graben is an important evidence for the
activity of boundary and submarine faults of graben.
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GENISLETILMIS OZET

KB-gidisli Datca Grabeni, D-B dogrultulu Resadiye
Yiikselimi, Gokova ve Hisaronii grabenleri giineybat
Anadolu'daki en onemli morfolojik ve yapisal
unsurlardir. Resadiye Yarimadasi'min orta-bati
kesiminde yer alan kaya birimleri Pliyosen dncesi
temel kayalar ve Plio-Kuvaterner ortii kayalar: olmak
tizere iki grupta incelenmistir. Temel kaya birimleri,
Likya Naplarimn ofiyolit, ofiyolitik melanj, erken Jura
masif karbonatlari, orta-geg Jura radyolarit, ¢ortlii
kiregtast ve bunlart drten erken Maastrihtiyen marn
ara seviyeli killi mikrit ve ge¢ Kretase-erken Eosen
bloklu filis ile temsil edilir (Ersoy 1990, 1991). Ortii
kayalari ise erken Pliyosen kumtasi ve ¢akilli kiregtag
(Kizilagag formasyonu), ince tif arakatkili en geg
Pliosen (Piyasensiyen) akarsu-gol-sig denizel
kumtasi, cakiltasi, marn, kiltasi, oolitik kiregtas:
ardalanmast (Yildwiml formasyonu), kenar fasiyesi
karakterli Karakéy formasyonu; Yazikdy
piroklastikleri, taraca ¢okelleri, koliivyon, yamag
molozu, aliivyon yelpazesi, yali tasi, plaj kumu, ¢akily
ve aliivyon ile temsil edilir.

Calisma alaminda  yiizeyleyen tektonik yapilar:
bindirme, ters fay ve lkiveimlardan olugan eski-
tektonik sikisma yapilari; normal faylarla swurl
Resadiye horstu, Datca, Gokova ve Hisardnii
grabenleri ile bunlarla iligkili normal faylardan

olusan yeni-tektonik genisleme yapilari ile temsil
edilir.

Temelini Likya Naplari'mn olusturdugu Resadiye
Yarimadasi'min  orta kesiminde yer alan Datga
Grabeni'nin en yaygin birimi Yildiriml
Jormasyonu'nun litolojik ézellikleri grabenin geg
Pliyosen'e (ge¢ Piyasensiyen) kadar sig denizle
baglantili lagiin-akarsu ortaminda geligimini
surdirdiigiini ortaya koymaktadir. Erken
Kuvaternerde K-G dogrultulu genislemeye bagh
olarak gelismeye baslayan Gokova Grabeni ve
Hisaronii Grabeni, Datga Grabeni'nin gelisimini
sonlandirmistir. Yaklasik 120 km uzunlugunda olan
Gékova Grabeni batiya dogru 5 km genislikten
yaklasik 30 km genislige ulasir ve en bati ucunda aktif
Yali ve Nisyros volkanik merkezleri yer alir. Grabenin
giiney kenarm simrlayan yaklasitk D-B gidisli kenar
Jaylart ve Hisaronii Grabeni'nin kuzey kenar faylari
Datca Grabeni'nin ge¢ Pliyosen yash ¢okellerini
keser ve Resadiye Yiikselimi bu iki graben arasinda
yiikselir. Bu durum Gdkova ve Hisardnii
Grabenlerinin erken Kuvaternerde gelismeye
basladiginin 6nemli bir kamitidir.
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Bolge, giineydogu Ege Denizi'nin sismik aktivitesi en
yiiksek olan yerlerinden biridir. Tarihsel ve aletsel
donemlerdeki kayitlar, bolgede siddeti X, biiyiikligii
(Ms) 7,7've ulasan depremlerin ve tsunamilerin
varligim gostermektedir. Bélgede 2000-2006 yillar:
arasinda meydana gelen depremlerin (Msz 4) odak
derinlikleri ve fay diizlemi ¢oziimleri incelendiginde
s1g depremlerin D-B dogrultulu normal fay, derin
odaklt depremlerin ise oblik karakterli fay
diizlemleriyle iliskili oldugu goriilmektedir. D-B
dogrultulu normal faylarla iliskili sig depremlerin
Gékova Korfezi ortalarinda ve kuzeyinde
yogunlasmast Gékova Grabeni'nin orta kesimlerinin
ve kuzey kenarimin da halen aktif oldugunun onemli
bir kamtidir. Resadiye Yarimadasi'min giineyinde ve
GB'sinda yogunlasan derin odakl depremler ise
kuzeye dalan Ege yitim zonundaki hareketlerden
kaynaklanmalidir. Tarihsel dénemdeki depremler ve
bélgedeki sismik aktiviteler géz dniine alindiginda
bolgede tsunami tiretecek biiyiikliikteki depremlerin
olma olasitligimin olduk¢a yiiksek oldugu
goriilmektedir.
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ABSTRACT

Detailed geological mapping of the western side of Cankir basin demonstrates that the base of the Neogene
succession, the Kilgak formation, is found on both sides of a tectonic sliver. These outcrops are correlated through
their lithological descriptions and fossil contents. This finding eliminates the recent tectono-sedimentary model
that presents the Kilgak formation as a last product of an intercontinental convergence, developed in front of the
thrust sheets of the Izmir-Ankara suture zone. In contrast, our findings support the proposal that the Neogene
succession in the western margin of the Cankar: basin is fragmented by the post Pliocene tectonic sliver, regarded
as aneotectonic structure.

Key words: Cankin basin, Kilgak, Neogene, Neotectonics, Mammalian fossils

(174

Cankart havzasimin bati kenarinda yapilan ayrintili jeolojik harita alimi, Neojen birimlerin tabanin olusturan
Kilcak formasyonunun bir tektonik kamann her iki tarafinda bulundugunu ortaya ¢ikarmigtiv. Bu formasyona ait
yiizlekler; litolojik tamimlamalar: ve fosil icerikleri ile denestirilmektedir. Bu veriler Kilgak formasyonunu Izmir-
Ankara kenet zonunda kitalararas: yakinlasma sonucunda olusan bindirmelerin oniinde ¢Gkelen son tiriin olarak
degerlendiren tektono-sedimanter modeli yanhglamaktadir. Buna karsilik aymi veriler, Pliyosen sonrasinda
olusan bir neotektonik yap: olarak degerlendirilen tektonik kamamn Cankirt havzasinin bati kenarimi par¢aladig
gortistint desteklemektedir.

Anahtar Kelimeler: Cankir1 havzasi, Kilcak, Neojen, Neotektonik, Memeli fosilleri
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INTRODUCTION

One of the largest Central Anatolian basins, the
CGankiri basin, developed during the closure of the
Neo-Tethyan ocean between the Sakarya continent
and the Kirsehir block following Cretaceous to
Eocene (Sengdr & Yilmaz, 1981; Tuysulz et al. 1995;
Erdodan et al. 1996; Gorir et al. 1998; Okay &
Tuyslz, 1999) (Fig. 1). The post-collisional history of
the basin is currently a debated issue (see Kogyigit et
al. 1995; Seyitoglu etal. 1997; 2000; 2004; Kaymakgl,
2000; Kaymake! et al. 2001). The conflicting views
can be summarized in three groups. The first view
suggests that intracontinental convergence due to the
closure of Neo-Tethyan Ocean continued until the
Late Pliocene, the Ankara Orogenic Phase of Kogyigit
et al. (1995). The second view proposes that this
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convergence ended after the Early Miocene and
extensional tectonics become dominant during
Middle Miocene. The following transpressional
regime has been proposed for post- late Miocene times
(Kaymakei, 2000; Kaymakg! et al. 2001). The third
view claims that pre-Neogene intracontinental
convergence gives way to the Early Miocene
extensional regime. After the late Pliocene, a tectonic
sliver, named the Eldivan-Elmadag Pinched Crustal
Wedge (EPCW), fragments the Neogene Cankiri
basin due to NW-SE compression that is believed to be
created by the interaction between the North
Anatolian Fault and its splay Kirikkale Erbaa Fault
(Seyitoglu et al. 1997; 2000; 2001; 2004; Karadenizli
etal. 2003; Savas¢l & Seyitoglu, 2004) (Fig. 1).

Our team produced detailed geological
mapping on the Lower Miocene units in the
western margin of the Cankiri basin. The
distribution of these units is very important
in order to test the regional tectonic models
summarised above, because the base of the
Neogene succession, particularly the
Kilgak formation is evaluated as a last
product of intercontinental convergence
due to its position in front of the thrusts in
the western Cankiri basin (Kaymakgi 2000;
Kaymakgi et al. 2001). Alternatively, if the
post-late Pliocene tectonic sliver model
(Seyitoglu et al. 2000; 2004) is correct then
the fragmented lower Miocene units would
be common features in the region.

Figure 1. (a) The main neotectonic elements of Central
Anatolia. Grey areas represent the Neo-Tethyan
Suture zone, (b) Geological map of the western
margin of Cankip basin. Schmidt lower
hemisphere equal area projections belong to the
normal faulted western, thrusted eastern margin
of the Elmadag-Eldivan Pinched Crustal Wedge.
Great circles and arrows are fault surfaces and
striations respectively.

Sekil 1. (a) i¢ Anadolu'nun ana neotektonik elemanlari. Gri
alanlar Neo-Tetis kenet zonunu temsil etmektedir,
(b) Cankin havzasi bati kenarinin jeolojik
haritasi. Schmidt alt yarikiire esit alan
projeksiyonlari Eldivan-Elmadag tektonik
kamasinin bati kenarindaki normal faylara ve
dogu kenarindaki bindirmefaylarina aittir. Blyik
dairelerfay dizlemlerini oklar isefay ¢iziklerini
gostermektedir.
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This paper presents the stratigraphical relationship
between the Kiltjak and Kumarta§ formations and the
geological map of Kilgak outcrops with their fossil
content. The tectonic meaning ofour findings will also
be discussed.

NEOGENE STRATIGRAPHY OF CANKIRI
BASIN

The Neogene stratigraphy of Cankiri basin starts with
the Kilgak formation (Fig. 2). Its fossil content
indicates MN 1-2 zones (Hoek Ostende, 1992;
1995a&b; Bruijn & Sarag, 1992; Bruijn et al. 1993;
Unay, 1994; Bruijn & Koenigswald, 1994; Sen et al.
1998) and was first recognised as a separate
lithological unit by Sen et al. (1998). The type section
of the Kilcak formation (Kaymakg¢i, 2000; Kaymakgl
et al. 2001) shows a fining upward character and is
composed of conglomerate, and an alternation of
sandstone, shale, siltstone, marl, limestone, lignite

EUROPEAN LAND MAMMAL
MN MEGA

ZONES ZONES FORMATIONS
. BUHARIAN Alluvium
E
MNTZ 1T VILLA Degim formation CA23
FRANCHIAN
MN-15 Bozkir formation
— A2~ RUSCIAN
0nr21 0722
MNI3 Sileymanli member® 0220
[ — ; oN19
TUROLIAN
MNI2 Cr™\17 A8
X Bayindir formation 6
‘o TS
M0
VALLESIAN Cankiri member
—111— -
s ASTARACIAN
MNG
15.0
MNS
—17.0—
MN-4  ORLEANIAN
205
MN2
AGENIAN
22.5-
MNL

-23.8—

152

and mudstones. The base of the formation is not
observed due tectonic contacts and no contact
relationship has been reported with the younger
Kumartas formation (Sen et al. 1998; Kaymakgi 2000;
Kaymakg! et al. 2001). The Kumartas formation was
determined by Akyiirek et al. (1980) and is composed
of red conglomerate, sandstone and mudstone. The
Early Late Miocene age (MN 3-9) has been ascribed
to the Kumartas formation and its Cankiri member.
Both the fossil content of the different localities and
the detailed stratigraphical loggings indicate that the
Kumartas formation interfingers with the Hangili
formation (Karadenizli et al., 2004). The Neogene
stratigraphy continues with Late Miocene yellowish
evaporitic Bayindir Formation and its flood plain
deposits of Sileymanli member containing red
mudstones. They are overlain by the Pliocene Bozkir
formation, which has white gypsum and mudstones
(Varol et al. 2002). The Upper Pliocene- Pleistocene
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- Hanili Figure 2. Neogene stratigraphy of Cankiri basin
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Deyim formation unconformably covers the oldest
sedimentary units in the basin and is composed of
conglomerates, sandstones and mudstones
(Karadenizli etah, 2004) (Fig. 2).

FIELD OBSERVATIONS ON LOWER
MIOCENE SEDIMENTARY SUCCESSIONS IN
THE KILCAK-KUMARTAC AREA, WESTERN
CANKIRI BASIN

We discovered a sedimentary unit around Suliikltgél
whose composition was dominated by claystone,
marlstone with conglomerate, sandstone and lignite
layers (Fig. 3). This unit conformably underlies the
Kumarta§ formation. The detailed lithological
descriptions (Ozcan, 2003) and the fossil content
Galerix sp., Soricidae indet., Albertona n.sp.,
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Ctenodactylidae indet, Debruijnia sp.,
Spanocricetodon sp., Democricetodon sp.,
Megacricetodon sp., Cricetodon versteegi - (MN 1-3,
Karadenizli et ah, 2004) securely correlates the
Suluklugdl unit with the Kilgak formation that its type
section measured (Kaymakgi 2000) near the Kilgak
village (Fig.4). It is obvious that the newly recognised
sedimentary unit in the Suliikligél area is equivalent
to the Kilgak formation (see also Ozcan et al. 2006).
The geological map of the area (Fig. 3) indicates that
the Kilgak formation outcrops in two places (i.e.
Siluklug6l and Kilgak), separated by the tectonic
contacts of Neo-Tethyan ophiolitic melange rocks.
Detailed field observations are able to distinguish syn
- and post -sedimentary faulting.
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Figure 3. Geological map of Kumartas-

Kilgak area.
Sekil3 Kumartas Kilgak arasinin jeoloji
haritasl.
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Syn-sedimentary faulting: a NW-SE trending syn-
sedimentary faulting in the area has been documented
by Savasgr (2003), Karadenizli et al. (2003) and
Savaggt & Seyitoglu (2004), demonstrating the
establishment of extensional tectonics during the
Early Miocene times. Karadenizli et al. (2003) also
suggested the existence of intra-basinal highes acting
as half graben shoulders during the deposition of the
Kumartas and Hangcili formations. In the study area,
southeast continuations of Savas¢r & Seyitoglu's syn-
sedimentary faults “A & B” (2004; Fig. 3) are located
to the southwest of Kumartas village (Fig. 3) and
probably control also the deposition of the Kilcak
formation, but we have no direct evidence of this. It is
clear that these syn-sedimentary faults are cut by the
younger faults of EPCW.

SOLUKLD GOL

Post-sedimentary faults of EPCW: Our detailed field
observations demonstrate that the Kilgak formation
outcrops on both sides of the NNE trending tectonic
.wedge of the Neo-Tethyan ophiolitic melange rocks-
EPCW (Seyitoglu et al. 2000; 2004), (Fig. 3). The
eastern margin of EPCW thrusted onto the Kilgak,
Kumartas and Hangili formations in the study area.
Along this thrust zone there is no sedimentary
evidence in these formations, indicating syn-
sedimentary movement of the thrust sheets. Instead,
we observed highly sheared fine grained sandstone
and mudstones of the Kilgak formation,
demonstrating post depositional movement of the
EPCW.
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Kilgak, Kumartas and Hangili formations are also cut
by a normal fault that constitutes the western side of
the EPCW (Fig. 3), similar to the en-echelon
counterparts of the previously examined Karatepe and
Koyunbaba normal faults (Savase1 & Seyitoglu, 2004;
Onal etal. 2006).

Taken together, this evidence indicates that the Kilcak
formation is not accumulated in front of thrust sheets
as suggested by Kaymake1 (2000) and Kaymakei et al.
(2001), but is fragmented by a post - early Pliocene
tectonic wedge (EPCW), like other Mio-Pliocene
sedimentary successions in the western part of the
Cankiri basin (Seyitoglu et al. 2000; 2004).

DISCUSSIONAND CONCLUSION

The post - orogenic tectonic development of the Neo-
Tethyan suture in NW central Anatolia is currently a
debated issue. Kogyigit et al. (1995) suggest that
intercontinental convergence after the closure of the
Neo-Tethyan suture continued until the Pliocene
“Ankara Orogenic Phase”. Following the Pliocene, a
non-compressional tectonic regime has been
attributed to the region. Seyitoglu et al. (1997)
questioned the “Ankara Orogenic Phase” on the basis
of field observations (see Seyitoglu et al. 2006 for a
recent paper on this subject) and the volcanic
evolution of the Galatian volcanics, and suggested
Miocene extension due to orogenic collapse in the
region. Later, Bozkurt et al. (1999), basing his
argument on geological setting and isotopic dating of
the volcanic rocks near Ankara, admitted that the
intercontinental convergence ceased in Early
Miocene. However, Kaymakei (2000) suggested that
the compressional regime continued until Middle
Miocene and that the Kilcak formation accumulated in
front of the east vergent thrusts created by indentation
of the Kursehir block into the Sakarya continent.
Although the upwards-fining character of the Kilgak
formation has been given in the type section, the
formation is interpreted as a latest product of the
compressional regime (Kaymakei, 2000; Kaymake1 et
al. 2001). Kaymake1 (2000) proposed an extensional
regime for the region during the Middle Miocene, and
claimed a paleohigh bounded by normal faulting, that
caused the development of different stratigraphies in
different basins, namely the Hancili and Cankini
basins. While the Kumartas and Hangili formations
are believed to accumulate in the Hangili sub-basin,
the Candir, Siileymanli and Bozkir formations
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developed in the Cankiri basin. This paleohigh is
thought to be reactivated as double vergent thrust
faults with a strike-slip component due to
transpression following the Late Miocene (Kaymaket,
2000; Kaymakeietal. 2001).

However, instead of the double vergent thrusting,
Seyitoglu et al. (2000; 2004) documented that EPCW
fragments an existing Neogene sedimentary unit of
the Cankir1 basin following the Late Pliocene. This
NNE trending tectonic sliver, having a normal fault
relationship with the sedimentary units on its western
margin, but with an eastern margin thrusting onto the
Neogene succession, developed between Cankirt and
Ankara as a result of a NW-SE contraction created by
the North Anatolian Fault and its splay Kirikkale
ErbaaFault(Seyitoglu etal. 2000; 2004).

The cropping out of the Kilgak formation on both sides
of EPCW, documented in this paper, supports the
contention of Seyitoglu et al. (2000; 2004) that the
Neogene units at the western margin of the Cankirt
basin are fragmented by EPCW following Late
Pliocene.
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GENISLETILMIS OZET _

Cankart havzast I¢ Anadolu'nun Snemli sedimanter
havzalarindan biri olup, kitalararas: yakinlasma
sonrast havzamn Neojen'deki tektonik geligimi
tizerine tartismalar siirmektedir.

Canlary havzasimin batisinda Kaymakgr (2000) ve
Kaymakei vd. (2001) tarafindan éne siiviilen tektono-
sedimanter modele gére Alt Miyosen Kilgak
formasyonu, kitalararasi yakinlasma nedeniyle
olusan bindirmelerin oniinde ¢okelmistiv. Orta Geg
Miyosende Cankiri havzasuu alt havzalara boldiigii
diigiiniilen normal faylarla simwly paleo yiikselti,
Hangili kenar havzasinda Kumartas ve Hangili
Sformasyonlarimin, Cankwri havzasinda ise Candir,
Siileymanly ve Bozkwr formasyonlarinin ¢dkelimine
neden olmugstur. Bélgede Ust Miyosenden itibaren
gelistigi one siiriilen yanal sikistirmali rejim,
paleoyiikseltiyi simirlayan normal faylarin ters faylar
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olarak ¢aligymasimi saglayarak Neo-Tetis kenet zonu
kayaglarimin Neojen birimler iizerine bindirmesini
gergeklestirdigi  belirtilmistiv (Kaymake¢i, 2000;
Kaymakg¢ivd. 2001).

Bu tektono-sedimanter model, arazi gézlemlerimizle
wyumlu degildir. Ankara ve Cankiri arasinda
tamimlanan bati kenari normal fayli, dogu kenar
bindirmeli Elmadag-Eldivan tektonik kamasi, Gec
Pliyosen'den sonra Cankiri havzasimin Neojen
¢okellerini parcalamistiv (Seyitoglu vd. 2000; 2004).
Bu makalede, Kilcak formasyonunun Eldivan-
Elmadag tektonik kamasina ait bindirmelerin
batisinda da yeraldigina ait veriler Siiliikliigol
civarindaki sedimanter birimlerin litolojik
tamimlamalar: ve paleontolojik verilerinin Kilcak
Sformasyonunun ilk tamimlandigi Kilcak gevresindeki
birimlerle yapilan karsilastirma sonucu ortaya
konmug olup, bu Kaymakg¢r (2000) tarafindan one
siritlen modeli yanhglayan en onemli verilerden biri
olarak gériilmektedir. Eldivan-Elmadag tekionik
kamaswmun her iki tarafinda Kilgak, Kumartas ve
Hangili formasyonlarmin bulunuyor olmasi, Cankirt
havzasimn Erken Orta Miyosende birbirlerinden izole
alt havzalara ayrilmadigini, kitalararas:
yakinlagmanin Erken Miyosenden once sona ermesi
gerektigini gostermektedir.
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OZET

Akgiiney bakir - kursun - ¢inko yatagi, Dogu Karadeniz B6lgesi'nde bulunan ve giiniimiizde isletilmekte olan ¢cok
sayidaki bakir - kursun - ¢inko yataklarindan birisidir. Bu yataklar, agirt derecede bozunmus Ust Kretase yash
andezitik kayaclar iginde fay zonlari boyunca gelismis damar tipi olugumlar seklindedirler. Yorede 7 adet cevher
damarn belirlenmis olup D-1, D-2, D-3, D-4, D-5, D-6 ve D-7 seklinde numaralanmislardir. D-1, D-2, D-3, D-4, D-
5ve D-6 numarali damarlar K 70-80° B, 50-60° KD konumlu, D-7 damari ise DB dogrultulu 25°G konum!ludur.

Cevher damarlar ileri derecede limonitlesmis ve hematitlesmis kuvars damarlar gseklinde ylizeylemekte olup
galerilerde isletilen, D-2 ve D-3 damarlarinda, birincisi kiigiik kristalli ve bol piritli, digeri iri kristalli ve piritin
yant stra kalkopirit, sfalerit, galenit, fahlerz ve limonit; gang minerali olarak ise kuvars ve kalsit iceren iki farkl
yapida cevher gdzlenmistir. Belirtilen minerallerin olugum siralar (siiksesyon), “ pirit-galenit-kalkopirit-I-sfalerit
kalkopirit-II ( fahlerz) kuvars kalsit” seklindedir.

Swv1 kapanim incelemeleri; hidrotermal ¢ozeltiler iginde CaCl,, MgCl,, NaCl ve olasilikla KCl gibi tuzlarm
bulundugunu, tuzluluklarnin % NaCl esdegeri olarak % 24.34 ile 13.94 (ort. = %19.0) aralifinda degistigini,
¢ozeltilerin kuvars kristallerinin olusumu sirasinda sicakliklariin 349.0 ile 276.0 °C araliginda (ort. 307.0 °C)
degistigini, daha sonraki evrelerde ise 211.0 °C' ye kadar diistiiglinii géstermektedir.

Anahtar Kelimeler: Akgiliney, bakir-kursun-¢inkoyatagi, cevher mikroskopisi, Dogu Karadeniz bolgesi, sivi
kapanim.

ABSTRACT

The Akgiiney copper lead zinc deposit is one of the widely occuring and workable deposits in the Eastern Black
Sea Region of Turkey. This deposit consists of ore veins found along the fault zones hosted by hardly altered Upper
Cretaceaous andesitic rocks. Seven ore veins have been identified and numbered as D-1, D-2, D-3, D-4, D-5, D-6
and D-7. These ore veins, excluding D-7, have strikes and dips of N 70-80° W, 50-60° NE, while the last one has a
dip of E-W, 25°SS.

The ore veins are cropt out as hardly limonitezed and hematitized quartz veins. Two different ore types were
distinguished within the D-1 and D-2 veins which are being mined in the adits. The first one consists of quartz and
fine grained pyrite, while the second one consists of quartz, calcite and coarse grained sulfide minerals such as
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chalcopyrite, galena, sphalerite, fahlor and secondary limonite veinlets in addition to pyrite. The succession of
these minerals have been identified as: pyrite galena chalcopyrite-I sphalerite chalcopyrite-Il (tfahlor)-quartz-

calcite.

Fluid inclusion data indicate that the ore forming fluids contain CaCl,, MgCl, NaCl and possibly KCl as salts, the
salinity of the fluids is in the range of 24.34 to 13.94 (avr. = 19.0) % NaCl equivalent, and the temperature of the
fluids is in the range of 349.0t0 276.0°C (avr. 307.0°C) during the crystallization of the quartz , going down to

211.0°Cthrough the later stages of mineralization.

Key Words: Akgiiney, copper-lead-zinc deposit, Eastern Black Sea region, fluid inclusion, ore microscopy.

GIRIS

Amagc ve Kapsam

Akgiiney bakir - kursun - ¢inko yatagi, Ordu Iline
bagli Kabadiiz Ilgesi'nin giineyinde, Akgiiney
Mahallesi yakinlarinda, 1/25.000 olgekli Giresun
G39-b2 paftasi iginde yer almaktadir (Sekil 1). Bu
yatak, Dogu Karadeniz Bolgesi'nde bulunan ve
gliniimiizde isletilmekte olan ¢ok sayidaki bakir -
kursun - ¢inko yataklarindan birisidir.

Inceleme alani ve yakin gevresinde, genel jeoloji ve
maden jeolojisi amach olarak yapilmis ¢ok az sayida
¢aligma bulunabilmistir. Genel jeoloji amach
calismalardan; Terlemez ve Yilmaz (1980)'n
inceleme alanmin giineybatisinda genis bir bélgenin
stratigrafik Ozelliklerini inceledikleri, Terzioglu
(1984, 1985a, 1985b, 1986a, 1986b, 1987)nun
bolgedeki volkanik kayaglarin jeokimyasal 6zellikieri
ve kokenini arastirdifi, Boztug (2001) un ise
bolgedeki granitoyidleri inceledigi goriilmektedir.

Bolgedeki maden jeolojisi amagli ilk ayrintili galigma,
Tirk Yugoslav Ekibi (1970), tarafindan yapilmis olup
1 : 25.000 olgekli jeolojik harita yapimi ve on
prospeksiyon nitelifindeki bu caligmada, ydredeki
Ust Kretase'den giiniimiize kadar degisik zamanlarda
olusmus volkanik ve volkano-sedimenter birimler
kaya tirti bazinda 13 farkli birim halinde ayirtlanmig
ve yoredeki cevherlesmelerin Ust Kretase yash
andezit ve bazaltlar icinde damar tipi cevherlesmeler
seklinde olduklar: diigliniilmiistiir.

Kose (1987), yoredeki cevherlesmelerin, damar tipi
Pb-Zn-Cu (Polimetalik) cevherlesmeler olduklarini,
cevherlesmeler cevresinde andezit ve bazaltlarin
bulundugunu, cevherlesmelerin andezit ve
bazaltlardaki KB GD dogrultulu catlaklar icine
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yerlestigini ve birkag fazda olustugunu belirtmektedir.
1. fazda pirit, kalkopirit, sfalerit; 2. fazda kalkopirit,
galen, tetraedrit ve Ag-tetraedrit; 3. fazda kuvars ve
barit gelistigini diisinmektedir. Arastiric, inceleme
alanindaki cevherlesmelerin derinde yerlesmis bir
plitonik kiitle ile iligkili hidrotermal bir olusum
oldugunu diisiinmektedir.

Steinmann ve Emerson (2001), bolgede iki ana damar
sisteminin oldugunu ve cevherlesmelerin bu iki damar
icinde hidrotermel siireglerle gelistigini
belirtmektedirler. Kuzey damariun yaklasik 500m
uzunlugunda ve Zn igeriginin yiiksek oldugunu;
giiney damarninin ise Cu igeriginin yiiksek oldugunu
bildirmektedirler.

Son olarak yoredeki cevherlesmeler Unal (2006)
tarafindan Yiksek Lisans tez ¢ahsmasi kapsaminda
incelenmis olup yataklar ¢evresinde yiizeylenen
kayag tlirlerinin yayilim ve petrografik oOzellikleri,
cevherlesmenin yataklanma sekli, cevher - yan kayag
iligkileri, mineralojik bilesimleri, yapisal - dokusal
ozellikleri, kiikiirt izotoplart jeokimyasi ve sivi
kapanim Ozellikleri incelenmistir. Bu makalede,
belirtilen Yiksek Lisans tezinde belirlenen bulgular
esas almarak yataklarin 6nemli jeolojik dzellikleri ve
stvi kapanimlarinda yapilan mikrotermometrik
incelemeler degerlendirlmeye ve yataklarin olusum
kosullar tartisilmaya ¢aligilmigtir.

Calisma kapsaminda yapilan petrografi, cevher
mikroskopisi ve sivi kapamim incelemeleri
Cumhuriyet Universitesi Miihendislik Fakiiltesi
Jeoloji Miihendisligi Bolimii'nde bulunan Nikon
Labo-Phot tipi polarizan mikroskoplar ve Linkam
THMS-600 ve TMS-92 tipi mikrotermometrik
inceleme sistemleri kullanilarak gergeklestirlmistir.
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GENELJEOLOJIK OZELLIKLER
Bélgesel Jeoloji

Inceleme alani, Dogu Karadeniz Bolgesi'nde,
kuzeyde Karadeniz, glineyde ise Kuzey Anadolu Fay
Zonu arasinda, Ketin (1966) tarafindan tanimlanan
Pontidler Tektonik Birligi iginde kalmaktadir, Dogu
Karadeniz Bolgesi'nde Paleozoyik yash metamorfik
bir temel iizerinde Liyas'tan Kuvaterner'e kadar
degisik yaslarda volkanik ve volkano-tortul birimler
ile yer yer bunlart kesen pliitonik sokulumlar
yiizeylemektedir.

Bolgedeki bu volkanik ve volkano-tortul birimler,
genel olarak Alt Bazik Seri (Liyas-Turoniyen arasi
yasl), Andezitli ve Dasitli Volkano-tortul Seri (Ust
Kretase-Paleosen yash), Ust Bazik Seri (Eosen), Geng
Bazik Seri ve Gen¢ Dayklar (Oligosen-Pliyosen)
seklinde tammlanmaktadirlar. Ancak yer yer degisik
aragtiricilarca formasyon veya liyeler seklinde aynilip
adlandiklart da goriilmektedir. Bunlar i¢ine sokulum
yapmis granitoyidler ise Tersiyer yaslhi granitoyidler
olarak bilinmektedirler.

Dogu Karadeniz Bolgesi'ndeki volkanitlerin bir yay
bolgesi magmatizmasin {iriini olduklan ¢ok sayida
arastiricl tarafindan benimsenmektedir (Ercan ve
Gedik, 1983; Gedik ve dig., 1996; Okay ve Sahintiirk
1997; Yilmaz ve dig., 1997; Boztug ve dig., 2006
gibi). Ancak, Eosen sonrasi gelismis volkanik
faaliyetlerde riftlesme {irtinii olduklarina igaret eden
jeokimyasal veriler elde edilmistir (Terzioglu, 1984,
1985-a, 1985-b ve 1986 gibi).

Yerel Jeoloji

Inceleme alani iginde, tek bir birim olarak, Ust Kretase
yashi volkanikler yiizeylemektedir (Sekil 2). Bu
volkanikler, 1/500000 6lgekli jeoloji haritast {izerinde
“kriiv’ simgesi ile gosterilmig, Akinci (1985)
tarafindan “Dasitik Seri” i¢inde degerlendirilmis,
Terlemez ve Yilmaz (1980) tarafindan inceleme alani
giineyinde Mesudiye Ilgesi cevresinde Mesudiye
Formasyonu olarak, Yilmaz (1995) tarafindan
Sebinkarahisar Dereli arasmda ve Boztug (2001)
tarafindan Bektag Yaylasi ve Cambast yoresinde
Konuklu Formasyonu olarak tanimlamiglardir. Bu
calismada, yore yakinlifi nedeniyle Terlemez ve
Yimaz (1980) tarafindan tanimlanmis Mesudiye
Formasyonu adlamas: tercih edilmis olup aragtiricilar
bu Formasyon'un yasim Senomaniyen-Kampaniyen
olarak belirlemislerdir.
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Sekil2. Akgiiney Cu-Pb-Zn yatagi yakin ¢evresinin jeoloji haritast

Figure 2. Geologic map of the close surrounding area of the Akgiiney Cu-Pb-Zn deposit

Bu volkanikler, cogunlukla masif lavlar halinde iken
yer yer aglomeratik kesimler de gdzlenmektedir.
Ancak bu kisimlar ¢ok i¢ ice olduklarn igin saha
¢alismalar1 sirasinda ayrilarak haritalanmalar:
miimkiin olamamigstir. Aglomeratik kisimlarda
matriksin tifli oldugu ve yer yer tabakalanmanin iyi
gelistidi gézlenmektedir. Masif volkanikler bol
catlakli iken aglomeratik kisimlarda c¢atlaklar
belirsizdir. Bu volkanikler, genellikle yiizeysel
kosullarda ileri derecede bozunmus olup bozunmamig
kisimlarinda yesilimsi gri ve siyah renkli, bozunmus
kisimlarda ise kirli beyaz, sarimsi ve yesilimsi
renklidirler.
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Bu volkaniklerden alinan 6rneklerden yapilan ince
kesitlerin polarizan mikroskop yodntemi ile
incelenmesi swrasinda; plajiyoklas, kuvars, biyotit,
muskovit ve hornblend gozlenmis olup Streckeisen
(1976, 1979) smiflamasina gore andezit olduklar
belirlenmigtir. Orneklerde hipohiyalin porfirik doku
yaygindir. Yer yer akma dokusu (plotaksitik) ve
amigdoloidal doku da gozlenmistir. Ornekler ileri
derecede bozunmus olup, plajiyoklaslar serisitlesmis,
killesmis ve silislesmis, biyotit ve homblendler ise
kloritlesmislerdir. Bozunmanin fazla oldugu
kisimlarda hamur bu minerallere doniliserek cams:i
ozelligini kaybetmigtir. Bazi 6rneklerde yaygmn bir
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bresik doku gézlenmekte olup bu kisimlarda zonda
karbonatlasma ve silislesmeler belirlenmistir.

Yapisal Jeoloji

Uydu gorintileri UGzerinde yapilan
degerlendirmelerde, inceleme alani ¢evresindeki KD-
GB, D-B ve KB-GD dogrultulu gizgisellikler ve bazi
dairesel yapilar isaretlenmistir (Sekil 3). Isaretlenen
dairesel yapilarin 6rtaltd granitoyid sokulumlarina
isaret edebilecekleri dusunulmis ancak isinsal kirik
sitemlerinin bulunmamasi nedeniyle kesin bir sey
sOylenememistir. Bu gorintilerin sahadaki
irdelemelerinde, inceleme alanini kusatan igteki

Sekil 3.

dairesel yapinin masif andezit ve aglomeralarla tifli
ve tdfiti kisimlarin  dokuna@ina karsilik geldigi
seklinde degerlendirilmis, dairenin merkezi kisimlari,
volkanik faaliyetin gelistigi baca kismi olarak
dastndlmastr.

Saha incelemeleri sirasinda, az sayida noktada yapilan
kirik ve gatlak duzlemi dl¢imlerinden hazirlanan gul
diyagramlarinda; dagilimin cok degisik yonlerde
oldugu, yogunlasmis dogrultular dikkate alindiginda
yorenin BKB-DGD dogrultulu sikisma
kuvvetlerinden etkilendigi, olculen eklemlerin de
tansiyon eklemleri oldugu gorulmustir.

Landsat (174/32) uydu gorintileri izerinde inceleme alani yakinlarinda isaretlenmis ¢izgisel ve dairesel yapilar

Figure 3. Lineament and ring-like structures identified on the Landsat images (174/32) ofthe investigation area
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MADEN JEOLOJISI

Yataklarm Dagilimi ve Adlanmasi

Inceleme alani igerisinde, degisik yerlerde Cu-Pb-Zn
cevherlesmeleri gézlenmekte olup tamami andezitler
icindeki fay zonlar boyunca olugmus damar tipi
olugumlar geklindedirler. Haritaya islenebilecek
boyutta olanlari, kuzeyden giineye dogru; D-1, D-2,
D-3, D-4, D-5, D-6 ve D-7 damarlann seklinde
numaralandirtimiglardir (Sekil 2'de gorildigi gibi).
Belirtilen cevher damarlarindan D-2 ve D-3
damarlar;, Ust Umut, Alt Unut, Efe ve Gigli
Ocaklariinda, kuzey damar ve gliney damar adlariyla,
yeralti igletme yontemleri ile isletilmeye ¢aligilmustir.
Digerleri iizerinde ise arama ve inceleme amaciyla
acilmig yarma ve kisa galeri g¢alismalar:
bulunmaktadir.

Dogu Karadeniz Bolgesi, ¢ok sayida Cu-Pb-Zn
yatagmin bulundugu genis bir metalojenik provens
niteligindedir. Bolgede gdzlenen Cu-Pb-Zn yataklari;
Volkanik yankayagl, kuroko tipi masif siilfid
yataklart (VHMS), Granitoyidlerle iligkili porfiri tip
cevherlesmeler (Mo#£Cu), Granitoyidlerin
dokunagmda olusmus kontak metasomatik tip
cevherlesemeler (?7), Granitoyidler ¢evresinde
olusmus damar tipi cevherlesmeler ve
Granitoyidlerden uzak yerlerde, volkanik kayaclar
iginde olusmus damar tipi cevherlesmeler olmak
tizere farkli olusum ve yataklanma sekilleri
gdstermektedirler. Inceleme alam iginde ve yakin
¢evresinde granitoyid sokulumlarinin varhgina isaret
eden ylzlekler gozlenmedigi i¢in inceleme alami
icindeki bu cevherlesmeleri yukarida belirtilen
sonuncu tip cevherlesmelerin 6rnekleri olarak
degerlendirmek miimkiindiir.

Yataklanma Sekli ve Yapisal Ozellikleri

Inceleme alanindaki cevherlesmeler yukarida
belirtildigi gibi andezitler icindeki fay zonlarinda
damar tipi olusumlar seklindedir. Cevher damarlari,
yiizeyde ileri derecede oksitlenmis (hematitlesmis,
limonitlesmis, yer yer malahit ve azurit igeren), sar1
kahverengi renkli zonlar halindedirler.

D-1 damari, Ovagukuru olarak isimlendirilen yerde,
eski yillarda agilmus bir arama galerisinin girisinde
gozlenmekte otup D-B, 80° K konumlu ve 20 cm kadar
kalinligt olan bir damardir. Damar igindeki stlftirli
mineraller ileri derecede oksitlenmis olup sar1
kahverengi renkli bir kuvars damari seklinde
gbzlenmektedir.
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D-2 ve D-3 damarlari, Akgiiney Mahallesi girisinde,
Karlibel mevkiinde yiizeylemekte olup Ust Umut, Alt
Umut, Efe ve Giigli Ocaklarinda, yeralti isletme
yontemiyle isletilen damarlardir. Bu damarlar,
birbirlerine paralel ve K75-80° B, 60° KD konumlu
olup kalinliklar1 20 cm ile 3 m arasinda de@ismektedir.
Damarlarin  yiizeydeki devamliliklari, toprak ve
yogun bitki rtlisti nedeniyle devamliizlenememekle
birlikte igletme galerilerinde dogrultu yoniinde 500 m'
den, egim yoniinde ise 160 m' den daha fazla devam
ettikleri gézlenmistir.

Bu damarlar degisik kotlarda, cevher damar
dogrultularma dik yonde agilmig (cross-cut tipi)
galerilerle kesilip katlar olusturularak; Ust Umut
Ocag1 (kot: 902 m.), Alt Umut Ocagi (kot: 886 m.), Efe
Ocag: (kot: 839 m.) ve Giiglii Ocagr (kot: 766 m.)
olarak adlandirtlmis ocaklarda isletilmistir (Sekil 2 ve
Sekil4).

Galerilerin kuzeybati kisimlarinda tek damar
isletilmis gozikmekte (D-3 damari) ve damarlardan
birisinin (D-2 damarinin) devami izlenememektedir.
Efe Ocagi'nda olugturulmus 766m katindaki
galerilerin giineydogu kisimlarinda, D-2 ve D-3
damarlar birbirlerinden ayri ve birbirlerine paralel
olarak acilmis galerilerde isletilmislerdir (Sekil 4).
Ancak, Gii¢lii Ocagi i¢inde olusturulan 766m kat
galerilerinde yalmizca D-3 daman isletilmis olup bu
katta yapilan tiim aramalara (galeri ve sondaj ile)
kargin D-2 damart bulunamamistir. Galeri i¢lerinde
cevher damarlarini kesen KB-GD dogrultulu faylar
gozlenmekte olup bu faylarin etkisi ile galeri
dogrultularinda, cevher dogrultularina paralel
olmayan degisiklikler gzlenmektedir (Sekil 4).

Cevher damarlar i¢inde, bir tanesi kiigiik kristalli ve
bol piritli, digeri iri kristalli ve makroskobik olarak
pirit, kalkopirit, sfalerit ve galenit iceren iki farkli
yapilt cevherlesme izlenmektedir. I. tip olugumlar, I1.
tip olugumlar tarafindan kesildikleri i¢in I. ve IL. evre
olusumlar olarak diigliniilmiistiir. I tip olusumlar, yer
yer gdzlenmekte olup isletilebilirlik agisindan 6nemli
olmadiklari i¢in genellikle galerilerde topuk olarak
birakilmislardir. II. tip olugsumlar ise galerilerde
isletilen diizenli damarlar halinde olup dogrultulan
boyunca devamlilik gostermektedirler.

Bu cevher damarlari (II. tip olusumlar) iginde
breslesmis yan kaya¢ parcalart ve/veya aglomera
bloklar: ana bilesenler olup cevher ve gang mineralleri
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Sekil4, Akgiliney Cu-Pb-Znyatagi D-2 ve D-3 damarlarinin galeri jeoloji haritast

Figured. Underground geologic map of the D-2 and D-3 veins of the Akgiiney Cu-Pb-Zn deposit.

bunlar arasindaki bosluklarda yer yer birlesip yer yer
ayrilan damarciklar seklinde gbzlenmektedir. Yer yer
farkl yonlerde konumlanmis kilcal damarciklar agsi
yapiya benzer bir yap1 olusturmaktadir,

Cevher damarlarinim st kisimlarmin (839 m.
kotundan {ist kisimlar) galenit ve sfaleritler
bakimindan, alt kesimlerinin (839 m. kotundan derin
kasimlar) ise kalkopirit ve pirit bakimmdan zengin
olduklart gdzlenmektedir. Ayrica kuzey damarm
sfalerit ve galenitce gliney damarin ise kalkopiritce
daha zengin oldugu isletme calisanlarinca ifade
edilmektedir (V. Bayraktarov, 2005, sézli goriisme).

D-4 damarni, Akgiiney Mahallesi'nin kuzeyinde, D-B,
80° G konumlu ve ileri derecede oksitlenmis olarak
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gozlenen bir damardir, Herhangi bir arama ve isletme
calismas: yapilmamigtir. Yiizeydeki gérintimi
bakimindan diger cevher damarlarindan daha limitsiz
gdzitkmemektedir.

D-5 damar, Akgliney Mahallesi'nin glineyinde, eski
yillarda agilmis bir arama ve/veya isletme galerisinin
yakiminda, D-B, 55° K konumlu ve 5-20 cm
kalinligmda limonitli, hematitli ve piritli bir cevher
damaridir,

D-6 damari, Madengdzii Deresi kuzeyinde
yizeyleyen, D-B, 75° K konumlu, 40-45 cm
kalinlifinda, pirit igerigi yiksek bir kuvars daman
seklindedir. Uzerinde herhangi bir inceleme ve
isletme caligmasi bulunmamaktadir.



D-7 damari, Madengdzii Deresi iginde yiizeyleyen,
D-B, 25° G konumlu, 20-30 cm kalinlikta, ¢ok kiiglik
kristalli piritler igeren bir kuvars damart seklindedir.
Uzerinde herhangi bir inceleme ve isletme ¢alismasi
bulunmamaktadir.

Cevherlesmelerin Mikroskopik Ozellikleri

Saha incelemeleri sirasinda tim cevher damarlarinda
yiizeyden, ayrica D-2 ve D-3 damarlaninm igletildigi
galerilerden cevher damarlarini temsil edecek sekilde
Ornekler alimmistir. Bu Orneklerden incekesit ve
parlatmalar hazirlanarak alttan ve {istten aydinlatmali
mikroskop yontemleri ile incelenmistir.

Yiizeyden alinan Ornekler ileri derecede bozunmus
olup genellikle siilfiirlii mineraller yok olmuslardir,

D-2 ve D-3 damarlarinda, makroskopik incelemeler
sirasinda oldugu gibi mikroskopik incelemeler
sirasinda da; birisi kiiglik kristalli ve yalnizca pirit
iceren (énce olugmus) digeri ise iri kristalli ve diger
stilftirlii mineralleri igeren (Gnceki tipi kesen) iki farkli
yapili cevher olusumu belirlenmistir (Sekil 5a).
Birinci tip cevherlesmenin daha 6nce olustugu (1.
evre), ikinci tip cevherlesmenin ise daha sonra
olustugu (II. evre) kabul edilmistir.

Birinci tip cevherlesmeden alinan 6rneklerde cevher
minerali olarak yalnizca pirit, gang minerali olarak ise
kuvars gozlenmektedir. Ikinci tip cevherlesemeden
alinan Orneklerde ise cevher minerali olarak pirit,
sfalerit, kalkopirit, galenit, fahlerz (tennantit), gang
minerali olarak ise kuvars ve kalsit gozlenmistir.

Piritler; her iki tip cevherlesmede de genellikle,
Ozsekilli, nadiren de yan Ozsekilli kristaller halinde
gbzlenen ve en Once olusmus cevher mineralidir.
Galenitler; genellikle 6zsekilsiz, nadiren yar1 6zsekilli
kristaller halinde gdzlenmektedirler. Diger cevher
mineralleri ile olan smur iligkisine gore; galenitler
piritlerden sonra, kalkopirit ve sfaleritlerden &nce
olusmusglardir (Sekil 5b). Kalkopiritler; 6zsekilsiz
bliyiikk kristaller ve sfaleritler i¢inde ¢ok kiigik
boyutlu ayrigimlar halinde gozlenmektedir. Olugum
bakimindan kalkopiritler, sfalerit ve galenitlerle olan
smur iligkilerine gdre dnce ve sonra olmak iizere iki
farkli evrede olusmuslardir (Kalkopirit-I ve
Kalkopirit-II). Kalkopirit-I' ler, sfaleritler tarafindan
omatilmis iken (Sekil 5¢), Kalkopirit-II'ler ise bu
mineralleri kusatmaktadir (Sekil 5d ve 5e). Sfaleritler;
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gri renkli, O6zsekilsiz kristaller halinde
gbzlenmektedirler. Iclerinde kalkopirit kapanim
ve/veya ayngimlar yaygindir (Sekil 5c'de goriildigi
gibi). Sfaleritler, kalsitler tarafindan ornatilmaktadir.
Fahlerz; incelenen parlatma bloklarinda ender olarak,
kalkopirit icinde, galenit kapanimlari ile birlikte
gozlenmekte olup yesilimsi gri renklidir ve orta
derecede refleksiyon gistermektedir (Sekil 51).

Diger cevher damarlarindan alinmis Orneklerden
hazirlanmis parlatmalarda siilfiirli minerallerin
bozunma sonucu yok olduklarn gozlenmis olup
yalnizca D-7 damarindan alman bir 6rnekte cevher
minerali olarak pirit, sfalerit ve galenit, gézlenmistir.
Ayrica ¢atlaklar i¢inde limonit dolgular:
bulunmaktadir.

Cok ender olarak siilfiirlii mineraller i¢inde ve/veya
onlarca g¢evrelenmis kuvars kristalleri gézlenmekle
birlikte genel olarak kuvarslarin silfirli
minerallerden sonra olustugu ve siilfurlii mineralleri
kusatarak aralarindaki bogluklann doldurdugu
gorilmektedir. Kalsitler ise en son olusmus
minerallerdir.

Bulgulara gore; D-2 ve D-3 damarlarinda cevher ve
gang minerallerinin  olugum sirasi; pirit-galenit-
kalkopirit-I-sfalerit-kalkopirit-1I (+fahlerz)-kuvars-
kalsit seklindedir.

SIVIKAPANIM OZELLIKLERI

Ornek Sec¢imi ve Yontem

Sivi kapamimlari, mineraller olusurken kristal yap:
icinde hapsolmus g¢ozeltilerdir. Mineral olugturucu
¢Ozeltileri temsil edici drmekler olduklart igin, sicak ve
soguk sulu ¢ozeltilerden itibaren olusmus
minerallerin ve/veya cevherlesmelerin olusum
kosullarinin ve kdkenlerinin arastiriimasinda oldukea
yararli bilgiler ortaya koymaktadirlar.

Sivi kapanim incelemeleri, cevher damarlarmndan
alinan Orneklerdeki kuvars kristalleri lizerinde
yapilmistir. Orneklerden hazirlanan iki yiizi
parlatilmis 6zel kesitler, Cumhuriyet Universitesi
Jeoloji Mithendisligi Boliimii' nde bulunan ve NIKON
Labophot-pol tipi mikroskoplara monte edilmis,
LINKAM THMS-600 ve TMS-92 tipi 1sitma-
sogutma sisteminde incelenmistir. Incelemeler
sirasinda; ilk erime sicakligi (T,), son buz erime
sicakligt (T,;) ve homojenlesme sicaklign (T,)
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(b) )

Sekil 5. Cevher drneklerinden mikroskopik goriinimler (Ttm goruntuler parlatma bloklarindan tek nikol altinda ¢ekilmistir); a: 1. tip ve Il.
tip cevherlesmelerin birlikte gériniimi, b: Sfalerit (sph) ve kalkopirit (cpy)' lerden 6nce olusmus galenitler (ga), c: Sfalerit (sph)
tarafindan ornatilmis ve kusatilmis kalkopiritler (cpy), d: Sfaleritlerce ornatilmis (cpy-l) ve sfaleritleri kusatan (cpy-II)
kalkopiritler, e: Galenit (ga) ve sfaleritleri (sph) kusatan ve ornatan kalkopiritler (cpy-1l), f: Kalkopirit (cpy) icinde gozlenen
fahlerz (fa) kapanimlari.

Figure 5. Photo-micrographs ofthe ore samples (All views takenfrom polished block undersingle nicol): a: views o ff and I 'ttype ores, b:
galena (ga) formed earlier then sphalerite (sph) and chalcopyrite (cpy), c: chalcopyrite (cpy) replaced and surrounded by
sphalerite (sph), d: early chalcopyrite (cpy-1) replaced by sphalerite and late chalcopyrite (cpy-11) surrounding sphalerite (sph), e:
late chalcopyrite (cpy) replacing and surroundinggalena (ga) andsphalerite (sph),f:fahlor (fa) inclusion in chalcopyrite (cpy)
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Oleglimleri yapilmugtir. Dondurma islemlerinde sivi
azot gazi kullanilmigtir, Calismalara baglamadan 6nce
1sitma sogutma sistemi, negatif degerler icin heptan
(Tm = -90.61°C), pozitif degerler igin ise
potasyumnitrat (Tm = 335.0 °C) kullamilarak kalibre
edilmistir. Kalibrasyon sonrast heptan i¢in Tm degeri
-90.8 °C, potasyumnitrat i¢in ise Tm degeri 334.8 °C
olarak olgiilmiistiir.

Esra UNAL - Ahmet GOKCE

Sivikapanimi incelemesi yapilan rneklerden 2 tanesi
( OC-4 ve OC-5) D-2 (Kuzey Damar) damarindan
diger 6rnekler ise D-3 (Giiney Damar) damarindan
almmugtir. Olgiim sonuglani Cizelge 1' de toplu halde
gbrilmektedir.

Cizelge 1. Birincil ve ikincil kapanimlarda 6l¢tilmiis ilk erime (T,,,), son buz erime (T,,) ve homojenlesme (T,)

sicakligi degerleri
Table 1.
and secondary inclusions.

Firstmelting (T,,,), last ice melting (T,.,) and homogenisation (T,) temprature values measured in primary

RIRINCIH. KAPANIMLAR TKINCILKAPANIMILAR
Graek No lr:;\p:uum Ty °C Tu"C Grnek No g::'m“"" Tiew "C Tu"C
GC4 1 -18
0c4 2 -19
OC-4 3 3040
0C-4 3 305,40
0C4 5 3004
OC 4 3 3090
QCc- 7 2103
0OCH 3 HIE
OC-4 9 3143
ac-5 ! -14 2040 0OC-5 | -17 309.0
0C-s 2 -4 03,0 0C-5 2 18 304.0
OC-5 3 35,0 0C-3 3 13,5
oC-s 4 3020 OC-3 4 72,0
oc-3 5 i3 297.0 QC-5 3 20 265,0
0C-5 [ 304.0 0C-s 6 23 2785
0C-5 7 306.0 OC-s 7 -12 294.0
0C-3 s 200 0C-3s 8 -17 290.0
aC-3 9 -16 291,5 oC-3 [ 284.0
0C-5 10 12 290,58 0C-3 1t -19 2790
OC-5 il -15 280,0
OC-3 12 13 276.0
0C-3 13 -13 2770
0C-3 i4 280.0
OC-7h 1 17 3.0 OC-7h ! 13 279.0
,,,,, OC-7.b 2 -17 3090 2 -13 2810
OC-7.h 3 120
0C-7.b 4 13 3100
0OC-7.b 5 3010
OC-7b 5 3110
OC-7h 7 3130
OC-7b § 14 310.5
OC-7.h 9 -10 3100
OC-7.h 10 -14 3185
OC-7.h 11 31,5
OC-7.b 12 -11 309,
OC-11 I -19 2865 QC-1 1 | 286,0
QC-11 2 -16 2910 OC-11 2 287,0
OC-11 3 -2l 278.0 OC-11 3 291.0
OC-11 4 -18 296.0 0C-11 4 299.0
OC-11 3 2780 OC-11 s 2980
OC-11 3 14 2910 OC-11 6 -1t 203.0
OC-11 7 -13 2935 OC-11 7 258,0
OC-11 s 17 2590 OC-11 8 25,0
OC-11 9 17 2§9.0 OC-11 ] 290,0
OC-11 10 i3 2930 OC-11 1o 90,0
0C-11 i 200.0
OC-11 12 289.0
Qc-11 13 290.0
OC-12.a | 23 05,5 OC-12a | i -13 283.0
OC-12.a 2 2 304,0 0C-12.a 2 -12 3920
QC-12.a 3 3010 OC-12.a 3 2810
OC-12.a 4 <14 295,5
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Cizelge ’indevamu

0cC-13 i -10.5
OC-13 2 <11
0C-13 3 =12
0OC-13 3 -10
QC-13 )
OC-14 i -15 OC-14 i
OC-14 2 -13.5 QC-14 2
QcC-14 3 -15 QC-14 3
OcC-14 4 <14 QC-14 4
QCc-14 3 -14.5 OC-14 ) -i2.5 293,
OC-14 6 -13 OC-14 6 293,0
OC-14 7 OC-14 7 3000
OC-14 8 OC-14 8 -14 3050
OC-14 9 QC-14 9 299.0
QC-14 10 2970
Qc-17 1 -15 2990
0c-17 2 -13 2994
0C-17 3 -14.5 2980
0Oc-17 3 =13 3075
0C-17 3 -13 2990
QC-17 ) -12 3037
Qc-17 7 -13 309.0
ocC-17 3 -13.6 3150
QC-17 9 -13 3180
0OCc-17 10 -13 3100
0C-17 11 3120
0C-17 12 -1} 2100
ocC-17 i3 -1z 3200
OC-17 14 .14 3170
oc-17 15 -13 3240
Qc-17 16 14 3230
0c-17 17 3200
0c-17 18 -12 3260
Oc-17 19 -1l 349.0
Qc-17 20 M0
ocC-17 21 3470
QC-17 22 3490
QC-17 23 3330
0OC-21 ] -19 3100
OC-21 2 -17 3070
OC-21 3 -19 3090
OC-21 4 -17 3140
QC-21 3 -16 3090
QC-21 6 -1l s
oc-21 7 4 3130
ac-21 i -15 3150
OC-24 1 2780 1 <18 2160
OC-24 2 284,0 2 -14
OC-24 3 2820 3 -13 233.0
QC-24 - 2800 4 224.0
0C-24 3 2830 s 2240
0C-24 6 -18 6
0c-24 7 .17 380 ? =20 213,0
OC-24 8 -18 200 8 213.0
k4 219.0
10 216.0
i1 214.0
12 2230
13
I
15
16
17
is
19
20
21 -18
22 -20
23 =22
-14.8299 307.1041 -16.0435 267,6646
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Kapanimlarin Morfolojik Ozellikleri

Kuvars kristalleri i¢indeki sivi kapanimlari, birincil ve
ikincil kapanimlar seklinde gézlenmektedirler (Sekil
6.a ve 6.b). Birincil kapanimlar daha yaygin olup,
kuvars kristalleri icinde duzensiz olarak
dagilmislardir. ikincil kapanimlar ise kuvars
kristallerini kesen catlaklar boyunca dizilmis olarak
gozlenmektedirler. Her iki tip kapanimlar da degisik
dis sekilli (genellikle elips veya armut sekilli) ve iki
fazli (sivi + gaz) kapanimlar seklindedirler.

Boyut olarak, birincil kapanimlar (5-15 pm) ikincil
kapanimlar (genellikle 2.5 pm'den kiicuk, ender
olarak 5|im)‘a gore daha buyukturler. Kapanimlardaki
gaz orani genellikle % 5-10 arasi olup ender olarak %
20" ye ulagmaktadir.

i1k Erime Sicakligi Olgtimleri (TR

Birincil ve ikincil kapanimlarda, -53.5 ile -50.5 °C
arasinda degisen (ort. -52.0 °C) THRM degerleri
Olculmistir. Bu sicaklik degerleri cesitli su - tuz
sistemlerinin oOtektik sicakhiklari ile
karsilastirildiginda “H2-NaCl-CaCl2’ “HD-MgCl2
CaClZ’ ve “HD-KCI-CaClZ’ sistemlerinin otektik
sicakliklari (Shepherd ve dig., 1985; Gokee, 2000,
s.34) ile uyustugu ve hidrotermal ¢ozelti icinde CaCl2
MgCI2 NaCl ve belkili olarak KC1 gibi tuzlarin
bulundugu soylenebilir. Ornek yerlerine ve kapanim
trine gore herhangi bir farklilik bulunmamasi
hidrotermal c¢ozeltilerin icerdikleri tuz bilesiminin
homojen oldugunu gdéstermektedir. Cozelti icinde
CaCl, ve MgCi, gibi tuzlarin bulunmasi hidrotermal
cozeltilerin dogrudan veya dolayli olarak deniz suyu
ile iliskili olduklarina veya denizel c¢okeller icinde
sirkulasyon yaptiklarina isaret sayilabilir.

Sekil 6.

Esra UNAL - Ahmet GOKCE

Son Buz Erime Sicakhgi Olguimleri (TmI®

Birincil ve ikincil kapanimlarda olcilen TmkE
de@erlerinin istatistiksel dagilim grafikleri Sekil 7a ve
7b' de gorilmektedir.

Birincil kapanimlarda TmKEdegerleri; -10.0 ile -23.0
°C arasinda (ort. -15.0 °C), ikincil kapanimlarda ise -
11.0 ile -23.0°C arasinda (ort. -16.0°C) degismektedir.
Bilindigi gibi son buz erime sicakli§i degerlerinden
yararlanilarak c¢ozeltilerin tuzlulugu
hesaplanabilmekte olup Bodnar (1993) tarafindan
gelistirilmis esitlik yardimiyla, bu degerlere karsilik
gelen tuzluluk degerlerinin % NaCl esdegeri olarak;
birincil kapanimlarda %24.34 ile % 13.94 arahijinda
(ort. %18.64), ikincil kapanimlarda ise %24.34 ile
% 14.97 aralhiginda (ort. %19.44) degistigi
belirlenmistir.

Birincil ve ikincil kapanimlar i¢in hesaplamis tuzluluk
degerlerinin birbirine yakin olmasi hidrotermal
¢ozeltilerin tuzlulugunun zamanla degismedigine
isaret etmektedir.

Homojenlesme Sicakhgi Olgtimleri (TH

Birincil ve ikincil kapanimlarda dlc¢illen
homojenlesme sicakligi degerlerinin istatistiksel
dagihm grafikler Sekil 8ave 8b' de goériilmektedir.

Birincil kapanimlarda THdegerleri; 276.0 ile 349.0 °C
arasinda (ort. 307.0 °C) degismektedir. Olgiilen TH
degerleri; kuvars Kkristallerinin olusumu sirasinda
hidrotermal c¢o6zeltilerin sicakliklarinin  349.0 ile
276.0 °C arasinda degistigini gostermektedir. ikincil
kapanimlarda ise THdegerleri; 265.0 ile 309.0 °C (ort.
290.0 °C) ve 211.0 ile 233.0/ °C (ort. 221.0 °C)

)

Kuvars kristalleri iginde g6zlenen birincil (a) ve ikincil (b) kapanimlar

Figure 6. Primary (a) andsecondaiy (b) inclusions in quartz crystals
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Sekil 7. Birincil (a) ve ikincil (b) sivi kapanimlarinda son buz erime (Tice) degerlerinin istatistiksel dagihim garfikleri

Figure 7. Statistical distribution diagrams of the last ice melting (Tice) values in primary (a) and secondary (b) fluidinclusions
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Sekil 8. Birincil (a) ve ikincil (b) s1vi kapamimlarinda homojenlesme sicaklig (T, degerlerinin istatistiksel dagilim garfikleri

Figure 8. Statistical distribution diagrams of the homogenisation temperature (T,) values in primary (a) and secondary (b) fluid inclusions

170




araliklarinda olmak izere iki farkli grup
olugturmaktadir. Bu durum ¢dzeltilerin sicakliklarinin
gec evrelere dogru azaldifina isaret etmektedir.
Olgiilen sicaklik degerlerine gore inceleme alam
icindeki cevher damarlarimin katatermal ve
mezotermal kosullarda olustuklar: gériilmektedir.

Olusum derinlikleri bilinemedigi i¢in T, degerlerinde
basing diizeltmesi yapilamamistir. Bu nedenle,
kapanmimlarda ¢ozeltilerin hapsolma sicakligim
ve/veya kuvars kristallerinin olusum sicakliim
belirlemek miimkiin olamamaktadir. Cozeltilerde
kaynama belirtilerinin gdzlenmemesi nedeniyle en
azindan s6z konusu sicakliklarim, T, degerlerinden
daha yiiksek oldugu sdylenebilir.

Esra UNAL - Ahmet GOKCE

Tuzluluk ve Homojenlesme Sicaklig Iligkisi
Birincil ve ikincil kapanimlarda tuzluluk ve
homojenlesme sicakhg: iliskisi incelendiginde;
homojenlesme sicakligi ok diisiik olan birkag ikincil
kapanim disinda birincil ve ikincil kapanimlarin
dagilim alanlarinin buyik oleiide Ortiigtiikleri
goriilmekte (Sekil 9) olup cevherlesme ortaminda
etkin olan cozeltilerin 6zelliklerinin zaman iginde
fazla degismedigi, bir bagka deyisle birincil ve ikincil
kapanimlari olusturan c¢ozeltilerin aym cdzeltiler
olduklar: sGylenebilir.

Homojenlesme Sicakligl
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Sekil 9.
kapanimlar kullanilmagtir)

Sivi kapanmmlarimin tuzluluk - homojenlesme sicakligi diyagramu tizerinde dagilimlari (T, ve T, degerlerinin birlikte dlgiilebildigi

Figure 9. Distribution of the fluid inclusions on the salinity - homogenisation temprature diagram (prepared using the inclusions which has

bothvalues of T, and T))

SONUCLAR VE TARTISMA

Akgliney bakir-kursun-¢inko yatag:, Dogu Karadeniz
Bolgesi'nde bulunan ve glintimiizde isletilmekte olan
¢ok sayidaki bakir - kursun - ¢inko yataklarindan
birisidir. Bu yataklar, asirt derecede bozunmus Ust
Kretase yash Mesudiye Formasyonu'na ait andezitik
kayaclar iginde fay zonlart boyunca gelismis damar
tipi olusumlar halindedirler.

Yorede 7 adet cevher damari belirlenmis olup D-1,
D-2, D-3, D-4, D-5, D-6 ve D-7 seklinde
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numaralanmuglardir. D-1, D-2, D-3, D-4, D-5 ve D-6
numarali damarlar K 70-80° B, 50 60° KD konumlu,
D-7 damari ise D-B dogrultulu 25° G konumtudur.

Cevher damarlan yiizeyde ileri derecede bozunmus,
sar1 kahverengi renkli zonlar halinde olup D-2 ve D-3
damarlar1 degisik kotlarda cevher dogrultularina dik
yonde stiriilms galerilerle kesilip katlar olusturularak
yer alttigletme yontemleri ile isletilmektedir.
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Cevher damarlarinda breslesmis yan kaya¢ kinntilart
ve aglomera par¢alar ana bilesenler olup galerilerde
birincisi kiigiik kristalli ve bol piritli, ikincisi iri
kristalli ve pirit yaninda kalkopirit, sfalerit ve galenit
iceren iki farkli yapida cevher tanimlanmistir.

I. tip cevherlesme isletilebilirlik agisindan 6nemsiz
olup galerilerde topuk olarak birakilmig, II. tip
cevherlesme ise devamhligmmin iyi olmasi ve
tenoriiniin yiiksek olmasi nedeniyle isletilmistir.

Mikroskobik incelemeler sirasinda I. tip
cevherlesmelerde cevher minerali olarak pirit, gang
minerali olarak kuvars; II. tip cevherlesmelerde
cevher minerali olarak pirit, kalkopirit, sfalerit,
galenit, fahlerz ve limonit; gang minerali olarak ise
kuvars ve kalsit gézlenmistir.

Belirtilen minerallerin birbirleri ile olan smur iligkileri
dikkate alinarak olusum siralarinin (stiksesyon) “pirit-
galenit-kalkopirit-I  sfalerit-kalkopirit-1I (£fahlerz)-
kuvars kalsit” seklinde oldugu belirlenmistir.

Sivi kapamim incelemeleri sirasinda kuvars
kristallerindeki birincil ve ikincil kapanimlarda; ilk
erime (T,,,), son buz erime (Tm,,) ve homojenlesme
sicaklip1 (T,) dlctimleri yapilmis olup Ty, degerleri
(-53.51le -50.5 °C araliginda; ort. -52.0 °C) yardimiyla
hidrotermal ¢ozeltiler i¢cinde CaCl,, MgCl,, NaCl ve
belkili olarak KCI gibi tuzlarin bulundugu, Tm,,
degerleri (birincil kapanimlarda; -10.0 ile -23.0 °C
araliginda; ort. -15.0°C, ikincil kapamimlarda ise -11.0
ile -23.0 °C araliginda; ort. -16.0 °C) yardimiyla
hidrotermal ¢6zeltilerin  tuzlulugunun % NaCl
esdegeri olarak; birincil kapanimlarda % 24.34 ile %
13.94 aralhiginda (ort. % 18.64), ikincil kapamimlarda
ise % 24.34 ile % 14.97 araliginda (ort. % 19.44)
oldugu, T, degerleri yardimiyla hidrotermal
¢Ozeltilerin sicakliginm kuvars kristallerinin olugumu
sirasinda 349.0 ile 276.0 °C arasinda degistigini (ort.
307.0 °C), daha sonraki evrelerde ise 211.0 °C' ye
kadar distiigi belirlenmistir. Diger yandan
kapanimlarin sivi ile doldurulma orami %90
(genellikle % 5-10 aras1 gaz) ve ortalama tuzluluk
degeri % 19 NaCl esdegeri dikkate alinarak
¢ozeltilerin yogunluklarinin 1.09 gr/cm’ civarinda
oldugu hesaplanmustir.
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Siilfiirli minerallerde, sivi kapanim incelemesi
yapilamamig olmakla birlikte, cevherlesmelerdeki
stilfiirli minerallerle kuvarslar: olugturan ¢ozeltilerin
benzer Ozelliklere sahip olduklan varsayilarak
kuvarslarda belirlenen bu ozelliklerin siilfiirli
mineralleri olugturan ¢ozeltiler igin de gegerli oldugu
kabul edilmistir.

Sonug olarak yoredeki yataklarin; fay zonlari1 boyunca
olusmus damar tipi yataklar olduklari, cevher minerali
olarak pirit, kalkopirit, sfalerit, galenit, fahlerz ve
limonit, gang minerali olarak ise kuvars ve kalsit
igerdikleri, sicakliklart 349.0 ile 211.0 °C aralifinda
degisen hidrotermal ¢ozeltilerce olusturulduklarn
belirlenmistir.

Akgliney yataginda belirlenen yukaridaki sonuglar,
yakin dolaylardaki Bulancak (Akmci, 1980b),
Kursunlu (Gékee ve Ozgiineylioglu, 1988; Gokce,
1990a; 1990b), Inler Yaylasi (Gokce ve Bozkaya,
2005ave 2005b) yorelerindeki Cu Pb Zn yataklarinda
belirlenen odzellikler ile karsilastirildiklarinda;
yataklanma sekli, yan kayaglari, mineral icerigi,
yapisal ve dokusal 6zellikleri, hidrotermal ¢ézeltilerin
stcakligy, tuzlulugu ve tuz bilesimi bakimindan thm
yataklarin benzer Ozelliklere sahip olduklar
goriilmektedir.

KATKIBELIRTME

Bu makalenin temelini olugturan Yiiksek Lisans tez
calismas1 C.U. Bilimsel Arastirma Projeleri
Bagskanhgi'nca M-297 nolu proje kapsaminda kismen
desteklenmistir. Saha caligmalar sirasinda Zamanti
Madencilik Sirketi yetkilileri ve calisanlari, biiro ve
laboratuvar g¢alismalari sirasinda ise Omer
BOZKAYA (C.U.), K. Sevki Kavak (C.U.), Ahmet
EFE (C.U)) ve Giilcan BOZKAYA (C.U.) uzmanlik
alanlari ile ilgili konularda yardime: olmuslardir. Bu
kuram ve kisilere katkilar i¢in tegsekkiir ederiz.

EXTENDED SUMMARY

The Akgiiney copper lead zinc deposit is one of the
typical examples of the volcanic hosted vein type
deposits widely found within the Eastern Pontide
region of Turkey and located near Akgiiney Village in
the Kabadiiz District of Ordu Province, on the
topographic map of Giresun (G39-b2 in 1/25000
sacale (Fig. 1).



The ore veins occur along the fault zones developed in

the Upper Cretaceous andesitic volcanics and are

cropt out as as hardly limonitized, yellowish-brownish

quartz veins. The know ore veins are numbered as D-1,

D-2, D-3, D-4, D-3, D-6 and D-7. These veins, except

the last one, are oriented in a N 70-80° W, 50-6(° NE

direction and dip. The last one shows an orientation of
E W,25°S (Fig2).

The D-2 and D-3 veins are the only ones which were
mined during the field investigations of this study.
Mining operations started with cross cutting adits
until the veins are rveached, and continued as wings
along the direction of the ore veins at different levels
(Ust Umut Mine, at 902 m. elevation, Alt Umut Mine;
at 886 m. elevation, Efe Mine, at 839 m.elevation and
Giiclii Mine; at 766 m. elevation), (Fig. 4).

Two different types of mineralization were identified in
the D-2 and D-3 veins. The first type is characterized
by fine grained pyrites, while the second is
characterised by quartz grained texture and a variety
of ore minerals such as chalcopyrite, sphalerite,
galena, fahlor and limonite, besides pyrite (Fig. 5).
The second type of mineralization culs the first one
and is distinguished as early and late stage (Ist. & 2nd
phase) occurrences. Only the second type of
occurrences were mined during the mining
operations, while the second one was lefi as pillars. In
addition, the upper parts of the veins are rich in galena
and sphalerite while the lower parts are rich in
chalpyrite and pyrite. Quartz and calcite are the
gangue minerals and seem to have been formed later
than the ore minerals. The succession of the mineral
paragenesis is determined as pyrite-galena
chalcopyrite (I)-sphalerite-chalcopyrite (II) + fahlor-
quartz - calcite

Fluid inclusion studies were performed on the quartz
crystals collected from the various levels and parts of
the D-2 and D-3 veins. Fluid inclusions are developed
as either irregularly dispersed primary inclusions or
linearly dispersed secondary inclusions along the
small cracks (Fig. 6). Both types of inclusions show
various morphologies (mostly elipsoidal or pear
shaped) and are seen as two phase (liqued + vapor)
inclusions.
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The first melting temperature (I,,) values are
dispersed in the range of -53.5t0-50.5°C (average; -
52.0°C) for primary and secondary inclusions. These
temperature values are very close to the eutectic
temperature of “H,0-NaCl-CaCl,” “H,0-MgCl,-
CaCl,” and "H,0-KCI-CaCl,”, and suggest that the
mineralizing hydrothermal fluid contains the salt of
CaCl,, MgCl, NaCl and possibly Kce.

The last ice melting temperature (Tm,,) values range

Sfrom -23.0t0-10.0 °C (average; -15.0°C) in primary
inclusions while they range from -23.0 to -11.0 °C
(average; -16.0°C) in secondary inclusions (Fig. 7a &
b). The calculated average salinity values for primary
and secondary inclusions are 18.64 % (from 24.34 to
13.94 %) and 19.44 % (from 24.34 t0 14.97 %) NaCl
% equivalent, respectively.

The homogenization temperature (T,) values, which
were not corrected for pressure, range from 276.0 to
349.0°C (average, 307.0°C) in the primary inclusion
while they form two different populations in the
secondary inclusions, in the ranges of “265.0to 309.0
°C (average; 290.0 °C)” and “211.0 to 233.0 °C
(average; 221.0°C) " (Fig. 8a & b).

The presence of CaCl, and MgCl, in inclusion fluids
points to either a direct or an indirect involment of sea
water in the mineralizing fluids or the penetration of
hydrothermal fluids in marinal sedimentary rocks.
The similarity of the salinity values in the primary and
secondary inclusions indicates that the salinity of the
mineralizing fluids did not change during the various
stages of mineralization. In addition, the measured T),
values indicate that the ore veins were formed in
hypothermal and mesothermal conditions. Finally the
plots of the primary and secondary inclusions in the
same areas on the salinity versue homogenisation
temperature diagram indicate that the composition
and temperature of the hydrothermal fluids did not
changeintime (Fig. 9).
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Bu ¢alismada Saros Koérfezi kuzeyinde, kiyinin yaklagik 1 deniz mili agiginda ve 30 m su derinliginde yer alan 17
m yiikseklige sahip Harmantasi denizalti ylkseltisi, burada yiizeyleyen yeralti suyu ile bunlarin deniz suyuna ve
cokele etkisi incelenmigtir. Bunun igin s6z konusu tepeden belirli hatlar boyunca alinan su drneklerinde sicaklik,
tuzluluk, pH, ¢6ziinmils oksijen Ol¢lilmiis ve ¢okel drneklerinde organik karbon, toplam karbonat, agir metal
analizleri (Fe, Mn, Cu, Ni, Zn) ile foraminifer tiir tayinleri yapilmigtir.

Calisilan 4 hat boyunca olgiilen su parametrelerinden yararlanarak belirli noktalarda yeraltt suyu cikisi
belirlenmistir. Olgiim derinliginin yiizey suyu ile orta derinlik suyu arasindaki gegis bolgesinde bulunmasi ve
akint: dongiistinlin ylizey, orta, dip sularinda farkli yon ve hizda olmasi aciga ¢ikan yeraltt suyunun dagilim hiz ve
yoniinii etkileyebilmektedir.

4 hat boyunca alinan yiizey ¢okel drneklerinde organik karbon %0,5-%?2 arasinda degismektedir. Calisilan 41 adet
ornekte CaCO, %6-%83 arahginda Slgiilmiistiir ve ortalamast %44 tiir. Ozellikle merkeze yakin istasyonlarda
bulunan yogun kavkinmn varligi CaCO, in yiiksek konsantrasyonda bulunmasina sebep olmustur. Ancak, denizalti
yiikseltisinin derin kisimlarina dogru CaCO, 1n kaynag: daha ¢ok litojeniktir. CaCO, artisinin oldugu yerlerde
organik karbon diigmektedir. Aynt zamanda karbonatin yiiksek oldugu 6rneklerde cogunlugu kavki olan kum boyu
taneler yogun iken, gamur boyu malzemenin arttig1 istasyonlarda organik karbon artmaktadir.

Metal konsantrasyonlari sedimanter kayag ortalamalari ile uyumludur. Yiizey ¢okellerinde analiz edilen 5 agir
metal (Cu, Zn, Ni, Mn, Fe) ¢alisma alaninda benzer dagilimlar gostermektedir. Calisilan 42 ¢okelin bazilarinda
(6rnegin 1-30, I1-30, 1V-70) belirgin metal artis1 vardir. Her metal kendi i¢inde degerlendirildiginde ise noktasal
farklihiklar belirgindir (6rnegin I-60 istasyonunda Ni yiksek, Zn diisiik konsantrasyonda). Harmantas: denizalti
yilkseltisinin KB bolimii metal igerigi KD'ya gore daha fazladir. Denizalti yiikseltisinin morfolojisindeki
farkhiliklar, kabuklu canlilarin belirli noktalarda yogun olarak bulunmasi, akinti hiz ve yoniindeki farkliliklar agir
metal konsantrasyonunu belirleyen inorganik ¢tkel birikimini etkilemektedir.

Foraminifer tiirlerinden kalker kavkili hauerinid tipler kaynak merkezi ve yakin ¢cevresinde bol olarak bulunmakta
ve kaynaktan uzaklastikca aglutinant kavkili textulariid formlarn gogaldig1 gézlenmektedir.

Anahtar Kelimeler: Agir metal, denizalti tathisu kaynagi, foraminifer, giincel ¢okel, sualti yiikseltisi, Saros
Korfezi
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ABSTRACT

This paper presents a study of the 17 meters high Harmantast submarine hill, located 1 mile offshore and at 30
meters depth in the north of the Saros Gulf, the underwater springs surfacing there and their impact on seawater
and sediments. For this purpose water and sediment samples were taken along lines, and temperature, salinity, pH,
DO and organic carbon, total carbonate and heavy metals (Fe, Mn, Cu, Ni, Zn) were analyzed. Also the
Joraminifer types were determined.

At some specific points along the 4 lines studied, underwater freshwater springs are found with the help of analyzed
water parameters. The measurement depth being between surface water and mid depth water, and the cycle
currents having different directions and speeds on the surface, mid and bottom levels, effect the spreading speed
and direction of the freshwater.

Organic carbon content in surface sediment samples from 4 lines, is at acceptable varies between 0,5%-2%. In41
of the samples, CaCO, is measured between 6%-83% and the average is 44%. Especially intensive shell existence
in the stations close to the center caused higher concentrations of CaCO, However at the lower paris of the
submarine hill the source of CaCO,is more lithogenic. In the stations where an increase in CaCQ,is found, there is
a decrease in organic carbon content. Also in the samples with high carbonate contents, sand-sized grains from
shells are abundant, whereas in the stations with dominant mud sized grains the organic carbon contents are high.

Metal concentrations match well with the average compositions of sedimentary rocks. General distribution of the
3 measured heavy metals (Cu, Zn, Ni, Mn, Fe) are supporting each other. There is metal increase in some of the 42
samples studied (for example I-30, 1I-30, IV-70). Whereas, when each metal is elevated within itself, pointal
differences are clear (for example: in the station 1-60, Ni high, Zn low concentration). Metal contents of the
northwestern part of the Harmantasi submarine hill are relatively higher when compared with those from the
northeastern part. Changes in the submarine hill's morphology are reflected in abundant occurrences of shelled
organisms at some stations, and differences in speed and direction of currents, influence the accumulation of
inorganic sediments, which determines the heavy metal concentration.

From the foraminifer species, CaCO; shelled Haurenid types exist abundantly in spring centers and nearby.
Farther away, aglutinant shell textulariid forms are increased.

Key Words: Heavy metal, submarine freshwater spring, foraminifer, recent sediment underwater hill, Gulf of
Saros

GIRIS kesiklige ugramasi veya yeralti su tablasinin
Denizlerin tath su kazanumi dogal olarak yagmur, ylizeylemesi ile gerceklesir. Vadoz sularin
nehir, buzul ve deniz altindan bosalan yeralti suyu yeryiiziinden siiziilmesi ile olugan yeraltt sulan
aracihigi ile ger¢eklesir. Denizlerin karalardan tatl su karasal ortamda en fazla aliivyon litolojide stiziliir,

kazanimi yaklastk 40.000 km’ kadardir. Bunun kiregtagi gibi kolay eriyen litolojide ise erime
yaklagik 1.500 km’ ii yeralti suyunun deniz kenar: bosluklari veya ¢atlaklardan ilerler.

veya s1g deniz tabaninda bosalimi ile gerceklesir

(Flint ve Skinner, 1974). Ayrica, kent ve endiistriyel Denizalt1 tath su kaynaklar kiyida, kiyiya yakin veya

sivi atiklarimin desarj sistemleri de denize, deniz s1g self alanlarinda gerceklesir. Denizle temasta olan
suyundan cok farkli igerikte sivi bosaltmaktadir. kayalarda yeralti suyu dogal olarak ulagabilecegi en
Ancak, yerel olarak su kalitesini etkileyen bu aktivite dusiik kot olan deniz seviyesine dogru hareket eder.
tatli su 6zelliginden gok, kirletici niteligi ile Gnemlidir. Karstik olmayan ortamlarda bu hareket deniz-kara ara

yiizeyinin her boliimiinde hemen hemen esit miktarda
Yeralti su tablasiin yeryliziinii kesmesi ile olusan (vaygmn olarak), karstik ortamlarda ise akim agaci
kaynak deniz tabaninda da benzer mekanizma ile; yapisindan (ki bu yap: catlakli, kirikli zayif zonlar
taban egimi, litolojinin sonlanmasi-tektonizma ile tercih eder) dolayr akis ancak bazi alanlarda (yerel
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olarak) gerceklesir. Bu durumun dogal bir sonucu
olarak karstik kayalarin denizle temas ylizeylerinde
yerel yeralti suyu bosalimlari olur (Oztan vd., 2004).

Tiirkiye'nin en Onemli karstik kusagi olan Toros
Daglan gliney yamaci yer yer denize kadar ulasarak
jeolojik yapinin uygun oldugu alanlarda denize yeralti
suyu bogalimi yaygin olarak gerceklesmektedir
(Oztan vd., 2004). Akdeniz bélgesinde ilk olarak
Giinay (1965; 1968; 1971), Khout (1977) karstik
alanlardan denize tath su bogsalum ile ilgili
caligmiglardir. Daha sonra Elkhatib, 1987'de Mersin
bolgesinde, 1992'de ise Kag-Kalkan civarinda
calismistir. Kurttas vd. (1999; 2000), Bayart ve
Kurttas (2002) denize bosalan yeralt1 sularin:
kimyasal ve izotopik veriler ile incelemislerdir.
Aydincik-Tagucu dolayindaki denizde tathisu ¢ikislar
Hamarat vd. (1998) tarafindan incelenmistir.

Meri¢, vd. (2002a) Saros Korfezi Harmantas:
Mevkii'nden alinan ¢dkellerde foraminifer tiirlerini
belirleyerek tath su cikist ile ilgili én bulgular
irdelemistir. Meri¢ vd. (2001) Gékeeada s1 deniz
alanlarinda; Meri¢ (1986), Avsar ve Meri¢ (2001a)
[zmir Karaburun Yarimadasi'nda; Meri¢ ve Suner
(1995), Izmit Korfezi, Hersek Burnu-Kara Burun
Kuvaterner istifinde; Meri¢ vd. (2002b; 2003a, b)
Midili Adas1 kiyilarinda, Dikili Kanali'nda ve
Edremit Kérfezi'nde; Meric vd. (2002¢) Bozcaada s1g
deniz alanlarinda yeralti suyu ve/veya termal su
cikisma bagl ortamsal ve biyolojik cesitlilikteki
degisimleri calismslardir.

Tirkiye denizlerinde gerceklestirilen karstik
alanlardan denize tatli su bosalimi benzeri calismalara
cesitli cografyalarda da gerceklestirilmistir. Povinec
vd. (2006) Sicilya gliney batis1 deniz tabaninda
yiizeyleyen yeralti suyunun dzelliklerini, Di Sipio vd.
(2006) Venedik Korfezi'nde yer alti suyu sistemlerini
jeofiziksel bilgiler 1s18inda calismstir. Varnavas vd.
(1999) Yunanistan denizalti termal su cikisinm
cokeldeki etkilerini belirlemislerdir.

Bu ¢alismanin amaci, yeralti suyu kaynaklarinm,
deniz tabaninda, deniz suyu ortaminda a¢ifa
cikmasiyla olusabilecek ortamsal degisimleri ve/veya
ortam Ozelliklerinden etkilenebilme (akmti, derinlik
gibi) derecesini, Saros Korfezi Harmantas: denizalti
yiikseltisi 6rnegiile irdelemektir.
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Saros Korfezi ve Harmantasi Denizalt:
Yiikseltisinin Batimetrisi

Saros Korfezi kuzey ve giineyi asimetrik egime
sahiptir. Kuzey bdlimii daha yumusak egimle
derinlesirken gliney béliimil oldukga dik bir egimle
derinlesmektedir (Sekil 1). Saros Korfezi kiyilarinda
bdlge topografyasi ve litolojisine bagli yer yer falezler
gelismistir (SHOD, 1980). Falezli kiy1 alanlarindan
biri de calisma bolgesinin kuzeyinde yer alan Harman
Tepe'nin denize ulagtig kiy1 bolgesindedir. Bu falez
kiy1 litolojisinin denizde de devam ettiinin dnemli
belirtecidir.

Calisma alani Saros Korfezi'min genel batimetrik
yapisina uymayan bir ylikselti olugturmaktadir (Sekil
1). Saros Korfezi'nin kuzeydogusunda yer alan Saros
Adalart disinda deniz i¢inde Harmantasi denizalt
tepesine benzer yiikselti yoktur (SHOD, 1980).

Kiytya yakin bu cesit deniz alti tepeciklerinin kara
jeolojisinin devami niteliginde olma ihtimali
yiiksektir. Zaman zaman bélge tektonizmasmin da
etkisiyle deniz alt1 yiikseltileri gergeklesir. Denizlerde
tepecik olusumunun ¢esitli nedenleri vardir. Gemi
batigl, su dongiilerinin kesildigi noktalar, kabuklu
organizma yigiginunim fazla oldugu yerler, deniz alti
camur volkanizmasi1 veya kiiclik oleekli volkanik
faaliyetler de deniz alti tepeleri olugturabilir. Ancak,
caligma bolgesinin ¢ok s1§ olmasi, s6z konusu
olusumun kara litolojisi devami ve yerel tektonizma
etkisiyle olustugunu gostermektedir (Sekil 2). Ayrica,
kaynaktan yeralti suyu c¢ikiginm varligi bu goriigii
desteklemektedir (Sekil 3).

Kurt vd. (2000) sismik kayitlarinda calisma
bélgesinin gliney batisinda Miyosen yash sedimanter
birimi ¢okelin en {stiinde ayritlamus daha sonra
Paleojen Ozellikle Eosen yagsh birimleri temel kaya
olarak belirlemiglerdir. Cahlisma alanmmn karaya ¢ok
yakin olmasi, sig denizde yer almasi ve calisma
verileri Harmantasi denizalti tepesinin Miyosen
oncesi ¢okellerden olustugunu desteklemektedir.
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HARMANTASI
Denizalti Yikseltisi

T n—
20 26 30

Sekil 1. Saros Korfezi batimetrisi ve galisma alaninin (Harmantasi denizalti yikseltisi) yer
bulduru haritasi.

AKDENIZ
Figure 1. Bathymetric map ofthe study areashowing location ofthe Harmantasi submarine hill

Derinlik (m)

Sekil 2. Harmantasi denizalti yukseltisinin batimetrisi ve
3 boyutlu gorintisi.

Figire2. Bathymetry of the Harmantasi submarine hill and its
3D-image.
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Sekil 3.

Harmantasi Mevki denizalti yukseltisinde yeralti suyu gikisl.

Figure 3. Discharge ofgroundwater on the submarine Harmantasi mound.

Saros Korfezi ve Harmantasi Denizalti Y Ukseltisi
Cevresi Deniz Suyunun Ozellikleri

Saros Kdorfezi'nde atmosferik kosullardan etkilenen
su, ylizeyden itibaren yaklasik 25 metre derinlige
kadar ulasir ve ylzey suyu olarak isimlendirilir. 30
metre derinlikten itibaren karisim suyu, daha sonrada
atmosferik kosullardan etkilenmeyen dip suyu yer
almaktadir.

Saros Korfezi suyunun mevsimlik ortalama sicakhk
degisimi  Sekil 4'te verilmistir. Buna gore Saros
Korfezi'nde ylzey suyu sicakhgi 10 ila 22 °C arasinda

atmosferik kosullara bagl olarak degismektedir. Yaz
ve sonbahar aylarinda ¢ok belirgin olan termoklin
seviyesi 25-30 m arasindadir. 30 metreden sonra su
sicakhgi 13-16 °C civarindadir ve derinlik arttik¢a bu
aralik daralmaktadir (Meri¢ vd., 2004a). Korfez
suyunun mevsimlik tuzluluk grafigi Sekil 5 te
gorilmektedir. Yizey suyu tuzlulugu mevsimlere
bagl olarak %035,8 ile %037,5 arasinda degismektedir.
25-30 m den itibaren haloklin baslamakta ve 40.
metrelerde dip suyu sabit tuzluluja gecmektedir
(~%038,8) (Eryilmaz ve Ylcesoy Eryilmaz, 2003).

SU SICAKLIGI (<9

8 10 12

14

16 18 20 22

Sekil 4. Saros Korfezi mevsimlik su sicaklig (Eryilmaz ve Ycesoy Eryilmaz, 2003).

Figure 4. Seasonal watertemperature o fthe Saros Gulf (Eryilmaz and Yiicesoy Elyillmaz, 2003).
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TUZLULUK (%)

Sekil 5. Saros Korfezi mevsimlik deniz suyu tuzlulugu (Eryillmaz ve Yiicesoy Eryilmaz, 2003).

Figure 5. Seasonal watersalinity ofthe Saros Gulf (Eryllmazand Yiicesoy Eryilmaz, 2003).

Uzun sireli esen riizgarlara bagh olarak gelisen yerel
akintilar, kuzeydeki Meri¢c Nehri'nin bol yagish
mevsimlerde yogdunluk farkindan dolayr akint
olusturmasi ve Canakkale Bogazi'ndan ¢ikan
Karadeniz suyunun kuzeye dénerek Saros Korfezi'ne
girmesi bolgenin genel akinti yapisini etkileyen
faktérlerdir (Eryilmaz ve Yiicesoy Eryilmaz, 2003).

Calisma bolgesine yakin bir' noktada dort mevsimde,
yizey, 20 metre ve dipten alman akinti verileri Sekil 6
da gorulmektedir. Buna gore kis mevsiminde
derinlige bagh akinti hizi ve yoni degisimi diger

ILKBAHAR YAZ

mevsimlerde godzlenmemektedir. Atmosferik
kosullarin etkiledigi ylizey suyu akinti hizi
beklenildigi gibi en az yaz aylarinda él¢tilmektedir.

Cahisilan 6rneklerin yaz mevsiminde alindi§i goz
Onilne alinirsa bu mevsimde akinti hizi 3-5 cm/sn dir
(Sekil 6). Akinti hizinin en az oldugu bu mevsimde
akintt yont kuzeybati istikametindedir. Yuzey ve
20 m su derinligi arasinda hiz ve yénde énemli bir
degisiklik olmamaktadir. Ancak, kis mevsiminde
ylizey suyu ile 20 metre derinlikteki suda 6lcilen hiz
ve yon degisimi ¢ok fazladir (Sekil 6).

SONBAHAR KIS

Akinti Olgiim Derinligi ve Mevsimler

Akinti yCni (derece) -D-Akinti hizi (cmfsn)

Sekil 6.

Saros Korfezi'nde derinlige baglh mevsimlik akinti dedisimi (Eryilmaz ve Y {icesoy Eryilmaz, 2003).

Figure 6. Seasonal water currents o fthe Saros Gulfin relation to water depths (Eryllmaz and Yucesoy Eryillmaz, 2003).
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Saros Korfezi ve Cevresinin Jeolojisi

Trakya Havzasi ve Saros Kdrfezi'nin olusumu ile ilgili
cok sayida calisma yapilmistir. Ozellikle gecmis
yillarda kara jeolojisi ile yapilan bu calismalar
(Sumengen ve Terlemez, 1991) son yillarda deniz
jeolojisi ile 6n plana ¢ikmistir. Cagatay vd. (1998)
Saros Kdorfezi'nin jeolojik olusumunu kara ve deniz
calismalarini birlestirerek aciklamislardir. Saatcilar
vd. (1999), Kurt vd. (2000), Yaltirak ve Alpar (2002)
Saros Korfezi'nden alman sismik kayitlarla korfezin
tektonik gelisimini, Ege Denizi, Marmara Denizi ve
cevresinde gelisen tektonizmanm Saros Korfezi'ne
etkisini arastirmiglardir. Eryillmaz ve Yucesoy
Eryilmaz (2003) Saros Korfezinin osinografik
oOzellikleri ile glincel ¢okellerini ve Meri¢ vd. (2004a)
Saros Korfezi gincel ¢okellerinde ¢okel dagilimini
haritalayarak foraminifer topluluklarini
belirlemislerdir. Sari ve Cagatay (2001) Saros Korfezi
glincel cokellerinin agir metal dagilimlarini
calismislardir. Ocakoglu vd. (2006) Saros Korfezi dip
cokellerinin sedimantoloj isini incelemislerdir.

Ege Denizi kuzey dogusunda yer alan Saros Korfezi
Kuzey Anadolu Fay Zonu (KAFZ) lizerinde olusan bir

Sekil 7.

grabendir (Sekil 7). Eryilmaz (1996) yapmis oldugu
calismada, Saros Kérfezi'ni ¢evreleyen birimleri Sekil
7 de goruldugi gibi kuzeyde Miyosen-Pliyosen yasli
karasal ile si§ denizel klastik ve karbonat cokeller,
Orta-Ust Eosen yash resifal karbonatlar, Eosen-
Oligosen yash Kesan Formasyonu (konglomera, seyi
arakatkili kumtasi), gineyde yine Eosen-Oligosen
yash Burgaz Formasyonu (kumtasi, Kkiltasi ye
volkanik arakatkili seyi) ile sinirlamistir.

Saros Korfezi'nin olusumunu saglayan fay sistemleri
KD-GB dogrultusunda cesitli derecelerde agilara
sahip aktif ve/veya pasif olup, hem karada hem de
denizde bulunmaktadir (Sekil 7).

Calisilan denizalti tepesinin kuzey-kuzeydogusunda
Oligosen kirectasi, Eosen yasli kirectasmdan Cinarli
Dere ve getirdigi allivyon ile ayriimaktadir. Keza, bu
durum Tiyslz vd. (1998) ve Eryilmaz (1996)
tarafindan KD-GB dogrultulu fay ile desteklenmistir
(Sekil 7). Calisma alaninin hemen kuzeyinde karada
yer alan Cinarli Dere, Harman Tepe sirtlarinin deniz
kenarinda olusturdugu falezlere yakin bir yerde
denize bosalmaktadir.

Saros Korfezi ve cevresininjeoloji ve tektonik haritasi (Eryillmaz, 1996).

Figure 7. Geologic and tectonic map ofthe Saros Gulf(Eryilmaz, 1996).
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ORNEKLEME VEANALIZ YONTEMLERI
Calisma alani Saros Kérfezinin kuzeyinde Toplar
Burnu'nun yaklagik 1 deniz mili agiklarinda yer
almakta ve 30 metre su derinliginde baslayan ve 15
metre su derinligine kadar yiikselen Harmantas: deniz
alt yiikseltisini kapsamaktadir (Sekil 1).

Agustos 2001 tarihinde BUSAS (Bogazigi
Universitesi Sualti Sporlari) katilimi ile 200 metre
uvzunlugunda KB-GD dogrultusunda ve yine 200
metre uzunlugunda GB-KD dogrultusunda yaklagik
5- 10 metre araliklarla 41 adet yilizey ¢okel drnegi
dalgiclar tarafindan almmustir (Sekil 8). Merkez
noktasinda birbirini kesen iki hattan olusan 6rnek
noktalart merkez noktasma gore 1, 11, Il ve IV olarak
adlandiriimistir. GB-KD dogrultusunda yer alan I1 ve
III hatlara karsilik I ve IV, hatlar KB-GD konumludur
(Sekil 8). Ornekler merkezden itibaren 5 veya 10
metre araliklarla alindi@i icin hat numaralart ve
mesafe araliklart ile isimlendirilmiglerdir (6rn. 1-5, I1-
25, 111-100 gibi).

Alman yiizey ¢dkel drneklerinde organik karbon
(Gaudette vd, 1974), toplam karbonat (Martin, 1972)
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Sekil 8. Suveylizey ¢okel drnekleri alim noktalars.

Figure 8. Sampling stations for water and sediments.
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ve agir metal (Fe, Mn, Zn, Ni, Cu) (Loring and
Rantala, 1988; 1992) analizleri yapilmistir. Ayrica 5 gr
ornekte foraminiferlerin tiir tayinleri belirlenmistir.

Dip ¢okel 6rnegi alimi sirasinda, aym hatlardan, deniz
tabanina yakin sudan da 6rnek alinarak (su érekleme
siseleri ile) tuzluluk, ¢ézinmis oksijen, pH wve
sicaklik dlgiilmiistiir. Su sicakligi deniz termometresi
kullanilarak yerinde olglilmistiir. Tuzluluk kloriir
tayini ile gerceklestirilmistir. Coziinmis oksijen
Winkler metodu ile pH ise pH metre ile §l¢tilmistiir.

Ornek Hatlardaki Su Ozellikleri

Sekil 9'da goriildiigi tizere, 11 ve III no'lu hatlardan
olusan dogrultuda merkez noktasma kadar Il hat
boyunca taban suyu sicakligi sabite ¢cok yakmdir
(16,8 °C). Merkez noktasinda 18,5 °C ile pik yapan su
sicakhgi III. hat boyunca 17,5 ‘C civarinda
seyretmektedir. I ve TV no'lu hatlarm olusturdugu
dogrultuda su sicakligr I. hatta sabit iken merkezden
itibaren IV. hatta 30 m'ye kadar yiiksek (17,8 °C)
seyretmekte, sonra tekrar normal deniz suyu
sicakhigina inmektedir. Sekil 10 da dlglilen taban
suyunun sicaklik verilerinin alansal dagilimi
goriilmektedir.
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Sekil9. Omekleme hatlart boyunca dip suyunda sicaklik
degisimi.

Figure9. Change of bottom water temperature along sample lines.
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Figure 10. Distribution ofbottom water temperature in the study area.

Sekil 11 de taban suyunda 6l¢ulen tuzluluk verilerinin
cizgisel degisimi gorulmektedir. I1ve Il nolu hatlarin
tuzluluk verileri %036 ile %037 arasinda salinim
gosterirken, merkez ve I11-60 ve I11-70 noktalarinda
%036 nin altina dismektedir. I-1V hattinda tuzluluk
merkez noktasinda minimuma ulasmaktadir
(9%035,64). Sekil 11 de yer alan hatlar boyunca

tuzluluk degisiminden de goruldugu gibi merkeze
yaklastik¢a tuz konsantrasyonu azalmaktadir. Deniz
suyunun seyrelmesi ile olusan bu diisis merkez
noktasinda sonlanmaktadir. Sekil 12 ise taban
suyundaki tuzluluk deg@isiminin alansal dagihmi
gorilmektedir.

Sekilli. Ornekleme hatlari boyunca dip suyunda tuzluluk degisimi.

Figlre 11. Change ofbottom watersalinty alongsample lines.
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Cahlisma alani dip suyunda tuzluluk dagiimi.

Figure 12. Distribution ofbottom watersalinities in the study area.

I ve Il no’lu hatlar boyunca dip suyunda o6lcilen
¢coziinmis oksijen ve pH degerleri Sekil 13 ve Sekil 14
te verilmistir. Cozinmis oksijen, Harmantasi
denizalti yiikseltisinin taban suyunda 8 ila 2 mg/1 gibi
genis aralik gostermektedir. Ancak calisma alaninda
¢6zunmis oksijen ortalama 6 mg/1 dir. Atmosferle gaz
ahisverisinin fazla oldugu bu su seviyesinde ayni
zamanda fotosentez ile oksijen dretimi de fazladir

ancak dusuk oksijenli yeraltl suyu ¢ikisinin ve organik
yigisimin fazla oldugu noktalarda, deniz suyunda
¢Ozinmis oksijen miktari dismektedir. Calisilan
noktalarda pH 7,5 ile 7,75 araliindadir. pH deniz
suyunda ortalama 7,8 kabul edilir ve degisim arahgi
7,5-8,4 tur. Deniz suyunda pH'l etkileyen en dnemli
etken ise sudaki ¢6ziinmis karbondioksitir (Mutluay
veDemirak, 1996).

Figure 13. Distribution ofdisolved oxygen in bottom waters o fthe study area.
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Figure 14. Distribution ofpH values in bottom waters ofthe study area.

Harmantagsi Bentik Foraminifer igerigi

46 ¢okel orneginde foraminifer tayini yapilmistir.
Buna gore foraminiferlerden 37 familya, 31
altfamilya, 63 cinse ait Lagenammina fusiformis
(Williamson), Hyperammina friabilis Haake,
Ammodiscusplanorbis Hoglund, Reophax scorpiurus
Montfort, Ammoscalaria pseudospiralis
(Williamson), Spiroplectammina sagittula
(d'Orbigny), Eggerelloides scabrus (Williamson),
Textularia bocki Héglund, T. truncata Hoglund,
Connemarella rudis (Wright), Spirillina vivipara
Ehrenberg, Vertebralina striata d'Orbigny,
Nubecularia lucifuga Defrance, Adelosina cliarensis
(Heron-Allen ve Earland), A. duthiersi Schlumberger,
A. elegans (Williamson), A. mediterranensis (le
Calvez J. ve Y.), A. partschi (d'Orbigny), A. pulchella
d'Orbigny, Spiroloculina angulosa Terquem, S
depressa d'Orbigny, S. dilatata d'Orbigny, S. excavata
d'Orbigny, S. ornata d'Orbigny, S. tenuiseptata Brady,
Siphonaperta aspera (d'Orbigny), S. irregularis
(d'Orbigny), Cycloforina contorta (d'Orbigny), C.
villafranca (le Calvez, J. ve Y.), Lachlanella bicornis
(Walker ve Jacob), L. undulata (d'Orbigny), L.
variolata (d'Orbigny), Massilina gualtieriana
(d'Orbigny), M. secans (d'Orbigny), Quingueloculina
berthelotiana d'Orbigny, Q. bidentata d'Orbigny, Q.
disparilis d'Orbigny, Q. jugosa Cushman, Q.
laevigata d'Orbigny, Q. lamarckiana d'Orbigny, Q.
limbata d'Orbign, Q. seminula (Linné), Miliolinella
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elongata Kruit, M. semicostata (Wiesner), M.
subrotunda (Montagu), M. webbiana (d'Orbigny),
Pseudotriloculina laevigata (d'Orbigny), P. oblonga
(Montagu), P. rotunda (d'Orbigny), P. sidebottomi
(Martinotti), Triloculina bermudezi Acosta, T
marioni Schlumberger, T plicata Terquem, T
schreiberiana d'Orbigny, T. tricarinata d'Orbigny,
Sigmoilinita costata (Schlumberger), Articulina
carinata Wiesner, Lenticulina cultrata (Montfort),
Lagena striata d'Orbigny, Polymorphina sp. 1,
Polymorphina sp. 3, Fissurina sidebottomi Buchner,
Brizalina spathulata (Williamson), B. striatula
(Cushman), Cassidulina carinata Silvestri,
Globocassidulina subglobosa (Brady),
Rectuvigerinaphlegeri Le Calvez, Bulimina elongata
d'Orbigny, B. marginata d'Orbigny, Reussella
spinulosa (Reuss), Valvulineria bradyana (Fomasini),
Eponides concameratus (Williamson), Stomatorbina
concéntrica (Parker ve Jones), Neoeponides bradyi
Le Calvez, Gavelinopsis praegeri (Heron-Allen ve
Earland), Neoconorbina terquemi (Rzehak),
Rosalina bradyi Cushman, R.floridensis (Cushman),
R. globularis d'Orbigny, R. obtusa d'Orbigny,
Pararosalina dimorphiformis McCulloch,
Conorbella imperatoria (d'Orbigny),
Planoglabratella opercularis (d'Orbigny), Siphonina
reticulata (Czjzek), Discorbinella bertheloti
(d'Orbigny), Cibicides advenum (d'Orbigny),
Lobatula lobatula (Walker ve Jacob), Cyclocibicides
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vermiculatus (d'Orbigny), Planorbulina
mediterranensis d'Orbigny, Cibicidella variabilis
(d'Orbigny), Acervulina inhaerens Schultze,
Planogypsina acervalis (Brady), P. squamiformis
(Chapman) Sphaerogypsina globula (Reuss),
Asterigerinata adriatica Haake, 4. mamilla
(Williamson), Nomnion depressulum (Walker ve
Jacob), Astrononion stelligerum (d'Orbigny), Melonis
pompilioides (Fichtel ve Moll), Pararotalia spinigera
(Le Calvez), Ammonia compacta Hofker, A.
parkinsoniana (d'Orbigny), A. tepida Cushman,
Challengerella bradyi Billman, Hottinger ve Oesterle,
Cribroelphidium poeyanum (d'Orbigny),
Porosononion subgranosum (Egger), Elphidium
aculeatum (d'Orbigny), E. advenum (Cushman), E.
complanatum (d'Orbigny), E. crispum (Linné), E.
depressulum Cushman, E. macellum (Fichtel ve
Moll), E. pulvereum Todd gibi 111 tir tanimlanmustir.

Aglutine foraminiferler 10 familyaya ait 12 tiir ile
temsil edilmis olup, Lagenammina fusiformis
(Williamson), Reophax scorpiurus Montfort,
Spiroplectammina sagittula (d'Orbigny),
Eggerelloides scabrus (Williamson) ve Textularia
bocki Hoglund 6rnek olarak gosterilebilir. Kalkerli
foraminiferler ise 21 familyaya ait 99 tiir ile temsil
edilmistir.

Foraminifer cins ve tiirlerinin belirlenmesinde
Loeblich ve Tappan, (1988, 1994), Cimerman ve
Langer (1991), Hottinger vd. (1993), Sgarella ve
Moncharmont-Zei (1993), Hatta ve Ujiie (1992),
Yassini ve Jones (1995), Hayward vd. (1999), Avsar
ve Merig (1996, 2001a, 2001b), Avsar (1997, 2002),
Avsar vd. (2001), Meric ve Avsar (1997, 2001), Avsar
ve Ergin (2001), Meri¢ vd . (1995, 2001, 2002a,
2002b, 2002c; 2003 a, 2003b; 2004a, 2004b, 2004c¢,
2004d,2005) gibi caligsmalardan yararlaniimastir.

Kaynak/kaynaklarin sular1 kiregtas: catlak ve
bosluklarindan ilerlerken biinyesine yiliksek oranda
CaCO, almaktadir. Denizalti yiikseltisi kara
litolojisinin devami oldugundan bu alandaki kirmntils
inorganik ¢okeller cogunlukla agik renkli kirectagidir.
Kaynak merkezi ve yakin ¢evresinde kalker kavkily
hauerinid tipler bol olarak bulunmaktadir. Hauerinid
tiplerde (kalkerli testler) kabuklar kirecli maddeden
yapilmustir. Dig gériiniisleri beyaz ve porselen gibidir.
Bu kabuk olusumu organizmanin sudan aldig: kire¢
ile olusturdugu kabuk c¢esididir (Tagsman Ribnikar,
1975).
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Caligma alaninda kaynaktan uzaklagtik¢a aglutinant
kavkili textulariid formlarin ¢ogald:ig:
gozlenmektedir. Aglutinant kavkili (arenase testler)
foraminiferlerin dis kabuklar: irili ufakli tanelerden
yapilmustir. Bu taneler hayvanin ¢evresinden topladig:
yabanci maddelerdir. Karbonat ¢okelme ortaminda
yasayan aglutinant kavkili foraminiferler caligma
bolgesinde oldugu gibi ¢oguniukla kalsit tanelerini
kabuklarina almaktadir (Merig, 1983) ve taneler
kalkerli ¢imento ile birlesmektedir.

Kaynak merkezi ve yakin ¢evresinde yeraltisularinin
biinyelerinde getirdikleri yogun CaCO, bu civarda
kalker kavkili foraminiferlerin ¢ogalmasina olanak
saglarken, kaynaktan uzaklastik¢ca suyun
blinyesindeki CaCO, azalmasiyla Aglutinant kavkils
foraminiferler artmaktadir.

Yiizey Cokel Orneklerinin Jeokimyasal Ozellikleri
42 vyizey ¢okel 6meginde yapilan analizlerin
ortalama, minimum ve maksimum sonuglar Cizelge 1
de, alansal dagilimlari ise Sekil 15, 16, 17, 18, 19, 20
ve 21'de yer almaktadir.

(Cokel 6rneginde CaCO, ortalamasi %44 olup, %83 ile
%6 arasinda degismektedir. Merkezde %78 olan
CaCO, merkeze yakin istasyonlarda ylksektir. Bu
yliksek degerler CaCO, kavkilarm ve tabanin kiregtasi
yapisindan kaynaklanmaktadir, Sekil 15'te goriildiigi
gibi karbonat yilizdesi merkezden disa dogru
azalmaktadir. Yiizey ¢okel orneklerinde organik
karbon miktarlari %2,01 ile %0,52 arasinda
degismekte olup ortalamasi %0,94 tiir. Yeralt: suyu
gikismin oldugu yerlerde organik karbon diisiik
seviyelerde olmasina ragmen hemen yakinindaki
istasyonlarda yiliksek olabilmektedir (Sekil 16).
Bunun en 6nemli nedeni ¢6kel yiizdesinin yiiksek
oranda kavki i¢ermesidir. Organizmalarin organik
kisymlart Sliimiinden sonra oksijenle kisa zamanda
parcalanarak kaybolmakta, geriye kalan kavkilari
CaCO, birikimini olusturmaktadir.

Agirmetal analizlerinden elde edilen sonuglar Cizelge
1'de en yliksek, en diisiik ve ortalama konsantrasyon
olarak ve Sekil 17, 18, 19, 20, 21 de grafik olarak
verilmistir. Cizelge 1, aym zamanda ¢alisilan
orneklere ait metal verilerini ortalama seyl, kiregtas:
vb bilesimleri ile karsilagtirmalt olarak
gostermektedir. Bu verilere gore, Harmantas:
denizalt1 yiikseltisi ylizey ¢okellerinin Cu, Zn, Ni, Mn
ve Fe miktarlar1, ortalama magmatik ve sedimanter
kayaclar bilesimine benzemekte ve bu nedenle
jeolojik normal diizeydedirler.
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Sekil 15.  Calisma alani ylizey ¢okellerindeCaCO, miktar dagilimi.

Figitre 15. Distribution 0fCaCO, contenis insurface sediments ofthe study area.

Sekil 16.  Calisma alani ytizey ¢okellerinde organik karbon miktar dagilimi.

Figure 16. Distribution oforganic carbon contents in surface sediments o fthe study area.
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Sekil 17.  Calismaalani ylizey ¢okellerindeFe dagilimi.

Fignre 17. Fedistribution insurface sediments ofthe study cirea.

Sekil 18.  Calismaalani yiizey ¢okellerinde Mn dagilimi.

Figure 18. Mn distribution insurface sediments o fthe study area.
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Sekil 19.  Calismaalani ylizey ¢okellerinde Zn dagilimi.

Figure 19. Zndistribution insurface sediments ofthe study area.

Sekil 20. Calismaalani yiizey ¢okellerinde Ni dagilimi.

Figire 20. Ni distribution insurfacesediments ofthestudy area.
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Figure21. Cudistribution insurface sediments ofthestudy area

Cizelge 1. Hannantasi denizalti yikseltisi yuzey ¢okellerinde agir metal, kalsiyum karbonat ve organik karbon konsantrasyonlari ve diger
calisma verileri ile karsilastiriimasi.

Tablel  Heavy metal, CaCO,, and organic carbon concentrations of surface sediments from the Hannantasi submarine hill in
comparison with datafrom other studies.

Cu (ppm) Zn(ppm)  Ni (ppm) Mn (ppm) Fe (%) CaC03(%) Corg (%)
<1-28 9-60 6-77 83-239  0,21-2,17 6-83 0,52-2,01
10 24 33 167 0,91 44 0,94
7,17 31,99 24,08 275,06 1,47 59 1,95
19 73 60 452 2,79 3,8-68,8 0,35-2,4

50 90 80 850 4,70

5 16 2 50 0,98 i
4 20 20 1100 0,38
55 70 75 950 5

. Hannantasi denizalti tepesinden alman 41 ylizey ¢dkel érneginin sonug araligr.

. Hannantasi denizalti tepesinden alinan 41 yiizey ¢okel drneginin ortalamasi.

. Sar1 ve Cagatay (2001) Hannantasi denizalti tepesine en yakin istasyon (11) ¢okel sonuclari.
. Sar1 ve Cagatay (2001) Saros Korfezi yiizey ¢okelleri ortalamasi.

. Ortalama seyi (Krauskopf, 1985).

. Ortalama kumtasi (Turekian and Wedepohl, 1961).

. Ortalama Kirecgtasi (Turekian and Wedepohl, 1961).

. Ortalama magmatik kaya¢ (Turekian and Wedepohl, 1961).
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Alansal dagilimda Fe, Mn, Zn ve Ni
konsantrasyonlar1, 6zelikle I-25 m, I-30 m ve II-25 m
araliklarinda yogunlagmaktadir. Bunun Oncelikli
sebebi ¢okelin daha fazla ¢amur tane boyu
icermesidir. Metal miktarinin yeraiti suyu ¢ikis1 olan
noktalarda diigiik konsantrasyonda olmasi buralarda
kabuklu organizmalarin bollugu ile izah edilebilir ki
bu da yiksek enerjili bir ortama ve karbonatga zengin
bir zemine isaret edebilir. Agwr metal miktarlarindaki
art1g I ve II no'lu hatlarda belirgindir. Bu hatlarin yer
altt su ¢ikigindan etkilenmedigi veya ¢ok az
etkilendigi deniz suyunun sicaklik, tuzluluk
parametrelerinden de anlagilmaktadir (Sekil 10 ve
Sekil 12).

Akinti verilerinden de takip edilecegi gibi akint1 yonil
¢oguniukla kuzeybati olan bélgede denizalt
yiikseltisinin agik denize bakan tarafinda olan I ve IT
no'lu hatlarin ince malzeme tutumu daha fazladur.

SONUC

Harmantasi Mevkii denizalti yiikseltisi KD-GB
istikametinde yanal atimli bir fayin 6telemesi ile kara
kiitlesinden uzaklagmigtir. Catlak ve bosluklardan
ilerleyen s1§ yeralt1 suyu denizalt1 yiikseltisinin belirli
noktalarinda denize bosalmaktadir. Anakara kiitlesi
ile denizalt1 yiikseltisini olusturan birimlerin kirectasi
oldugu da dikkate alinarak cikan yeralti suyunun
kaynaginmm yakm karasal beslenme ile saglandig:
anlagiimaktadir.

Olgiim hatlant boyunca belirli noktalardan cikan
suyun stcakbik ve tuzluluk wverileri de bunu
desteklemektedir. Ayrica, foraminifer toplulugunda
go6zlenen kalker kavkili hauerinid tipler bol olarak
bulunmas1 ve kaynaktan uzaklastikca aglutinant
kavkilt textulariid formlarin ¢ogalmasi; keza CaCO,
dagihimmin merkezden disa dogru azalmasi da bu
goriigii desteklemektedir. Agir metal miktarlarinda
zenginlesme gorillmemektedir. Caligma alaninin si1§
glincel denizel ¢okelleri karasal ayrigma tirlinil harig
denize metal girdisinin olmadifma isaret etmektedir.
Metalin bolca baglanabilecegi birikebilecedi ¢camur
tiri ¢okelin de simrlt olmas: metal miktarinmn
artmasinl engellemistir. Kaynak c¢ikisindaki suyun
metal birikimine etkisi yoktur.
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EXTENDED SUMMARY

The study area is a submarine hill (the Harmantepe
Hill) located in the north of the Saros Gulfwhere shore
lithology also continues in the sea.

The surface water in the Saros Gulf is affected by
atmospheric conditions reaching down to a depth of
25 m. Between 25-30 m there is mixed water and
below that is deep water which is not effected by
atmospheric conditions.

The Saros Gulf is situated in the northeast of the
Aegean Sea that is a graben formed on the North
Anatolian Fault Zone (NAFZ). The fault systems that
created the Saros Gulf, stand on the NE-SW direction
at different angles. They are either active or passive
and exist both on land and in the sea.

The study area comprises the Harmantast submarine
hill vising from the surrounding bottom at a depth of
30 m. to the peak at a depth of15 m, which is 1 mile off-
shore of the Toplar Burnu in the north of the Saros
Gulf. In August 2001, in cooperation with Bogazigi
University Underwater Sports Club (BUSAS), 41
surface sediment samples were taken at 5-10 m.
intervals on both the 200 meters length NW-SE
direction and the 200 meters length NE-SW direction.
The surface sediment samples were analyzed for
organic carbon (Gaudette et al, 1974), total carbonate
(Martin, 1972) and heavy metal (Fe, Mn, Zn, Ni, Cu)
(Loring and Rantala, 1988; 1992) contents. Also 5 g
of subsamples was used to determine foraminifera
species. While obtaining surface sediment samples in
the sea, 56 water samples from bottom were taken and
temperature, salinity, dissolved oxygene and pH were
measured.

As seen from Figure 9, water temperature is highest
(18,5 °C) at the center of the study area, and it
decreases to a constant value (16,8 °C) along line II.
Along line Ill, water temperatures are slightly higher,
at around 17,5 °C. Along line I, water temperature is
constant at about 16,7 °C which increases to 17,8 °C in
partofiinelV.

Salinity values in lines II and III vary between 36%o
and 37%o but at the center point and at points 1II- 60
and III- 70 they fall below 36%o. Along lines I-IV
salinity falls to a minimum at the center point (35,64
%a). As seen from these salinity changes, salinity
concentrations generally decrease at the center.
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From 46 sediment samples, 111 species of
Sforaminifers were identified which belong to 37
Samilies, 31 subfamilies and 63 genus. Aglutine
foraminifers are represented by 12 species belonging
to 10 families and limestone foraminifers by 99
species belonging to 10 different families.

When spring water flows through limestone cracks
and caves, high levels of CaCQO, are dissolved. Since
the submarine hill is a part of the land lithology,
clastic inorganic sediments in this area are usually
light colored limestone. It is observed that in the area
near the submarine spring, limeshelled hauerinid
types exist abundantly, whereas aglutinant shelled
textularid forms increase with increasing distance
from the center.

High levels of CaCO, at the center and nearby are
derived from shells. Getting farther away from the
center, carbonates are composed of inorganic
limestone. Organic carbon concentrations in the
shallow, high oxygened area are low. The organic
carbon content is at the lowest level in the fresh water
spring area (Figure 16). The most important reason
Jor this is the presence of high levels of shells in the
sediment,

Metal concentrations in the samples studied are below
the average shale and limestone concentrations. At
the I-25, I-30 and 1I-25 intervals, Fe, Mn, Zn, Ni
concentrations increase due to the presence of a large
amount of mud grain size in the samples. The sea
water temperature and salinity parameters are not
much affected by fresh water springs (Figure 10 and
12). As seen from current data, the direction of the
prevailing current in the region is northwest.

The submarine hill in Harmantas: Region is separated
Jfrom the base land by a NE-SW directional fault line.

Shallow spring water, flowing through cracks and
caves, surfaces in the sea from some specific points of
the submarine hill. Tuking into consideration that both

the lithological unit of the base land and the
submarine mound is limestone, it is understood that
Sfreshwater surfacing from the submarine mound feeds

from base land.

Temperature and salinity data of the water samples

support this idea. Further support comes from the
limestone shelled haurenid types which exist
abundantly at spring points, while there is an increase
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of agglutinant shelled textulariid forms as one moves
away from the springs, therefore the decrease in
CaCO, distribution from the center to the periphery
also supports this interpretation. Increase of the heavy
metal concentration is not observed. Materials
existing in low levels in fine grain size caused the
metal concentration to be low. Also spring water does
not have any effect on metal accumulation.
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TURKIYE JEOLOJI BULTENI
YAZIM KURALLARI
Yazlarm hazirlanmasi

TURKIYE JEOLOJI BULTENI'nin yaymn dili Tiirkge ve Ingilizce'dir. Tiirkge makalelerde "Extended Summary",

Ingilizce makalelerde ise "Genisletilmis Ozet" verilmelidir. Yazarlarin ana dillerinin Tiirkge olmamasi durumunda, yazilarm
baghig1 ve dzeti ile ¢izelge ve sekillerin basliklan Editdrlikge Tilirkgeye gevrilir. Ana dili ingilizce olmayan yazarlara, yazilarm
Editorliige gondermeden dnce, gramer ve {islup agisindan, ana dili Ingilizce olan bir kigiden katki almalar: 6zellikle dnerilir.
Hazirlanan makaleler orijinal ve daha 6nce basilmamis aragtirma, yorum ya da her ikisine ait sentezi igermeli, veya teknik not
niteliginde olmahdir. Yazmin génderilmesi, daha dnce basilmams veya bagka bir yerde incelemede olmadigin: gdsterir.

(a)
(b)

©
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®
(m)
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Yazilar, agagida verilen diizen ¢ergevesinde hazirlanmalidir.

Bashk (Tiirkce ve Ingilizce)

Yazar adlar (koyu ve tamami biiyiik harfle) ve adresleri (italik ve kii¢iik harfle) ile bagvurulacak
yazarmn E-posta adresi

Oz (Tiirkge ve Ingilizce)

Anahtar Kelimeler (Tiirkge ve Ingilizce)

Giris (amag, kapsam ve ydntem)

Ana metin (kullanilan yéntemler, ¢alisilan malzemeler, tanimlamalar, analizler vd.)
"Tartiyma ve Sonuglar" veya "Tartisma ve Oneriler"

YExtended summary"/"genisletilmis dzet"

Katki Belirtme (gerekiyorsa)

Kaynaklar

Cizelgeler

Sekiller Dizini

Sekiller

Levhalar (var ise)

Metinde kullanilan degigik tlirde basliklar farkli gekillerde ve tiim bashklar sayfanin sol kenarinda verilmelidir. Ana

baghklar biiyiik harflerle ve koyu yazilmahdir. Ikinci derece bagliklar alt baglik olarak degerlendirilmeli ve birinci ve ikinci derece
alt baghklar kiigilk harfle (birinci derece alt bashiklarda her kelimenin ilk harfi bitytlik) ve koyu, liglincii derece alt basliklar ise italik
olmahdir, Bagliklarm Oniine numara veya harf konulmamalidir. Yazilar (8z, metin, katk: belirtme, kaynaklar, ekler ve sekiller
dizini) A4 (29.7 cm x 21 cm) boyutundaki sayfalarin bir yiiziine, kenarlardan en az 2.5 cm bogluk birakilarak, 1.5 cm arahikla ve 12
puntoyla (Times New Roman) yazilmali, ayrica tiim sayfalara numara verilmelidir.

Bashklar su sekilde olmahdur:

oz

ABSTRACT

GIRIS

ANABASLIK

Birinci Derece Alt Baghk
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ikinci derece alt baghk
Ugiineii derece alt bashik
SONUCLAR VE TARTISMA
GENISLETILMIS OZET
KATKIBELIRTME
KAYNAKLAR

Kapak Sayfasi
Yazidan ayr olarak sunulacak kapak sayfasinda asagidaki bilgiler yer almalidir.
a.  Yazinbashg:
b.  Yazar(larjinad(lar)i (ad ve soyadi kisaltilmadan)
c. Tiim yazarlarin agik posta ve e-mail adresleri (Bagvurulacak Yazar belirtilerek). Bagvurulacak yazarm faks ve telefon
numaralar da ayrica belirtilmelidir.

Baghk ve Yazarlar

Yazinn basligi, ¢alismanin igerigini anlagilir gekilde yansitmalidir. Eger yazi Tiirkge hazirlanmigsa, Tiirkge bashigi (koyu
ve kelimelerin ilk harfleri biiyiik harf olacak sekilde) Ingilizce baslik (italik ve kelimelerin ilk harfleri biiyiik harf olacak sekilde)
izlemelidir. Ingilizce hazirlanmug yazilarda ise, Ingilizce baglik Tiirkge bagliktan dnce ve yukarida belirtilen yazim kuralina gore
verilmelidir.

Yazarlarailiskin bilgi ise agagidaki 6rnefie uygun olarak verilmelidir:

Ahmet Ahmetoglu Ankara Universitesi, Mithendislik Fakiiltesi, Jeoloji Mithendisligi Boliimii,
Tandogan 06100 Ankara
A. Hiisnii Hisniioglu MTA Genel Miidiirliigd, Jeolojik Etiidler Dairesi, 06520 Ankara

(e-posta: husnuS6@mta.gov.tr)

0z

Oz, galigma hakkinda bilgi verici bir igerikle (galigmanin amact, elde edilen baslica sonuglar) ve 300 kelimeyi agmayacak
sekilde hazirlanmalidir. Ozde kaynaklara atifta bulunulmamahdir. Ozier, hem Tiirkge hem, Ingilizce olarak verilmelidir. Tiirkce
hazirlanmis yazilarda Oz'den sonra "Abstract” (italik) yer almali, Ingilizce yazilarda ise italik yazilmis Tiirkge Oz Abstract's
izlemelidir.

Anahtar Kelimeler

Oz ve Abstract'm altinda en az 2, 7 kelimeyi asmayacak sekilde ve yazinin konusunu yansitan anahtar kelimeler Tiirkge ve
Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiigiik harfle (ilk anahtar kelimenin ilk harfi bityiik) yazilmali ve
aralarima virgiil konmalidir. Teknik Not ve Tartigma tiirl yazilarda anahtar kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIS OZET

Genisletilmis 6zet 2500 kelimeyi gegmemelidir. Ancak makalenin 6z/abstract kismindan daha genis hacimli olmalidir.
Genisletilmis 6zet kisminda yeni bir sekil ve ¢izelge verilmemelidir. Ancak makalede kullanilan sekil ve gizelgelere bu kisimda
atif yapilabilir. Ayni sekilde, makale iginde atif yapilan kaynaklara da gerektirdiginde bukisimda atif yapiimahdar.

KATKIBELIRTME

Katlka belirtme, kisa olmali ve tesekkiir edilecek olanlar ¢aligmaya en O6nemli katkiyr saglayan kigilerin ve/veya
kuruluslarin adlariyla sinirlandinlmalidir. Tegekkiir edilecek kisilerin agik adlart unvanlan belirtilmeksizin verilmeli, ayrica bu
kisilerin gérevli olduklar kurum ve kuruluslarin adlar1 da eklenmelidir.

DEGINILEN BELGELER
(asagidaki 6rneklerile kesinlikle uyumlu olmalidir)
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(a) Siireliyayinlar:
Hoek, E. ve David, M., 1990. Estimating Mohr - Coulomb friction and cohesion values from Hoek - Brown failure
criterion. International Journal of Rock Mechanics, 27(3), 220 -229.

Yazar ad(lar)y, Tarih. Makalenin bagh. Stireli Yayinin Ad: (kisaltiimanusg), Cilt No. (Say1 No.), sayfano.

(b) Bildiriler:
Unal, E., Ozkan, 1. ve Ulusay, R., 1992. Characterization of weak, stratified and clay bearing rock masses. ISRM
Symposium: Eurock'92 - Rock Characterization, Chester, UK., 14-17 September 1992, J.A Hudson (ed.), British Geotechnical
Society, London, 330-335.

Yazar ad(lart)i, Tarih. Bildirinin baglif1. Sempozyum veya Kongrenin Adi, Editdr(ler) varsa, Basimevi,
Cilt/Say1 No. (birden fazla ciltten olusuyorsa), Diizenlendigi Yerin Ads, sayfano.

(¢) Kitaplar:
Goodman, R.E., 1988. Introduction to Rock Mechanics. John Wiley and Sons, New York, 562 s.
Ketin, I. ve Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaasi, Giimiissuyu, Say1:869, 520 s. Yazar ad(lar)1, Tarih. Kitabin Adi (ilk
harfleri biiyiik). Yaymevi, Basildigi Sehrin Adi, sayfa sayisi.

(d)  Raporlarve Tezler:
Demirok, Y., 1978. Mugla-Yatagan linyit sahalarni jeoloji ve rezerv 6n raporu. MTA Derleme No:6234, 17 s
(yaymlanmamis).

Sénmez, H., 1996. T.K.I.-E.L.1. Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi igindeki gevlerin durayliligmmn
degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstititsii., Ankara, Yiiksek Mithendislik Tezi, 99 s (yaymlanmamis).

Yazar ad(lar)s, Tarih. Raporun veya tezin bashg:. Kurulusun veya Universitenin Adi, Arsiv No. (varsa), sayfa sayisi
(yaymlanip,yaymlanmadigr)

(e) Kisisel Goriisme:
Sézbilir, H., 2005. Personal communication. Geological Engineering Department of 9 Eyliil University, {zmir, Turkey.

(0 Internetten Indirilen Bilgiler:
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005. Kurumun Adr , Tarih. Web
adresi, Web adresine girildigi tarih.

Tiirkge kaynaklar dogrudan Tiirkge olarak verilmeli ve Tlirkge karakterlerle yazilmalidir.

Esitlikler ve Formiiller

Matematiksel semboller ve formiiller el yazisiyla yazilmamahdir. Esitlik numaralan esitligin hizasinda ve sag kenarina
dayandirilarak birbirini izleyen bir sirayla parantez iginde, ayrica esitliklerdeki sembollerin anlami makalede ilk kez
kullanildiklan esitligin altinda verilmelidir.

Burada; makaslama dayanimi, c kohezyon, normal gerilmeve igsel siirtinme agisidir”. Esitliklerde kullanilan alt ve fist
indisler belirgin sekilde ve daha kiigiik karakterle yazilmahdir (rnegin; Id, x2). Karekok igareti yerine parantezle birlikte {ist indis
olarak 0.5 kullanilmalidir (6rnegin; cmass = s0.5). Carpim islemini gdstermek igin herhangi bir isaret kullanilmamali, ancak
gerekli durumlarda "*" isareti tercih edilmelidir (6rnegin; y= 5*10-3). Bolme isareti olarak yatay ¢izgi yerine "/ isareti
kullanilmalidir. Kimyasal formiillerde iyonlarin gésterilmesi amactyla Ca++ve CO3- - yerine Ca2+ ve CO32- tercih edilmelidir.
Metinde esitliklere "esitlik (1) seklinde atifta bulunulmahidir. Gerekiyorsa, bilgisayar program listeleri de net ve okunur sekilde
ekte verilmelidir.
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Cizelgeler

Cizelgeler, bashklariyla birlikte, Dergi'nin sayfalarindaki bask: alammni (15.8 cm x 22.5 c¢m) agmayacak sekilde
hazirlanmal ve birbirini izleyen sira numaralanyla verilmelidir. Cizelgelerin st kisminda hem Tiirkce, hem de Ingilizce basliklan
bulunmalidir (Cizelge bagliklar1 ayr bir sayfada liste halinde verilmemelidir). Makalenin Tiirkge yazilmas: halinde Ingilizce
baglk italik harflerle Ttirk¢e baghgin altinda yer almaly, Ingilizce makalelerde ise, italik yazilmss Tiirkge baslik Ingilizce bagliktan
sonra verilmelidir. Cizelgeler, "Cizelge 1" vb. seklinde sunulmalidir. Metinde ¢izelgelere Cizelge 1 veya Cizelge 1 ve 2 (eger
birden fazla sayida ¢izelgeye atifta bulunulacaksa) seklinde deginilmelidir. Cizelgeler, metinde kullamilan karakterlerden daha
kii¢lik (10 veya 11 punto) karakterle yazilmal: ve Dergi'nin tek (7.3 cm-genislik) veya ¢ift (15.8 cm-genislik) kolonuna sigacak
sckilde diizenlenmelidir. Cizelgelerde diisey ¢izgiler kullanilmamaly, yatay ¢izgiler ise sadece ¢izelgenin alt ve Gstiinde, ayrica
¢izelgedeki bashiklar ile bunlarin altinda listelenen rakamlar1 ayirmak i¢in kullamlmalidir (Bunun igin Dergi'nin énceki sayilarina
bakilmas: onerilir). Cizelgelerde makalenin diger kisimlarinda verilen bilgi veya sonuglarm (6rnefin grafikler vb.) tekrar
verilmemesine dzen gosterilmelidir. Her ¢izelge ayn sayfalara bastirilarak metnin sonunda (Kaynaklar dizininden sonra)
sunulmahdir. Cizelgelerdeki kisaltma ve simgeler daha kiigiik karakterlerle ¢izelgelerin altinda verilmelidir (drnegin; c: tek
eksenli sikigma dayamimyi; I1: illit;....vd.).

Sekiller

Cizim, grafik ve fotograf gibi tiim sekiller yiliksek kalitede basilmig olarak "$ekil" bashigi altinda ve metin iginde anildiklar
sirayla numaralandinlarak verilmelidir. Sekiller orijinal ¢iktilar olup, ayr1 sayfalara bastirilarak ve katlanmadan gonderilmelidir.
Sekil numaralar: sayfanin sag st kdsesine yazilmali, ayrica sekiller kii¢liltiiliip biyiitiilebilecek halde sunulmalidir. Sekil
agiklamalar; sekillerin altina yazilmamali ve ayn bir sayfaya bastirtlarak "Sekiller Dizini" bashgiyla verilmeli, aynica "Sekil 1."
olarak baslamalidir. Cizelgeler i¢in yukarida belirtilen yazim kurallara benzer sekilde, sekil basliklart hem Tiirkge, hem de
Ingilizce hazirlanmalidir. Ayr1 sayfalara bastirilmis olan sekiller, gizelgelerden sonra sunulmalidir. Sekiller igin en bilyiik boyut,
sekil bashigmi da igerecek bigimde 15.8 em (geniglik) x 22.5 em (uzunluk) olmalidir. Tlim sekillerin Dergi'nin tek veya ¢ift
kolonuna sigacak boyutlarda hazirlanmas: ve miimkiinse daha ¢ok tek kolona gore tasarimlanmasi 6nerilir. Katlanmig sekiller ile
renkli ekiller Dergi'ye kabul edilmez. Ozellikle haritalar, araziyle ilgili izimler ve fotograflar, sayisal 6lgek (1:25000 vb.) yerine,
metrik sisteme uygun gubuk &lgekle verilmelidir. Tiim haritalarda kuzey yonii gosterilmelidir. Bélgesel haritalarda, uygun oldugu
takdirde, ulusal grid veya enlem/boylam degerleri verilmelidir. Harita agiklamalar, sekil bashigiyla birlikte degil, seklin Gizerinde
yeralmalidir. Fotograflar, ¢izimler veya bunlann birlikteliginden olugan sekiller (a), (b) vb. gibi gruplar halinde verilebilir. Bu tiir
sunumlarda (6rnegin; Sekil Sa ve 5b) a, b, ¢ vb. gibi tek bir gekle ait gizimler veya fotograflar, ayri sayfalarda basilmas yerine,
gruplandirilarak ayni sayfada sunulmahdir. $ekillerde agik gélge ve tonlarnindan kagmilmaly, dzellikle bilgisayar programlarindan
eldé edilen grafiklerde bu hususa dikkat edilmelidir. Gdlgeleme belirgin, fotograflar siyah-beyaz ve iyi bir kontrasta sahip
olmalidir. Tiim sekiller, Sekil 1 veya Sekil 1 ve 2 (birden fazla sekle deginiliyorsa) gibi ve metinde amildiklan sirayla
numaralandirilmahdir. Bir dizi fosil fotograflarini igeren sekiller Levha olarak degerlendirilmeli ve parlak kagida basilmus orijinal
halde verilmelidir. Levha sayis1 miimkiin oldugunca az tutulmalidir. Levhalara iliskin agiklamalar, hem Tiirk¢e hem Ingilizce
olarak ayni sayfada verilmelidir.

MAKALELERIN EDITORLUGE GONDERILMESI
Metin, sekil, tablo ve bagliklarin iyi kaliteli A4 kagida basiimus {ig kopyasi, asagidaki yazisma adresine génderilmelidir.

TURKIYE JEOLOJI BULTENI EDITORLUGU

T.M.M.O.B. Jeoloji Mithendisieri Odas:
PK 464, Yenisehir 06444, Ankara

Tel  : (312)4323085/(312)4343601
Faks : (312)4342388

Ayricamakalelerin génderildigi, asagidaki editorlerin e-mail adreslerine de mesaj ile mutlaka bildirilmelidir.

E-posta : Cemal TUNOGLU tunay@hacettepe.edu.tr
: Kadir DIRIK kdirik@hacettepe.edu.tr
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YAYIMA KABUL EDILEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulii halinde, makalenin diizeltilmis son kopyasini orijinal ¢iktisiyla birlikte CD'ye de
kopyalayarak (metin, ¢izelgeler ve tablolar) Editor'e gdndermelidir. Levhalar iyi kalitede basilmis olarak gonderilmelidir. Metin,
cizelgeler ve gekiller elektronik ortamda (internet aracilifiyla) génderilmemelidir. Makaleler WORD ile hazirlanmalhidir. Diskin
tizerinde yazarlarin adlan, kullamlan yazim programinin adi ve versiyonu, makalenin baghg ve dosyanin adi belirtilmelidir.
Levhalar harig, tiim sekiller Corel Draw ile hazirlanmalidir. Bununla birlikte, sekillerin 300 dpi'dan az olmamak kosuluyla JPG
dosyalart da gonderilmelidir.

PROVABASKILAR

Makalelerin prova baskilar, dizgi ve yazim hatalarinin olup olmadiginin kontrolu igin Bagvurulacak Yazar'a gonderilir.
Prova baskilarda yapilacak diizeltmeler yazim hatalari ile smirh olup, yazarlarin makaleyi kabul edilmis son halinden farkli bir
duruma getirebilecek degisiklikler ve diizeltmeler yapmasi kabul edilmez. Prova baskilar, yazarlar tarafindan alindiktan sonra en
geg li¢ giin iginde Editér'e génderilmelidir. Gecikmeli olarak yapilacak diizeltmelerin baskiya verilmesi garanti edilmeyecegi igin,
yazarlarin prova baskilan géndermeden gok dikkatli sekilde kontrol etmeleri dnerilir.

AYRIBASKILAR

Makalenin onbes ayri baskisi, makalenin basildig say1 ile birlikte {icretsiz olarak Basvurulacak Yazar'a gnderilir. flave
ayri baski talep edilmemelidir.

TELIF HAKLARI

Yazar veya Basvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina "Telif Hakki Devir
Formu'"nu makalenin baskiya verilmesinden 6nce imzalamahdir. Bu sézlesme, Jeoloji Mithendisleri Odasi'na yazarlar adina telif
hakki alinmig yayinlarini koruma olanag saglamakla birlikte, yazar(laryin makalenin sahibi olma haklarindan vazgegtigi anlamina
gelmemektedir. Telif Hakk: Devir Formu, en kisa siirede Editor'e gonderilmelidir. Bu form Editér'e ulastinilincaya degin, makale
yayma kabul edilmis olsa bile, baskiya génderilmez.
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Preparation of Manuscripts
The language of the GEOLOGICALBULLETIN OF TURKEY is both Turkish and English. For manuscripts submitted in

English "Genisletilmis Ozet", for manuscripts submitted in Turkish "Extended Summary" should be given. If the author(s) are
residents of a non-Turkish speaking country, titles, abstracts, and captions of figures and tables are translated into Turkish by the
Editors. It is strongly recommended that authors whose native language is not English, should ask a person whose native language
is English to check the grammar and style of manuscript before submission. Papers should be original and comprise previously
unpublished research, interpretations, or synthesis of two, or technical notes. Submission implies that the manuscript is not
currently under consideration for publication elsewhere.
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Manuscripts should generally be structured as follows:

Title (English and Turkish)

Names of authors (bold and in capital), their affiliations (italic and lower-case) and the name and
E-mail address of the corresponding author.

Abstract (English and Turkish)

Key words (English and Turkish)

Introduction (aim, content and methodology)

Main text (methods, material studied, descriptions, analyses etc.)
"Results and Discussion' or " Conclusions and Recommendations"
"Extended summary" /" Genisletilmis 6zet"

Acknowledgements (ifnecessary)

References

Tables

List of figure captions

Figures

Plates (ifany)

The various levels of headings used in the manuscript should be clearly differentiated. All headings should be in left-

aligned. Major headings should be bold capitals. Secondary headings should be considered as sub-headings. Primary- and
secondary-subheadings should be given in lower-case and tertiary headings in italics. Headings should not be preceded by
numerals or letters. Manuscripts (abstract, main text, acknowledgments, references, appendices and figure captions) should be
typed on one side of the paper (A4 size: 29.7 cm x 21 cm) with wide margins (at least 2.5 cm) and 1.5 line-spaced throughout, at a
fontsize of 12 point (Times New Roman) and with all pages numbered.

Examples for headings:
ABSTRACT
INTRODUCTION
PRIMARY HEADING
Primary Sub-Heading
Secondary sub-heading
Tertiary sub-heading
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CONCLUSIONS
EXTENDED SUMMARY
ANCKNOWLEDGEMENTS
REFERENCES

Cover Page
A cover page, separate from the main manuscript, must include the followings:
a. Title of the paper
b.  Name(s) of author(s) (full forenames should be given)
c.  Full postal and E-mail addresses of all authors (the corresponding author should be indicated). Fax and phone numbers for
the corresponding author should also be provided.

Title and Authors

The title of the paper should unambiguously reflect its content. If the paper is written in Turkish, the Turkish title (in bold-
face type and first letter of the words capital) should be followed by the English title (italic and first letter of the words capital). If the
paper is in English, the English title should appear before the Turkish title in the style mentioned above.

The information related with authors should be given as follow:

Ahmet Ahmetoglu Ankara University, Engineering Faculty, Jeological Enginecring Department,
Tandogan 06100 Ankara
A. Hisni Hiisniioglu MTA Genel Miidiirliigii, Jeolojik Etiidler Dairesi, 06520 Ankara

(e-posta: husnu56@mta.gov.tr)

Abstract

The abstract not exceeding 300 words should be informative (aim of the study and main conclusive remarks). It should not
contain references. The Abstract should be given in both Turkish and English. If the paper is written in Turkish, an English abstract
(in italics) should follow the Turkish abstract, while a Turkish abstract (in italics) should appear after the English abstract in papers
written in English.

Key Words

The abstract should include minimum 2, and not more than 7 key words which reflect the entries the authors would like to
see in an index. Key words should be given in both Turkish and English. Key words should be written in lower-case letters,
separated by commas, and given in alphabetical order. For Technical Notes and Discussions, key words should not be provided.

EXTENDED SUMMARY/GENISLETILMIS OZET
The extended abstract should not exceed 2500 words. But it must be more bulky than abstract. The new figure or table
should notbe given. But reference can be given to figures and tables present in main text.

ACKNOWLEDGEMENTS
Acknowledgements should be brief and confined to persons and organizations that have made significant contributions.
Please use full names without titles and indicate name(s) of the organization(s) of the person(s) acknowledged.

REFERENCES

All references cited in the text, and in captions of figures and tables should be presented in a list of references under a
heading of "REFERENCES" following the text of the manuscript.

Examples of layout of references
(a) Journals:
Hoek, E. ve David, M., 1990. Estimating Mohr - Coulomb friction and cohesion values from Hoek - Brown failure
criterion. International Journal of Rock Mechanics, 27(3),220 - 229.
Author(s), Date. Title of paper. Full Name of Journal, Vol. (No), pages.
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(b) Proceedings and Abstracts:
Unal, E., Ozkan, I. ve Ulusay, R., 1992, Characterization of weak, stratified and clay bearing rock masses.
ISRM Symposium: Eurock'92 - Rock Characterization, Chester, UK., 14-17 September 1992,
J.A Hudson (ed.), British Geotechnical Society, London, 330-335.

Author(s), Date. Title of paper. Title of Symposium or Congress, Name of Editor(s), Name and Location of Publisher, Vol.
(ifany), pages

(¢) Books: -
Goodman, R.E., 1988. Introduction to Rock Mechanics. John Wiley and Sons, New York.
Ketin, 1. ve Camtez, N., 1972. Yapisal Jeoloji, ITU Matbaasi, Gitmiissuyu, Say1:869.
Author(s), Date. Name of Book. Name and Location of Publisher

(d) Unpublished Reports and Thesis:
Demirok, Y., 1978. Mugla-Yatagan linyit sahalari jeoloji ve rezerv 6n raporu. MTA Derleme No:6234. (yayinlanmams).
[Author(s), Date. Title of report. Name of Organization, Report No., Name of City (unpublished).]
Sénmez, H., 1996. TK.L-E.L.I. Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi igindeki sevlerin durayliligmmn
degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii., Ankara, Yiiksek Miihendislik Tezi, 99 s
(yaymlanmarmusg).
Author, Date. Title of thesis. Type of Thesis (MSc or PhD), Name of University or Institution, City, Country (unpublished).

(¢) Personal Communications:
Sézbilir, H., 2005. Personal communication. Geological Engineering Department of 9 Eyliil University, lzmir, Turkey.

(f) Information Downloaded from the Internet
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005. [Name of the Organization,
Date. Web address, date of access to website. ]

Turkishreferences can also be given directly in Turkish. For suchreferences please use Turkish characters.

Mathematical Expressions

Mathematical symbols and formulae should be typed. Equation numbers should appear in parentheses at the right-hand
side of the equations and be numbered consecutively. For Greek or other non-Roman letters, identify the symbol in words in the
left-hand margin just below the equation the first time it is used. In addition, the meaning of symbols used in equations should be
given below the equations. "

Where is the shear strength, ¢ is cohesion, is normal stress and, is internal friction angle." Subscripts and superscripts
should be given clearly and written in smaller character (e.g. Id, x2). Instead of square-root symbol, an indice of 0.5 should be used
(e.g. y=15x0.5). For the of multiplication sign do not use any symbol, however if necessary, the symbol "*" can be preferred (e.g.
y=5%10-3). Please use "/" for division instead of a horizontal line between numerator and denominator. In the expression of
chemical reactions, ions should be given as Ca2+ and CO32- (not Ca++and CO3--). In the text, equations should be referred to as
equation (1). Computer program listings, if appropriate, must be very clear in an Appendix.

Tables

Tables with their titles should not exceed the printed area of the page (15.8 cm (wide) x 22.5 ¢cm (deep)) and be numbered
consecutively. Both Turkish and English titles should appear at the top of a table (do not print table captions on a separate sheet). If
the manuscript is written in Turkish, English title in italics should follow the Turkish title. For manuscripts in English, a Turkish
title should appear below the English title in italics. They should begin "Table 1." etc. Tables should be referred to as Table 1 or
Tables 1 and 2 (if more than one table is referred to). Tables can be written in a font size smaller than that of the text (10 or 11 point).
Tables should be arranged to fit single column (7.3 ¢m wide) or double column (15.8 cm wide). No vertical rules should be used.
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Horizontal rules should only be used at the top and bottom of the tables, and to separate headings and numbers listed in the tables
(Please check the previous issues of the Journal). Tables should not duplicate results presented elsewhere in manuscript (e.g. in
graphs). Each table should be separately printed and appear after the text (after references). All abbreviations and symbols must be
identified with smaller character undemeath the tables (e.g. ¢: uniaxial compressive strength; I1: Ilite; etc).

INustrations

All illustrations, whether diagrams, charts and photographs, should be of high quality, referred to as "Figures" and be
numbered consecutively as they appear in the text. They must be originals presented separately from manuscripts, and not be
folded. The number of the figure should be given at top on the right-hand side of the paper. Illustrations should be provided in
camera-ready form, suitable for reproduction (which may include reduction) without retouching. Figure captions should be
supplied on a separate sheet and should begin "Figure 1." etc. As with the rules given for tables, figure captions should also be given
both in Turkish and English. All illustrations should be printed on separate pages and given offer tables together with a list of figure
captions. The maximum printed size of illustrations is 15.8 cm (wide) x 22.5 cm (deep) together with figure captions. It is
recommended that all illustrations should be designed with the Journal's single-column or two-column layout in mind, and where
possible, illustrations should be designed for a single column. Foldout and colored illustrations are not accepted. lllustrations,
particularly maps, field sketches and photographs should have a metric bar scale rather than magnification factors, All maps should
have a north mark. Regional maps may include National Grid or latitude/longitude number where appropriate. Map keys should be
given on the figure, not in the figure caption.

Photographs, line drawings, or combinations may be grouped as figure parts (a), (b), ctc. It is preferred that these are
mounted. Letters or numerals should not be less than 1 mm after reduction. Avoid fine shading and tones, particularly from
computer graphics packages. Shading should be distinct. Photographs must be black and white and sharp, and exhibit good
contrast.

Allillustrations must be numbered in the order in which they are referred to and discussed in the text as Figure 1 or Figures 1
and 2 (if more than one figures is referred to). Illustrations consisting of a set of fossil photographs should be given as "Plates" and
submitted as original glossy prints and mounted in the desired layout. The number of plates should be kept to a minimum.
Explanations of plates should be given in both Turkish and English on the same page.

SUBMISSION OF MANUSCRIPTS
Three coppies of the text, figures, tables and captions on good quality A4 paper should submitted to the following Adress:

TURKIYE JEOLOJI BULTENI EDITORLUGU
T.M.M.O.B. Jeoloji Mithendisleri Odast
PK 464, Yenigehir 06444, Ankara

After submitting of the manuscript, the e-mail message must be send to the editors:

E-posta : Cemal TUNOGLU tunay@hacettepe.edu.tr
: Kadir DIRIK kdirik@hacettepe.edu.tr

FINALSUBMISSION OF MANUSCRIPTSACCEPTED FOR PUBLICATION

On acceptance of a manuscript, authors must submit one hard copy of the revised final draft as well as a copy of the
manuscript on disk (both text, and tables and figures) in standard word processing format. High quality originals of plates should be
submitted. Text, tables and figures should not be electronically transmitted, via the internet. Manuscripts should be processed in
WORD. The disk should be clearly labeled with names of authors, version of word processor, a short title and file name. Please
keep the paper as one file. Illustrations (except Plates) are welcome using the Corel Draw or Free Hand drawing program for PC.
However, JPG files of the illustrations in resolution not less than 300 dpi should also be included.

PROOFS
One set of page proofs are sent to the corresponding author to be checked for typesetting/editing errors. Corrections should
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be restricted to typesetting errors, change or corrections that constitute departures from the article are not accepted. Proofs should
be returned to the Editor within 3 days of receipt. Please note that the authors are urged to check their proofs carefully before return,
since the inclusion of late corrections cannot be guaranteed.

REPRINTS
Fifteen reprints and a copy of the issue are supplied free of charge. They are sent to the corresponding author. Additional
reprints must not be ordered.

COPYRIGHT

The author or corresponding author on behalf of all authors (for papers with multiple authors) must sign the "Copyright
Transfer" agreement before the article can be published. This transfer agreement enables the Chamber of Geological Engineers to
protect the copyrighted material for the authors, but does not relinquish the authors' proprietary rights. The Copyright Transfer
form should be sent to the Editor as soon as possible. Manuscripts accepted for publication will not be sent to print until this form is
received by the Editor.
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