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ONSOZ

Ulkemizde 1947 yilindan bu yana hi¢ aksamadan siirdiiriilegelen ve iilkemiz
yerbilimcilerinin birikimlerini aktarip paylastiklar1 Tiirkiye Jeoloji Kurultaylari’nin
65.sini 2012 yilinda yine baskent Ankara’da diizenlemekten kivang ve mutluluk
duyuyoruz. Kurultaylarimiz; giderek artan bir katilim ve coskuyla, zaman zaman da
uluslararasi katilimlarla, hizla gelisen bilim ve teknolojiye kosut olarak, iilkemizde
yerbilimi ve mithendisligi alaninda gerceklestirilen 6nemli bilimsel katkilarin yani sira,
sorun odakli uygulamaya yonelik ¢aligmalarin da sunulup tartisildig1 ve tiniversiteler ile
degisik kurum ve kuruluslardan katilimeilarin bir araya getirildigi bir “Jeoloji Soleni”
olma islevini her gecen yil daha da basarili bir sekilde yerine getirmekte olup, ayni
gelenek 65. Tiirkiye Jeoloji Kurultay1’'nda da devam edecektir.

Niifusun giderek artmasina kosut olarak; pek ¢ok yerlesimin hizla biiyiidiigii, dolayisiyla
jeolojik faktorler gozetilerek ve gerekli miithendislik hizmetleri alinarak iyi planlanmig
yerlesimlere ve ulagim aglarma duyulan gereksinimin doruk noktaya ulastigi bir
dénemden gecen iilkemizde toplumun giivenli ve saglikli bir ¢evrede konuslandirilmis
yerlesimlerde yasamalari, hem cagdas ve gilivenli bir yasamim geregi hem de
meslegimizin ilgi ve sorumluluk alanlarina giren baglica konulardan biridir. Bu énemli
hususu gozeterek, “Gelecegin Kentleri Icin Jeoloji Miihendisligi” bashgin1 65. Tiirkiye
Jeoloji Kurultay1’nin ana temasi olarak belirledik.

Bu yil yapilan duyuru, her zaman oldugu gibi, meslektaslarimiz tarafindan yine
ilgiyle karsilanmis olup, Kurultayimizda toplam 258 bildiri sunulacaktir. Bu bildiriler
oturum Yyiiriitliciileri tarafindan degerlendirilerek Kurultay programina alinmis olup,
bunlardan 187’si sozlii, 71’1 ise poster sunumlardir. Giiniimiizde yasanan ve lilkemiz
de dahil olmak {izere diinyanin degisik bolgelerinde giderek artan dogal afetler ile
cevre ve kiiresel iklim degisikligi kaynakli sorunlarin neden olduklari olumsuz etkiler
giincelligini korumaktadir. Bunlarin yani sira, hizli ve ¢arpik kentlesme, su kaynaklarinin
stirdiiriilebilir kullanimi ve yonetimiyle ilgili sorunlar, gegmise oranla dogal kaynaklara
duyulan gereksinimdeki 6nemli diizeyde artig, mega miihendislik yapilarinin insas1 vb.
gibi geligsmeler; bu sorunlarin ¢dziimii, saglikli ve giivenilir bir ¢evrede yasanmasi ve
dogal kaynaklarin verimli kullanim1 agisindan yerbilimi ve miithendisliginin saglayacagi
katkilarin ne denli 6nemli oldugunu her zamankinden daha fazla gostermektedir. 65.
Tiirkiye Jeoloji Kurultayi’'nda da, yukarida ana hatlariyla ¢ergevesi ¢izilen konularda
iilkemizde yapilan yerbilimi ve miithendisligi ¢calismalarinin sunularak, bunlarin bilimsel
bir platformda tartismaya agilacak ve paylasilacak olmas1 bizleri mutlu kilmaktadir.

Meslegimizin farkli alanlarina iliskin Kurultay oturum konularini temsilen her oturumun
yiiriiticlilerinden birinin katilimiyla olusturulan jiirinin yapacagi degerlendirmeye gore
belirlenecek en iyi li¢ postere de 6diil verilecektir. Bu y1l bu konuda yapilan daha ayrintili
ve Ozendirici duyuru meslektaglarimizca ilgi gérmiis ve poster bildiri bagvurularinin
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tamamia yakimi baslangigta poster sunum tercihiyle gonderilmistir. Bu gelisme,
poster sunumlarina verilen degerin ve ilginin giderek arttiginin bir gostergesi olarak
sevindiricidir.

Kurultayimizda teknik oturumlarin yani sira, iki panel de diizenlenmektedir. Bu
panellerden biri, Kurultay’in ana temasi olan saglikli ve giivenli bir kentlesme siirecinde
jeoloji miihendisliginin yeri, 6nemi ve islevlerinin giincel ve gelecege doniik bakis
acilariyla tartisilacag “Gelecegin Kentleri Igin Jeoloji Miihendisligi” konulu paneldir.
Bu panelin; doga olaylarinin cogu kez afete doniistiigii ve saglikli ve giivenli bir ¢evrede
yagsanmasi agisindan meslegimize giderek daha da 6nem verilmesi gerektiginin heniiz
yeterince kavranamadigi iilkemizde, meslegimizin kent gelisimindeki 6neminin, roliiniin
ve sorumluluklarinin vurgulanmasinda etkili bir ara¢ olacagina inaniyoruz.

Yillardir politik kaygilar ve yerel istekler nedeniyle, tilkenin gereksinimleri, alt yapi,
olanaklar ve yeterli akademik &gretim kadrosu gozetilmeksizin, yeni iiniversiteler
kurulmakta, jeoloji miihendisligi bolimleri ve ikinci egitim programlar1 agilmakta,
Ogrenci kontenjanlar1 da arttirilmaktadir. Bu durum; arazi caligmalarini, gézlem,
yorumlama, deneysel ¢alisma vb. gibi uygulamaya yonelik bir egitimi gerekli kilan
jeoloji miihendisligi boliimleri agisindan olumsuz kosullar yaratarak, uygulamadan
kopuk ve igerigi yetersiz bir egitime yol agmakta ve sonugta mezunlar agisindan
olumsuzluklar yaratmaktadir. Yerkiireyi tanimlama ve yorumlamada esas olacak
temellerin yani sira, insanligin yararma yonelik amaglarla bu bilgilerin mithendislik
bakis acisiyla yer ve cevreyle ilgili mithendislik sorunlarmin ¢dziimiinde ve her tiirlii
yeralt1 kaynagindan yararlanilmasinda nasil kullanilacagi 6gretisinin verildigi jeoloji
miihendisligi egitiminin {izerinde diisiinmek, tartismak ve bu egitimi gelistirmek
universitelerimizin oldugu kadar, yonetimlerin, ayrica meslek odamizin, jeoloji
mithendisi ¢alistiran kurum ve kuruluslar ile tiim meslekdaslarimizin da {izerinde
durmalar1 gereken bir konudur. Gliniimiize degin gerek birka¢ Kurultayimizda, gerekse
meslek odamizca diizenlenen bazi panel ve toplantilarda iilkemizde jeoloji mithendisligi
egitiminin gegmisi ve bugilinli konusu tartisilmistir. Ancak, jeoloji miithendisi calistiran
ve genel anlamda “endiistri” olarak ifade edebilecegimiz kurum ve kuruluslarin, bilim
ve teknigin giiniimiizde ulastig1 diizey ¢ercevesinde, hangi donanimlara sahip jeoloji
miihendislerini bekledikleri konusu tizerinde durulmamigtir. Bu husus gozetilerek, uzun
yillardir endiistri-iiniversite igbirligi konusunda ve ayrica endiistride yonetici olarak
calisarak birikimi olan panelistlerin katilacag1i “Endiistri Hangi Donanimlara Sahip
Jeoloji Miihendislerini Bekliyor?” konulu diger bir panelin de Kurultay programinda yer
almasinin yararli olacagim diisiindiik. Boylelikle bu panel, gerek jeoloji mithendisligi
egitimi veren iiniversitelerimizin ve ayrica meslek odamiz ile ilgili kuruluslarin, gerekse
meslektaglarimizin ve jeoloji miihendisligi egitimi alan gelecegin miihendis aday1
Ogrencilerin yararlanacaklarini diigiindiiglimiiz ve konunun endiistri tarafindan bir bakis
acisiyla tartigilacagy bir forum olacaktir.
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Oncelikle 65. Tiirkiye Jeoloji Kurultayr’nin diizenlenmesiyle ilgili sorumlulugun
yerine getirilmesi icin gorevi kabul ederek benimle paylasan ve tiim asamalarda
Ozveriyle ¢alisarak Kurultayimizin basarili gegmesi i¢in biiyiik emek veren Kurultay
Diizenleme Kurulu iiyesi degerli meslektaglarim Prof. Dr. Kadir Dirik (II. Bagkan)’e,
Dr. Ayhan Kogbay (Kurultay Sekreteri)’a, Dr. Korhan Esat ve Dr. Nilsun Hasangebi
(Kurultay Sekreter Yardimcilari)’ye, Nazife Dikenoglu (Sosyal ve Kiiltiirel Etkinlikler
Uyesi)’na ve Necdet Arda (Sayman Uye)’ya kalben tesekkiirlerimi sunuyorum. Ayrica
Kurultay Diizenleme Kurulu adina, Kurultay’in diizenlenmesi onurunu bizlere vererek
diizenleme caligmalar siiresince yakin ilgi ve desteklerini siirekli kildiklari igin,
Kurultay Diizenleme Kurulu adina Bagkan Diindar Caglan’in sahsinda TMMOB Jeoloji
Miihendisleri Odas1 (JMO) Yonetim Kurulu’na ve ayrica ayni siirecte esirgemedikleri
ilgi, sabir ve yardimlari i¢in, basta Serap Kurt olmak iizere, tim JMO c¢alisanlarina
ictenlikle tesekkiir ediyorum. Kurultaylarin gergeklestirilmesinde en 6nemli unsurlardan
biri de bildiriler olup, mesleki birikimlerini emek harcayip bildiri olarak gdndererek
bunlar1 paylasip kurultaya renk katan tiim yazarlara, bu bildirilerin degerlendirilmesi,
oturumlarin eg-baskanlarinin se¢imi ve en iyi posterleri sececek jliride gorev alinmast
gibi 6nemli sorumluluklar {istlenerek ilgi, ¢aba ve katkilarini esirgemeyen tiim oturum
yiiriitiiciileri ile baz1 bildirilerin degerlendirilmesinde kendilerine hakem olarak destek
veren meslekdaslarimiza, Kurultayimiza renk katacak olan panellerde birikimlerini
panelist olarak bizlerle paylasan ve oturumlarda es-baskanlik gérevini iistlenen degerli
meslekdaslarimiza, tiim katilimeilara ve Kurultaylarimiza ev sahipligi yapma gelenegini
siirdiirerek bu yil da katki verdigi icin, Genel Miidiir Mehmet Uzer’in sahsinda, MTA
Genel Miidiirliigii’ne siikranlarimi sunarim. Ayrica, Kurultay sirasinda resim ve fotograf
sergisi agarak, siir dinletisi diizenleyerek, sergiye katilarak ve bildiriler kitabina tanitici
dokiiman vererek katkida bulunan kisi, kurum ve kuruluslara da tesekkiir ederim.

“Nice Kurultaylara” umuduyla, 65. Kurultayimizin basarili ve verimli gegmesini, tilkemiz
ve meslegimiz adina yararli sonuglar liretmesini ve dostluklar1 daha da gii¢clendirmesini
dilerim.

Resat ULUSAY

65. Tiirkiye Jeoloji
Kurultay1 Bagkani
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PREFACE

We are pleased and honored to organize the 65" Geological Congress of Turkey in
the capital city Ankara, which has been realized without any interruption since 1947
and is a forum for the earth scientists of Turkey to present and share their experiences
and knowledge. With an increasing participation and enthusiasm and international
contributions time to time, and parallel to rapid developments in science and technology,
our Congresses are successfully performing their function as a “Geology Festival”
that provides an opportunity for academics and practicing engineers to get together for
presentation and discussion on important scientific contributions and problem-oriented
studies in the field of earth sciences and its engineering. This tradition will also continue
during the 65" Geological Congress of Turkey.

With an increase in our country’s population, where a number of settlements are rapidly
growing and the demands for well-planned settlements and transportation networks
taking into account geological factors and engineering services reached to a peak level,
society requirements for a modern and safe life is one of the issues that is included in
the responsibilities of our profession. By considering this important issue, we designated
the title “Geological Engineering for Tomorrow’s Cities” as the main theme of the 65®
Geological Congress of Turkey.

As usual, this year’s announcement was also met with the interest of our colleagues and a
total of 258 papers will be presented in the congress. These papers were evaluated and
accepted in the Congress program by the session conveners, and 187 oral and 71 poster
presentations will be performed. Natural disasters together with environmental and global
climatic changes that increasingly affect our World are problems of prime importance.
In addition, some developments such as rapid and unplanned urbanization, problems
associated with sustainable use and management of water resources, an important
increase in the demands to natural resources when compared to the past indicate how the
contributions by earth sciences and its engineering are important in terms of the solutions
to these problems and living in a healthy and safe environment. It is a pleasure for us that
the presentations on the above mentioned topics will be performed, and discussed at a
scientific platform during the 65" Geological Congress of Turkey.

In the congress, awards will be given to three best poster presentations which will be
selected based on the evaluation of the jury consisting of the members, who have been
selected among the session conveners. More detailed information on the poster awards
provided in the Congress announcement received upmost interest from our colleagues
and most presentations were submitted to the organization committee in poster
presentation category. This progress is an important indicator of the increasing interest
and importance given to poster presentations.
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In addition to technical sessions on different aspects of geological engineering, two
panels will be also organized during the Congress. The panel, which focuses on the main
theme of the Congress, is entitled “Geological Engineering for Tomorrow’s Cities”. In
this panel, the role, importance and functions of geological engineering in the process
of healthy and safe urbanization will be discussed. We believe that this panel will be an
effective tool to be emphasized the importance, role and responsibilities of our profession
in the development of cities.

For many years, due to political considerations and local demands, regardless of the
country’s requirements, infrastructure, facilities and sufficient academic teaching
staff, new universities and geological engineering departments are being established,
second training programs are being opened, and student quotas are being increased. This
situation results in adverse conditions in terms of geological engineering education, for
which an education with applications including field studies, observations, interpretations,
experimental studies etc. are necessary, and leads to an inadequate education creating
disadvantages for graduates. The efforts for considerations and developments in the
education programs in geological engineering, that give the principles for definition and
interpretation of the earth and how these principles can be put in practice in conjunction
with an engineering point of view for the solution of engineering problems and for the use
of natural resources for the benefit of society, is not only the responsibility of universities
but also is a subject that should be considered by the government, Chamber of Geological
Engineers, the organizations employing geological engineers and our colleagues. Until
now, only in a few congresses and panels organized by the Chamber of Geological
Engineers, past and present of the education in geological engineering in our universities
have been discussed. However, based on the current level of science and technology, the
question of “what should be the qualifications of new geological engineering graduates
who will work in the industry?” has not been fully addressed. Based on this important
issue, we considered that a panel entitled “What Capabilities does Industry Expect from
New Geological Engineering Graduates?” with the participation of the panelists, who
are working in industry for many years and have experience on cooperation between
industry and university, would be useful to be included in the Congress program. This
panel will be a forum to discuss on this issue from the perspective of industry and useful
for our universities giving education in geological engineering and also for the Chamber
of Geological Engineers, associated organizations, our colleagues and students who are
the candidates of tomorrow’s geological engineers.

First of all, I express my heartfelt thanks to the members of Organizing
Committee, my dear colleagues, Prof. Dr. Kadir Dirik (Vice President), Dr.
Ayhan Kogbay (Congress Secretary), Dr. Korhan Esat, and Dr. Nilsun Hasangebi
(Assistant Secretaries), Nazife Dikenoglu (Member of Social and Cultural Activities) and
Necdet Arda (Treasury), who shared the responsibility with me and worked with
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enthusiasm and spent considerable effort throughout all stages of the organization of
a successful congress. In addition, sincere thanks to Diindar Caglan, President of the
Chamber of Geological Engineers Executive Committee and all Committee members,
who gave the honour to us to organize the congress, for their kind and continuous
interests, supports and contributions, and to Serap Kurt together with all Chamber of
Geological Engineers personnel for their kind interest, patience and help throughout
the organization. I also extend my sincere thanks to all authors, who contributed to the
congress by submitting papers and sharing their experiences with their colleagues, all
session conveners, who took some responsibilities for evaluating the papers, invitation
of the session co-chairmen and contribution to the selection of the best posters as
jury members and the reviewers who contributed in evaluation of some papers, to the
colleagues who will share their experiences with us as panelists and co-chairmen of
the technical sessions, to all participants, to the General Directorate of MTA for the
hospitality by reserving the Congress Center of MTA for the Congress. Besides, I also
thank to contributing organizations and persons who participated to the Congress with
painting and photography exhibitions and poetry reading and opened stands in the
technical exhibition.

With the hope for future Congresses, I wish a successful and fruitful Congress and also

hope that this meeting will provide important and useful results to our community and
strengthen the friendships amongst our colleagues.

Resat ULUSAY
Chairman
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Yer mithendisligi ve yerbilimlerinde yer kabuguna etkiyen gerilmeler kaya yapilarin duraylilig
ve deprem tahmini agisindan oldukga Onemlidir. Yer kabugundaki gerilmeleri tahmin
etmek igin ¢ok sayida yerinde gerilme 6lgiim yontemleri gelistirilmis ve kullanilmaktadir.
Bu yontemler, dogrudan ve dolayli olmak fiizere iki ana gruba ayrilir. Dogrudan gerilme
Olgtim yontemlerinin kullaniminin arzu edilmesine karsin, bu yontemler olduk¢a pahali
olup giigliikler igerir. Olgiimlerin yapildig1 ortamdaki kayanin mekanik davramsimin elastik
davranis gostermemesi durumunda bu yontemleri kullanmak hemen hemen miimkiin olmayip,
kullanilmast durumunda oldukga hatali sonuglar verebilir. Yarim asir dnce Kastner tarafindan
tiinelcilik alaninda 6nerilmis bir yontem bu tiir durumlar i¢inde kullanilmaktadir. Dolayisiyla,
yer kabugundaki gerilmeleri belirlemek i¢in yer miihendislerinin ve yerbilimcilerin pahali
olmayan ve giivenilir yontemlere olan gereksinimi oldukga yiiksektir.

1950°1i yillarda jeoloji dalinda yer kabugundaki 6rnegin fay ¢izikleri, sokulum ve bikliim
gibi yapisal jeolojik unsurlardan gerilme tahmini yapmak i¢in bazi yontemler gelistirilmistir.
Ancak bu yontemlerin uygulanmasinda halen birgok sorunlar s6z konusudur. Yazar tek bir
fayin giziklerinden ve/veya goreceli yerdegistirmesinden yola ¢ikarak ve diger yontemlere
gore birgok agidan istiin olan bir yontem gelistirmistir. Bu yontemin faylanma mekanizmasi
¢oziimlerine de uygulanmasi miimkiindiir.

Bu ¢alismada, bu yontemin temel kavramlari kisaca 6zetlenmis ve kivrim, biiklim ve sokulum
gibi jeolojik yapilardan gerilme tahmini i¢in uygulanabilirliginin gelistirilmesi sunulmustur.
Ayrica ABD, Japonya ve Tiirkiye’de yerinde gerilme 6l¢iimil yapilmis blgelere bu yontemin
uygulanmasi ve gegerliligi tartigilmistir.

Anahtar Kelimeler: Yerinde gerilme, fay ¢izigi, jeolojik yapilar, faylanma ¢ozlimii, yer
kabugu
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THE INFERENCE OF PALEO AND CONTEMPORARY CRUSTAL
STRESSES FROM A FAULT AND FOCAL PLANE SOLUTION AND
ITS APPLICATIONS

Omer Aydan
Tokai University, Ocean Research Institute, Shizuoka, Japan
(aydan@scc.u-tokai.ac.jp)

ABSTRACT

The stress state in the earths crust is of great importance in both geo-engineering and in
earthquake prediction. Many methods for in-situ stress measurements are available and they
are utilized to obtain the stress state in the earth’s crust. These are broadly classified as direct
methods and indirect methods. Although the direct methods are generally desirable, they
are expensive and cumbersome. Furthermore, they become powerless and unreliable when
the elastic response of rock masses ceases and the rock mass starts to fail. However, some
methods have been recently devised to infer the stress state under such circumstances also
using the fundamental ideas of the technique proposed by Kastner in 19505 for tunnelling
half century ago. Therefore, both geo-engineers and geo-scientists urgently need more
simple, non-expensive and reliable methods.

Some simple methods were devised to infer the stress state in the earth's crust by geologists
in 1950% using the structural features of the earth's crust such as striations of faults, dike
intrusion, folding. The author proposed a new method to infer the stress state, which is
capable of inferring the stress state even from the striation or the sense of relative deformation
of a single fault and it is theoretically and numerically superior to other similar methods. The

method is also capable of inferring the stress state from focal plane solutions.

In this study, the author describes the fundamentals of the method and its possible extensions
to the utilization of other geologic structures such as kink bands, folding and dyke intrusions.
The method has been applied to sites in Japan, USA and Turkey, where in-situ stress
measurements are available and its validity has been checked.

Keywords: In-situ stress, fault striation, geologic structures, focal plane solution, earth’s
crust
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Dogu Akdeniz’in aktif tektonigi, Afrika ve Arabistan plakalarinin Avrasya plakasina gore
kuzey yonlii hareketinin bir sonucudur. Batida aktif olan dalma-batma zonu boyunca Ege
ve Kibris yaylari, doguda ise aktif kitasal ¢arpigma zonu boyunca Bitlis-Zagros kivrim
ve bindirme zonu olarak yer almaktadir . Bu kuzey-giiney yonlii sikismali tektonik rejim
icerisinde Kuzey Anadolu, Dogu Anadolu ve Olii Deniz fay zonlar1 baslica dogrultu atimli fay
zonlaridir. Sol yanal hareketli Olii Deniz Fay Zonu, Afrika ve Arabistan plakalar1 arasindaki
goreceli hareketin sonucu olarak olusmustur. Kuzey Anadolu ve Dogu Anadolu faylar1 ise
Anadolu Plakasi’nin tektonik siirlarint olusturup Anadolu Plakasi’nin saat yoniiniin tersine
olan rotasyonunu ve bat1 yonlii kacis hareketine yardime1 olmaktadirlar.

Bu calismada Kibris ve yakin cevresinin (33°-38°K enlemleri ve 28°-38°D boylamlar1
arasinda siirlandirilmis bolge) 1900-2009 yillar1 arasindaki sismisitesi incelenmistir. Bolge
icin kapsamli ve homojen bir sismik katalog olusturulmustur. Bolge, sismisitenin yanisira,
aktif faylar, GPS gozlemleri ve kayma hizlarina gére sismik kaynak zonlarma boliinmiistiir.
Her bir kaynak zonun Gutenberg — Richter parametreleri (a ve b degerleri) hesaplanmis
ve b degerlerinin uzaysal ve zamansal ortamda degisimleri incelenmis ve haritalanmistir.
Genel olarak magnitiid-frekans bagmtilarindan elde edilen b degerlerinin kabuktaki gerilime
bagli ve ters orantili olarak degistigi belirlenmistir. Dogu Akdeniz Bolgesi icin hesaplanan

b degerlerinin 0.7-1.8 arasinda degistigi elde edilmis, Ege ve Kibris yaylar1 en ¢ok sismik
enerji agiga cikaran bolgelerden biri olarak tespit edilmistir.

Anahtar Kelimeler: Kibris ve yakin ¢evresi, b degeri, sismisite, sismik zon, sismik tehlike
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ABSTRACT

The active tectonics of the Eastern Mediterranean region is the result of the northward
motion of the African and Arabian Plates with respect to the Eurasian Plate. While active
subduction is currently taking place along the Aegean and Cyprean trench zones in the west,
active continental collision is taking place along the Bitlis-Zagros Fold and Thrust belt in
the east. The North Anatolian, East Anatolian , and the Dead Sea Faults are the major strike-
slip fault zones within this N-S compressional tectonic regime. The left-lateral Dead Sea
Fault takes up the differential motion between the African and the Arabian Plates. The North
Anatolian and the East Anatolian Faults form the tectonic boundaries of the Anatolian Plate
and they facilitate the westward escape and counterclockwise rotation of the Anatolian Plate.

In this study we have examined the seismicity of the Cyprus and surrounding regions (bounded
by 33°-38° N latitude and 28°-38° E longitude) in the period between 1900-2009. We have
prepared a comprehensive, declustered seismic catalog for the region. We have delineated
seismic source zones taking into account not only seismicity, but also active faults, GPS
measurements, and strain rates. The Gutenberg-Richter parameters (a and b values) were
determined and their spatial and temporal distributions were mapped for each seismic source
zone. In general the b-values obtained from frequency-magnitude relationships are inversely
proportional to the state of stress in the earth’s crust. The computed spatial distributions in
the b-values vary between 0.7 and 1.8 in the eastern Mediterranean region. The most notable
seismic energy release regions are the Aegean and the Cyprean Trench zones.

Keywords: Cyprus and the surrounding regions, b value, seismicity, seismic zonation, seismic
hazard
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Tuzgéli Fay Zonu (TFZ) Orta Anadolu’nun en 6nemli aktif kita i¢i fay zonlarindan biridir.
TFZ, yaklasik 200 km uzunlugunda, 2 ile 25 km arasinda genislikte, KB dogrultulu aktif,
verev atimli normal bir fay zonudur. Kuzeybatida Tuzgolii kuzeyi ile giineydoguda Kemerhisar
(Nigde) arasinda uzanir. Hem morfotektonik 6zellikleri hem de biiyiikliikleri 5’e ulasan deprem
dis merkezlerinin dagilimi TFZ nun giinliimiizde hala aktif oldugunu gostermektedir. Aktif fay

haritalama ¢alismalari, TFZ nun birbirine kosut veya yar1 kosut yapisal fay segmentlerinden
olustugunu gostermistir. Segmentlerin uzunluklari 4 ile 32 km arasinda degismektedir.

Jeolojik fay uzunlugu ve jeomorfolojik oOzellikleri nedeniyle, Tuzgdli ve Akhisar-Kilig
segmentleri TFZ’nun en 6nemli iki yapisal fay segmentidir. Bu ¢alismada Tuzgdlii ve Akhisar-
Kili¢ segmentleri tizerinde toplam 4 hendek kazilmistir. Bu yazi, TFZ {izerinde ilk defa yiiriitiilen
paleosismolojik hendek arastirma sonuglarini igermektedir.

Tuzgoli segmenti, 32 km uzunlugunda, K45°B dogrultusunda uzanan, ¢ok kiiclik sag yanal
dogrultu atim bilesenli bir normal fay segmentidir ve kuzeybatida Karandere koyii (Sereflikoghisar
giineyi) ile glineydoguda Hanobasi kdyleri arasinda yer alir. Tuzgdlii segmenti boyunca, faya
dik dogrultuda iki hendek kazilmig ve bu hendekler Tuzgélii ve Altinkaya hendekleri olarak
adlandirilmistir. Her iki hendek de fay tarafindan kesilmis aliivyon yelpazeleri {izerinde yer
almakta olup, yaklasik 30 metre uzunlugunda, 6 metre genisliginde ve 8,5 metre derinligindedir.
Tuzgolii ve Altinkaya hendeklerinde, birimlerin stratigrafik iliskileri, fay kollarinin yukariya dogru
sonlanmasi ve fay koluviyal kama geometrisi dl¢iitleri goz oniine alinarak yapilan degerlendirme
ile en az beg paleosismik olay (deprem) tanimlanmuigtr.

Paleosismolojik hendek c¢alismasi yiriitilen diger segment olan Akhisar-Kili¢ segmenti,
kuzeybatida Akhisar kdyii ile giineydoguda Hasandag1 arasinda K25°-30°B dogrultusunda uzanir
ve 25 km uzunlugundadir. Akhisar-Kili¢ segmenti boyunca da faya dik dogrultuda iki hendek
kazilmustir. Bunlardan birisi, bu yil arazi ¢aligmalari sirasinda gecirdigi trafik kazas ile aramizdan
ayrilan MTA jeologlarindan Dr. Mehmet Duru ve ekip arkadaglart anisina ‘Duru Hendegi’ olarak
adlandirilmistir. Duru Hendegi 54 metre uzunlugunda, 5 metre genisliginde ve ortalama 6 metre
derinligindedir. Duru Hendegi’nde paleosismik dl¢iitler g6z dniine alinarak yapilan degerlendirme
ile en az bes paleosismik olay tanimlanmigtir. Akhisar-Kili¢ segmenti {izerinde paleosismolojik
hendek calismasi yiiriitiilen diger hendek ise Baglarkayasi Hendegi olarak adlandirilmustir.
Baglarkayas1 Hendegi’nde, mikrostratigrafik birimlerin iliskisi, fay kollarinin yukariya dogru
sonlanmasi ve koluviyal kama geometrisi temel alinarak en az ii¢ paleosismik olay tanimlanmuistir.

Bu c¢alismada ilk defa, paleosismoloji i¢in yeni bir fotograflama yontemi uygulanmis ve bu
yontem “Paleosismik Ug¢ Boyutlu Sanal Fotograflama Yontemi” olarak isimlendirilmistir.
Hendeklerden derlenen toprak, kemik ve karasal gastropod numunelerinin radyokarbon ('*C
AMS) tarihlendirmesi ABD’deki Beta Analitik laboratuvarinda yaptirilmaktadir. '*C yaslandirma
sonuglari paleosismik olaylarin tarihlendirilmesi konusunda yardimci olacaktir.

Anahtar Kelimeler: Paleosismoloji, radyokarbon yaslandirmasi, hendek, Tuzgdlii Fay Zonu,
paleosismik ii¢ boyutlu sanal fotograflama yontemi

6



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

THE PALEOSEISMOLOGY OF THE TUZGOLU FAULT ZONE,
CENTRAL ANATOLIA, TURKEY

Akan Kiirger', Yasar Ergun Gokten? and Levent Yeleser'
"' General Directorate of Mineral Research and Exploration,
Department of Geology, 06800, Ankara, Turkey
2 Ankara University, Faculty of Engineering,
Department of Geological Engineering, 06100, Ankara, Turkey
(akinkurcer@mta.gov.tr)

ABSTRACT

The Tuzgdlii Fault Zone (TFZ) is one of the most important intracontinental active fault zone of
the Central Anatolia. TFZ is an approximately 200 km-long, 2-25-km wide, NW trending, active,
oblique normal fault zone. It is located between north of Tuzgélii (Salt lake) to the northwest and
the Kemerhisar (Nigde) town to the southeast. Both morphotectonic features and the distribution
of the recent earthquake epicenters with magnitude up to 5, strongly suggest that the Tuzgélii
Fault Zone is still active. Active fault mapping studies have revealed that TFZ is consisted of
structural fault segments parallel or supparallel to each other which the lengths differ from 4 to
32 km.

Because of the geological fault lenghts and geomorphological features, the Tuzgélii and Akhisar-
Kili¢ segments are the most important structural fault segments of TFZ. In this study totally four
trench were excavated along the Tuzgolii and Akhisar-Kili¢ segments. This paper is concerned
with the results of the first paleoseismic trench survey performed on the Tuzgolii Fault Zone.

Tuzgdlii segment is a N45°W trending, oblique-slip normal fault segment with a small right lateral
strike-slip component extending between the west of Karandere village (south of Sereflikochisar
town) to the northwest and Hanobasi village to the southeast with a length of 32 km. Two cross
trenches were excavated along the Tuzgolii segment and they were called as Tuzgdlii and Altinkaya
trenches. Both of them have been excavated on the distal parts of alluvial fans wich were cut
by the fault. Tuzgolii and Altinkaya trenches have been excavated approximately 30-meter long,
6-meter wide and 8,5-meter deep. At least five paleoseismic events have been defined in Tuzgolii
and Altinkaya trenches by taken into consider the stratigraphic relationships of units, upward
terminations of fault strands and geometry of fault colluvial wedge criterias.

Akhisar-Kili¢ segment is a, N25°-30°W trending, oblique-slip normal fault segment and extends
between Akhisar village to the northwest and Hasandagi to the southeast with its 25 km length.
Two cross trench were excavated along the Akhisar-Kili¢ segment. One of them has called as Duru
trench, on behalf of the memories of the MTA geologists Dr. Mehmet Duru and his team friends.
Duru trench is 54-meter long, 5-meter wide and averagely 6-meter deep (max. depth is 8,5-meter).
At least five paleoseismic events have been defined in Duru trench by taken into consider the
paleoseismic criterias. The other trench on the Akhisar-Kili¢ segment is called as Baglarkayasi
trench. It’s 94-meter long, 5-meter wide and averagely 5-meter dept (max. depth is 8,5-meter).
At least three paleoseismic event has been defined, based on stratigraphic relationships among
microstratigraphic units, upward terminations of fault strands and geometry of fault colluvial
vedge in this trench.

In this study, a new photographing method for paleoseismology has been used and it has been
called as Paleoseismic Three-Dimensional Panoramic Photography Method. The soil, bone and
terrestrial gastropod samples, which collected from trenches, have been sent to Beta Analytic Inc.
Lab for "C dating. The results of '*C dating analysis will help us to date the paleoseismic events.

Keywords: Paleoseismology, radiocarbon dating, trench, Tuzgélii Fault Zone, paleoseismic three-
dimensional virtual photography method.
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Carpigsma sonrast sikisma rejimi etkisiyle dogrultu atimli ve ters faylar tarafindan
sekillendirilen Dogu Anadolu Bolgesi, yerkiirenin i¢ dinamigi agisindan Tirkiye’nin en
onemli bolgelerinden birini olusturmaktadir. Bolgede 2011 yili sonbahar ayinda daha
onceden haritalanmamis faylar iizerinde 6nce bindirme karakterli 23 Ekim 2011 (M:7.2)
Ercis depremi ve sonrasinda da dogrultu atim karakterli 9 Kasim 2011 (M:5.7) Edremit
depremi gerceklesmistir. Bu depremler, Dogu Anadolu Bdlgesi’ni etkileyen ve giiniimiizde
aktif olduklar1 bilinen Kuzeydogu Anadolu Fay Zonu, Dogubeyazit Fay Zonu, Balikligél
Fay Zonu, Agr1 Fayi, Caldiran Fay1, Tutak Fayi, Bulanik Fayi, Er¢is Fay1 vb. tektonik hatlar
iizerine (Saroglu vd., 1993; Kogyigit, 2001) paylastirilan karmasik kitasal deformasyon
sisteminin pargalar1 olarak degerlendirilmelidir.

Dogu Anadolu Bolgesi’nin geng¢ tektonik bulmacasinin 6nemli parcalarindan birisini
olusturan Caldiran Fay1’nin ézellikleri bu calismanin konusunu olusturmaktadir. {1k kez, 24
Kasim 1976 tarihinde merkez {issii Van ilinin Caldiran beldesinde meydana gelen (Ms=7,5)
deprem ile tanimlanan Caldiran Fayi, bu depremde yaklasik KB-GD uzanimli, 150 km
uzunlugunda sag yonlii dogrultu atim karakterinde belirgin bir yiizey kirig tiretmistir (Arpat
ve Saroglu, 1977). Bu yikic1 deprem, Muradiye, Ercis ve Ozalp ilgelerini siddetli olarak
etkilemis ve bolge genelinde toplam 3840 kisi hayatin1 kaybetmesi ile sonuclanmistir.
Bununla birlikte bolgede kaydedilmis bir¢ok tarihsel depremin ise Caldiran Fayi iizerinde
gerceklestigi diistiniilmektedir (Ambraseys ve Finkel, 1995).

Bu ¢aligmada, Caldiran Fay1’nin morfotektonik 6zellikleri, uzun dénem deprem aktivitesi ve
kayma hizinin belirlenmesi konulu arastirma projesinin 6n sonuglar1 sunulacaktir.

Anahtar Kelimeler: Caldiran Fay1, morfotektonik, paleosismoloji, uzun dénem kayma hizi,
depremsellik.
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ABSTRACT

East Anatolia region which are characterized by strike-slip and reverse faults due to post-
collisional compressional regime is one of the most important regions in Turkey. In the fall
of 2011, one of the most populated places at the eastern Anatolia, the city of Van had been
struck by an intensive earthquake in the 23" of September (Mw:7.2) where its epicenter
located to the north of the city (close to Ercig) with reverse kinematics. Aftershock distribution
reveals that this fault has an ENE-WSE direction, parallel to the coast of Lake of Van. This
earthquake triggered another fault segment located to the south causing a rupture in strike-
slip nature (M:5.7) in the 9" of November. Previous studies also discuss evidence on the
activity of the tectonic lineaments named Northeastern Anatolian Fault, Dogubeyazit Fault,
Balikligol Fault Zone, Agr: Fault, Caldiran Fault and Tutak Fault (Saroglu et al., 1993;
Kogyigit, 2001) showing the complexity of the partitioned deformation of the area.

One of the most important pieces of this puzzle and also the focus of this study, Caldiran
Fault, has generated a significant earthquake (Ms:7.5) forming NW trending 150 km surface
rupture in the 24™ of November 1976 (Arpat and Saroglu, 1977) with right lateral strike
slip. This destructive earthquake affected a wide region causing the loss of 3840 lives and
a severe damage on the settlements of the surrounding. Besides this event, many historical
earthquakes reported in the region (Ambraseys and Finkel, 1995) are probably related to the
fault.

In this study, we are going to present the preliminary results of the research founded for
understanding the morphotectonic characteristics, long-term slip rate and paleoseismic

characteristics of the Caldiran Fault.

Keywords: Caldiran Fault, morphotectonics, paleoseismology, long-term slip rate.
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Cok segmentli dogrultu atimli faylarda segmentler arasindaki sekme ve biikliimler
geometrilerine gore sikismali (transpressional) veya gevsemeli (transtensional) dir. Biikliimler
dogrultu atiml fay sistemleri boyunca yiikselme veya havzalarin gelistigi karmasik tektonik
yapilardir. Biikliim alanlarinda gelisen bu yapilar dogrultu atim sistemi i¢inde gelisen normal
veya ters egim atimli ya da verev faylara bagl olarak sekillenirler. Cok segmentli Simav
Fay1 Bat1 Anadolu’yu etkileyen agilmali tektonik rejim i¢inde, Sindirg1 (Balikesir) ile Afyon
arasinda, KB-GD genel dogrultusunda uzanan agilmali sag yonlii dogrultu atimli bir diri fay
sistemidir. Toplam 205 km uzunlugunda olan fay sistemi batidan doguya dogru Sindirgi,
Simav, Saphane, Banaz ve Sincanli olarak adlandirilan bes alt fay segmentinden olusur. Fay
segmentleri gevsemeli ve sikismali sigrama veya biikliimlerle birbirinden ayrilir. Simav ovasi,
fay sistemi icinde geligmis en biiyiik yapisal ¢okiintiidiir ve Simav ile Saphane segmentleri
arasindaki biiklimde gelismis acilmali bir Pliyo-Kuvaterner havzasidir. Simav havzasi
glineyden dogrultu atimli ana fay, kuzeyden ise normal faylarin olusturdugu Nasa Fay Zonu
tarafindan sinirlandirilmistir. Nasa Fay Zonu KB-GD yoniinde toplam 20 km uzunlukta ve
5 km genisliktedir. Zondaki alt faylarin uzunluklari ise 2 ile 8 km arasinda degisir. Zondaki
faylar 55°-65° GB’ya egimlidir. Simav ovasinin kuzey kenarinda bu faylar boyunca sicak su
kaynaklar1 dizilidir. Jeomorfolojik bulgular Nasa Fay Zonu’nun Holosen’de aktif oldugunu
gostermektedir.

19 Mayis 2011 tarihinde meydana gelen Simav depremi ana soku (Mw: 5,8) ve bunu izleyen
cok sayidaki art¢ci depremin digmerkezleri Simav havzasinin kuzeyine rastlar. Ana sokun
derinligi 7 km olup, fay diizlemi ¢éziimleri normal faylanma mekanizmasina isaret eder.
Depremde yiizey faylanmasi gelismemistir. Ancak, ana sok lokasyonu, art¢ci depremlerin
dagilimi ve kirilma mekanizmasi birlikte degerlendirildiginde, depremin Simav fay sistemi
icindeki Nasa Fay Zonu’ndan kaynaklandig1 sdylenebilmektedir. Bu nedenle, 19 May1s 2011
Simav depremini ¢ok segmentli dogrultu atimli fay sistemi i¢indeki normal faylarda gelisen
bir depremlere Tiirkiye’den bir 6rnek olarak tanimliyoruz.

Anahtar Kelimeler: 19 Mayis 2011 Simav depremi, Nasa fay1, Simav fay1
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ABSTRACT

Stepovers and bends along the multi-segments strike slip faults are transpressional or
transtensional depending on stepping geometry. Bends are complex tectonic structures where
uplifting or basins were developed along the strike-slip fault systems. The bend basins in strike
slip-fault systems are formed by normal or reverse dip slip faults or oblique faults. In Western
Anatolian Extensional Tectonic regime, multi-segment Simav fault is a transtensional active
right lateral strike-slip fault system in NW-SE trending between Sindirgi (Balikesir) and
Afyvon. The fault, total length of which is 205 km, is divided into five fault segments namely
Swindwrgi, Simav, Saphane, Banaz and Sincanli from west to east. The segments separated
from each other by releasing and restaining bends and stepovers. Simav plain is the largest
basin along the fault and it is an extensional Plio-Quatertnary basin which was developed on
the bend between Simav and Saphane segments of the Simav fault. The basin is bounded by
the strike slip main fault to the south and Nasa fault zone, which is composed of the normal
dip slip faults, to the north. Nasa fault zone is 20 km-long in total and 5 km-wide in NW-SE
direction. The length of the faults in the zone changes between 2 and 8 km. Normal faults
in the zone have 55°-65° SW dip direction. In the northern margin of the Simav basin, hot
springs are aligned along the faults. Geomorphological findings indicate that the Nasa fault
zone is active in the Holocene.

The 19 May 2011 Simav earthquake (Mw:5.8) and aftershocks are located in the northern
margin of the Simav basin. Depth of the main shock is 7 km and fault plane solutions indicate
normal dip slip faulting mechanism. The event did not produce surface faulting. However;
considering the main shock location, distribution of aftershocks and the faulting mechanism,
it can be said that the earthquake was generated from the Nasa fault zone in Simav fault
system. Therefore, we argue that the May 19, 2011 Simav earthquake is an example for
earthquakes that occurred on the normal fault zone along the multi-segment strike slip faults.

Keywords: 19 May 2011 Simav earthquake, Naga fault, Simav fault
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Bu calismada, 19.05.2011 tarihinde Simav Fay1 iizerinde meydana gelen deprem (Mw=5.9)
ve bu deprem sonrasinda olusan Mw>3.8 depremlerin zaman ortami moment tensor ters
¢cozlimii ile elde edilen kaynak parametreleri ve sismotektonik anlami ortaya konulmaktadir.
Calismada yerel depremlerin kaynak parametrelerinin ¢dziimiinde Bogazici Universitesi
Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii Sismolojik Ag1 ve TUBITAK 109Y 103
no’lu proje kapsaminda bdlgeye kurulan iki adet sabit genis bantli ve bir adet kisa periyot
istasyon ile T.C. Bagbakanlik Afet ve Acil Durum Yonetimi Baskanligi Deprem Dairesi
Bagkanliginca isletilen bazi istasyonlarin verileri kullanilmistir. Deprem odak mekanizmasi
sonuglarina gore, Simav depremi, BKB-DGD dogrultulu ve kuzeye egimli olan Simav normal
fay1 lizerinde gerceklesmistir. Deprem ¢6ziimlemelerinde, cakigsma Ol¢iitii ortalama %70
olarak hesaplanmistir. Odak mekanizmasi ¢6ziimlemeleri sonucunda Simav Fay: {izerinde
19.05.2011 tarihinde ve 11 km derinlikte gerceklesen 5.9 biiytikliiglindeki depremi iireten fay
diizlemine ait dogrultu, egim ve sapma acis1 sirastyla 277/62/-92 olarak hesaplanmistir. Bu
depremin arkasindan gelisen depremlerin goreceli olarak yiizeye yakin, degisken egim yonii
sunan ve farkli egim agilarina sahip olduklar1 gézlenmistir. Depremlerin lokasyon ve odak
mekanizma parametreleri incelendiginde bdlgede, Simav Fayi’na antitetik olarak gelisen
bazi faylarin da ana sok sonrasinda kiigiik depremler tiretikleri saptanmistir. Bunlardan sinyal
/ giiriiltii oran1 yiliksek olan bazi depremler de ¢alisma kapsaminda ¢oziilmiis ve bu faylara
ait diizlemsel parametrelerin, bolgedeki KKD-GGB genisleme rejimini destekler nitelikte
sonuglar ortaya ¢ikardigr goriilmiistiir.

Anahtar Kelimeler: Simav, odak mekanizmasi, zaman ortami moment tensor ters ¢ozimii

12



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

SEISMOLOGICAL ASPECT OF SIMAV EARTHQUAKE

Alper Demirci', Tolga Bekler', Sitha Ozden?
!Canakkale Onsekiz Mart University, Faculty of Eng.&Arch. Dept. of Geophysical Eng.
’Canakkale Onsekiz Mart University, Faculty of Eng.&Arch. Dept. of Geological Eng.
(alperdemirci@comu.edu.tr)

ABSTRACT

In this study, the focal parameters of Simav earthquake (Mw=5.9) occured on 19.05.2011 and
its aftershocks (M>3.8) were estimated from time-domain moment tensor inversion method.
The data were obtained from seismological network of Kandilli Observatory and Earhquake
Research Institute, two broadband and one short period stations established in the scope
of the national project (TUBITAK-109Y103) and some close stations of Disasters and
Emergency Situations Directorate of Turkey. Focal mechanism solutions indicate that the
area is dominated by normal faults with mainly WNW-ESE strike and the Simav Earthquake
occurred on Simav Fault which is dipping towards north. The average variance reduction
was calculated as 70%. Based on the solutions of focal mechanism, focal parameters of
the main shock (Mw=35.9), occurred on 19.05.2011 at the depth of 11km, was calculated
as 277/62/-92 (strike,dip,rake). The aftershocks were relatively shallow with variable dip
direction and dip angle. Thus, this variation may point out the existence of antithetic faults
of the Simav Fault. The ones which have high Signal / Noise ratio were also studied and it
was concluded that focal parameters of these faults confirm theNNE-SSW extension regime
in the region.

Keywords: Simav, focal mechanism, time-domain moment tensor inversion
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Yeralt1 suyu bilesimlerindeki fiziksel ve kimyasal degisimlerin deprem dncesinde olusan
ilk sarsintilarla bagladig1 ve enerji bosalimi ile maksimum degerine ulastigi, sonra zamanla
normale dondiikleri bilinmektedir. Deprem 6ncesi, depremle birlikte ve deprem sonrasi yeni
kaynak olusumlar1 veya mevcut kaynaklarin kaybolmasi da olagandir. Sicak ve mineralli
su kaynaklarindaki degisimlerin bir depremin dnceden belirlenebilmesi amaciyla saglikli
olarak kullanilabilmesi i¢in, bu kaynak bolgelerinin ayrintili jeolojik 6zelliklerinin bilinmesi
gereklidir. Bu kapsamda Kiitahya ve Simav Fay1 arasinda kalan alanda yer alan sicak su
kaynaklarindan yapilan monitoring ¢alismasi ile sicak sular fiziksel ve jeokimyasal agidan
izlenmektedir. Sismik aktivite agisindan oldukca aktif olan Simav ve yakin ¢evresinde Subat
2009 dan giiniimiize M>4 biiyiikliigiinde yaklasik 20 adet deprem meydana gelmistir. Bu
depremlerden en 6nemlisi ve hasar yapici olani 19 Mayis 2011 tarihinde saat 20:15 te Simav’da
meydana gelen M=5.9 biiyiikligiindeki depremdir. Bu depremden sonra da giiniimiize kadar
yaklasik 380 adet M>3 biiyiikliiglinde deprem meydana gelmistir. Bu calismada, May1s 2010
tarihinden bu yana farkli donemlerde alandaki sicak su kaynaklarindan 6rnekleme ve yerinde
olciimler yapilmistir. Orneklemeler ve yerinde &lgiim tarihleri M=5.9 biiyiikliigiindeki
depreminin Oncesine ve sonrasina karsilik gelmektedir. Meydana gelen depremler ile
termal sulardaki fiziksel ve/veya kimyasal degisimler korele edilmektedir. Buna gore bircok
jeotermal alandaki sicak su kaynaklarinda fiziksel (sicaklik degerinde artis ve azalig) ve
kimyasal (Cl ve SO, konsantrasyonlarinda artis ve azalis) degisikler meydana gelmistir. Bu
veriler, ileride yapilacak calismalarla en azindan bu bolge i¢in olas1 bir depremin dnceden
tahmin edilmesi ¢aligmalari i¢cin 6nemli bir kaynak olusturacaktir.

Anahtar Kelimeler: Simav, jeotermal enerji, deprem tahmini, aktif fay
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ABSTRACT

Its known that changes in groundwater concentrations start with first shake and reach
maximum level with energy discharge than become normal levels by time after earthquakes.
Occurring of new springs or disappears of existing springs can be seen before, during or
after earthquakes. We should know detail geological features of geothermal spring areas
to use changing in hot or mineral water concentrations as earthquake estimation before. In
this scope, a monitoring study is doing from thermal water springs which located between
Kiitahya and Simav Faults to follow up these springs in the frame of physical and geochemical
features. Due to high seismic activity of Simav and surrounding area, there occurred about
20 earthquakes with magnitude upper than 4 after February 2009. Most important and
destructive earthquake of these was 19 May 2011 earthquake. After this shock about 380
earthquakes (M>3) occurred up to now. In this study, sampling and in-situ measurements
was done from these thermal waters in different periods from May 2010 to present. Sampling
and in-situ measurements periods correspond to before and after of this main earthquake.
Physical and/or chemical changes in thermal water springs between earthquakes are
compared. According to this monitoring study many physical (temperature increase and
decrease) and chemical (increasing and decreasing of Cl and SO, concentrations) changing
happened in lots thermal springs. These data can be an important source to estimate an
earthquake before at least for this area.

Keywords: Simav, geothermal energy, earthquake prediction, active fault
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Dogrultu-atimli faylarin diizensiz geometrileriyle iligkili olarak gelisen cek-ayir havzalar,
bu havzalarin geometrik O6zelliklerinin yorumlanmasint giiglestiren bir ¢ok kesinsizlik
sunmaktadirlar. Bu ¢aligma konuyla ilgili mevcut literatiiriin bir derlemesini sunmakla beraber
Kuzey Anadolu Fay Zonu boyuncaki ¢ek-ayir havzalarin 2. ve 3. boyuttaki 6zellikleriyle
ilgili yeni veriler sunmaktadir. Dogadaki drneklerden, deneysel ve sayisal ¢caligmalardan elde
edilen agisal veriler genel olarak bu havzalarin kenarlar1 arasinda 30-35°lik bir dar acginin
oldugunu gdstermektedir. Deneysel ¢aligmalar, bu deger araliginin saf dogrultu atimli faylarin
sigrama geometrilerinden kaynaklandigina, biitiinlesik rejimlerin kontrol ettigi alanlardaki
cek-ayir havzalarda ise bu degerlerde bazi sapmalar olabilecegine isaret etmektedir.
Literatiirden iyi bilindigi lizere, genel olarak ¢ek-ayir havzalarin dlgeksel ozellikleri 2
boyutta havza uzunlugu ve genisligi arasinda iyi tanimlanmis bir iliski gostermektedir. Bu
calisma ise 3 boyutta; uzunluk, genislik ve derinlik verilerini karsilagtirmaktadir. Giincel
ve eski ¢ek-ayir havzalara ait veriler, bir denklemle ifade edilebilecek mevcut bir iligkinin
varligini ortaya koymaktadir. Bu iliski ¢ek-ayir havzalarin ¢okel kalinligini tahmin etmede,
cok pahali olan sondaj ve jeofiziksel yontemlere gore ¢ok daha kullanighidir. Sedimanter
havzalarin bu ¢esidi petrol, gaz, maden yataklar1 ve yeraltisuyu gibi ekonomik kaynaklar
icin 6dnemli rezervuar alanlarindan biridir. Ekonomik kaynagin ¢esidine bagli olmaksizin,
bu kaynaklarmn ulasilabilirliginin anlasilmasinda en 6nemli parametre ¢okel kalinligidir. Bu
calismada sayisallastirilan iligskinin diinyanin degisik yerlerindeki bazi havzalara ve Kuzey
Anadolu Fay Zonu boyuncaki ¢ek-ayir havzalara uygulanmasiyla yeni ¢okel kalinliklar
tahminlerinde bulunulmustur. Sondaj ve jeofizik yontemlerinden elde edilen daha fazla
havza dolgusu kalinlig1 verilerinin eklenmesiyle, hesaplanan regresyonun ve tahmin edilen
degerlerin kesinligi artacaktir.

Anahtar Kelimeler: Cek-ayir havza, dogrultu atimhi faylanma, havza dolgusu, ¢okel
kalinlig1, Kuzey Anadolu Fay Zonu.
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ABSTRACT

Pull-apart basins that associated with geometrical irregularities of strike-slip faults represent
many uncertainties complicate the interpretations of their geometrical aspects. This study
presents a review of current literature and a new data set from the pull-apart basins along the
North Anatolian fault zone about the dimensional characteristics of these basins in 2-D and
3-D. Angular data that attained from the natural cases, experimental and numerical studies
represent an acute angle between 30-35°. Pull-apart basins along the North Anatolian Fault
Zone also present the similar angle values. As represented by experimental studies, this
value is a result of overstep geometry. Some declinations may be observable in pull-apart
basins located at zones controlled by composite regimes. Scale characteristics of pull-apart
basins from all over the world indicate a good 2-D relationship between basin length and
width as well-known from literature. This study compares the length, width and depth data
of pull-apart basins in 3-D. Active and ancient pull-apart basins suggest that there may be a
relationship that can be definite by an equation. This relationship would be the most useful
method to predict sediment thickness of pull-apart basins versus much expensive geological
and geophysical methods. This type of sedimentary basins is one of the important reservoirs
for economic resources such as oil, gas, ore deposits, and groundwater. Independent from
the type of these resources, sedimentary thickness is the most important parameter in
understanding the attainability of the resource. In this study, the application of the quantified
relationship to the pull-apart basins for some basins around the world and along the North
Anatolian fault zone predicts new sediment thicknesses. By the addition of more sediment
thickness data by drilling and geophysical methods to current literature, the accuracy of the
regression and predicted values will increase.

Keywords: Pull-apart basin, strike-slip faulting, basin-fill, sediment thickness, the North
Anatolian Fault Zone.
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OZET

23 Ekim 2011 yerel saat ile 13:41°de Aletsel dis merkezi Tabanli-Hidirkdy kdyleri yakinlari olan
siddetli bir deprem (Mw= 7.2) meydana gelmistir. Deprem 6zellikle Van ve Ercis arasinda ve Van
Goli’niin dogusu - Ergek Golii arasinda etkili olup, 600’iin iizerinde vatandagimizin hayatini
kaybetmesine neden olmustur. Aletsel donemde 6zellikle Varto, Hinis ve Caldiran kaynakli
onemli depremler bolge cevresinde etkili olmus, ancak Van kaynakli dnemli biyiikliikte bir
deprem meydana gelmemistir.

Moment tensor analizi yapilan 7 énemli deprem (M>5.0) yaklasik 6-16 km arasinda meydana
gelmis olup, bolgedeki depremler s1g odakli ve deprem iireten sismojenik zonun yaklagik h< 16
km. oldugunu ortaya koymaktadir. Depremin sismik momenti Mo=6.1149E+26 dyn.cm? olup,
depremden sonraki ilk iki hafta i¢erisinde yaklagik 2305 art¢1 depremin ¢dziimii yapilmistir. Ayni
zaman dilimi igerisinde biiyiikliikleri 4.0<M<6.0 olan toplam 115 adet deprem meydana gelmistir.

Depremin hizli yapilan faylanma mekanizmas: ¢oziimii 43.41° Kuzey enlemi-38.72° Dogu
boylamlari koordinatlarinda kirilmanin basladigini gostermistir. Depreme neden olan faylanma ters
faylanma 6zelligi gostermekte olup, Kuzeye dogru dalimli diizlem faydiizlemi olarak se¢ilmistir.
Arte1 depremlerin dagilimi yaklasik 70+10 km’lik bir kirilmanin varligini desteklemektedir. Artci
depremler yaklasik 2300 km? ‘lik bir alanda etkili olmustur. Ana deprem esnasinda tetiklenmis
kiitle hareketi, kaya kopmalari, yerel sivilasmalar ve yiizey deformasyonlar1 gozlenmistir.

Van depremi ve sonrasinda meydana gelen onemli art¢r depremlerin mekanizma ¢6ziimleri
bolgenin sikigma rejiminin etkisi altinda bulundugunu ve bu rejimin iiriinii olan ters faylanmalarin
bolgenin giincel tektoniginde etkili oldugunu gostermistir. Ayrica meydana gelen depremler
kullanilarak yapilan b-degeri analizi ile, bolgede meydana gelen faylanma tipi ve hakim tektonik
rejim arasinda iligki olup olmadigini ortaya konulmus, bolgede halen siiregelen sikisma rejiminin
b-degeri ile iligkisi test edilmis ve diisiik b-degeri bulunmustur.

Yapilan faylanma ve gerilme analizi sonuglari depremlerin agirlikli olarak ters faylanma
mekanizmasi ile meydana geldigini ve bolgenin sikigma rejimi etkisinde sismik etkinligini
stirdiirdiigiinii ortaya koymustur. Gerilme analizi sonuglar1 bolgedeki hakim olan en biiyiik gerilme
eksenlerinin genel dogrultusunun (P-sikisma) K-G yoniinde (KKB/GGD), ve (T-agilma) D- B
(DKD-BGB) yoniinde oldugunu gostermektedir. Meydana gelen 6nemli depremlerin dagilimi ve
art¢1 depremler D-B ve KD-GB gidisli fay pargalarinin deprem etkinligine sebep oldugunu ortaya
koymaktadir.

Van depremi bolgede siiregelen olagan deprem aktivitesini olumsuz yonde etkilemis ve bolgede
deprem aktivitesinin artmasina neden olmustir. Ayn1 zamanda Van depremi bolgesel gerilmenin
degismesine neden olmus, bu ise yoredeki aktif tali kiriklarin tetiklenmesine ve kisa zaman
araliklarla kirilmasina neden olmugtur. Bundan sonraki siiregte de bolgede orta biiyiikliikteki
depremlerin olmasi beklenmelidir. Van depremi Giineydogu Anadolu’da giiniimiizdeki hakim
sikigma (trust) tektoniginin ve bunun sonucu meydana gelen ters faylanmalarin giizel bir 6rnegini
olusturmustur.

Anahtar Kelimeler: Ters faylanma, art¢1 deprem, gerilme dagilimi, moment biiyiikliik, sismik
moment
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ABSTRACT

On the 23 October 2011 local time at 13:41 a strong earthquake occured near Tabanli-
Hidirkoy village. The earthquake destroyed the regions especially between Van and Ercis,
and East of Van Lake-Ercek Lake region, it caused death of more than 600 people. During
the instrumental period earthquakes occured in Varto, Hinis and Caldiran were effective in
the region in the past however an intense earthquake located in Van was not observed before.

Moment tensor analysis of 7 important earthquakes (M>5.0) were located in a region of 6-16
km. The erathquakes in the region have shallow epicenters and have less than 16km depth.
The seismic moment of the earthquake is Mo=6.1149E+26 dyn.cm®. 2305 aftershocks were
recorded during two week period after the earthquake in the region. During the same time
period 115 earthquake occured within magnitude range of 4.0<M<6.0.

The initial rapid fault solution shows that the rupture started at 43.41° North -38.72° East
coordinates. The fault causing the earthquake is reverse fault, the dip angle is towards North.
The afterschock distribution supports the rupture is 70+10 km. The afterschock distribution
was effective within a region of 2300 km?. During the main shock triggered mass movement,
rock breakage, local liquefaction is observed. Van earthquake and aftershock fault mechanism
solutions show that the region is under compression mechanism, and reverse faulting is a
result of this regime which is effective on the recent tectonism of the region.

In addition to this b-value analysis shows the relation between the faulting type in the region
and tectonic regime, the compressional regime in the region is tested by b-value and small
b-value is found.

After the faulting and strain analysis in the region it is observed that the earthquakes are caused
by reverse faulting mechanism and the region has a seismic activity under compressional
regime. The result of strain analysis shows the general alignment of the largest strain axis
(P-compressional) is on N-S (NNW/SSE) and tensional axis (T-dilatation axis) on the E-W
(ENE-WSW) alignment.

The distribution of the important earthquakes and the aftershock distribution shows that the
E-W and NE-SW oriented fault segments cause the earthquake activities.

Van earthquake activity influenced the current seismic activity and caused the increase of
the activity in the region. In addition Van Earthquake caused changing the regional tension
and this caused the trigger of the active small faults and caused breaking of them. After this
it is expected to observe medium sized earthquakes. Van earthquake is a good example of
dominant trust tectonism and the reverse faulting as a result of this type of faulting.

Keywords: Reverse faulting, aftershock, stress distribution, moment magnitude, seismic
moment
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23/10/2011 tarihinde yerel saat ile 13:41°de Van merkezde biiyiikliigii M1=6.7 olan (lokal
magnitiid hesaplama yontemine gore) bir deprem meydana gelmistir. Depremin dis merkez
koordinatlar1 Van Golii’niin dogusunda olmakla beraber gevre il ve ilgelerde de kuvvetlice
hissedilmistir. M1=6.7 biiyiikliigiindeki ana soktan sonra ilk yirmi dort saat igerisinde 335
adet, 09/11/2011 tarihi itibariyla da biiytikliikleri 1.7 ile 5.8 arasinda degisen 3363 art¢1 sok
meydana gelmistir. Meydana gelen art¢1 soklardan 125 tanesinin biiyiikliigi 4 ile 5 arasinda,
9 tanesi ise 5 ile 6 arasindadir. Ana soktan itibaren yaklasik ti¢ haftalik donemde giinliik artc1
deprem sayisi ortalama 200 civarindadir. Art¢t depremler genellikle ana sokun kuzeyinde
KD-GB yéniinde yaklagik 100 km’lik bir alanda yayilim gostermekte, derinlikleri 1 km ile
42.8 km arasinda degismektedir. Bolgede aktivite devam ederken 09/11/2011 tarihinde Van
Goli Edremit ilgesi yakinlarinda MI=5.6 olan bir deprem daha meydana gelmistir.

Bolgede meydana gelen depremlerin hangi fay sisteminden kaynaklandigi, hangisinin
art¢r hangisinin bagimsiz bir deprem oldugu konusu bilimsel ¢evreler tarafindan heniiz
netlestirilmemekle birlikte biiyiikliigii M1=6.7 olan ana sokun P dalgasi ilk hareket yonii
ve moment tensor yontemi ile yapilan odak mekanizmasi ¢éziimleri D-B dogrultulu ters
faylanmaya isaret etmektedir. Ana soktan sonra meydana gelen MI> 4 olan depremlerin odak
mekanizmasi ¢ozlimleri ise ters fay, sag yonli ve sol yonlii dogrultu atimli faylanma sonuglari
vermistir. 09/11/2011 tarihinde meydana gelen ve MI1=5.6 olan depremin odak mekanizmasi
ise sag yonlii dogrultu atim bileseni olan normal faylanmaya isaret etmektedir. Bu sonuglar
bir sikisma rejimi etkisinde olan Dogu Anadolu Bolgesi’ndeki tektonik karmasayr gozler
Oniine sermektedir.

Yapilan bu ¢aligma ile art¢1 soklarin odak mekanizmalari, derinlik dagilimlari ve deprem
sayisi-magnitiid iligkisi konusunda degerlendirmeler yapilmistir. Caligmaya altlik veri
olarak Bagbakanlik Afet ve Acil Durum Yonetimi Baskanligi Deprem Dairesi’nin verileri
kullanilmistir. Deprem sayisi —magnitiid iliskisi ortaya konulurken iki ayri donem
degerlendirilmistir. Birinci donem i¢in 2000-22.10.2011 yillar1 arasindaki 10 yillik periyotda
bolgede meydana gelen depremler, ikinci dénem igin 23/10/2011 tarihindeki M1=6.7 olarak
hesaplanan depremin art¢1 soklari kullanilmistir. Her bir donem i¢in ayr1 ayr1 a ve b katsayilari
Log (N)= a-bM Gutenberg-Richter bagintisi ile hesaplanmig ve elde edilen b degerleri
karsilagtirilarak bolgedeki gerilmenin yonii hakkinda bir yorum getirilmeye g¢alisilmistir.
Ayrica yaklasik 1 aylik dénemde giin giin agiga ¢ikan enerji miktar1 LogE = 12.24+1.44M
(Bath, 1979) formiilii ile hesaplanmugtir.

Anahtar Kelimeler: Van depremi, art¢1 soklar, odak mekanizmasi, Gutenberg-Richter
bagintisi, aciga ¢ikan enerji
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ABSTRACT

An earthquake with magnitude MI=6.7 occurred at local time 13.41 on October, 23, 2011
(according to local magnitude calculation method). Although epicentral coordinates of
earthquake was east of Van lake, this earthquake was also strong felt in neighbour provinces.
After the main shock with magnitude MI= 6.7, 335 aftershocks occurred in the first 24 hours.
3363 aftershocks were determined with magnitude range 1.7 — 5.8 until 09/11/2011. 125
aftershocks that occurred magnitude between 4-5, 9 aftershocks that occurred magnitude
between 5-6. Daily aftershock activity is average 200 in approximately three weeks after the
main shock. Distribution of aftershocks which located north part of main shock with NE-SW
direction extended approximately in an area of 100 km. Focal depths ranged from I to 42.8
km. While the seismicity continuing in the region, an earthquake occurred with magnitude
MI=5.6 on November, 09, 2011 in Van Golii Region (near Edremit).

Earthquakes that occurred in the region arise from which fault system, which one is
main shock and which one is aftershock hasn't been clarified yet by scientific community.
Focal mechanism solutions of main shock ML=6.7 performed by considering first motion
direction of P wave and moment tensor solution point out that this earthquake is emerged
from E-W direction thrust fault. Aftershocks with magnitude MI> 4 earthquakes point out
that these earthquakes are emerged from thrust fault, left and right lateral strike slip fault.
The earthquake that occurred with magnitude M1=5.6 on November, 09, 2011 is indicative
of normal fault with strike slip component. These results display tectonic complex of East
Anatolian Region which is affected by compression regime.

With this study, it is evaluated about focal mechanism of aftershocks, distribution of depths
and magnitude-number of earthquakes. To do this, the data were used that belongs to Prime
Ministry, Disaster and Emergency Management Presidency, Earthquake Department. For
the relationship between the number of earthquakes and magnitude it was evaluated two
different periods. First one is the earthquakes that occurred in the region approximately
decadal period between 2000 - 22.10.2011 and as the second period 23.10.2011 MI=6.7
earthquake and aftershocks are used. For each period a and b value is calculated separately
with Log (N)= a-bM Gutenberg-Richter Relationship and obtained b values were compared.
By the help of these results it is tried to make interpretation about direction of stress in the
region. Besides, released energy calculation is done for each day in period of one month with
the LogE = 12.24+1.44M formula (Bath, 1979).

Keywords: Van earthquake, aftershocks, focal mechanism, Gutenberg-Richter relationship,
released energy.
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23 Ekim 2011 Van depremi (Mw 7.2) Dogu Anadolu’da son yiizyilda meydana gelmis en biiyiik
depremlerdendir. Deprem 605 can kaybina ve yaklasik 4150 kisinin yaralanmasina neden olmustur.
Dismerkezi (38.7578°K - 43.3602°D) Van kentinin yakin kuzeyine rastlayan ana sokun derinligi 16
km’dir ve fay diizlemi ¢dzlimleri depremin bindirme/ters fay mekanizmasiyla gelistigini nermektedir.
Sahada gozlenen ylizey kiriklari depremin kuzey-kuzeybatiya egimli ters fay/bindirme niteligindeki
Van Fayi’ndan kaynaklanmis oldugunu gostermektedir. Van Fay1, Er¢ek Golil ile Van Golii arasinda
DKD-BGB genel dogrultuludur ve karada toplam 27 km uzunluktadir. Fayin Van Golii tabaninda, batiya
dogru en az 20 km devam ettigi sanilmaktadir. Bati ucunda, yaklagik 12 km uzunlugundaki béliimiinde
tek fay pargasindan olusur. 15 km uzunlugundaki dogu yarisinda ise ortalama 2 km genislikte, birbirine
paralel uzanan iki alt pargadan olugsmaktadir. Genel morfolojide fayin kuzey (tavan) blogu yiiksektedir.
Tavan bloktaki Kuvaterner yasli gél-akarsu ¢okellerinde izlenen kivrimlar, yiikselmis g6l taragalar: ve
eski kiy1 izleri fayin aktivitesini belgeleyen olusumlardir.

23 Ekim 2011 depreminde, Van Fay1’nin karadaki 12 km’lik bat1 bolimiinde yiizey faylanmas: gelistigi
gozlenmistir. Dogal zeminde yiizey kiriklar1 cogunlukla fay cephesine paralel uzanan kilcal tansiyon
catlaklar1 seklinde izlenir. Tansiyon catlaklar1 birka¢ metre uzunlukta, genelde sag yonde arali agmali,
ancak siireklilik sunmayan yapilar seklindedir. Fay tarafindan dik veya dike yakin acilarla kesilen asfalt
ve stabilize yollar ile beton sulama kanal1 gibi rijit yapilarda ise yiizey faylanmasi K-G veya KKB-
GGD yénlii stkisma/kisalma sonucunda gelisen deformasyonlarla tanmabilmistir. Olgiimlerimiz yiizey
kirig1 boyunca kuzey blogunun ortalama 10 cm yiikselmis oldugunu ve iki blok arasinda ortalama 9-10
cm yatay yonde kisalma gergeklestigini gostermektedir. Diisey Otelenme yaninda bazi lokalitelerde
yaklasik 4-5 cm sol yonlii dogrultu atimli yerdegistirmeler de gozlenmistir. Bu veriler fay diizlemi
¢oztimleri ile uyumlu olup depremin sol yonlii dogrultu atim bileseni olan bindirme/ters faylanma
mekanizmast iginde gelistigini agiklar. Kiriklarin 6zelliklerine gore depremde fay boyunca fleksiirel
biikiilme seklinde yiizey deformasyonu gelistigi s6ylenebilmektedir. Ote yandan, Van Golii’niin Ercig
Korfezi bolimiinii olusturan ve Van fayinin tavan bloguna rastlayan kiy1 kusaginda giincel kiy1 ¢izgisinin
depremde tektonik olarak 15 — 42 cm arasinda degisen degerlerde yiikselmis oldugu gozlenmistir.
Kiy1 ¢izgisindeki en biiyiik yiikselme degeri episantral alana rastlar. En kiigiik yiikselme degerleri
ise goliin kuzey kiyist boyunca 6l¢iilmiistiir. Kiy1 kusagindaki bu morfotektonik degisimler 23 Ekim
2011 depreminde kaynak fayin tavan blogunda bolgesel 6l¢ekte topografik yiikselme ve genis 6lgekli
ondiilasyonlarin meydana geldigini gostermektedir. Deprem biiyiikliigii ile fay uzunlugu arasindaki
gorgiil bagintilara gore depremde gelisen yiizey kiriginin bu ¢alismada haritalanandan daha uzun
olmasi beklenir. Ancak, yiizey kiriklarinin &zellikleri ve tavan blokta meydana gelen morfotektonik
degisimler 23 Ekim 2011 depreminde Van fay1 boyunca derinde gergeklesen kirilmanin tamaminin
yilizeye yansimadigini gostermektedir. Bunun nedeni, derinde meydana gelen yerdegistirmenin bir
kisminin tavan blogundaki kivrimlanma ile karsilanmasidir.

Anahtar Kelimeler: Yiizey kirigi, 23 Ekim 2011 Van Depremi, Dogu Anadolu
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ABSTRACT

On 23 October 2011 at 13:21 local time, Van Region was shaken by a devastating earthquake (Mw 7.2),
which killed 605 and injured 4150 people. The earthquake s epicenter is located at latitude 38.7578°N
and longitude 43.3602°F, 25 km north of the Van, and the earthquake has a depth of 16 km. Both focal
mechanism solution and observed surface rupture indicate a north-northwest dipping reverse fault.
The earthquake was generated from Van fault which is 27 km-long on land between Van and Er¢ek
lakes with a general ENE-WSW strike. The western continuation of the faulting inside Lake Van is
interpreted to be at least 20 km according to magnitude-fault length empirical relation. The Van Fault
consists of two sections, western and eastern. The western section forming a single fault trace is 12 km
long and the eastern section is composed of two parallel sub-sections in a 15 km long and 2 km wide
zone. In general morphology, the northern block (hanging wall) of the fault is up. Folds of Quaternary
lacustrine-fluvial sediments, uplifted terraces and paleo-shorelines at the hanging wall clearly indicate
the activity of the faulting.

23 October 2011 earthquake generated 12 km surface rupture at the western on land section of the Van
Fault. The surface rupture generally consists of tensional cracks parallel to the fault on the natural
ground. These discontinous tensional features generally consist of few meter long right-stepping
cracks. N-S or NNW-SSE oriented compressional/shortening deformation is mostly identified on rigid
infrastructres like asphalt and stabilized roads, and concrete irrigation canals, which are perpendicular
or sub-perpendicular to the fault trace. We measured about 10 cm uplift of the hanging wall and 9-10
cm lateral shortening of two blocks along the observed surface rupture. Moreover, we determined 4
to 5 cm left lateral displacements accompanying the vertical offsets at some of localities. These offset
measurements are all compatible with the focal mechanism solutions, which point thrust faulting with
left lateral component. Surface deformation generally has a flexural shape along the fault trace. We
also measured vertical uplift values, changing from 15 to 42 cm along the coastal zone of the Ercis
Bay. The maximum observed uplifted line is very close to the epicentral area, while the minimum one is
located at the northernmost shore of Lake Van. These morphotectonic features reflect a regional uplift
and formation of large-scale ondulations at the hanging wall of the source fault after the 23 October
2011 earthquake. Empirical parameters point a longer rupture length than the observed fault trace.
Our observations on the characteristics of the surface rupture and the morphotectonic features show
a faulting event, in which the rupture process did not reach to the surface at every section of the Van
Fault. This might be related folding on the hanging wall of the Van fault.

Keywords: Surface Rupture, 23 October 2011 Van Earthquake, East Anatolia
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Bu calisma, 23 Ekim 2011 tarihinde meydana gelen Tabanli-Van (M=7.2) depreminin Van ili ve
¢evresindeki aktif tektonik yapi icerisindeki konumunu agiklamayi amaglamaktadir. Bu baglamda
Tabanli-Van depreminden sonra arazi c¢aligmalar1 yapilmig, depremle iliskili olarak geligmis
deformasyon yapilari incelenmis ve arazi gozlemlerinden toplanan veriler ile Van ili ve gevresiyle
ilgili olarak daha once yapilmis aktif tektonik g¢aligmalari karsilastirilarak degerlendirmeye
gidilmistir. Yapilan arazi gézlemlerinde deprem sirasinda veya hemen sonrasinda yeryiiziinde/
yeryiiziine yakin kesimlerde meydana gelen deformasyonlar (sismik jeomorfolojik belirtegler) iki
ana sinifta toplanmistir: (1) tektonik streslere bagli sismotektonik yiizey deformasyonlar1 ve (2)
sismik sarsilma ve yer¢ekimiyle ilgili sismogravitasyonal yiizey deformasyonlari.

Sismotektonik yiizey deformasyonlari, Van Golil ile Er¢ek Golii arasinda 10 km genisligindeki
kusak boyunca gozlenir. Bu yapilar, genel uzammlar1 K50-70D olan senklinal ve antiklinal
geometrili ¢okiintii ve sirtlar seklindedir. Ozellikle Bardakgei ile Topaktas kdyii arasindaki asfalt
yollarda gelismistir. Sismogavitasyonal yiizey deformasyonlari sivilagma nedeniyle gelisen yanal
yayilma, oturma ve kiitle hareketleridir. Bu yapilar, Van Go6lii dogu kenar1 boyunca yiizlek veren
eski Van Goli ¢okelleri ve giincel aliivyonlarda gelismistir. Yapilan arazi ¢alismalar1 sirasinda,
Tabanli-Van depremi nedeniyle gelisen sismotektonik yilizey deformasyonlarmin yanisira,
deformasyon kusag icerisinde ters fay ylizeyleri de gdzlenmistir. Bu lokasyonlarda Ust Pliyosen-
Pleyistosen birimleri K50-70°D dogrultulu ve 45-50° kuzeybatiya egimli sol yanal bilesenli ters
faylarla kesilmektedir. Benzer aktif fay hatlart dnceki calismalarda (Ozkaymak, 2003), Van il
merkezi kuzeyinde yer alan Beyiiziimii kdyii kuzeyinde, Yiiziincii Y11 Universitesi Zeve Kampiisii
girigsinde ve Asit koyll giineyinde haritalanmistir. Birbirinden bagimsiz olarak haritalanan bu fay
segmentleri birlikte degerlendirildiginde, Citoren ile Beyiiziimii koyli arasinda, yaklasik 10 km
genigliginde, ortalama K50-70°D dogrultulu ve 47° kuzeybatiya egimli, birbirine paralel en az
bes fay segmenti iceren aktif bir bindirme zonunun varligi ortaya ¢ikar. S6z konusu faylarin
kinematik verileri 23 Ekim 2011 Van depremini olusturan ters fayin odak mekanizma ¢oziimiiyle
uyumludur. Dolayisiyla, Pleyistosen-Holosen birimlerini kesen fay zonunun, 23 Ekim Tabanli-
Van depreminde yeniden aktif hale gegerek yeni fay kollar1 olusturdugu anlasilmaktadir. Deprem
sirasinda olugsan fay koluna ait sikisma kokenli yilizey deformasyonlarinin belirgin bir yiizey kirig:
olusturacak sekilde gelismemis olmasi, yeni olusan fayin heniiz yilizeye ulasmadig: ve dolayisiyla
kor fay (blind fault) niteligi tasidigin1 gostermektedir.

Jeolojik haritalama ve kinematik analiz verilerine gore, KKB-GGD eksenli sikisma kuvvetleri
etkisinde sekil degistiren bolge; Tabanli-Van depremini olusturan DKD-BGB dogrultulu bindirme
fay zonunun yani sira, KD-GB uzanimli sol yonlii dogrultu atimli faylar, KB-GD uzanimh
sag yonli dogrultu atimli faylar ve yaklasik K-G dogrultulu normal faylarla simgelenen aktif
tektonik bir yapiya sahiptir. Van ilinin depremselligi s6z konusu aktif fay mekanizmasi i¢inde
degerlendirilmelidir.

Anahtar Kelimeler: Aktif tektonik, Dogu Anadolu, kor bindirme, sismik jeomorfoloji, Tabanli—
Van depremi
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ABSTRACT

This paper aims to explore the origin and location of the October 23, 2011 Tabanli-Van
earthquake within active tectonic framework of Van city and its surroundings. Field-based studies
have been done just after the Tabanli-Van earthquake, and then geometry and type of observed
deformational structures were incorporated and interpreted with the results of previous active
tectonic studies in the region. These structures can, based on seismic geomorphological indicators,
be grouped into two main topics: (1) seismotectonic landforms related to tectonic stress, and (2)
seismogravitational landforms related to seismic shaking and earth’s gravity.

Seismotectonic landforms are common within 10-km-long deformation zone located between Van
Lake and Ergek Lake. These structures, such as N50-70° elongated syncline and anticline structures,
are more pronounced in the area between Bardak¢i and Topaktas villages. Seismogravitational
landforms are common in water-saturated sediments of Lake Van, particularly along its eastern
margin; they are mostly liquefaction-induced features and are expressed in the form of lateral
spreading, mass action and settlement structures. Reverse fault planes are also common and
deform mostly upper Pliocene-Pleistocene sediments; they are north-dipping (45-50°) reverse
faults with sinistral strike-slip components and strike N50-70°FE direction in average. Similar
active faults were also mapped (Ozkaymak 2003) in three locations in the north of Van city center:
north of Beyiiziimii village, near the main gate of the Yiiziincii Y1l University Zeve Campus and
southern part of the Asut village. Evaluation of previously mapped fault segments and recent
observations in the deformation zone are consistent with an approximately 10-km- wide active
thrust fault zone that comprises, at least, five N50-70°F striking and north-diping (ca. 47°) fault
segments. Kinematics of these faults is consistent with fault plane solutions of 23 Octaber, 2011
Tabanli-Van earthquake. We suggest that newly formed and/or reactived fault segments in this
fault zone were the source of the 23 October, 2011 Tabanli-Van earthquake. The absence of surface
rupture(s) is attributed to a blind thrust.

According to geological mapping and kinematic analyses, the active tectonics of the region is
the manifestation of, in addition to ENE-WSW-striking thrust faulting, NNW-SSE-directed
compression as expressed by NE-SW-trending sinistral strike-slip faulting, NW-SE-trending
dextral strike-slip faulting and N-S-trending normal faulting.

Keywords: Active tectonics, blind thrust, East Anatolia, seismic geomorphology, Tabanli-Van
earthquake
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Karliova bulugma noktasindan glineydogu yoniinde Kuzey Anadolu Fayr devamliligini
yitirmektedir. Yiiksekova — Semdinli dolaylarinda yazar tarafindan 1980’li yillarda Semdinli
Fay1 adinda sag yonlii dogrultu attml1 bir diri fay haritalanmistir. Bu fay iran’daki bolgesel
faya baglanmaktadir. Iran’daki bu fay zonunun ilk fayi ise sag yanal atimli Piransar Fay1’dir.

Van depreminin oldugu alan, Karliova yakininda belirsizlesen Kuzey Anadolu Fayi ile
Semdinli-Piransar faylarinin arasinda yer almaktadir. Yazar yiizlerce kilometre boyundaki
bu alan1 sicrama alani olarak tanimlamaktadir. Sigrama alaninda ¢ok sayida farkli yonlerde
fay bulunmaktadir. Yazarin da ig¢inde oldugu ve Tiirkiye Petrolleri Anonim Ortaklig
jeologlarinca haritalanip adlanan KD-GB dogrultulu Bagkale Fay1, Narli1 Kozluk Fay1, D-B
dogrultulu Cavustepe-Giirpmar Fay1 bu bolgedeki faylarin bazilaridir. Ayrica iran sinirlari
icindeki KB-GD Salmas Fay1, yaklasik D-B dogrultulu Kuzey Tebriz Fay1 sicrama alnindaki
farkli dogrultularda olusan faylardir. MTA Diri Fay Haritasi’nda Van ili dolayinda ve
kuzeybatisinda gosterilen farkli dogrultudaki faylarin sicrama alaninin karakterini yansittigi
diisliniilmektedir.

Giirpinar, Bagkale ve Yiiksekova dolayindaki Kuvaterner ¢okel havzalari sigrama alanindaki
cek-ayir alanlarinda olusmus havzalardir. Bu havzalar normal faylarla smirlidir. Sigrama
alaninda, bazilar yiizeye kadar ulasmayan ters faylar yine sicrama alaniin karakteristik
faylaridur.

Van depreminden hemen sonra Hakkari-Yiiksekova-Semdinli dolayinda olan depremler
sigrama alanindaki tektonik aktivite ile Semdinli Fay1’nin iligkisini ortaya koymaktadir.

Anahtar Kelimeler: Semdinli fay1, Pirangar fayi, Van depremi, KAF, sicrama alani, ¢ek-
ayir havza
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JUNCTION AND SEMDINLI FAULT
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ABSTRACT

North Anatolian Fault loses the continuity from the Karliova junction to the south-easterly
direction. Active Semdinli Fault mapped and named around Yiiksekova - Semdinli suburbs
in the 1980s by the author as a right-lateral strike-slip fault. This fault is connected to Iran’s
regional fault. Piransar Fault is one of right-lateral strike-slip fault of the regional fault of
Iran.

Van earthquake is located between Karliova junction and Semdinli-Piransar faults. North
Anatolian Fault discontinues and indistinct after Karliova to southeast. The area is hundreds
of kilometers in length and identified as stepping area of the fault zones. There are a number
of faults in different directions in the field of stepping area.

Turkish Oil Cooperation's geologist including author mapped and named NE-SW trending
Baskale Fault and Kozluk-Narli Fault, and E-W trending Cavustepe-Giirpinar Fault some
of them located in the stepping area. In addition, NW-SE Salmas Fault and approximately
E-W trending North Tebriz Fault is also located within the stepping area and they are in
diverse direction. Active fault map of the MTA shows several faults in different directions
in northwest of Van and surrounding area. It is believed that distribution of those faults is
structural characteristic of stepping area.

Quaternary sedimentary basins in Giirpinar, Bagkale and Yiiksekova area are located in
stepping area and identified as pull-apart basin. This basin is bounded by normal faults.
In addition to normal fault reverse fault also identified which is also typical feature of
stepping area. Some of the reverse faults disappear near surface and becomes undetectable
as expected.

Immediately after the earthquake in Van, several earthquake activities occurred in Hakkari,
Yiiksekova and Semdinli region. This activity shows structural relationship between Van

earthquake and Semdinli Fault.

Keywords: Semdinli fault, Piransar fault, Van earthquake, NAF, stepping area, pull a part
basin.
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Ege Genigleme Sistemi igerisindeki grabenlerden biri olan Gediz Grabeni’ nin batisinda
konumlanan izmir K6rfezi, son calismalarda izmir-Balikesir Transfer Zonu olarak tanimlanan
ve sismik acidan oldukga aktif bir alan icerisinde yer alir. Morfolojik agidan L-sekilli olan
korfez; (1) kuzeyde Yamanlar ve giineyde Seferihisar yiikseltileriyle sinirli, yaklagik 60 km
uzunlugundaki, L-seklinin tabanini olusturan “i¢ Kérfez” ile; (2) kuzeydoguda Yamanlar
ve Foga yiikseltileri ile giineybatida Karaburun yarimadasi ile sinirlt olan, yaklasik 90 km
uzunlugundaki, L-seklinin kolunu olugturan “Dis Korfez” olmak {izere iki ana ¢okiintiiden
olusur. D-B uzanimli olan i¢ Kérfez’in aksine, Dis Kérfez KB-GD gidislidir. Bu ¢alismada
giiniimiizde de olusumu devam eden izmir Kérfezi gevresinde gelismis olan Miyosen sonrasi
doneme ait tektonik yapilar tanitilacaktir.

Izmir Kérfezi cevresinde yiizlek veren Miyosen-Kuvaterner yash kaya birimlerinin 1/25000
o6lgekli haritalama galigmalari sonucu elde edilen yeni yapisal veri ve saha gézlemleri, dogrultu
atimli faylanma tektoniginin Ege Genisleme Sistemi icerisindeki varligini ve dnemini ortaya
koymaktadir. Bu ¢aligma kapsaminda Korfez ¢evresinde ii¢ anahtar alan secilerek, bolgede
ylizlek veren Miyosen ve sonrasi kaya birimleri haritalanmig, bunlar1 deforme eden yapisal
elemanlar tanimlanmustir.

Bu alanlar: (1) Izmir Dis Kérfezi’nin GB smirim1 olusturan Karaburun Yarimadasmin
en kuzeyinde yer alan “Karaburun alani”; (2) izmir Kérfezi’nin kuzeyindeki Yamanlar
yiikseltisinin bati sinirini olusturan “Menemen alan1”; ve (3) Yamanlar yiikseltisi ile Nifdag:
yiikseltisi arasinda kalan “Yaka alani” dir. Bu ¢alismaya gore, Izmir Korfezi ve cevresi
Miyosen’ de KD uzanimli kalk-alkalinden alkaline degigen bir volkanizmanin gelistigi su
seviyesinin istiindeki gdlsel bir ¢okelim alaniydi. Bolge Orta Pliyosen boyunca Miyosen
volkano-sedimanter istifi deforme eden normal ve dogrultu atimli faylanmalarin baskin
oldugu bir tektonizmaya maruz kalmistir. Ust Pliyosen’den giiniimiize kadar bolge Izmir
Korfezi’'ni olusturacak bicimde Ege Denizi’nin sularinin etkisinde olusumunu devam
ettirmektedir. Bu sunumda izmir Kérfezi’nin bazi sinir faylarmin deformasyon &zellikleri
tanimlanacak ve fay zonlar1 boyunca elde edilen kinematik veriler 151831inda korfezin Geg
Senozoyik yapisal evrimi tartisilacaktir. Bu ¢aligma TUB/109Y044 nolu Tiibitak Projesi
kapsaminda hazirlanmistir.

Anahtar Kelimeler: Dogrultu atimli ve normal faylanma, yapisal analiz, Ge¢ Senozoyik,
Izmir Kérfezi, Ege Genisleme Sistemi.
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ABSTRACT

The Lzmir Bay, which is located at the western part of Gediz graben in the Aegean Extensional
System, is formed in a seismically active zone of weakness defined as the Izmir-Balikesir
Transfer Zone. The morphologically L-shaped bay is made up of two distinct and differently
oriented depressions: (1) E-W-trending “inner bay” -forming the leg of the L-shaped
depression and approximately 60 km long- lying between Yamanlar High to the north and
Seferihisar high to the south, (2) NW-SE-trending “outer bay’-forming the arm of the
L-shaped depression and approximately 90 km long- lying between Yamanlar High to the
northeast and Karaburun peninsula to the southwest. Here, we will present Post-Miocene
tectonic structures around the actively growing Izmir Bay.

Field observations and structural evidence obtained from 1:25.000 scale geological
mapping of Miocene—Quaternary rock units exposed onshore of Izmir Bay show the validity
and importance of strike-slip faulting in the Aegean extensional system. In this context,
three key areas were selected for mapping have Miocene and younger rock units and for the
establishment of the structural elements that deformed these units.

The investigated areas are: (1) Karaburun area located in northern part of the Karaburun
Peninsula, (2) Menemen area located in the western part of Yamanlar High, (3) Yaka area
located between Yamanlar High and Nifdagi High. This study reveals that the Izmir Bay
region was above sea level and the site of lacustrine environment associated with NE-SW
trending calc-alkaline to alkaline volcanism during the early to late Miocene. During the
middle Pliocene the area underwent normal- to strike-slip dominated tectonics that deformed
the Miocene volcano-sedimentary lacustrine basin units. From the late Pliocene to recent
time, the modern coastal area of Izmir was concealed beneath the waters of the Aegean Sea
by the creation of Izmir Bay. In this presentation, late Cenozoic structural evolution of Izmir
Bay will discuss in the light of the kinematic data we obtained from boundary faults of the
Izmir Bay. This study is presented in the context of Tiibitak Project-TUB/109Y044.

Keywords: strike-slip and normal faulting, structural analysis, Late Cenozoic, Izmir Bay,
Aegean Extensional System.
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Depremlerde meydana gelen hasar1 belirleyen baslica faktorler zemin parametreleri
ve yapi kalitesidir. Kuzey Anadolu Fayi’nin, Marmara Denizi altinda devam eden ve
sismik bosluk olarak nitelenen kesiminin kirilmasi durumunda meydana gelecek hasarin
ongoriilmesi, can ve mal kaybinin azaltilmasi agisindan biiyiik 6nem tasir. Bu nedenlerle
pilot alanlarda gerekli zemin parametreleri ve yapi stoku niteligini belirlemeye yonelik
caligmalarmyayginlastirilarak yapilmasi gerekir. Bu temelde, olasi bir Istanbul depreminde,
Prens Adalari’nda zemine ve kaynak faya uzakliga bagli siddet dagiliminin nasil olacaginin
belirlenmesi i¢in Biiyiikada'nin jeoloji haritast giincellenmis, 6nceki ¢aligmalardan diger
Prens Adalart’nin haritalar1 derlenmis ve farkli fay kesimlerinin kirildig: farkli senaryolara
dayanan Cografi Bilgi Sistemi temelli bir model tiretilmistir.

Biiyiikada’da Istanbul Paleozoik istifinin pek ¢ok birimi yer alir. Bu istif Ge¢ Kretase yasl
bir magmatik sokulum ile kesilmistir. Morfolojinin diisiik oldugu bazi kiy1 zonlarinda ise
giincel kiy1-plaj ¢cokelleri birikmistir. Ordovisiyen yash Kurtkdy ve Aydos Formasyonu kendi
icinde uyumludur ve Aydos ile tektonik dokanakli G6zdag Formasyonu ile birlikte allokton
bir kiitle 6zelligindedir. Bu kayalar, Devoniyen-Karbonifer yasli Dolayoba, Kartal, Tuzla ve
Baltalimani1 formasyonlarini bir bindirme ile iizerler. Eski kayalardan alinan dl¢timler ve
bunlarin analizleri allokton olan Kurtkdy ve Aydos formasyonlarinin bindirme 6ncesinde
bir deformasyona maruz kaldigim1 gosterir. Giincel ve gevsek tutturulmus cokellerinde
gozlendigi Prens Adalari’nda, diger birimlerle birlikte bu ¢okellerin deprem sirasindaki
davranislar1 incelenmeye calisilmistir. Buna bagli olarak kuvvetli yer hareketinin genliginin
bir parametresi olan maksimum yer ivmesini hesaplamak i¢in baziampirik bagmtilar
kullanilmuis, elde edilen sonuglarinin mekansal dagilimi ArcGIS yazilimi kullanilarak ortaya
konmustur. Marmara Denizi’'nde KAF’1 olusturan segmentlerin tekil veya hepsinin kirilma
olasiligina gore fay uzunlugu-biiyiikliik iliskisinden yararlanilarak Moment Biiyiiklik(M, )
degerleri hesaplanmustir. Degisen M parametresi, maksimum yer ivmesinin degerlerini
dogrudan degistirmektedir. Bu ¢alisma sonunda Prens Adalar1 i¢in kirilacak fay/faylarin
uzunluklara gore degisen farkli siddet modelleri ortaya konmustur.

Anahtar Kelimeler: Istanbul, deprem
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ABSTRACT

Soil parameters and construction quality are major factors, which together determine the
damage distribution.The damage prediction of probable Istanbul Earthquake, which is
thought to happen by rupturing of the North Anatolian Fault under the Sea of Marmara,
has great importance in terms of reducing the loss of life and property. For these reasons
determination of the structure stock and essential soil parameters for the pilot areas need
to be done in great extent. On this basis, we updated the geological map of Biiyiikada and
we compiled previous studies for other Prince’s Islands. We developed a GIS based intensity
modeling, which depends on soil parameters and distance to the source fault.

Many units of the Istanbul Paleozoic Zone have been observed at Princes’ Islands.These
unitsare cut by a Late Cretaceous aged igneous intrusion. The current coastal — beach
sediments were deposited in some of the coastal zones, where the local relief is relatively
low. Ordovician aged Kurtkoy and Aydos formations are stratigraphically conformablewith
each other. Silurian aged Gozdag formation has a tectonic contact with Aydos Formation.
These three formations constitute allochthonous unit and are thrusted over Kartal, Tuzla
and Baltalimani formations, which are Devonian to Early Carboniferous age. We observed
an additional deformation phase which happened before thrusting of Kurtkoy and Aydos
formations.We also concentrated to map unconsolidated sediments, which have great
potential to increase the amplitude of shaking during the probable Istanbul Earthquake. We
used empirical equations in ArcGIS software to calculate the peak ground acceleration as a
parameter of strong ground motion.The fault length-magnitude relation is used to calculate
Moment Magnitude (M )by assumption of different rupturing patterns of the NAF segments
in the Sea of Marmara. Different M, values directly effects the calculation of the maximum
ground acceleration. Finally, wepresent different intensity models for the Princes’ Islands.

Keywords: Istanbul, earthquake
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Spildag yiikseltisi, Bat1 Anadolu’daki D-B-uzanimli normal fay sistemlerinden birisi olan
Manisa Fay Zonu’nun (MFZ) taban blogunu temsil eder ve ge¢c Miyosen zamanindan sonra
yaklasik 1500 m ytiikseltilmistir. Taban blogun morfolojik 6zellikleri ve iizerinde yeralan
havzalarin drenaj modelleri, bolgede KD-GB uzanimli dogrultu atimli ve D-B/KB-GD
uzanimli normal faylanmalarin varligina isaret eder. MFZ, fay geometrisi, fay segment
karakteristigi ve eksenel nehir profilili, drenaj havzas1 geometrisi, tiggen facetalar, dag onii
cizgiselligi modeli gibi her bdliimiin evrimi tizerindeki aktif tektonik etkileri aciklayan
morfometrik dlglimlere gore bati, orta ve dogu bdliimlere ayrilabilir. MFZ boyunca ortalama
dag onii siniisligii (S_ ) degerleri 1.12 ile 1.13 aralifinda degismektedir. Spildag: yiikseltisinin
dag onii boyunca 0Olgiilen vadi tabani genisligi-vadi ytliksekligi oran1 (V) degerleri 0.033 ve
0.947 araligindadir. Yiikseklikleri 25 ile 1060 metre, egimleri 5.77 ile 40.21 arasinda degisen
29 adet iicgen faceta analiz edilmistir. Biitiin boliimlerdeki hipsometrik egriler cogunlukla
diiz ve konkav sekiller sergilerler, bunlarin hipsometrik integral (HI) degerleri 0.19 ile 0.72
arasinda degisir. Dag onii ¢izgiselligi (S_ ), vadi taban genisligi-vadi yliksekligi oran1 (V)),
iicgen fageta verileri ve hipsometrik egriler (alan-yiikseklik iligkileri), analiz edilen normal
fay segmentlerinin ¢izgisel ve yiiksek derecede aktif olduguna isaret etmektedir.

Anahtar Kelimeler: Aktif tektonik, Bati Anadolu, Manisa zay zonu, morfometri, tektonik
jeomorfoloji
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ABSTRACT

The Spildagi High ranges represent the footwall block of the Manisa Fault Zone (MFZ),
which is one of the E-W-trending normal fault systems in western Anatolia and have been
uplifted by approximately 1500 m in the period after the late Miocene. The morphological
properties of the footwall block and drainage patterns of the basins therein indicate NE-
trending strike-slip and E-W/NW-trending normal faulting in the region. The MFZ can
be subdivided in a western, central, and eastern sector according to fault geometry, fault
segment characteristics and morphometric measures such as axial river profiles, drainage
basin geometry, triangular facets, and mountain front lineament patterns, documenting
the impact of active tectonics on the landscape evolution of each sector. Mountain-front
sinuosities (S, ) mean values along the MFZ range from 1.12 to 1.13. Valley floor width to
valley height ratios (| Vf) values along the Spildag1 high range mountain front between 0.033
and 0.947. Over a range of 29 triangular facets analyzed, their heights vary from 25 to 1060
m and slopes vary from 5.77° to 40.21°. Hypsometric curves for all sectors slope exhibit,
mostly straight or concave shapes with the corresponding integral values (HI) range from
0.19 to .72. Geomorphic indices of the mountain front sinuosity (S, ), valley floor width-
to-height ratio ( V/), triangular facet data and hypsometric curves (area-altitude relations)
suggest that the analyzed normal fault segments are linear and highly active.

Keywords: Tectonic geomorphology, active tectonics, morphometry, Manisa fault zone,
Western Anatolia
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Bu g¢alismada, “Coklu depremlerin yeniden konumlandirilmasi (specialize multiple
event relocation)” yontemi kullanilarak, 23 Ekim 2011 Van (Mw=7.2) depreminin ana
sokunun ve biiylik art¢c1 soklarinin konumlar1 yeniden hesaplanmisti. Bu yontem, tiim
igmerkez parametrelerinin kalibre edilmis (sapmadan arindirilmig, bias-free) tahminlerini
vermektedir. “Coklu depremlerin konumlariin yeniden hesaplanmasi” yontemiyle yapilan
analizle; goreceli lokasyonlardaki hata miktarlar1 azaltilmakta ve sadece, yakin dismerkez
uzakligindaki (A<120 km) istasyonlarda okunan varis zamanlart kullanilarak mutlak
lokasyon, olus zamani ve derinlik degerlerinin kalibrasyonu yapilmaktadir. Gézlemsel okuma
hatalar1 varig zamanlarindan saptanarak; veri topluluguna aykir1 okumalarin tanimlanmasi,
elimine edilmesi ve ayn1 zamanda lokasyon ters ¢oziimiiniin agirlik katsayisinin tanimi i¢in
kullanilmistir. Bundan dolay1 lokasyon parametrelerinde hesaplanan belirsizlikler gercekeidir.
Van dizinimideki herbir dismerkezin lokasyonundaki belirsizlik %90 giivenilirlikle 2-5
km araligindadir. Bu biitiin olarak kiimelenmenin lokasyonu igin yapilan kalibrasyonun
belirsizligini de (~1.9 km) igermektedir. Van depremlerinin mevcut dizinimi, temel olarak
bolgesel ve telesismik okumalara dayandirilarak yapildigindan, tekil lokasyonlar1 25 km
kadar hatalidir ve glineydogu yoniinde sapma olduguna dair gii¢lii bir kan1 vardir. Ana sokun
NEIC (National Earthquake Information Center) tarafindan hesaplanan konumunun, kalibre
edilmis konumundan 14 km daha glineydoguda oldugunu belirtmekte yarar vardir. Okumalarin
yapildig: sismik istasyonlar agirlikli olarak kaynak bolgesinin kuzeybatisinda (Avrupa’da)
toplanmistir ve bu istasyon dagilimiyla evrismis, kiiresel deprem konum hesaplanmasinda
kullanilan 1-boyutlu ortalama sismik hiz modelleri ise diinyanin gergek sismik hiz yapisindan
farklidir. Bu farklilik bu tiir hatalara neden olmaktadir. Bir giinliik ilk art¢1 soklar, merkezi
Van’in 20-25 km NNW daki Alaykdy’de olan, yaklagik 30 km uzunlugunda ve NE-SW
dogrultusundaki bir kirigr tamimlar. Ana sokun kaynak mekanizmasi, diigiim diizlemleri
dogu-kuzeydogu dogrultusundaki olan ve degisen miktarlarda yanal hareket igeren bir ters
faylanmadir. Digmerkez ve derinlik dagilimlarmin sekli, kuzeybati yoniinde dalan diigiim
diizlemi iizerinde yanal atimli odak mekanizmasi olan bir kirilmay1 desteklemektedir. Ana
sok bu zonun NE ucundadir. 23 Ekim 2011 depremiyle iligkilendirilen 13-30 km derinlik
araligindaki igmerkez dagilimlarinin ortalama derinligi 24 km civarindadir. Depremlerin
yerlerinin yeniden belirlenmesi iglemi, bize, bélgede daha 6nceden mevcut depremselligin
lokasyonlarini kalibre etme olanagini vermektedir. Depremlerin yerlerini yeniden belirleme
islemine, 1964 yilindan bu yana bolgede meydana gelmis 6nemli depremleri de kattigimizda
depremsellgin biiyiik 6l¢iide Ekim 2011 dizilimiyle aktif gdziiken ayni fay lizerinde meydana
geldigini ortaya ¢ikarmis bulunuyoruz.

Anahtar Kelimeler: 23 Ekim 2011 Van depremi, art¢1 soklar, depremsellik, kalibrasyon,
yeniden konumlandirma
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ABSTRACT

We have determined improved locations for the October 23, 2011 Van, Turkey (Mw 7.1)
earthquake and larger aftershocks, using a specialized multiple event relocation methodology
that provides calibrated (bias-free) estimates of all hypocentral parameters. Errors in
relative location are reduced by the multiple event relocation analysis and the calibration
for absolute location, origin time, and depth is performed using only arrival time readings at
short epicentral distance (less than about 120 km). Empirical reading errors are estimated
from the arrival time data itself and they are used to identify and remove outlier readings and
also to weight the location inversion, so that calculated uncertainties in location parameters
are realistic. Uncertainties for individual epicenters of the Van sequence are mostly in the
range from 2 to 5 km at the 90% confidence level, which includes the uncertainty (~1.9 km) of
the calibration for the location of the cluster as a whole. Single event locations for events in
this sequence, based mainly on regional and teleseismic readings, are mislocated by as much

as 25 km, and with a strong tendency to be biased toward the southeast. In particular, the
NEIC location for the mainshock was 14 km southeast of the calibrated location. This effect
is caused by the departure of the true Earth velocity structure from the average 1-D models
used in global earthquake location, convolved with a heavy concentration of reporting
seismic stations to the northwest (i.e., Europe) of the source region. The early aftershocks

(within one day) define a rupture zone ~30 km in length, oriented NE-SW, centered very close
to the village of Alakoy, about 20-25 km NNW of Van. Focal mechanisms for the mainshock
all feature reverse faulting on nodal planes oriented from east to northeast, with varying
amounts of strike-slip motion. The pattern of epicenters and depths supports a rupture model
with slip on the northwest-dipping nodal plane of such focal mechanisms. The mainshock
epicenter is at the NE edge of this zone. The average depth of the seismicity associated with

the October 23, 2011 event is about 24 km, with a range of 13-30 km. The relocation process

also permits us to calibrate the locations of prior seismicity in the region. We have included
all significant events since 1964 in the relocation and found that a surprising amount of
the prior seismicity occurred in the same fault zones that were active in the October 2011

sequence.

Keywords: Aftershocks, calibration, relocation, seismicity, Van earthquake of October 2011
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Bu c¢alisma, Sigacik Korfezi (Bati Anadolu) ve c¢evresinde gergeklestirilen yiiksek
¢ozinlrliklii sismik yansima arastirmasimin ilksel sonuglarini igermektedir. 2005 yilinin
Agustos ayinda ve 2008 yilim Mart ayinda, Dokuz Eyliil Universitesi Deniz Bilimleri ve
Teknolojisi Enstitiisii’niin arastirma gemisi olan K. Piri Reis gemisiyle, Sigacik Korfezi ve
Kusadas1 Korfezi'nde, yaklasik 1300km’lik ¢ok kanalli sismik yansima ve daha yiiksek
¢cOzliniirliige sahip miihendislik sismigi (CHIRP) verisi toplanmistir. Agustos 2005°te
gergeklestirilen birinci ¢aligmadan yaklasik iki ay sonra, 17 Ekim 2005, ayni1 bolgede bir
deprem dizisi meydana gelmistir. Episantr noktalar1 ¢alisma alanina ¢ok yakin olan bu
deprem dizilerinin olusumundan sonra, 2008 yilinda ikinci ¢alisma gergeklestirilmistir.

Cok kanall1 sismik kesitler incelendiginde iki ana sismik birim ayirt edilmektedir. Bunlardan
birincisi temel kaya birimlerinden olusan alt birim, ikincisi ise, temel kaya birimi {izerine
¢okelmis olan iist birimdir. Sismik kesitlerden ayrica, ¢aligsma alaninda, iginde Tuzla Fayi’nin
da oldugu ¢ok sayida aktif faymn bulundugu anlasilmaktadir. Cok kanalli sismik kesitler
incelendiginde ¢alisma alaninin Sigacik ve Kusadasi olmak iizere iki belirgin deniz alti
havzasindan olustugu goriilmektedir. Bunlardan Sigacik Havzasi, genelde dogrultu atimli
faylarla deforme edilmistir. Bunun yaninda, Kusadasi Havzasi’nda ise normal faylar etkin
olarak gozlenmektedir. Cok kanalli sismik yansima verisiyle karsilastirildiginda, daha yiiksek
¢oziliniirliige ve daha az girisime sahip olan miithendislik sismigi verileri (CHIRP) sayesinde
ortamdaki aktif faylar daha net ayirt edilmektedir. Sonug olarak, bu ¢alismadan elde edilen
ve islenen veriler 1g1ginda, caligma alanindaki aktif faylar, bu faylarin karadaki faylarla ve
bolgede meydana gelen depremlerle olan iliskileri incelenmistir.

Anahtar Kelimeler: Cok kanalli sismik yansima, CHIRP verisi, deprem dizileri, Sigacik ve
Kusadas1 Korfezleri, aktif faylar
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ABSTRACT

This study consists of the preliminary results of the high resolution seismic survey in Sigacik
Gulf (West Anatolia) and surrounding areas. The multi-channel seismic reflection and
CHIRP data were carried out onboard K. Piri Reis, research vessel of Dokuz Eyliil University
(Izmir-TURKEY), in Sigacitk Gulf and Kusadasi Gulf (West Anatolia) in August-2005 and
in March-2008. Approximately 1300km data were acquired along the seismic lines. On 17
October 2005, a series of earthquakes occurred in the same area about two months after the
first cruise. The epicenters of the earthquake series are very close to our seismic profiles.
Second cruise is realized in 2008, after this earthquake series.

Two main seismic units, lower unit and upper unit, can easily be determined on multi channel
seismic sections. It is also observed on seismic sections that there are many active faults
including Tuzla Fault. Two main submarine basins can be determined from multi-channel
seismic sections, Sigacik Basin and Kusadas: Basin. Sigacik Basin is deformed generally
by strike slip faults. On the other hand, normal faults are dominant in Kusadasi Basin. The
CHIRP data which have higher resolution and lower penetration than multi-channel seismic
data allow being distinguished of the active faults. In the view of the processed data, the
active faults, their continuation on land and the relationship with the earthquakes happened

in the surrounding area were investigated.

Keywords: Multi-channel seismic reflection, CHIRP data, earthquake series, Sigacik and
Kusadasi Gulfs, active faults
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Bu caligmada Ege Bolgesi’nin tektonik yapisinda 6nemli yer tutan Afyon, Denizli, Usak,
Manisa il smurlar1 arasinda kalan bolgenin, c¢evresindeki yapisal jeolojik ortamla olan
iligkileri belirtilerek farkli tektonik 6zellikleri ortaya konmustur. ADUM yapisal blogu
olarak adlandirilma yapilmasiin nedeni ise kendi smirlari iginde ortak yapisal 6zellikler
gostermesi ve belirli dinamik hareketler iceren tektonik sinirlari oldugu diislincesidir.
Bolgenin serbest yapisal blok davranist gosterdigi var olan verilerle ortaya konmustur.

Bolge bilinen giineybati hareketli helenik yitim zonuna ilerleyen ve genel olarak ters saat yonlii
kitasal hareketli genisleme rejiminde kabul edilen Ege Bolgesi icerisinde bulunmaktadir.
Bu yazida belirtilmek istenen en 6nemli o6zellik serbest yapisal blogun saat yoniindeki
hareketidir, bu durum Ege Bolgesi’ne gore goreceli olarak ortaya ¢cikmaktadir. Saat yoniinde
hareket eden ADUM yapisal blogu, kendi giineydogu kesiminde ters saat yoniinde hareket
eden Isparta Biikliimii ile uyumlu bir dayanak bolgesi olusturup kapi mentesesinin bir diger
plakas1 gibi agisal hareket siirdiirmektedir. Bolge kuzeybatidan gerilmeli tektonigin etkisinde
gelisen miyosen yasli Tire-Gordes Fay Zonu’yla sinirhidir. Bu fay zonu 15 milyon yila
yakin bir siiredir gevresel rejim degisse de ayni bolgede aktif olmaya devam etmektedir.
ADUM kuzeydoguda Gediz Grabeni’yle ve giineybatida Menderes graben sistemlerinin
tektonik sinirlartyla ¢evrilidir. Uydu GPS hareket vektorleri incelendiginde bolgenin tiim
vektorel yonlenimleri acisal hareketine uyduruldugunda birbirine paralel ve cevre ile
karsilastirildiginda ise farklilig1 belirginlesmektedir.

Depremsellik agisindan incelendiginde ise tim sinirlarini takiben araliksiz bir tektonik
aktivite mevcuttur. Ayrica blogun saat yoniindeki goreceli hareketini destekleyen en 6nemli
veri ise BKB-DGD sag yanal atim igeren Simav Fay1’dir ki bu fay, saat tersi yoniinde hareket

eden Ege Bolgesi ile uyumlu olma durumunda sol yanal ¢aligmaliydi.

Anahtar Kelimeler: ADUM, GPS, saat yoniinde hareket, yapisal blok
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ABSTRACT

In this study, between the borders of the provinces of Afyon, Denizli, Usak, Manisa in tectonic
structure of Aegean region defined with considered tectonic relationships to its surroundings.
ADUM structural block is called because the common structural features within its own
borders is same and the existing data enough for support this idea.

Structure located with in the which area has counterclockwise rotation in expanding regime
‘Aegean region’ with wellknown southwest direction to Hellenic Arc. Important point is
clockwise rotation of free structural block. This event is relatively evident to Aegean Region s
counterclockwise rotation. Its supported by another block ‘Isparta Angle’is where the place of
ADUM s clockwise rotation taken zero value and this combined dynamic structure is similar
to opening door hinge's accorded plates. Emerged by stress zone belong to compressional
regime in Early Miocene Tire-Gordes still active fault zone was encircled to block from NW.
Fault has been continue to working in the structural system since Miocene on the same
area with changed different tectonic regimes. ADUM encircled by Tectonic borders from
NE with Gediz graben and from SW Menderes graben. All the angular orientation of the
movement vector of the region examined, the GPS motion vectors parallel to each other and
the environment compared with the obvious difference.

in terms of the seismicity, continuous tectonic activity are exist like uninterrupted linear trace
on borders. In addition, the relative movement of block is clockwise direction of the most
important data supporting the WNW-ESE right-lateral slip Simav fault (WNW-ESE) . This
is a good reason for answering the question ; why not the block rotating counterclockwise?
If so, then Simav fault must be has lefi-lateral slip component for accord to Aegean
counterclockwise rotation.

Keywords: ADUM, GPS, counterclockwise rotation, structural block
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Prens Adalari, Istanbul’'un Anadolu yakasinda anakaraya yaklasik 4 km mesafede bulunan,
dordi biiyilk olmak iizere toplam dokuz adadan olusmaktadir. Adalarda yiizlek veren
birimler ise genelde Istanbul Paleozoyik istifine ait, cogunlukla Alt-Orta Ordovisiyene yasl
kirintililar ve Devoniyen-Karbonifer yasli denizel birimlerdir. Burgazada ve Heybeliada’da
ise yogunca asidik-ortag bilesimli, porfirik dokulu volkanik birimler hakimdir. istanbul
Paleozoyik istifinde cogunlukla dayklar seklinde gozlenen bu volkanik birimler Ust Kretase
de gelisen volkanizmanin {irlinii kabul edilmistir.

Istanbul Paleozoyik istifinin genelinde goézlenen karmasiklik Adalar’da da kendini
gostermektedir. Bu bdlgede de istif diizenli bir sekilde devam etmeyip bir¢ok yapisal unsurla
sekillenmistir. Gerek birimlerin uzun tektonik gecmisi gerekse Kuzey Anadolu Fay Zonu’nun
kuzey koluna ait Adalar Fayi’na yaklagik 6 km mesafede bulunmasi sebebiyle birimlerde
istifsel yerlesimin disinda yogun deformasyon yapilar1 goézlenmektedir. Adalar’da genel
olarak giineydeki sistemle ilintili olan faylarin varligia rastlamak miimkiindiir. Bu faylarn
orten yamag molozu ¢okelleri faylarin yakin gecmisteki aktifligine isaret etmektedir.

Bu ¢aligma kapsaminda, Adalar’da gdzlenen birimlerdeki yapisal dzellikler 6l¢iilmiis, gérece
geng olanlar ayirtlanmaya calisilmistir. Gorece geng¢ olan volkanik birimlerde goézlenen
kiriklar ile Paleozoyik yash birimlerde gozlenenler karsilastirilmistir. Adalar’da gézlenen
tektonik yapilarin Kuzey Anadolu Fayi’nin kuzey zonu ile olan iliskisi karsilastirilmis ve
dogrultu atimli fay sistemlerinin etkisinin yanisira, agirlikli olarak diisey bilesenin hakim
oldugu gerilmenin etkin rol oynadig1 saptanmistir. Diisey bilesenin hakim oldugu faylarin,
morfolojinin son seklini almasinda ve hatta adalarin olusumunda daha etkin oldugu
diistiniilmektedir.

Anahtar Kelimeler: Kirik sistemleri, Kuzey Anadolu Fay Zonu, Prens Adalari
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ABSTRACT

The Prince Islands, located 4 km south of the Asian Peninsula of the Istanbul city, comprise
a total of nine islands, four of which are larger. Units exposed in the islands are Lower-
Middle Ordovician terresterial and shallow marine clastics and Devonian-Carboniferous
marine units. Often manifested as dikes in the Istanbul Paleozoic sequence, these volcanics
are considered products of Upper Cretaceous volcanism.

Complex structure present in the Istanbul Paleozoic sequence is also manifested in the Prince
Island. There, the sequence is not simple and uniform and is modified by many structural
features. Both long tectonic history affected the sequence and close proximity of the Northern
branch of the North Anatolian Fault Zone about 6 km, in the sequence besides depositional
features intense deformational structures are observed. Individual faults associated with the
fault system are present. Colluvial sediments covering these faults indicate their activity in
the recent past.

During this study, structural features present in the islands are investigated and those that
appear to be of the recent past are distinguished. Fracture systems in the volcanic units are
compared with those in the Paleozoic units. Association of tectonic structures observed in
the islands are evaluated with the North Anatolian Fault and besides influence of strike-slip
fault systems, a stress regime of vertical tectonic is noted to be prominent. Faults dominated
by vertical movement are considered to be effective in the formation of the recent morphology
of the island.

Keywords: Fracture systems, North Anatolian Fault Zone, Prince Islands
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Bu ¢alisma, Marmara Denizi’nin batisinda yer alan Cinarcik Cukuru’nu igine alan bolgede
deniz jeofizigi yontemlerinden biri olan ¢ok kanalli sismik yansima verileri ve sismik
hatlar ile korele edilmis yiiksek ayrimli batimetri verilerine dayanmaktadir. Caligmanin
amac1, Kuzey Anadolu Fay1r’nin Marmara Denizi i¢erisindeki devamini incelemek, Anadolu
Levhasi’nin tektonik hareketine bagli olarak baseni olusturan sediment birikiminin yaptigi
gocii aragtirmak ve Kuzey Anadolu Fayi’nin sinirladig1 basenin giineyinde bu faya ait bagka
bir kolun var olup olmadigini ortaya koymaktir.

Marmara Denizi i¢in yapilan bu ¢alismada 2008 yilinda gergeklestirilen TAMAMOS ve 2010
yilinda gergeklestirilen Pirmarmara seferlerinde R/V K. Piri Reis gemisi tarafindan toplanan
cok kanalli sismik yansima verileri ve Fransiz deniz arastirma enstitiisii olan Ifremer
kurumunun hazirladigi yiiksek ayrimli batimetri haritast kullanilmistir. Cok kanalli sismik
yansima verilerinin bir kismi 240 bir kism1 da 96 kanalli olarak toplanmig ve veri iglem
sonrast yorumlamaya hazir hale getirilmistir.

Calismanin sonucunda Cinarcik Baseni’nin kuzey sinirini olusturan Kuzey Anadolu Fayr’nin
Marmara Denizi igerisindeki devaminin sadece dogrultu atimli bir fay olmadig1 ayrica diisey
bir bilesene de sahip olan oblik bir fay oldugu diisiiniilmektedir. Bu c¢alismada Ciarcik
Baseni’nin Arabistan Levhasi’nin Anadolu Levhasi {izerinde yarattigi etkiden dolay1 saat
yoniiniin tersine ve batiya dogru bir agilim gostermesi sonucu farkli jeolojik birimlerin
¢okelme alanlarmin da buna bagli olarak ne kadar hareket ettigi ortaya konmustur. Cokelme
alaninda biriken farkli sediment birimleri ve bunlarin hareketleri 3 boyutlu ve 2 boyutlu
sekilde gosterilmistir. Ayrica Cinarcik Baseni’nin giiney sinirinda agilma tektonigine bagl
derin olmayan faylarin haricinde dogu-bati yoniinde uzanim gosteren ve Kuzey Anadolu
Fay1’nin kolu oldugu diisiiniilen bir faya rastlanmamustir.

Anahtar Kelimeler: Kuzey Anadolu Fayi, Cinarcik Baseni, ¢ok kanalli sismik yansima
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ABSTRACT

This investigation is based on high resolution multichannel seismic reflection and high
resolution bathymetric data which are collected in Cinarcik Basin that is located in the east
of Marmara Sea. The aim of this study is to investigate continuation of North Anatolian
Fault within the Sea of Marmara, in order to investigate migration of sedimentation which
depends on tectonic movement of the Anatolian Plate and to research faulting in the southern
boundary of the Cinarcik Basin and southern branch of North Anatolian Fault..

In this frame, the data in the east of Marmara Sea which is used in this study, TAMAMOS
(2008) and Pirmarmara (2010) multichannel seismic reflection data were collected by
Research Vessel K. Piri Reis and the bathymetry data which is used was collected by Ifremer
( French Research Institute for Exploration of the Sea). Some part of seismic reflection data
is collected with 240 and some part of data is collected with 96 channels streamer and are
processed for interpretation.

Results indicate that, North Anatolian Fault that is located at the northern boundary of
Cinarcik Basin is not only right-lateral strike-slip fault, It also has a vertical component
along the North boundary of basin. This means, continuation of fault in Cinarcik Basin
behaves as an oblique fault. Basin is under the influence of extensional tectonics because
of tectonic movement of Anatolian and Arabian Plates. Because of this movement, basin
expands counterclockwise. As a result, seismic data show that, it is possible to calculate
westward migration of sedimentation. This migration is displayed as 3D and 2D graphics.
Lastly, interpretations show that, there is no East-West trending deep fault in the South
boundary of Cinarcik basin without shallow extensional faults.

Keywords: North Anatolian Fault, Cinarcik Basin, multichannel seismic reflection

45



65. Tiirkiye Jeoloji Kurultay: 2-6 Nisan/April 2012 65™ Geological Congress of Turkey

KUVATERNER YASLI GOLPAZARI CEK-AYIR HAVZASI’NIN
JEOLOJIK EVRIMI

Esra Onde', Giirol Seyitoglu?, Nizamettin Kazancr®

! Aksaray Universitesi, Miihendislik Fakiiltesi,

Jeoloji Miihendisligi Boliimii, 68100, Aksaray
2 Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,

Tektonik Arastirma Grubu, 06100, Tandogan, Ankara
3 Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
06100, Tandogan, Ankara
(eonde@aksaray.edu.tr)

0z

Golpazar1 Havzasi, Tiirkiye’ nin kuzeybatisinda, Kuzey Anadolu Fay Zonu {izerinde bulunan,
ideal geometrik 6zelliklerine ragmen literatiirde iyi tanitilmamis bir ¢ek-ayir havzadir. Tabanm
500 m kotunda bulunan havza DKD-BGB yo&niinde 12 km uzunluga sahipken en genis yeri
4.5 km’dir. Sag yanal dogrultu atimli Golpazari-Tarakli Fayi’na bagh olarak meydana gelen
Golpazar ¢ek-ayir havzasi, kuzey ve giineyinden havza tabanindan 700 m’yi asan Aktas ve
Dokuz platolarinca ¢evrelenmektedir. Bu yiikseltilerin 6nlerinde yer alan dag 6nii faylarindan
KB ve GD tarafindakiler dogrultu atim, KD ve GB kenarindakiler ise daha ¢ok normal fay
karakteri gdstermektedir. 1963 yilina kadar havzanin bati kesiminde bir gol bulundugu
bilinmekte ve taban seviyesinin bu kesime dogru kazandigi egime, s6z konusu faylarin
goreceli aktivitelerinin sebep oldugu gortilmektedir. Kuvaterner’in ilk yarilarinda kapali bir
¢okiintii durumunda olan havzanin giineyinde daha sonra Akcay tarafindan bir bogaz acilmis
ve havza dis drenaja acik hale gelmistir. Calisma alaninin bugiine kadar tanimlanmis Kuzey
Anadolu Fay Zonu’na yakinlig1 dikkate alindiginda, kenarlarindaki fay sarpliklar taze, dis
drenaja yakin bir jeolojik ge¢cmiste agilmis ve tabaninda kalin bir Kuvaterner istifi bulunduran
Golpazar1 Havzast’nin evriminin anlasiimasinin, Kuzey Anadolu Fay1’nin bdlgenin yapisal,
morfolojik ve sismolojik 6zelliklerinin daha iyi anlagilmasinda etkili olacag1 ve bolgede bu
fay zonunun yeniden tanimlanmasinda 6nem kazanacagi agiktir.

Anahtar Kelimeler: Kuzey Anadolu Fay Zonu, ¢cek-ayir havza, aktif tektonik, morfotektonik,
havza dolgusu
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ABSTRACT

The Golpazart basin that situated on the North Anatolian Fault Zone in NW Turkey, is a
pull-apart basin which is not well-advertised in literature in spite of its ideal geometric
features. The basin floor is located at an altitude of 500 m with a size of 12 km in length and
4.5 km in width in ENE-WSW direction. The Golpazar: pull-apart basin developed in related
to the right lateral Gélpazari-Tarakl fault, has surrounded by the Aktas and Dokuz plateaus
which are steeply rising over 700 m. While the mountain front faults along these plateaus
represent strike-slip motion for the NW and SE margins, NE and SW edges are in normal-
fault character. Due to the relative activities of these faults, the basin floor has tilted towards
west and there was a shallow lake in the west of the depression until 1963. In the Early
Quaternary, the Gélpazar: basin was a closed depression and then by the opening of a strait
in the south of the basin by the Ak¢ay stream, the basin has opened to external drainage.
When attend to the close position of the study area to the defined North Anatolian Fault
Zone, its thick Quaternary sequence, marginal fresh fault scarps and opening of the drainage
network to external drainage in a near geological past would be meaningfull to understand
the structural, morphological and seismological features of the North Anatolian Fault Zone
and give a way to redefination of this fault zone in this region.

Keywords: The North Anatolian Fault Zone, pull-apart basin, active tectonics,
morphotectonics, basin fill
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Rhodiapolis antik kenti, Dogu Likya’nin énemli yerleskelerinden biri olup, MO 8. yy’da
kurulmustur. Rhodiapolis antik kentinin yerlesim alani, genis ve verimli bir ova olan Kumluca-
Finike Ovast’nin kuzeyindeki Mesozoyik yasli Alakirgay Formasyonu birimleri iizerinde
yer alir. Rhodiapolis antik kentinin yer aldigi Kumluca-Finike bolgesi, Tiirkiye nin sismik
etkinligin en fazla oldugu 1. derece deprem boélgesinde bulunmaktadir. Bu nedenle bdlge ve
antik kent ¢cok sayida tarihsel depremin yikici etkisi altinda kalmistir. Rhodiapolis’teki biiyiik
is¢ilikler ve ustaliklarla yapilmis saglam yapilarin bir cogu depremlerin etkisiyle yerlerinden
oynayarak deforme olmus; bazilar1 ise belli dogrultularda (cogun GGB’ya dogru) yikilarak
harabe haline donligmiistiir. Antik kent icindeki yap1 duvarlarinda yikilmalar ve kirilarak
boliinmeler, ayn1 yonde diismiis siitunlar, duvarlardaki yamulma ve ¢okmeler, tag duvar
parcalarindaki donmeler ve itilmeler, yapilarda sistematik catlaklar ile enkaz altinda kalmis
oldugu diistiniilen insan iskeletleri tespit edilmistir. Jeolojik, arkeolojik ve tarihsel deprem
kanitlari, Rhodiapolis antik kentinin bir ¢ok depremden etkilenmis oldugunu gostermektedir.
Bu depremlerden en 6nemlileri MS 141 depremi ile Likya’da tiim antik kentleri etkileyen
MS 7. yy’daki depremdir. Rhodiapolis antik kenti yerlesimi de 7. yy’dan itibaren tamamen
terk edilmistir. Bu ¢caligsma ile, Rhodiapolis antik kenti igindeki Roma Dénemi ve Hellenistik
Doénem’e ait antik yapilarda depremlerin olusturdugu benzer hasarlar iligkilendirilmistir.
Ayrica bolgedeki kaya birimlerinde de bu depremlerin izleri gdzlenmis olup, tarihsel
veriler ile denestirilerek depremleri olusturan faylar, arazi gozlemleri ve uydu verileri ile
yorumlanmaya ¢aligilmistir. Antik kentin, yaklagik KD/GB uzanimli, normal bilesenli sol
yonlii dogrultu atimli bir faydan kaynaklanan deprem sarsintilarindan etkilenmis olabilecegi
diistiniilmektedir.

Anahtar Kelimeler: Antalya, deprem, Dogu Likya, Kumluca-Finike Ovasi, Rhodiapolis
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ABSTRACT

Rhodiapolis ancient city which was one of the important East Lycia settlements was
established on 8" century BC. It is located on the units of Alakir¢ay Formation (Mesozoic)
which is on the north of the wide and fertile Kumluca-Finike Plain. Because of the fact that
the study area is located within the first degree high earthquake risk zone, it was under
the destroying effects of lots of historical earthquakes. Some of the very strong structures
constructed with considerable amount of workmanship strongly deformed because of the
earthquakes and some of them toppled over in certain directions (largely towards to the SSW)
in Rhodiapolis. In the ancient city, collapses and cracks on structure walls, column’s toppled
over in similar directions, warping and deformations on the walls, tilts and pushes on wall
pieces, systematic cracks on structures and skeleton that was thought to be buried in the
wreckage were ascertained. The geological, archaeological and historical evidences points
to lots of earthquake events affecting the Rhodiapolis ancient city. But two of them were the
more important than the others. The first was in 141 AD and the second was in 7" century BC
that affected all the Lycian settlements. Rhodiapolis ancient city was all abundant since then.
The similar damages on the structures of Rome and Hellenistic period in Rhodiapolis ancient
city were correlated in this study. The traces of some earthquakes are also observed in the
rock units in the region. Faults that caused these earthquakes were analysed with historical
data, field observations and satellite images. It is thougth that the ancient city was affected by
the shakes of a NE-SW striking, left lateral moving strike-slip fault with a normal component.

Keywords: Antalya, earthquake, East Lycia, Kumluca-Finike Plain, Rhodiapolis ancient city
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Tirkiyede Alpin Kusak ofiyolitli sutur zonlar ile ayrilmig ¢ok sayida kitasal kabuk parcasi
igerir. Bu siitur zonlarmin incelenmesi ile bugiinkii karmasik jeolojik iligkilerin ortaya
cikmasina yol agan jeodinamik olaylari ¢oziimlemek miimkiin olabilir. Bu baglamda, K
Anadolu’daki ana yapisal unsurlardan biri olan Intra-Pontid (IP) Siitiir Zonu Daday-Arag-
Kursunlu Jeotraversi boyunca incelenmistir. Jeotravers boyunca, IP Siitur Zonu birimleri
iistte Istanbul-Zonguldak Tektonik Birligi ve alttaki Sakarya Birligi arasinda yer almaktadir.
Siitur Zonu embrike bir yap1 sunar ve Ofiyolit Birimi, Arkotdag Melanji, Yiiksek Dereceli
Metamorfik ve Diigiik Dereceli Metamorfik birliklerini igerir. Embrike paket Eosen
oncesindeki ¢ok evreli bindirme ile gelismistir ve tekrarlanan dilimler icerir. Kuzey Anadolu
Fay1 ile ilgili gelismis olan transpresyon ve transtansiyon olaylari embrike paketin yogun
bicimde etkilenmesine yol agmustir.

Arkotdag Melanj1 sualti gravite kaymalar ile bir araya gelmis dev okyanusal ve kitasal
kokenli bloklardan olusur. Bloklarin arasinda seyller ve ofiyolit klastli ¢akilli kumtasi,
cakilli ¢amurtast ve iri taneli arenitlerden olusan sedimanter bir matriks yer alir. Melanj
matriksi i¢gindeki yumusak kirintililardan saglanan nannofosiller birimin olusum yasinin Geg
Santoniyen oldugunu ortaya koymaktadir. Melanjin Gistiinde, kalinlig1 200-300 m ‘yi asmayan
ve baslica serpantinit dilimleri ile temsil edilen Ofiyolit Birimi gozlenir. Siragdmii giineyinde
ise iliste dogru dunitlere gegen harzburgitler, troktolitler, dayklarla kesilmis gabbrolar ve
plajiyoklaslardan olusan az-g¢ok diizenli bir ofiyolitik dizi belirlenmistir. Yiiksek Dereceli
Metamorfik birim smirl yayilima sahip olup izlendigi ii¢ alanda da ofiyolitler, Arkotdag
Melanj1 ve Diisiik Dereceli Metamorfik Birlik kayalar1 arasinda dilimler olusturur. Kalinlig1
300m’ye ulasan bu birim granatli amfibolitler, bantli amfibolitler, granatli mikasistlerve iri
taneli mermerlerden olusur. Diisiik Dereceli Metamorfik Birlik ince taneli metabazik kayalar,
paragnays ve sistler, ince taneli mermerler ve siyah kuvarsitler ile temsil edilir. Birligin
kumtasi, seyl, kiregtasi ve liditlerle arakatkili bazik volkanik kayalardan olusan bir istifi
temsil ettigi diisliniilmektedir. Birlik, metamorfik olmayan bazik dayklarla kesilmistir.

Sonug olarak, jeotravers boyunca yapilan ayrintili haritalamadan saglanan veriler. 1P
Stiturunun okyanusal (Arkotdag melanj1 ve Ofiyolitler) ve kitasal birimler igeren embrike bir
zon olusturdugunu gostermektedir. Arkotdag Melanji’ndan saglanan ilk veriler, bu birimin
Avrasya kitasi ile Sakarya Mikrolevhasi arasindaki Orta Triyas- erken Ust Kretase yasli IP
okyanusal havzasimin kapanmasi ile iizerlendigine isaret etmektedir. Bu arastirma Darius
Programi tarafindan desteklenmistir

Anahtar Kelimeler: ofiyolit, siiture zonu, Intra-Pontid Siituru, melanj, K Tiirkiye
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ABSTRACT

The present-day tectonic setting of the alpine belt in Turkey consists of several amalgamated
continental microplates separated by suture zones, where ophiolites occur. The study of
these sutures is able to provide valuable insights for the reconstruction of the long-lived
geodynamic history responsible of this complicate setting. In this frame, the IntraPontide (IP)

suture zone, cropping out along the Daday-Arac-Kursunlu geotraverse in northern Turkey,

represents a first-order structural element. Along this geotraverse, the IP suture zone occurs

between the Istanbul — Zonguldak Terrane at the top and the Sakarya Terrane at the bottom.

The IP suture zone is characterized by an imbricate stack that includes the Ophiolite Unit,

the Arkodtag Meélange, the High-Grade Metamorphic Unit and the Low-Grade Metamorphic
Unit. The imbricate stack is probably the result of pre-Eocene multiple event of thrusting, also

including repeated off-sequence events. During the tectonics related to the North Anatolian

Fault, multiple events of transpression and transtension strongly reworked the structural
setting of the imbricate stack.

The Arkotdag Mélange consists consists of huge blocks of oceanic and continental affinities
derived from submarine slides. These blocks are generally interlayered with a sedimentary
matrix shales or ophiolitic-bearing deposits like pebbly-sandstone, pebbly-mudstone and coarse-
grained arenites. The Late Santonian age of the matrix has been indicated by the nannossils
assemblage recognized in some soft clasts sampled in the melange matrix. This mélange is topped
by the Ophiolite Unit, mainly represented by slices of serpentinites, not thicker than 200-300
m. However, in a small area south of Siragomu village an almost complete ophiolite sequence
(hazburgites topped by to dunites, troctolites, gabbros with dykes and plagiogranites) has been
recognized for the first time. The High-Grade Metamorphic Unit has been identified in only three
localities, everywhere sadwiched between the Ophiolite Units or the Akrodtag Mélange and the
Low-Grade Metamorphic Unit. This unit, not thicker than 300 m, is represented by garnet-bearing
amphibolites, banded amphibolites, garnet-bearing micaschists and coarse-grained marble.
The Low-Grade Metamorphic Unit consists of fine-grained amphibolites, fine-grained marbles,
paragneisses, schists and black quarzites. The protoliths were represented by a succession of
sandstones, shales, limestones and lidites interlayered with levels of basic rocks. This succession
is cut by basic dykes, not affected by metamorphism.

On whole, the data collected along the studied geotraverse indicate that the IP suture zone
consists of an imbricate stack of continental and oceanic units, with the latters represented
by the Arkotdag Mélange and by the Ophiolite Unit. The preliminary observations on the
Arkotdag Mélange suggest its formation in Late Cretaceous during the closure by obduction
of an oceanic basin originated in Middle to Late Jurassic time span between the Eurasian
plate and Sakarya microplate. This research is granted by Darius Programme.

Keywords: Ophiolites, suture zone, mélange, IntraPontide suture, northern Turkey
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Intra-Pontid (IP) Siitur Zonu, Kuzey Anadolu’da, Daday-Ara¢-Kursunlu Jeotraversi boyunca
okyanusal (Akrotdag Melanji ve Ofiyolit Birimi) ve kitasal (Yiiksek ve Diisiik metamorfik
birlikler) birimlerden olusur ve Istanbul-Zonguldak ve Sakarya tektonik birlikleri arasinda
sikismigtir

IP’e ait tektonik dilimlerin altinda Sakarya Tektonik Birligi’ne ait Karakaya Kompleksi ve
onun sedimanter Ortiisii yer alir. Karakaya Kompleksi’ne ait yapisal unsurlar Kimmeriyen
Orojenezi ile ilgili olarak bir araya gelmislerdir ve dokanaklar1 karasal-s1g denizel Alt Jura
kirintililart ile Srtiilmiistiir. Bu kirintililar ise Orta Jurasik-Erken Kretase neritik karbonatlari
ile ortiiliirler. Neritik karbonatlarin iizerinde uyumsuz olarak yer alan Albiyen-Senomaniyen
pelajik kirectaslar1 tiste dogru Tarakli Flisi olarak bilinen tiirbiditik istiflere geger.

Tarakli Flisi, Boyali yoresinde yaygin olarak yiizeylenir ve dzellikle iist bolimi ayrintili
olarak incelenmistir. Birimin litolojisi ince taneli kumtasi,silttasi, seyl, marn ve az miktarda
kiregtast igeren kumlu-pelitik tiirbiditlerle temsil edilir. Yerel olarak tiirbiditik birimlerin
tabaninda kaba taneli arenitlere rastlanir. Tiirbiditik tabakalarin kalinligi santimetreden
metreye kadar degisir. A/T (arenit/pelit) oranlar1 da ¢ok degiskendir. Istifte yer yer kalin
konglomeratik aratabakalar goézlenir. Tarakli Flisi istifinin {ist boliimlerinde pelitik bir
matriksin igindeki dev biiyiikliikte kirectasi, ofiyolit, granit ve rekristalize kiregtas:
bloklarindan olusan kiitle akmalar1 haritalanmistir. Kiregtas: bloklarindan bazilar: Istanbul-
Zonguldak istiflerindeki tipik Paleozoyik kiregtaslarindandir. Istifin bu bolimii, IP Siitur
Zonu birliklerinin sirtlarindaki Istanbul-Zonguldak Birligi kayalari ile birlikte Tarakli Flis
havzasi iizerine yerlesmelerinden daha dnce ortaya ¢ikan bir olay ile ilgili olarak gelismistir.
Tarakli Flisi’nden alinan 55 6rnegin nannofosil i¢erikleri Maastristiyen ile —paleoklimatolojik
miilahazalar geregi- Selandiyen (Martini (1971)’in NP5 zonu) aras1 bir ¢cokelme yasina isaret
etmektedir.

Yapisal agidan, Tarakli Flisi izoklinal kivramlarla karakterize edilen bir erken deformasyon
fazi ile bunlari etkilemis olan yiiksek agili dogrultu atimli faylar ve iliskili orta-diigiik agili
bindirme faylarinin olusturdugu bir pozitif ¢igek yapist gosterir. Ancak bu sistemlerin
dagilimi tekdiize degildir ve kimileri deformasyonun yogun oldugu bolgelerde kimileri ise
yapilarin daha az yaygin oldugu kesimlerde yer alir. Bu ikinci deformasyon evresinin Kuzey
Anadolu Fayr’na ait ana sag yanal atimli sisteme ait oldugu disiiniilmektedir. Bu arastirma
Darius Programi tarafindan desteklenmistir.

Anahtar Kelimeler: Tarakli Flisi, Sakarya Tektonik Birligi, nannofosil, Intra-Pontid Siituru,
Kuzey Tiirkiye
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ABSTRACT

Along the Daday-Ara¢-Kursunlu geotraverse (northern Turkey), the IntraPontide (IP) suture
zone consists of oceanic (Akrotdag mélange and ophiolite unit) and continental (High- and
Low-metamorphic units) units sandwiched between the Sakarya Terrane at the bottom and
the Istanbul-Zonguldak terrane at the top.

The IP tectonic units are thrust over the Sakarya Terrane represented by the Karakaya
Complex and its sedimentary cover. The tectonic structures of the Karakaya Complex, that
are related to the Cimmerian orogeny, are unconformably sealed by the continental- to
shallow-marine Early Jurassic clastic rocks, in turn disconformably topped by the Middle
Jurassic to Early Cretaceous neritic carbonates. The neritic carbonates are unconformably
overlain by the Albian—Cenomanian pelagic limestones showing a transition to turbidite
deposits (reported as Tarakl Flysch).

The Tarakli Flysch is well exposed in the Boyall area, where the features of the upper part
of this formation can be fully detected. The lithology of the Tarakli Flysch is characterized
by arenaceous-pelitic turbidites composed by fine grained sandstones, siltstones, shales and
marls and subordinate limestones; locally the base of the turbiditic beds is characterized by
coarser arenites. The thickness of the turbiditic beds between centimetric to metric, as well as
the A/P (arenite/pelite) ratio is strongly variable. In the stratigraphic succession, thick beds
of conglomerates are intercalated. At the top of the Tarakli Flysch, a debris flow deposits
including huge blocks of limestones, ophiolites, granites and recrystallized limestones in a
pelitic matrix has been mapped. Some limestone clasts are typical of carbonate succession
from Istanbul-Zonguldak terrane. This level probably corresponds to an event that predates
the emplacement of the units from IntraPontide suture zone, with the Istanbul-Zonguldak
Terrane at the top, onto the basin of the Tarakli Flysch. The nannofossils study of 55
samples from the Tarakli Flysch indicate an age ranging from Maastrichtian, on the basis of
paleoclimatic considerations, to Selandian (zone NP5 of Martini, 1971).

From a structural point of view the Tarakli Flysch shows an earlier deformation phase
characterized by isoclinal folds, in turn deformed by a system of high angle (subvertical)
strike-slip faults and associated medium to low angle thrust faults resulting in positive flower
structures. However the distribution of these systems is not homogeneous, some occurring in
zones with concentrated deformation and others where these structures are less pervasive.
This deformation is related to the activity of the major dextral strike-slip fault zone (North
Anatolian Fault). This research is funded by Darius Programme.

Keywords: Tarakli Flysch, Sakarya Terrane, nannofossils, IntraPontide suture, northern
Turkey
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Orta Pontidler, Mezozoyik boyunca Tetis okyanuslarinin tiikketilmesine bagli olarak Lavrasya
kita kenarinda 6nemli bir kitasal biiyiimenin gerceklestigi bir bolge niteligindedir. Orta
Pontidler, kuzeyde Karadeniz tarafindan smirlanmakta, giineyde ise Izmir-Ankara-Erzincan
kenedi ile Orta Anadolu Kristalen Kompleksi’nden ayrilmaktadir.

Kastamonu-Tosya kesitinde iki ana tektonik birim ve bunlarla ilintili melanjlar yer alir.
Kuzeyde kalin rekristalize kiregtasi ve metabazit arakatkili diisiik dereceli bir metafilis
ylzeylemektedir. Birim ayni zamanda fay zonlar1 boyunca yerlesmis makaslanmig
serpantinit dilimleri de igerir. Metafilis birimi mikagist, metabazit ve mermer ardalanmasi
ile serpantinitlerden olusan bir yiiksek basing biriminin {izerine bindirmektedir. Mikasistler
grafitce zengin ve koyu gri renkte olup ak mika, kuvars, kalsit, albit, klorit, pirit ve £
kloritoyid minerallerini igerir. Metabazitler Na- ve Ca-amfibol, klorit, epidot, albit, kuvars,
ve + ak mika minerallerini barindirmaktadir. Metafilislerle olan tektonik dokanaga yakin
bir lokasyonda, gorece soguk kosullar isaret eden glokofan ve lavsonit birlikteligine sahip
bir metabazit de yer almaktadir. Kastamonu-Tosya kesitinde metamorfik birimler i¢inde
tektonik dilimler halinde bulunan iki farkli melanj goriilmektedir. ilki, sinirli oranda bazalt
ve radyolarit blogu igeren sleyt/grovak melanjidir. Digeri ise tipik bir ofiyolitik melanj olup
serpantinit, radyolarit, pembe pelajik kiregtasi, metadiyabaz, kirectasi, kumtagi ve silttag
bloklari igerir.

Giineyde, Tosya civarinda, Ust Kretase yash yay kokenli volkanitler ve volkano-klastiklerden
olusan bir seri uyumsuzlukla metamorfiklerin iizerine gelmektedir. Bununla birlikte
metamorfikler ve volkanitler arasindaki ilksel dokanak Kuzey Anadolu Fay: tarafindan
yeniden sekillendirilmistir. Metamorfik birimler ve melanjlar ayn1 zamanda Eosen yash
karbonatlar ve bazaltlar tarafindan uyumsuzlukla 6rtiilmektedir.

Kastamonu-Tosya arasinda yer alan birimler Orta Pontidler’de yer alan genis bir y1gisim
karmasigmin pargasini temsil etmektedir. Yukarida tartisilan birimler, litolojilerine ve
gomiildiikleri derinliklere bagl olarak karmasigin farkli kesimlerini olugturur. Tiim bunlara
ilaveten galigma alaninin 50 km kuzeydogusunda Elekdag’da yiizeyleyen eklojitler yaklasik
105 Ma izotopik yas vermektedir. Bu, eklemlenmeye bagli kitasal biiyiimenin Kastamonu-
Tosya arasinda da muhtemelen Erken Kretase sonunda gerceklestigini isaret etmektedir.

Anahtar Kelimeler: Orta Pontidler, yiiksek-basing bagkalasimi, melanj, kitasal biiyiime
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ABSTRACT

The Central Pontides is a region with a major southward frontal continental growth of the
Laurasian margin during the Mesozoic due to the consumption of the Tethyan oceans. It is
limited by the Black Sea to the north. To the south, the main Neo-Tethyan Izmir-Ankara-
Erzincan Suture (IAES) separates the Central Pontides from the Central Anatolian Crystalline
Complex, a Gondwana-derived continental fragment.

In the Kastamonu-Tosya transect, we differentiate two main tectonic units with related
meélanges. To the north, a low-grade metaflysch unit crops out with interlayers of thick
recrystallized limestones and minor metabasite. It also contains sheared serpentinite slices
possibly emplaced along the the fault zones. The metaflysch is thrusted over a high-pressure
unit consisting of micaschists, metabasite, marble and serpentinite. The micaschists are
graphite rich and dark grey. They comprise white mica, quartz, calcite, albite, chlorite, pyrite
and = chloritoid. The metabasites contain Na- and/or Ca-amphibole, chlorite, epidote, albite,
quartz and £ white mica. In one locality, close to the tectonic contact with the metaflysch, we
found glaucophane and lawsonite bearing metabasite indicating relatively cold conditions. In
the Kastamonu-Tosya transect, there are two types of mélanges found as tectonic slices within
the metamorphic units: One is a broken formation consisting of few basalt and radiolarite
blocks in a sheared slate/greywacke matrix. The other is a typical ophiolitic mélange and
includes serpentinite, radiolarite, red pelagic limestone, metadiabase, limestone, sandstone
and siltstone blocks.

To the south, around Tosya, Upper Cretaceous arc-related volcanic and volcano-clastic
sequences unconformably cover the metamorphics. However, the primary contact between the
metamorphic and volcanic rocks is reworked by the North Anatolian Fault. The metamorphic
units and the mélanges are also covered by Eocene carbonates and basallts.

The Kastamonu-Tosya region represents a part of a wide accretionary prism in the Central
Pontides. The tectonic units discussed above represents the different part of the wedge
depending on the lithology and depth of the burial. Furthermore, eclogites near the Elekdag,
50 km northeast of the study area, give a ca.105 Ma isotopic age. This indicates that the
accretionary continental growth in the Kastamonu-Tosya region probably also occurred
during the end of the Early Cretaceous.

Keywords: Central Pontides, high-pressure metamorphism, mélanges, continental growth
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Kretase’de Karadeniz’in a¢ilmasi dncesinde Kirim ile Orta Pontidler cografi olarak bugiinkiinden
biribirine daha yakin bir konumdaydi. Bu iki bdlgenin jeolojilerinin karsilagtirilmasi hem
Karadeniz’in ag¢ilmasinin zamanlamasi hem de bdlgenin jeolojik evrimi hakinda Onemli
bilgiler saglayacaktir. Bu kapsamda 2011 yaz aylarinda Kirim’da ortak bir jeoloji arazi gezisi
yapilmistir; bu 6zet bu arazi gezisi sonuglarina ve literatiir verilerine gore iki bolgenin jeolojileri
karsilastirmaktadir.

Kirim’da ve Orta Pontidler’in kuzeyinde yiizeyleyen en yasli sedimenter birim siyah, koyu gri,
seyl, silttagi ve kumtagindan olusan 1raksak bir tiirbidit istifidir. Bu istif, Orta Pontidler’de Akgol
Formasyonu, Kirim’da Tavrik Fligi ve Eski Orda Formasyonu olarak bilinir. Her iki bolgede de
tespit edilen Monotis salinaria lamelibrans fosilleri istifin Ust Triyas (Noriyen) yasinda oldugunu
gosterir. Kirnm’da Tavrik Flisi ve Eski Orda Formasyonu iginde Karbonifer (Baskiriyen),
Triyas ve Alt Jura (Sinemuriyen-Pliensbakiyen) yash sig denizel kiregtas1 bloklar1 yer alir, bu
nedenle Kirim’da silisiklastik tiirbiditlerin yas1 Alt Jura’ya (Sinemuriyen-Pliensbakiyen) kadar
¢ikarilmaktadir. Orta Pontidler’de Akgol Formasyonu iginde ara seviyeler olarak bazaltik lav
akintilar1 ve biiylik bloklar halinde serpantinitler bulunur. Ayrica konumu agik olmayan Triyas
kirectaslar1 da Akgol Formasyonu i¢inden tasvir edilmistir.

Kirim’da Tavrik Flisi ve Eski Orda Formasyonu’ndan sonra bilinen en yasl birim Orta Jura
(Bajosiyen) yasli bazik volkanoklastik kayalar, bazaltik lavlar, dayk ve siller ve bunlarla iligkili
koyu renkli seyllerdir. Bu kayalar 6zellikle Balaklava ve Sevastapol arasinda giizel yiizeylemeler
sunar. Orta Jura yagli volkanoklastikler muhtemelen Ust Triyas-Alt Jura yasli Tavrik Flisi ve
Eski Orda Formasyonu iizerinde uyumsuzlukla yer alir, fakat arazide iliski agik degildir. Orta
Pontidler’de bu birim iyi bilinmemektedir; Azdavay ¢evresinden tanimlanan Orta Jura yagh seyl-
bazik lav ve ¢ortler, Kirim’daki Orta Jura volkan-sedimenter istifinin karsili1 olabilir.

Geg Orta Jura ve Geg Jura’da Kirim’da 6nemli fasiyes farkliliklar: gelismistir. Kiy1 bélgelerinde
s1g denizel kirectaglar ve seyller ¢okelirken daha i¢ kesimlerde Orta Jura kirectasi bloklari igeren
tiirbiditler kapsayan ufak havzalar gelismistir. Orta Pontidler’de ise Akgol Formasyonu bariz bir
agzlsalll uyumsuzlukla karasal konglomera ve kumtaglari ve Ust Jura sig denizel kiregtaglar ile
Ortiliir.

Erken Kretase oncesi Kirim’in onemli bir kesimi yiikselmis ve aginmigtir. Valanciniyen/
Hovteriviyen s1g denizel kirmtilt ve karbonat kayalari uyumsuzlukla Tavrik fligi ve Eski Orda
Formasyonu’nu_orter. Ikinci énemli bir transgresyon Albiyen’de ger¢eklesmistir. Albiyen seyl
ve kumtaglar1 Ust Jura kiregtaslarim, Tavrik Flisi’ni ve Valanciniyen/Hovteriviyen sig denizel
kirmtili ve karbonat kayalarmu uyumsuzlukla iizerler. Albiyen isfifi i¢inde Kirim’ad Orta-Ust
Jura yash kirectasi ¢akilli moloz akintilar1 yer alir. Bu 6zellikleri ile Kirim Albiyen istifi Orta
Pontiler’de genis yayilimi olan Ulus/Caglayan formasyonlari ile karsilastirilabilir.

Kirim’da Senomaniyen ile Eosen arasi ¢okeller, baskin olarak deforme olmamig beyaz marl ve
kiregtaslari ile temsil edilir; bu donemde volkanizma gozlenmez. Orta Pontidler’de bu dénemde
¢ok farkl fasiyeslerde ve oOzelliklerde istifler ¢okelmistir. Bu durum Senomaniyen sonrasi iki
bolge arasindaki iligkinin koptuguna isaret etmektedir.

Anahtar Kelimeler: Orta Pontidler, Kirim, Karadeniz, jeoloji, stratigrafi
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ABSTRACT

Before the Cretaceous opening of the Black Sea, Crimea and Central Pontides were geographically
closer than today. Comparison of the geological features of these two areas will provide information
on the age of the opening of the Black Sea and on the geological evolution of the region. For that
effect a joint geological field trip was made in Crimea in the summer months of 2011, this abstract
is based on the results of this field trip as well as on the data from the literature.

The oldest sedimentary formation that crops out in Crimea and in the Kiire region of the Central
Pontides is a distal turbidite sequence of black, dark grey, grey shale, siltstone and sandstone,
known as the Akgél Formation in the Central Pontides and as the Tauric flysch and Eski Orda
Formation in the Crimea. The same species of the lamellibranch Monotis salinaria found in
both regions indicates an Upper Triassic (Norian) age. In the Crimea the Tauric flysch and Eski
Orda Formation contain blocks of Carboniferous (Bashkirian), Triassic and Lower Jurassic
(Sinemurian-Plienbachian) shallow marine limestones, which show that their age extends into the
Early Jurassic. In the Central Pontides basaltic lava flows occur as stratigraphic intercalations
in the Akgol Formation. There are also large blocks of serpentinite and Triassic limestone in the
Akgol Formation.

The next oldest formations in the Crimea are Middle Jurassic (Bajocian) basic volcanoclastic
rocks, basaltic dykes, sills and associated dark shales, which crop out beautifully between
Balaklava and Sevastopol. They lie probably with unconformity over the Upper Triassic — Lower
Jurassic Tauric Flysch and the Eski Orda Formation, although the contacts are not well exposed
in the field. Middle Jurassic volcano-clastic and volcanic rocks are not well known from the
Central Pontides; the Middle Jurassic shale, basaltic lava and chert intercalation described from
the Azdavay area could possibly be a correlative.

Major facies differences have existed during the latest Middle Jurassic and Late Jurassic in the
Crimea. Deposition of shallow marine limestones and shales in the coastal areas gave way inland
to small turbidite basins containing Middle Jurassic limestone blocks. In the Central Pontides the
Akgol Formation is unconformably overlain by fluviatile conglomerates and sandstones and by
Upper Jurassic shallow marine limestones.

A major part of Crimea was uplifted and eroded before the Early Cretaceous followed by a
Valanginian - Hauterivian transgression, shallow marine clastic and carbonate rocks of this age
lie unconformably over the Tauric flysch and Eski Orda Formation. A second major transgression
occurred in the Albian; shales and sandstone of Albian age lie unconformably over the Tauric
flysch, over the Upper Jurassic limestones and over the Valanginian/Hauterivian shallow marine
clastic and carbonate rocks. The Albian sequence comprises olistostromes and debris flows
with Middle-Upper Jurassic limestone blocks, such features allow a correlation with the Lower
Cretaceous Ulus/Caglayan formations in the Central Pontides.

In the Crimea sediments of the Cenomanian to Eocene age are represented predominantly
by undeformed white marl and limestone with no evidence for volcanism, whereas sequences
of differing facies and rock types characterize this period in the Central Pontides. This shows
separation of the two areas occurred before the Cenomanian.

Keywords: Central Pontides, Crimea, Black Sea, geology, stratigraphy
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Sakarya Kusag: lizerinde yer alan Bilecik Karbonat Platformu’nun evrimi onceki ¢alismalarda
oldukca ayrintili ¢alismalarla ele alinmisti. (Altiner ve dig., 1991; Kogyigit ve dig., 1991). Bu
caligmada ise patform evriminin yam sira okyanusal ve tektonik olaylarin etkileri de ortaya
konulmustur. Calisma alanlar1 batida Edremit’ten baslayarak, doguya dogru Balikesir, Bursa,

Vezirhan, Bilecik, Yenipazar, Saricakaya ilgelerini kapsar. Toplam 8 stratigrafik kesit 6l¢iilmiis,
biyostratigrafik ve sedimantolojik analizleri yapilmustir.

Ge¢ Kimmericiyen’ den itibaren platform oniinde ¢okelen pelajik karbonatlar platform
karbonatlarindan beslenerek ve zaman zaman da platform karbonatlari ile ardalanarak karbonat
platformu ile es zamanl olarak gelismeye devam etmistir. Valanjiniyen’e kadar Yosunlukbayiri/
Soguk¢am Formasyonu’na ait pelajik karbonatlar ile diller halinde ardalanma gosteren Bilecik
Karbonat Platformu, yer yer si1g platform fasiyesleri ile karismis pelajik karakterdeki ammonitli,
belemnitli bres fasiyesi, pelajik ooid vaketasi-tanetasi fasiyesi, siinger spikiillii ekinitli bres
fasiyesi, miliolidli ve intraklastli istiftasi fasiyeleri sunmaktadir. Ardalandiklari pelajik kiregtaslari
ise kalpionellitli mikritik kire¢ c¢amurtasi, planktonik foraminiferli vaketasi, sakkokomali,
radyolaryali vaketagi-camurtasi, fasiyesleri sunmaktadir.

Geg Hotriviyen’de ise ani olarak bogulan karbonat platformu glokonili, fosfatli, ¢ok sayida sert
zeminler igeren “ammonitico rosso” fasiyeleri ile ortiilmiistiir. Alt Baremiyen’den itibaren pelajik
rejim bolgede tamamen hakim olmustur. Edremit’ten Yenipazar’a kadar olan biitiin ¢alisma
alanlarinda Geg¢ Hotriviyen bogulma olay1 agik olarak gézlenmektedir. Uzerine gelen pelajik rejim
ise bazi yerel yiikselim alanlarindan dolay1 tabani farkli yaslarda baslayan istifler sunmaktadir.
Fakat genelde Baremiyen pelajik kiregtaslarinin yer aldig dikkat ¢ekmektedir.

Bilecik platform i¢i karbonat istifleri ise genis diizliiklerinde belirgin fasiyes kusaklar
olusturmasina ragmen Kimmericiyen’den Hotriviyen’e kadar tektonik hareketleri yansitacak
biyostratigrafik bosluk iceren her hangi bir ani ortam degisimi, asinma diizeyi veya sert zemin
olusumu gostermemektedir.

S1g platform fasiyesleri i¢erisinde gdzlemlenen ooid/pellet tanetasi, mikrit camurtagi, foraminiferli/
algli vaketas/istiftasi, stramatolitli baglamtas: fasiyeslerinin ardalanarak olusturduklar devirsel
dizilimler dikkat c¢ekmektedir. Platform fasiyeslerinin pelajik eslenikleri igerisindeki diller
seklindeki ardalanmalar1 da goreceli deniz seviyesi degisimleri ile agiklanabilir.

Karbonat platformunda ani rejim degisikligine sebep olan bdlgesel tektonik hareketler Geg
Hotriviyen’den sonra baglamaktadir. Caligilan alanlarda olusan bu tektonik hareketler Geg
Hotriviyen’de karbonat platformunun bogulmasina ve bazi alanlarda ise Erken Baremiyen
sonrasinda yiikselim alanlarinin olusmasina sebep olmustur.

Bu ¢alismada elde edilen sonug, Sakarya Kusagi sedimanter istiflerinin Ge¢ Kimmericiyen-
Valanjiniyen araliginda daha ¢ok okyanusal olaylarin etkisinde ¢okelmis olmasidir. Buna kargilik
Geg Hotriviyen’den itibaren baglayan rejim bolgesel tektonik olaylarin kontroliinde gelismistir.

Anahtar Kelimeler: Bilecik Karbonat Platformu, Ge¢ Kimmericiyen-Valanjiniyen, okyanusal
olaylar, Geg Hotriviyen, tektonik hareketler.
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ABSTRACT

Evolution of the Bilecik carbonate platform on the Sakarya zone was mentioned in previous
studies (Altiner et al., 1991, Kogyigit et al, 1991). In this study, in addtion to platform evolution,
contribution of oceanic and tectonic events are handled. The study areas start with Edremit
in the west and include Balikesir, Bursa, Vezirhan, Bilecik, Yenipazar, Saricakaya villages
towards the east. Totally 8 stratigraphic sections were measured, and biyostratigraphical and
sedimentological analysis have been made.

Carbonate plaform display a synchronous progressive development from Late Kimmeridgian to
Valanginian by alternation of pelagic carbonates fed by the platform margin and tongues of the
platform carbonates within these pelagics. Tongues of the Bilecik Platform alternating with pelagic
carbonates of the Yosunlukbaywri/Soguk¢am Formasyon display breccia facies with ammonites
and belemnites including shallow water carbonate grains, ooid grainstone facies, breccia facies
with sponge spicules and echinoid fragments, packstone facies with milliolids and intraclasts.
Alternating pelagic carbonates are micritic calcimudstones with calpionellids, vakestone with
planktonic foraminifera, vakestone/calcimudstones with “saccocoma” and radiolaria.

Carbonate platform drowned in the Late Hauterivian was covered by “Ammonitico Rosso” facies
including multi-hardground surfaces, iron and manganese crusts, glauconite and phosphates.
Pelagic regime replaced the shallow water platform regime by the Lower Barremian onward. Late
Hauterivian drowning event has been recorded in all areas from Edremit to Yenipazar. In some
places, due to later regional movements, pelagic successions with different basement age may
overlie the drowned platform. But, pelagic limestones with Barremian age generally overlie the
platform in studied areas. There is no record of any sudden change in depositional environment,
erosional surface, or hardground with biostratigraphic gap within the carbonate succession of the
Bilecik Platform that reflects the control of tectonic movements.

There is a cyclic sequence formed by alternation of facies, ooidal/pelloidal grainstone, micritic
mudstone, foraminiferal/algal vakestone/packstone, stromatolitic bindstone recognized within
shallow water platform carbonates. Alternations of platform facies with their pelagic counterparts
can be explained by sea level changes. Regional tectonic movements causing sudden regime
changes in carbonate platform started after Late Hauterivian. In the studied areas, tectonic
movements caused the drowning of the Bilecik carbonate platform in the Late Hauterivian, and
created some elevated areas after Early Barremian.

The result of this study states that the sedimentary successions of the Sakaraya Zone were
deposited under the influence of oceanic events between Late Kimmeridgian-Valanginian. On
the other hand, regime started after Late Hauterivian developed under the influence of regional
tectonic events.

Keywords: Bilecik Carbonate Platform, Late Kimmeridgian-Valanginian, oceanic events, Late
Hauterivian, tectonic movements.
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Karadeniz’in giiney marjinini olusturan Pontidlerde meydana gelmis olan genisleme
ve sikistirma evrelerinin zamanlamasi ve oOzelliklerinin anlagilmasi igin tektonik ve
biyostratigrafik verilerin birlikte kullanildigi bu ¢alisma Uluslararast DARIUS Programi
cergevesinde yiriitiilmiistiir.

Fay kinematigi ile bir birini takip eden farkli tektonik deformasyon evrelerinin uzay ve
zaman baglaminda karakteristiginin ortaya konulmasi i¢in bu ¢aligma da stres doniigiimii
metodunu (Angelier’in metodu) kullandik. Farkli tektonik evreler ve bu evrelerin zaman
aralig1 yapisal analizler ve sedimanter birimlerin nanoplanktonlar kulanilarak yaslandirmasi
ile sinirlandirilmastir.

Yapisal ve fay kinematigi analizleri “sin-rift” olarak bilinen Caglayan Grubu’nun ¢dkeliminin
normal faylarla kontrol edildigine isaret etmektedir. Bat1 Pontidlerde bu faylar KKD-GGB
dogrultulu olup DGD ydnlii genislemeye maruz kalmis olan bu faylar1 Tabanda Kapanbogazi
Formasyonu’na ait kirmizi pelajik kiregtaslari ile baslayan ve “post-rift” olarak bilinen sekans
orter. Ust Barremiyen-Albiyen olarak yaslandirdigimiz bu genislemeli deformasyonun
Bati Karadeniz’in agilmasi ile ilgili oldugunu diisiinmekteyiz. Bati Pontidlerde sin-rift
birimleri ile onlar {izerleyen birimler arasinda gozlenen 6nemli stratigrafik bosluk (en tist
Albian-Turonian) rift omuzlarinda meydana gelen yiikselme ve buna bagl erozyon olarak
yorumlanmigtir. Daha sonra Geg¢ Kretase ve Paleosende tiim giiney Karadeniz marjini
boyunca genisleme ve ona bagl reaktivasyon meydana gelmistir. Bu reaktivasyonlarin yay-
ard1 proseslert ile iligkili oldugu diisiincesindeyiz.

Tim bu genisleme evrelerini sikistirma ve dogrultu atimli tektonizmaya bagli deformasyon
evreleri takip etmistir. Pontidlerde bir birini takip eden en az iki farkli sikistirma alani ayirt
etmek miimkiindiir. Yelpaze gibi olan (radyal) stres deseni muhtemelen Kirgehir Blogu’ nun
Avrasya’nin gliney marjinine ¢arpip ilerlemesi ile iliskilidir. Bati Karadeniz’de bu sikisma
evresinin yast bindirme-iistii havzalarin NN 12 nannoplankton zonunu i¢eren Erken Eosende
gelismeye baglamasi nedeni ile ¢ok hassas olarak belirlenmistir. Bu ana daralma/kisalma
evresinin akabinde bdlgede ¢ok onemli bir stres reorganizasyon meydana gelmis olup
sikistirma yonleri global olarak KB-GD yoniine dénmiistiir. Biz bu ikincil stres alaninin,
Pontidlerin giiney sinir1 boyunca, Kuzey Anadolu Fayi’mi ortaya ¢ikaran ve Arabistan
Plakasi’nin Avrasya’ya c¢arpmasi sonucu meydana gelen sikistirmaya bagli oldugunu
diistintiyoruz.

Halen dogu Pontidlerde devam etmekte olan calismalarimiz bolgede meydana gelmis
sikistirma ve genigleme evrelerinin hassas bir sekilde yaslandirilmasint hedeflemektedir.

Anahtar Kelimeler: Paleostres, ¢carpisma, riftlesme, Pontidler, Karadeniz
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ABSTRACT

This study is carried out in the frame of DARIUS International project in which we combine
tectonic and biostratigraphic data in order to understand the timing and the characteristics
of extensional and compressional phases that occurred along the southern margin of the
Black Sea within the Pontides.

We use the stress inversion method (Angelier’s softwares) for analyzing fault kinematics
and characterizing the successive tectonic phases in space and time. The age of the tectonic
phases is constrained by structural analysis and nannoplankton dating of the sedimentary
units.

Structural and fault kinematics analyses indicate that the deposition of the so-called “syn-
rift” Caglayan Group was controlled by normal faults. In the western Pontides these faults
trend NNE-SSW and developed under ESE-directed extension and are sealed by a Late
Cretaceous “post-rift” sequence that generally begins with the red pelagic limestone of the
Kapanbogazi Formation. We interpret this upper Barremian-Albian extensional deformation
as related to the rifting of the Western Black Sea Basin. The presence of a major stratigraphic
gap (uppermost Albian-Turonian) between the syn-rift sequence and the successive sequences
in the Western Pontides can be interpreted as related to rift shoulder uplift and erosion. Other
extensional reactivations occurred in the Late Cretaceous and the Paleocene all along the
southern margin of the Black Sea Basin. We interpret these reactivations as related to back-
arc extensional processes.

These extensional events were followed by compressional and strike-slip deformation. At
least two successive compressional stress fields can be distinguished in the Pontides. A
fanning (radial) stress pattern is probably related to the indentation of the Kirsehir Block
into the Eurasian margin. This compression is well dated in the western Pontides where
piggyback basins began to form in the lower Eocene at the NNI12 nannoplankton zone.
This main shortening event was followed by major stress field reorganization. The trends of
compression rotated to a globally NW-SE orientation. We believe that this second stress field
is related to the collision of the Arabian Plate with Eurasia that gave way to the inception of
the North Anatolian Fault Zone along the southern margin of Pontides. Our ongoing work in
the eastern Pontides is aimed at dating the successive compressional and extensional events
of this region more precisely.

Keywords: Paleostress, collision, rifting, Pontides, Black Sea
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Kafkasya bolgesinde ¢oziim bekleyen temel sorunlardan biri yapilarin siirekliligi ve
bunlarin Kii¢iik Kafkaslar ve Biiyiik Kafkaslar’daki yer ve zaman igindeki evrimleridir.
Bir¢ok modelin bu bolgenin tektonik evriminin yeniden kurulmasi i¢in ¢alismasina ragmen,
Giircistan ve Ermenistan’da bulunan baz kilit alanlarda Darius Programi’nin (nannofosiller,
yapisal analizler ve yeni sismik hatlarin yorumu) giincel sonuglarinin da dikkate alinmasi
gerekir. Biz burada Giircistan ve Ermenistan’daki Biiyiik Kafkasya ve Kiigiik Kafkasya’y1
K-G yonde bélen bir hat boyunca elde edilen sonuglarini sunacagiz.

Kesitin giiney kesiminden elde edilen veriler Triyas, Erken Jura boyunca Avrasya kita
kenarinda bulunan Variskan temel kayalarinda muhtemel bir genisleme doneminin varligini
gostermektedir. Senomaniyen uyumsuzlugu Geg¢ Kretase sonu boyunca (Erken Jura — erken
Geg Kretase) sedimanter Ortiiniin asinma ve yiikselmesini kanitlar. Magmatizmanin takip
ettigi bir ana genisleme donemi, Acara-Trialeti havzasinin ¢okmesi ile Geg¢ Paleosen’den
Erken Eosen’in sonunda kadar siirmiistiir. Magmatik aktivitenin durmasiyla, Ge¢ Eosen
boyunca jeodinamik siirecteki muhtemel degisiklik olugsmustur. Oligosen — Erken Miyosen
yasli Maycop Formasyonu’nun kirintili ¢okelleri Biiyiik Kafkas ve Acara-Trialeti havzasi
icindeki bir ana aginma siirecinin gostergesidir. Yiizeyde gozlenen Maycop Formasyonu’nun
bu uyumsuzluk yiizeyi ve sismik hatlarin yorumu Acara-Trialeti havzasinin tektonik
terslenmesinin ilk gostergesidir. Havzadaki Geg Paleosen-Erken Eosen yasli normal faylarin
ters faylar olarak tekrar aktif hale gelmesi bu terslenmeyi giiniimiize kadar devam ettirmistir.
Derin Acara-Trialeti havza ¢okelleri Miyosen molaslarinin iizerine kuzey yonlii bindirme
ile gelir. Bu Miyosen molaslart ayrica Pliyosen-Kuvaterner yasli molaslarin iizerine giiney
yonlii bindirme ile gelmistir. Bu bolge tipik bir liggen bolgeye karsilik gelir.

Alazani ve Kura havzalari i¢indeki diger sismik hatlar Biiyiik Kafkasya kita 6nii havzasinin
Pliyo-Kuvaterner boyunca geligsen tektonik evrimini kesin olarak kanitlar.

Anahtar Kelimeler: Kafkaslar, havza, Senozoyik tektonik, sismik hatlar
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ABSCTRACT

One of the main questions to solve in the Caucasus regions is the continuity of structures,
and their evolutions in space and time in the Lesser Caucasus, Transcaucasus and Greater
Caucasus. Even many models tried to reconstruct the tectonic history of this area, it remains
to take into account the recent results of the Darius programme (nannofossils dating,
structural analysis, and interpretation of new seismic lines) on some key areas in Georgia
and Armenia. We present results along N-S transects from the Greater Caucasus to the Lesser
Caucasus in Georgia and Armenia.

The southern part of the section evidences probable extension stages during Triassic,
Lower Jurassic within the variscan basement of the Eurasian margin. The Cenomanian
unconformity attests for an uplift and erosion of the sedimentary cover (Lower Jurassic to
late Early Cretaceous) during the end of the Early Cretaceous. A main extension event follow
by magmatism occurs from Late Paleocene to the end of Early Eocene, with subsidence
of the Adjara-Trialeti basin. A probable change of geodynamic process occurred during
Late Eocene, with stop of the magmatic activity. The detrital series of the Oligocene Lower
Miocene Maycop Fm are witness of a main erosion stage within the Adjara-Trialeti basin
and into the Greater Caucasus. That is the first event of the tectonic inversion of the Adjara-
Trialeti basin as demonstrated by the interpretation of seismic lines and by the unconformity
of the Maykop Fm on surface. The inversion occur until present days, as evidenced by
occurrence the reverse faulting of the basin along reactivated Late Paleocene-Early Eocene
normal faults. In deep the Adjara-Trialeti basin northward overthrust the Miocene molasses,
which are in surface southward thrusted over the Pliocene to Quaternary molasses. This zone
corresponds to a typical triangular zone.

Other seismic lines within the Alazani and Kura basins allow to precise the tectonic evolution
of the Greater Caucasus foreland basin during Plio-Quaternary.

Keywords: Caucasus, basin, Cenozoic tectonic, seismic lines.
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Yitim ve yi1gisim siirecleriyle olusan orojenler kisa émiirlii bir ¢carpisma gegmisiyle nitelenirler.
Orojenler garpisma Oncesi edinmis olduklar1 kabuk geometrilerini genis 6l¢iide korurlar. Bu
geometriler, kenet zonundan az ¢ok uzaga bindirmis okyanusal kabuk dilimlerini, korunmusg
y1Z1s1m prizmalarini ve plakalar arasi sinirda yitim kanalini igerir. Deformasyonun sonlanmast,
yitim zonunun eklenen blogun en dis pasif kenarinda sigramasina baglanmaktadir. Dogu
Tiirkiye’de Anadolu-Toros-Ermenistan (ATE) blogu, Ermensitan ve Giircistan ana tektonik
hatlarinda yiiriitiilen jeolojik arastirmalar ve **Ar/*Ar yas tayinleri, bu kiigiik kitasal blogun
her iki tarafindaki yitim ve eklenme olaylarina ve son olarak Avrasya ve Arap plakalarinin
carpigmasina zamansal smirlamalar saglamaktadir. Kuzey kenarda, Giircistan’mn Avrasya
kenarinda Variskan’dan ve Alpin’e kadar ulasan magmatik magmatik etkinlik, Giircistan Kristalin
temelinden ve Ermenistan’daki foreland havzasindan alinan ekzotik bloklar iizerinde yapilan
YOAr/PAr yas tayinleri ile agiga ¢ikartildi: Bu yas verileri Avrasya kita kenarinin metamorfik
gecmisi ve uzun siireli magmatik faaliyetinin kavranilmasina olanak saglar: (1) 329-337 My yash
Y S-DB bagkalasimi ve orta derecede kabuk kalinlagsmasina neden olan sikigsma fazi; (2) Variskan
doéneminin sonunda, 303 ve 269 My arasinda bimodal magmatizma, bu donemde devam eden faal
kita kenari; (3) 183 My 6nce sikigsmali bir ortamda olusan migmatitler, kita kenarinin faal olduguna
isaret etmekytedir; (4) Jura’da paroksimal yay pliitonik etkinligi (aktif magmatik yayin arastirma
yapilan kristalin temellerden daha giineyde yer almasina ragmen) ve 166 My yasli Ermenistan’da
on lilke flis havzasinda baskalasmis kayaclar; (5) Ermenistan yay 6nii havzasinda bagkalagmig
kayac bloklarina ait muskovit ve hornblendin hata paylari i¢cinde yas degerlerinin ayirt edilemez
olusu hizli soguma, ve dolayisiyla yay’da gerilmeli tektonikle baglantili hizl yilizeylemeye isaret
etmektedir. (6) Ust Kretase’de And tipi magmatik yay siirecinin sonlanmasi. Giircistan kristalin
temelinde 114 My yash Erken Kretase magmatik etkinliginin kalintilar1 bulununmakta ve bu
ise goreceli olarak sicak okyanusal kabugun diiz dilim yitimine atfedilmektedir. Bu olay Kuzey
Ermenistan ofiyoliti lizerine yerlesen okyanusal bir deniz dag1 (117 My) ile uyumludur. 40Ar/39Ar
yaglar1 Orta Kretase’den Ust Kretase’ye (95-85 My) yitim ve bir araya gelme olaylarina anlam
kazandirmigtir. Giineyde daha geng magmatik ve bagkalagim yaslari Bitlis-Piitlirge blogunun Ust
Kretase siirecinde (74-71 My) yigisimini ve Neotetis’in yitimini gdsterir. Bu veriler 80-75 My
once yitimin ATE kitasal blogunun kuzeyinden giiney sinirina sigramasi olarak yorumlanir. Cift
yitim y181s1m bolgelerinde bindiren ofiyolitlerin benzer yay gerisi tipi jeokimyasi yigisimdan 6nce
benzer bir okyanus i¢i evrimi gosterir. Bu durum giiniimiiz Akdeniz Boélgesi’nde oldugu sekliyle
dalan dilim diklesmesi ve geriye dogru diiriilme ile nitelendirilir.

Anahtar Kelimeler: Kigiik Kafkasya, ofiyolit, bindirme, *’Ar/*Ar tarihlendirmesi, y1gisim
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ABSTRACT

Orogens formed by a combination of subduction and accretion are featured by a short-lived collisional
history. They preserve crustal geometries acquired prior to the collisional event. These geometries
comprise obducted oceanic crust sequences that may propagate somewhat far away from the suture
zone, preserved accretionary prism and subduction channel at the interplate boundary. The cessation

of deformation is ascribed to rapid jump of the subduction zone at the passive margin rim of the
opposite side of the accreted block. Geological investigation and *Ar/*’Ar dating on the main tectonic
boundaries of the Anatolide—Tauride—Armenian (ATA) block in Eastern Turkey, Armenia and Georgia

provide temporal constraints of subduction and accretion on both sides of this small continental block,

and final collisional history of Eurasian and Arabian plates. On the northern side, Variscan to Alpine
magmatic activity on Eurasian margin of Georgia is revealed by “’Ar/°Ar ages from rocks sampled
in the Georgian Crystalline basement and exotic blocs in the Armenian foreland basin. These ages
provide insights into the long duration of magmatic activity and related metamorphic history of the
margin, with: (1) a phase of transpression with little crustal thickening during the Variscan cycle,

evidenced by HT-LP metamorphism at 329-337 Ma, (2) a phase of intense bimodal magmatism at
the end of the Variscan cycle, between 303 and 269 Ma, which is interpreted as an ongoing active
margin during this period; (3) further evolution of the active margin evidenced by migmatites formed
at ca. 183 Ma in a transpressive setting, (4) paroxysmal arc plutonic activity during the Jurassic
(although the active magmatic arc was located farther south than the studied crystalline basements)

with metamorphic rocks of the Eurasian basement sampled in the Armenian foreland basin dated at
166 Ma; (5) rapid cooling suggested by similar within-error ages of amphibole and muscovite sampled
from the same exotic block in the Armenian fore-arc basin, ascribed to rapid exhumation related to

extensional tectonics in the arc; and finally (6) cessation of ‘Andean’-type magmatic arc history in the
Upper Cretaceous. Remnants of magmatic activity in the Early Cretaceous are found in the Georgian

crystalline basement at c. 114 Ma, which is ascribed to flat slab subduction of relatively hot oceanic
crust. This event corresponds to the emplacement of an oceanic seamount above the N Armenian

ophiolite at 117 Ma. “Ar/’°Ar ages give insights for the subduction and collage from the Middle
to Upper Cretaceous (95-80 Ma). To the south, younger magmatic and metamorphic ages exhibit
subduction of Neotethys and accretion of the Bitlis—Piitiirge block during the Upper Cretaceous (74-71

Ma). These data are interpreted as a subduction jump from the northern to the southern boundary of
the ATA continental block at 8075 Ma. Similar back-arc type geochemistry of obducted ophiolites in

the two subduction—accretion domains point to a similar intra-oceanic evolution prior to accretion,

featured by slab steepening and roll-back as for the current Mediterranean domain.

Keywords: Lesser Caucasus, ophiolite, obduction, 40Ar/39A4r dating, accretion
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Sevan-Akera Siituru’nun KB sindaki Amasia Ofiyoliti, Gliney Ermenistan Kitasal Blogu
iizerine yerlesmis okyanusal litosfer kayalar1 i¢in ¢ok iyi korunmus bir ornek teskil eder.
Bu alanda yapilan ayrintili haritalama; (1) metamorfik olmayan okyanusal gabbrolarin,
(2) serpantinitler ve yesilsist metamorfizmasi gecirmis bir melanja ait deforme yastik
lavlarin, radiyolarit ve ¢ortlerin, ve (3) ofiyolitle ayni birlesime sahip, granatli amfibolit
iceren bir taban diliminin varligini ortaya koymustur. Bu birimler Eosen sonrasinda suture
zonunun Giiney Ermenistan Blogu ile ¢arpismasi ile ortaya ¢ikan sikigmadan kaynaklanan
deformasyon ve dilimlenmeden etkilenmistir. Gabro amfibolitlerden yapilan *“Ar/*Ar yag
tayinleri 176 + 8 My vermistir. Bu yas ve ofiyolitik kayalarin birlesimi Ermenistandaki
diger ofiyolitlerle aynidir. Granatli amfibolitlerden yapilan yapisal ve mineralojik analizler
bu kayalarin yiiksek sicaklik ve orta basing kosullarinda (P = 6-7 kbar, T = 630°C) degisime
ugramis ofiyolit tabani metamorfitlerini temsil ettigini gostermistir. Amfibollerden yapilan
WOAr/¥Ar yas tayini 91.8 + 3 My vermistir. Bu yas Vedi de ofiyolit yerlesmesi ile ilgili olarak
gelisen On-flisten saglanan nannofosil yaslar1 ile de uyum halindedir.

Tim veriler Jura yasl okyanus i¢i bir yay ardi havzasinda gelismis olan bir ofiyolit napinin
yaklasik 92 My 6nce Ermenistan mikrolevhasi iizerine yerlestigini gosterir.

Anahtar Kelimeler: Kiicilk Kafkaslar, ofiyolit,iizerleme, 40Ar/39Ar yas tayini,
termobarometri
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ABSTRACT

The ophiolites of Amasia in the northwestern part of the Sevan-Akera suture zone (Lesser
Caucasus, NW Armenia) correspond to a well-preserved example of a major obduction of
oceanic lithosphere over the South Armenian continental block. Our mapping evidenced a
series of (1) un-metamorphosed gabbroic oceanic crust, (2) serpentinites and a greenschist
grade tectonic mélange composed of deformed pillow-basalts, radiolarites and cherts,
and (3) a basal slice of garnet amphibolites bearing similar compositional features as
the ophiolite. These units are sliced and deformed by post-Eocene thrusting related to the
shortening of the suture zone after the collision of the South Armenian Block. “Ar/°Ar dating
on gabbro amphiboles yielded an age of 176 + 8 Ma. This age and geochemical composition
of ophiolite rocks are similar to those of other ophiolite outcrops in Armenia. Structural
and mineralogical analysis undertaken on the garnet amphibolites suggest it to represent
the obducted ophiolite metamorphic sole, deformed at high temperature and intermediate
pressure (P = 6-7 kbar, T = 630°C). “’Ar/*’Ar dating on amphiboles yielded an age of 91.8 +
3 Ma, similar to the paleontological age of nannofossils sampled in the frontal flysh related
to obduction in Vedi. All these data are in agreement with the presence of a unique ophiolite
nappe originating from a Jurassic intra-oceanic back-arc basin, obducted onto the Armenian
microblock at c. 92 Ma.

Keywords: Lesser Caucasus, ophiolite, obduction, 404r/39Ar dating, thermobarometry
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Gondwana kokenli Giiney Ermeni Blogu (GEB) erken-orta Jura (~200-160 Ma) caginda A frika’dan
ayrilmis, Geg Kretase ofiyolit yitimine maruz kalmis ve Paleosen-Eosen donemlerinde Avrasya
kita kenan ile c¢arpigmistir. Riftlesme ve carpismanin yaslari ¢ogunlukla jeolojik kaniti esas
almaktadir. Onerilen riftlesme ve ¢arpisma yaglar1 ara zaman aralifinda bilinmeyen konumlari
ile birlikte gii¢lii paleocografik rekonstriiksiyonlarin gelismesine olanak saglamamaktadir. Giiney
Ermeni Blogu’nun kuzey kesiminde kalan alan biiyiik bir olasilikla oroklinal biikiilme sonucu
gelismis yay bigimli bir geometri ile karakterize edilmektedir. Giiney Ermeni Blogu ve daha geng
olan Arap ve Avrasya carpigsmalari bu geometriyi agiklayabilmektedir. Nicelik bakimindan paleo-
enlem ve doniis verilerini (rotational data) elde etmenin tek yolu paleomanyetik aragtirmalardir.
Bu nedenle, Tetis okyanusunun paleocografik olarak yeniden olusumunu tasarlamak i¢in Giiney
Ermeni Blogu ve on iilkesinin Paleozoyik-Paleojen yash kayaclari iizerinde bir paleomanyetik
caligma yiiriitilmistiir. Paleomanyetik verilerden elde edilen doniis verileri kullanarak, GEB
cevresindeki yay bigimli geometrinin olusum yasinin bu geometriyi olusturan olasi mekanizmay1
aciklamasi bakimindan saptanmasi amaglanmistir.

Koniasiyen-Santoniyen donemlerinde Giiney Ermeni Blogu’na giineyden iizerleyen/yerlesen
ofiyolitlerin iizerinde depolanmis olan Santoniyen yasli pembe pelajik kiregtaslarindan alinan
Paleo-enlem verileri, Santoniyen doneminde GEB ve Avrasya arasinda kalan okyanus havzasi
kalintisinin maksimum 500 km genislikte oldugunu gostermistir. Bu okyanus havzasinin son
kapanimi Giiney Ermeni Blogu’nun Avrasya kita kenarina eklenmesine neden olmustur. Maalesef,
Giiney Ermeni Blogu’nun Paleozoyik yasli kayaglarindan elde edilen tiim veriler ¢ok yiiksek
egimler (dolayisiyla paleo-enlemler) vermis olup biiyiik olasilikla bu kayaglari etkileyen yeniden
miknatislanma (remagnetization) olaymin buna neden oldugu sonucuna varilmistir. Bu yiizden
Giliney Ermeni Blogu’nun paleo-enlemlerinin yeniden olusturulmasinda bu veriler kullanilamaz.

Ermenistan’in biitiin Geg¢ Kretase-Eosen yash kayaglari saat yoniinde doniigler (rotasyonlar)
gostermektedir. Eosen yaslh kayacglardaki doniisler Ge¢ Kretase yash kayaglardaki doniislerden
birkag derece daha diistiktiir. Bu durum doniislerin biiyiik ¢cogunlugunun Ge¢ Kretase ve Eosen
donemleri arasinda meydana geldiginin giiclii bir gdstergesidir. Dolayisiyla, bu rotasyonlar ve
muhtemel oroklinal olusumlar biiyiik ihtimalle Giiney Ermeni Blogu’nun Avrasya kita kenarina
eklenmesi sonucudur. Ancak bu durumun Giircistan ve Azerbaycan’daki yay bi¢imli alanlarn
farkli bolgelerinden alinan verilerle dogrulanmasi gerekmektedir.

Anahtar Kelimeler: Kiiciik Kafkaslar, Neotetis, paleocografik rekonstriiksiyon, paleomanyetizma,
oroklinal olusumu
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ABSTRACT

The South Armenian Block (SAB) of Gondwanan origin rifted away from Africa in the
early to middle Jurassic (~200-160 Ma), underwent late Cretaceous ophiolite obduction,
and collided with the Eurasian margin in Paleocene to Eocene times. The ages of rifting
and collision are mainly based on geological evidence. The suggested ages of rifting and
collision as well as its unknown position in the intermediate time span do not enable the
development of robust paleogeographic reconstructions. The area straddling the northern
part of the SAB is characterized by an arc-shaped geometry that is most likely the result of
oroclinal bending. The collision of the SAB and the much younger collision of Arabia with
Eurasia could explain this geometry. Paleomagnetic research is the only way to quantitatively
provide paleolatitudes and rotational data. Therefore, we carried out a paleomagnetic study
on Paleozoic to Paleogene rocks of the SAB and its foreland to construct a paleogeographic
reconstruction of the Tethys ocean. Using rotational data that are provided by paleomagnetic
data, we aimed at pinpointing the timing of formation of the arc-shaped geometry around the
SAB in order to propose a possible mechanism forming this geometry.

Paleolatitude data from Santonian pink pelagic limestones that were deposited on top of
ophiolites that were southward obducted onto the SAB in Coniacian-Santonian times, show
that the remnant oceanic basin between the SAB and Eurasia in the Santonian was max.
500 km wide. Final closure of this remaining oceanic basin led to the accretion of the SAB
to the Eurasian margin. Unfortunately, all data derived from Paleozoic rocks of the SAB
yield very high inclinations (and therefore paleolatitudes) that are most likely the result of
a remagnetization event that affected these rocks. Therefore, we cannot use these data for a
paleolatitude reconstruction of the SAB.

All our late Cretaceous to Eocene rocks from Armenia show clockwise rotations. The
rotations in the Eocene rocks are several tens of degrees lower than the rotations in the late
Cretaceous rocks. This is a strong indication that most of the rotation occurred between the
late Cretaceous and Eocene. Therefore it is likely that the rotations and possible orocline
formation are (largely) caused by the accretion of the SAB to the Eurasian margin. This has
to be verified however by data from other parts of the arc-shaped region in Georgia and
Azerbaijan.

Keywords: Lesser Caucasus, Neo-Tethys, paleogeographic reconstruction, paleomagnetism,
orocline formation
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Bu calismada amacimiz, G. Anadolu, Kibris ve K. Suriye’den elde edilen saha temelli
verilere yogunlasip, mevcut paleotektonik haritalar1 gdzden gecirmek ve iyilestirmektir. G.
Anadolu’daki bir dizi platformun dokanak iliskilerinin yeniden incelenmesi, bu platformlarin
onceki baz1 modellerde one siirtildiigii gibi tek bir Torid kitasal biriminin farkli kesimlerini
temsil edemeyecegine isaret etmektedir. Dogrusu, Torid-Anatolid platform birimleri ve
Gondwana (K. Afrika) nin farkli Mesozoyik okyanusal havzalar1 (G. Neotetis, Berit okyanusu
ve I¢ Toros okyanusu) ile birbirlerinden ayrilmis olduklaridir. Daha kuzeyde, Torid-Anatolid
mikrokitasal birimleri/okyanusal havzalari, Avrasya’dan genis Izmir-Ankara-Erzincan
okyanusu ile ayrilmaktaydi. Bu okyanus, yitim ve giineydeki yenilenen yayilma yollariyla
onceki Paleozoyik-Erken Mesozoyik okyanuslarinin devami olarak gelismistir.

Giineydeki Neotetis okyanuslari, Orta/Ge¢ Permiyen ve Erken/Orta Triyas donemlerinde
baslayan ve Geg Triyas’ta (Karniyen-Noriyen) deniz tabani yayilmasiyla sonuclanan asamal
riftlesme sonucu meydana gelmistir. Erken-Orta Jura donemi pasif kenar ¢6kmesi ile temsil
edilir. Geg Jura-Erken Kretase doneminde Levant ve bitisik G. Neotetiste yaygin alkalen,
levha i¢ci magmatizma etkin olmustur. Plim-tiirii magmatizma Levant’ta egemendir. Geg
Kretase doneminde farkli okyanusal havzalarda, okyanus i¢i yitim zonlariminin tizerindeki
yayllma yoluyla ofiyolit olusumu baskin olmustur. Ofiyolitler bir ka¢ okyanusal havzadan,
giineye, Torid karbonat platformu ve Arabistan kenar1 lizerine en ge¢ Kretasede yerlesmistir.
Izmir-Ankara-Erzincan okyanusu Orta Eosen oncesi kapanirken, G. Neotetis Erken
Senozoyike kadar varligini koruyarak giiniimiizdeki Dogu Akdeniz havzasina evrilmistir.
Stiregelen kuzey yonlii yitimin sonucunda G. Neotetis Orta Miyosen 6ncesinde Arabistan
kenar1 boyunca kenetlenirken, bu okyanus dogu Akdeniz derin havzasi olarak varligini
gliniimiize kadar korumustur.

Pliyo-Kuvaterner sirasinda Kuzey Afrika kita kenarinin G. Kibris’taki Eratostenes Yiikselimi
ile temsil edilen ucu kuzeydeki hendek ile ¢arpisarak hizli yiikselmeyi tetiklemistir. Giiney
Anadolu’nun Pliyo-Kuvaterner yiikselmesi de, litosferik mantonun ve/veya kuzeye dalan

kalint1 G. Neotetis okyanusal levhasinin kopmasina atfedilebilir.

Anahtar Kelimeler: Tiirkiye, Neotetis, D. Akdeniz, Toridler, paleotektonik haritalama
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ABSTRACT

Our objective here is to critically review and try to improve existing palaeotectonic maps,
focusing on land-based evidence from S. Turkey, Cyprus and N. Syria, A review of the contact
relations of a number of different platform units in S Turkey indicates that they can not
represent parts of a single large Tauride continental unit as in some previous reconstructions.
Instead, the Tauride-Anatolide platform units and Gondwana (N Africa) were separated
by several different Mesozoic oceanic basins (S Neotethys, Berit ocean and Inner Tauride
ocean). Further north, the Tauride-Anatolide microcontinental units/oceanic basins were
separated from Eurasia by the wide Izmir-Arkara-Erzincan ocean. This developed from
preceding Palaeozoic-Early Mesozoic oceans (Rheic ocean and Palaeotethys) by means of
subduction and renewed spreading in the south.

The southerly Neotethyan oceans originated from pulsed rifting during Mid/Late Permian
and Early/Mid Triassic time, culminating in seafloor spreading during the Late Triassic
(Carnian-Norian). Early-Mid Jurassic was characterised by passive margin subsidence. Late
Jurassic-Early Cretaceous saw widespread alkaline, within-plate magmatism in the Levant
and adjacent S. Neotethys. Plume-type magmatism is widespread in the Levant. The Late
Cretaceous was dominated by the formation of ophiolites by spreading above intra-oceanic
subduction zones in several different oceanic basins. Ophiolites were emplaced southwards
onto the Tauride carbonate platform and the Arabian margin during latest Cretaceous time
from several oceanic basins. The Izmir-Ankara-Erzincan ocean closed prior to Mid-Eocene,
whereas the S. Neotethys survived into Early Cenozoic time, evolving into the present-
day Eastern Mediterranean basin. In response to continuing northward subduction, the S.
Neotethys sutured along the Arabian margin by Mid-Miocene, while the ocean persisted
further west as the easternmost Mediterranean deep basin. During Plio-Quaternary, the
leading edge of the North African continental margin, represented by the Eratosthenes
High, south of Cyprus, collided with the subduction trench to the north, triggering rapid
uplift. Plio-Quaternary uplift of southern Anatolia could be influenced by delamination of
sub-crustal mantle lithosphere and/ or break-off of the northward-subducting, remnant S.
Neotethyan oceanic slab.

Keywords: Turkey, Neotethys, E. Mediterranean, Taurides, palaeotectonic mapping
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Olii Deniz (Urdiin) ve Bati Toroslar (Tiirkiye)’daki kesitlerde yapilan yeni arastirmalar bu
(Peri) Gondvana istiflerinde biyodiversite, ¢cokelme ortamlari, ortamsal kosullar ve stratigrafik
gergeve ile ilgili yeni bulgular saglamistir. Bu bélgelerdeki Kambriyen ¢okelleri Proterozoyik
yaslt bir temel {izerinde uyumsuz olarak yer alirlar ve karasal ve kenar denizi ¢okelim kosullarini
yansitirlar. Bu birimlerin yaglandirilmasi ve korrelasyonu genelde 6zel paleoekolojik kosullar ve
siirl paleontolojik ve stratigrafik veriler nedeni ile problemlidir.

Urdiin Rift Vadisi’nde, (Israil ve Urdiin’{in Olii Deniz ve Giiney Araba Vadisi alanlar1) Kambriyen
karasal silisiklastitlerle baslar ve iiste dogru 6nce bir karbonatl birime ardindan 6nce denizel, sonra
karasal silisiklastitlere gecer. Karbonath kayalarda farkli lokalite ve seviyelerde yaygin olarak makro,
mikro ve iz fosillere rastlanir. Saptanan formlar trilobitleri, brakiyopodlari, hiyolitleri, poriferidleri,
ekinodermleri, c¢anselloritleri, mikromolusklari, ortomercanlari, hiyolithelminitleri, bradoridleri,
?sifogonusititleri ve ?kornulitidleri kapsar. Yapilan arastirmada 12 paleoekolojik topluluk i¢inde
govde fosillerden 20 cins ve 17 tiir ve 28 ikno-cins saptanmustir. Cokelme alan1 degisik diisiik enlem
tropik-subtropik sig denizel kosullarinin hakim oldugu bir yapisal kompleks olarak tanimlanmistir.
Tknolojik ve paleoekolojik analizler ¢okelimin yiiksek cesitlilikli, gel-git etkisinin yaygin oldugu,
gel-git alt1 ve arasi kosullari etkili oldugu sigliklarin ve lagiinlerin varligina igaret eder. Mikrofaunal
bulgular bu alanlarin Avustralya ve Iran ile paleocografik olarak yakin oldugunu, Bati Avrupa ile ise
bazi iligkilerin olabilecegini ortaya koymaktadir. Birimlerin yagi Kambriyen Sisteminin Erken 3.
Serisinin 5. Katidir ve bu geleneksel siniflamada erken Orta Kambriyen’e karsilik gelir.

Bati Anadolu’da Egirdir ve Afyon yorelerinde Kambriyen istifleri bazi “alt” Kambriyen iz fosilleri
iceren delta ve kiyi silisiklastitleri ile baslar. Bu bulgu ana transgresyon olay1 6ncesinde sinirli da
olsa denizel etkiye isaret eder. Bunlarin {istiine gelen karbonatlar Kambriyenin 2.Serisi {istii ile 3.
Seviyesi ortasi arasinda yasa sahiptirler ve altta gel-git alt1 dolomitler ile sinirli ortamin tabakali
kirectaslarim igerirler. Uste dogru fosilli, nodiiler agik deniz gel-git alt1 self kiregtaslar1 yer alir. Bu
karbonatlarda tipik Arkeosiyatit y1gisim1 dokusu, ve ¢ok sayida kavkili fosiller bulunur. Bunlar
problematik kiigiik kavkilari, bivalv ve hiyolitleri, trilobitleri, akrotretid brakyopodlari, eklemsiz
ekinitleri, siinger ve cansellorit kalintilarin1 kapsar. Bu fauna diisiik enlem ¢okelim kusagini
temsil eder. Karbonatlarin lizerine gelen kumtaslari ve seyller, akritark ve iz fosillere gore “Orta”
Kambriyen’den erken Ordoviziyen’e kadar uzanan yas aralig1 sunarlar. Bu silisiklastik birimlerin
yapilari firtina dalga tabani ¢okelimine igaret eder. Daha iistteki birimler ince silisiklastit ve seyrek
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tiirbiditik tabakalardan olusur ve daha distal ve derin ¢okelme kosullarini yansitir. Birimin fosil
igerigi tipik Akdeniz (Fas, Ispanya, Fransa, Sardinya, Almanya) Perigondvana afinitesi gosterir.

Giiney Avrupa, Yakin ve Orta Dogu ile KD Afrika Kambriyen istiflerinin karsilastirmali etiidii su
on sonuglari saglamaktadir: (1) Urdiin Rift Vadisi ve Tiirkiye istifleri bol fosillidirler; (2) Tiirkiye,
Urdiin, Misir ve Libyadaki silisiklastik kayalardaki iz fosil ve karbonatlardaki mikropaleontolojik
aragtirmalar ¢okelme ortami, paleoekolojik ve paleocografik kosullarin belirlenmesini
saglamaktadir; (3) Olii Deniz havzasi Kambriyen denizel ¢okelimi icin ayrmtili bir fasiyes
modeli onerilebilmektedir; (4) Tiirkiyede bulunan mikrofosiller bolgelerarasi korrelasyon igin
onemli anahtarlardir. Bu baglamda, Bati Toroslar ve Urdiin’deki Kambriyen ¢dkelimini saglayan
ana transgressif evre Bat1 Akdenizdeki Sardinya, Fransa, Ispanya ve Almanya’ya gére diyakron
ozelliktedir. Bu da paleocografik ve iklimsel degisikliklerin ortligmesi olarak yorumlanabilir.
Buna karsilik, Urdiin/Israil ve KD Afrika istifleri digerlerine gére daha kiyrya yakin alanlarda
gerceklesmis olmalidir. Bu bakimdan, Urdiin/israil ve Tiirkiye’deki marjinal deniz ¢okellerinin
ortam Ozellikleri ve fosil igerikleri Gondvana orta-bati boliimiiniin paleodinamik evrimini anlamak
ve paleocografik konumunu belirlemek bakimindan anahtar alanlar olusturur.

Anahtar Kelimeler: Urdiin Rift Vadisi, Bat1 Toroslar, Kambriyen, paleontoloji, ¢kelme ortam1
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ABSTRACT

Investigation of sections in the Dead Sea area (Jordan) and in the western Taurides (Turkey) led to
new insights into life, biotic diversity, depositional characteristics, environmental conditions and
stratigraphic frame of these (Peri)Gondwanan successions. Cambrian sediments of the mentioned
regions rest unconformably on Proterozoic basement and indicate continental-marine marginal
deposition. The dating of timing of the Cambrian deposition and of the correlation of the strata is
often problematic due to special palaeoecological conditions and limited palaeontological and
sedimentological data.

In the Jordan Rift Valley (Dead Sea area and southern Wadi Araba of Jordan and Israel) the Cambrian
starts with continental siliciclastics changing afterwards into a carbonate suite which is followed by
marine and finally by continental siliciclastics, again. From the carbonates an extensive micro-, macro-
and trace fossil fauna has been observed from several localities and stratigraphic levels. Proofed taxa
include trilobites, brachiopods, hyoliths, poriferids, echinoderms, chancelloriids, micromolluscs,
octocorals, hyolithelminths, bradoriids, ?siphogonuchitids, ?cornulitids. 20 genera and 17 species of
body fossils as well as 28 ichno-taxa within 11 palaeoecological assemblages have been identified.
The depositional area has been characterized as a structured complex of various shallow marine
environments under tropical/subtropical low-latitude conditions. Ichnological and palaeoecological
analysis led to a reconstruction of a high-diversity, tide-influenced sub- to intertidal environment with
shoals and lagoons. Based on the microfauna, close palaeogeographic relations to Australia and Iran
could have been proofed, whereas some relations to Western Europe may have been existed, too. The
stratigraphic age could has been fixed to early Series 3, Stage 5 of the Cambrian system which is
equivalent to the early Middle Cambrian in traditional terms.

Cambrian successions near Egirdir and Afyon of the western Taurides (Turkey) start with deltaic and
coastal siliciclastics with some “lower” Cambrian trace fossils indicating temporary marine influence
before the main transgression event. Overlying carbonates of most probably Cambrian upper Series
2 to mid-Series 3 age, consist of supratidal dolomites and restricted layered limestones, succeeded by
Jossiliferous, nodular, open marine, subtidal shelf limestones. In the carbonates, typical archaeocyathan
buildup texture and a lot of shelly fossils have been observed: e.g. various problematic small shelly
Jossils, bivalves and hyolites, trilobites, acrotretid brachiopods, disarticulated echinoderm-, sponge-
and chancelloriid remains. This fauna implies a low-latitude depositional area. Sandstones and shales
overlying the carbonate suite are dated by acritarchs and trace fossils as “Middle” Cambrian to early
Ordovician in age. The sedimentary structures from these siliciclastics point to deposition related to
the storm-wave base. Higher-up, fine-grained siliciclastics and rare turbiditic layers indicate more
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distal and deeper conditions. The fossil content of the carbonates and the siliciclastics has a clear
Mediterranean Perigondwanan affinity (Morocco, Spain, France, Sardinia, Germany).

Comparative investigation of Cambrian successions in southern Europe, in the Near and Middle East
and in northeastern Africa led to the following preliminary results: (1) a lot of new palaeontological
data has been achieved from Jordan Rift Valley and Turkey; (2) micropalaeontological investigation
of carbonates and trace fossil analysis of siliciclastics from Turkey, Jordan, Egypt and Libya have
enabled a more detailed reconstruction of the depositional, palecological, and palaeogeographic
conditions; (3) for the Cambrian marine deposition in the Dead Sea area a comprehensive facies model
could have been developed; (4) discovered microfossils from Turkey are very useful for inter-regional
palaeogeographic and stratigraphic conclusions. The transgressive pulse producing the Cambrian
suite in the western Taurids and the Jordan Rift Valley is diachronous to the western Mediterranean
successions as on Sardinia, in France, Spain, and Germany which may be interpreted as coincident
palaeogeographic and climatic changes. Generally, the deposition of the Jordanien/Israeli and the NE-
African successions has been taken place more proximal compared to the western Mediterranean and
Turkish successions. Depositional features and fossil content of the very marginal-marine successions
from Jordan/Israel and Turkey are of key importance in clarifying the palaeodynamic evolution of the
western-central part of Gondwana and the detailed palaeogeographic affiliation of this region.

Keywords: Jordan Rift Valley, W Taurides, Cambrian, palaeontology,depositional environment
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Bu projenin amaci Paleo-Tetis Okyanusu’nun kapanmasit ve Kimmer deformasyonunun
baslamasinin gergeklestigi Geg Triyas — Erken Jura donemleri i¢in Orta Toroslar’in paleocografik
evrimininin ortaya ¢ikarilmasi igin biitiinlesik stratigrafik, sedimentolojik, paleontolojik,
jeokimyasal, jeokronolojik ve paleomanyetik verilerin olusturulmasidir. Ayrica proje kapsaminda
Orta Atlantik Magmatik Bolgesi’nde yer alan iyi bilinen denizel ve karasal istifler ile belirli
yerlerdeki (Antalya Korfezi’'nin batisinda Alakirgay napr ve giiney bati Tiirkiye’de Kocali
Karmasig1) Geg Triyas-Erken Jura volkano-sedimanter istiflerin karsilagtirilmasmnim yapilmasi
da beklenmektedir. Bu arastirma calismasi ¢ok disiplinli yaklagimla (sedimantoloji, stratigrafi,
fasiyes analizi, organik malzeme icerigi, Radyolarya, Foraminiferler, Konodontlar, Palinomorflar
ile biyostratigrafi, magnetostratigrafi, ve paleomanyetizma) gergeklestirilmektedir.

Darius Programi kapsaminda iki yil boyunca derlenen veriler Antalya Naplari’ndan (Giiney
Toroslar) alt Catlatepe Nap1 (CN) ve orta Alakircay Napi’na (AN) ait degisik tektono-stratigrafik
birimlerden elde edilmistir. Bunlardan birincisi Antalya Korfezi’nin batisinda yaygin olarak
yiizlek verir ve Triyas’ta self kosullar1 hakim iken, Jura ve Kretase’de yamag ve havza kosullarina
dogru evrimlemislerdir. Alakirgay nap1 ise diger Antalya Naplari’ndan Orta ve Geg Triyas yash
bazen bazik volkanik (rift ¢okelleri) ile birlikte gdzlemlenen pelajik ¢okeler ve iistiinde Jura-
Kretase yash pelajik ¢okeller igermesi ile ayrilir. Incelenen zaman araligi Ust Triyas’tan Alt
Jura’ya kadardir ve bu donemde yaygin pelajik istifler igerir. Dikmetas Kesiti giineydogu Antalya
bolgesinde, ayn1 isimli kdy civarinda (O 28- C3 Paftasi, alt Antalya Nap1 (CN)’da 6l¢iilmiis ve
ornekler derlenmistir. Antalya ilinin dogusunda (Hocakdy kesiti) ve Antalya Korfezi nin batisinda
(Yaylakuzdere, Karabuk ve Gokgam kesitleri) olmak {izere toplam dort adet kesitte orta Antalya
Nap1 (AN) ¢alisilmistir. Biitiin kesitlerde ¢okelme ortami derin deniz pelajik havza kosullarinda
olmasina ragmen, arazi gbzlemlerinden elde edilen biyo-, mikro-, organik fasiyesler ve sedimanter
onciil veriler paleocografik yorumlamalarda igin yararli belirgin degisimlerin oldugunu
gostermektedir. Cok az olsa bile, kalsiturbidit olarak residemente olan karbonat pargalarinin ve
organik malzemenin tipi ve miktari, klastik malzemenin degisik kaynak kaya(lar)dan tiiredigine
isaret eder (Martini ve dig., bu kitap). Antalya Korfezi’nin batisinda (Yaylakuzdere kesiti) yer
alan Ust Triyas istifi diger kesitlerden farkli olarak disoksik ve anoksik taban kosullarini belirten
ince taneli pelajik kirectaglari ile ara tabakali organik malzemece zengin belirgin ¢okel ve organik
malzemeli fasiyesler icerirler. Daha once elde edilen Radyolarya verileri ile karsilagtirilinca
onciil palinolojik veriler daha eski yaslar1 (Karniyen-?erken Noriyen) gostermektedir. Calisilan
kesitlerin yer aldigu Toroslarin allokton birimlerinin jeolojik ve tektonik orijini biiyiik 6lciide
belirgin degildir. Gok¢am kesitiden elde edilen 6nciil paleomanyetik veriler ve daha sonra elde
edilecek verilerin dogrulamasi ile, Triyas’ta Antalya bolgesinin yar1 ekvotariyal enlemlerde yer
aldigini gosterebilecektir.

Anahtar Kelimeler: Tiirkiye, Antalya Naplari, Ereken Mesozoyik, stratigrafi, eski cografya.
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ABSTRACT

The primary aim of this project was to generate integrated stratigraphic, sedimentological,
paleontological, geochemical, geochronological and paleomagnetic data to reconstruct the
paleogeographic evolution of central Taurides during the Late Triassic—Early Jurassic, a
critical time interval comprised between the closure of the Paleo-Tethys Ocean and the onset
of Cimmerian deformation. Furthermore, we also expected to correlate the Late Triassic-Early
Jurassic volcano sedimentary successions in selected key areas (the Alakir¢ay Nappe west of the
Antalya gulf and, eventually, the Kocali Complex in south-eastern Turkey) with the well known
marine and continental successions belonging to the Central Atlantic Magmatic Province. The
research activity is performed by using a multidisciplinary approach including sedimentology,

stratigraphy, facies analysis, organic matter content, biostratigraphy (based on radiolaria,

foraminifers, conodonts and palynomorphs), magnetostratigraphy and paleomagnetism. The data
collected during 2 years in the frame of the Darius Programme come from sections pertaining to
different tectono-stratigraphic units belonging to the Antalya Nappes (southern Taurides = south-
Taurides tectonic units), both lower Cataltepe (CN) and middle Alakircay Nappes (AN). The first
one (CN), largely cropping out in the west of the Antalya gulf, was deposited on a Triassic shelf
evolving to a Jurassic-Cretaceous slope and basin deposits. The Alakircay Nappe differs from
the other Antalya Nappes by having mainly Middle-Upper Triassic pelagic sediments, sometimes
associated to basic volcanics (rift deposits) and overlying by Jurassic-Cretaceous pelagic
sediments. The investigated time interval spans from Upper Triassic to Lower Jurassic and it is
comprised within mainly marine pelagic successions. The Dikmetas section, belonging to the lower
(CN) Antalya Nappe has been sampled in south-east Antalya region, close to the homonymous
village (O 28- C3 Quadrangle). Four sections, belonging to the middle (AN) Antalya Nappe, have
been investigated at the east of Antalya city (the Hocakoy section) Taurides and at the west of
Antalya gulf (the Yaylakuzdere, the Karabuk and the Gokcam sections. Despite the depositional
setting corresponds to deep water pelagic basins for all the studied sections, the preliminary data
from sedimentary, bio-, micro- and organic facies, along with field observations, seem to indicate
some significant variations useful for paleogeographic interpretation. Even if relatively scarce,

the type and amount of the carbonate clasts resedimented as calcturbites and the organic matter
debris should suggest a different origin and position in respect of the source area(s) of the clastic
material (cf: Martini et al., present vol.). The Upper Triassic succession at the west of Antalya gulf
(the Yaylakuzdere sectlon) differs from the others in displaying peculiar sedimentary and organic
matter facies marked by the presence of organic rich shales frequently interbedded to the fine
grained pelagic limestone which document dysoxic to anoxic marine bottoms. The preliminary
palynological data correlated with those from literature (radiolarians) suggest an older age
for this unit (Carnian-early Norian?). The studied sections belong to the allochthonous units of
Taurides that are up to now an area of largely uncertain geologic and tectonic origin. Preliminary

paleomagnetic data obtained from the Gokcam section, to be confirmed by other incoming resullts,

would indicate sub-equatorial paleolatitudes for the Antalya region in the Triassic.

Keywords: Turkey, Antalya Nappes, Early Mesozoic, stratigraphy, paleogeography
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Darius Program’i ¢ergevesinde, 2010 ve 2011 yillarinda iki yillik arazi ¢alismasinda Antalya
ili dogu ve batisinda, Orta Toroslar’da bazi stratigrafik istifler detayli olarak c¢aligilmis ve
orneklenmistir. Dogudan batiya dogru sirasiyla ¢alisalan istifler 1) Dikmetas (Antalya Naplari’nin
Cataltepe Napi, Antalya ili dogusu); 2) Hocakdy, 3) Gokgam, 4) Yaylakuzdere ve 5) Karabiik
(Antalya Naplar’’nin Alakir¢ay Napi)’dir. Dikmetas istifi Triyas’ta self ortaminda ¢okelmis
ve Jura-Kretase’de yokus ve havza kosullarina evrimlesmis iken diger istifler Orta Triyas’tan
Kretase’ye bazen rift ¢gokelleri de olan pelajik ¢okelim igerirler.

Dikmetas kesitinin ana mikrofasiyesi radyolarya, fosil filaman, nadir foraminifer ve ince ostrakod
kabuklar1 iceren vakestasi-istiftagi’dir. Kalsitiirbiditler: i) spongiomorphid parcalari, bryozoa,
echinodermata, nadir ooid ve bentik foraminiferler igeren kalsiruditler; ii) bol koseli kuvars
taneleri, nadir foraminiferler ve glakonit taneleri iceren kalkarenitlerden olusurlar. Hocakoy,
Gokcam, Yaylakuzdere ve Karabiik kesitlerinin litolojileri birbirleriyle karsilastirilabilir ve
monotondur, genel olarak fosil filaman, ince ostrakod, Radyolarya, siinger dikenleri, nadir
foraminifer iceren vaketasi-istiftaginindan olusur. Hocakdy kesitinde Jura’nin tabaninda yaklagik
6 metre kalinliginda mikrokonglomera birimi vardir. Bu birim altta radyolarya ve siinger dikenli
¢amurtasi ve istiftasidan olusan kalsirudit ve istte ise bol ve kalin kabuklu Ostrakod kabuklari,
ekinoderm pargalar1 ve daha nadir Radyolarya ve foraminifera parcgalari igeren kalkarenitlerle
temsil edilir. Gokgam kesitinde, kalsitiirbiditler, i)Radyolarya intraklastlar1 igeren vaketasi ve
ostrakodlu, sarilimli taneler/ooidler, filamanlar, radyolarya, nadir foraminifer i¢ceren kalkarenitler,
i) nadir, koseli kuvars taneleri ve ooidler, peloidler, ekinoderm parcalari, Radyolarya igeren
kalsisiltitlerden olusur. Yaylakuzdere ve Karabiik kesitlerinde kalsitiirbidit seviyeleri ostrakodlar,
filamanlar, radyolarya ve ¢ok az foraminifer iceren kalkarenitler/ kalsisilttitlerden olusur.
Karakteristik olarak Yaylakuzdere istifinde 1-2cm kalinliginda lumachella igeren kirectaslari
biitiin kesit boyunca bulunurken, kesitin tabanindan 8 metre yukarida biyoklastik istiftaglari icinde
yaygin koseli kuvars taneleri yer alir. Buna zit olarak, Karabuk kesitinde nadir peloid ve broyozoa
pargalar1 i¢eren ekinodermlerce zengin tane tasi bir kag seviyede bulunmustur.

Fasiyes yapilari ve dnceki gdzlemleri goz dniine alindiginda, en azindan Ust Triyas’da Cataltepe
ve Alakircay Naplari’nin istifleri arasinda yaygin benzerlik vardir. Tki naptada kalsitiirbiditlerin
bilesim farliliklarina, biyofasiyes ve s1g su karbonat parcalarmin varligina bagl olarak klastiklerin
kaynak boélgeleri hakkinda {i¢ hipotez belirtilebilir: 1) ayni aktif karbonat platform sisteminin
degisik kusaklarindan ortak kaynak; 2) daha yash (Karniyen ?) karbonat selfinin par¢alanmasindan
gelen; 3) iki degisik paleocografik bolgeden cesitli orijin.

Anahtar Kelimeler: Tiirkiye, Antalya Naplari, Ge¢ Triyas, sedimantoloji, stratigrafi.
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ABSTRACT

In the frame of the Darius Programme, two field missions have been carried out in 2010 and 2011
aiming at studying and sampling in detail some stratigraphic successions in the central Taurides,
east and west of Antalya city respectively. The five studied successions are, from east to west: 1)
The Dikmetas (Cataltepe Nappe of the Antalya Nappes, east of Antalya); 2) The Hocakoy, 3) The
Gokcam, 4) The Yaylakuzdere and 5) The Karabuk (Alakir¢ay Nappe of the Antalya Nappes).
The Dikmetas succession was deposited on a Triassic shelf evolving to a Jurassic-Cretaceous
slope and basin whilst the other successions mostly record pelagic sedimentation, sometimes
interrupted by rift deposits, from Middle Triassic to Cretaceous.

The main microfacies of the Dikmetas section are wackestone-packstone with Radiolaria,
filaments, rare foraminifers and thin ostracod shells. The calciturbidites are: i) calcirudites with
fragments of spongiomorphids, bryozoans, echinoderms, rare ooids and benthic foraminifers, ii)
calcarenites, containing abundant angular quartz grains, rare foraminifers and glauconite grains.
The microfacies of the Hocakoy, the Gokcam, the Yaylakuzdere and the Karabuk sections are quite
comparable and rather monotonous mainly consisting of wackestone to packstone, with filaments,
thin ostracods, Radiolaria, sponge spicules and rare foraminifers. Characteristic features have
been found concerning the components of the calciturbiditic levels. At the Hocakoy section, a
microconglomeratic level occurs at ca 6 m from the base of the Jurassic part of the section. It is a
calcirudite which clasts range from mudstone to packstone with Radiolaria and sponge spicules,
followed by calcarenite containing abundant thick ostracod shells, echinoderm fragments and
rarer Radiolaria and foraminifers. At the Gokcam section the calciturbidites are: i) calcarenites
with ostracods, coated grains/ooids, filaments, Radiolaria, rare foraminifers and intraclasts
of Radiolaria bearing wackestone,; ii) calcisiltites with Radiolaria, echinoderm fragments,
peloids, ooids and rare angular quartz grain. At the Yaylakuzdere and the Karabuk sections, the
calciturbiditic levels are calcarenites to calcisiltites with ostracods, filaments, Radiolaria and
a few foraminifers. Characteristic, 1-2 cm thick lumachella-bearing limestones occur all along
the Yaylakuzdere succession as well as bioclastic packstone containing abundant angular quartz
grains at about 8 m from the base of the section. Contrastingly, in the Karabuk section few levels
of echinoderm-rich grainstone with rare peloids and fragments of bryozoans have been found.

Based on the previous observations and facies architecture, a close affinity seems to exist between
the sedimentary successions of the Cataltepe and Alakir¢ay nappes, at least during the Upper
Triassic. On the basis of the compositional differences between the calciturbidites in both nappes,
on the presence of shallow water carbonate debris and biofacies three hypotheses on the source
areas for the clastics are discussed: 1) a common source from different belts of the same active
carbonate platform system, 2) from the dismantling of an older (Carnian?) carbonate shelf; 3) a
diverse origin from two different paleogeographic domains.

Keywords: Turkey, Antalya Nappes, Upper Triassic, sedimentology, stratigraphy
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Bu calismada genis anlami ile Neotetis’in agilmasi ve kapanmasina iliskin Dogu Toroslar’daki
paleotektonik gelisim iizerinde durulmaktadir. Kita kenari, ofiyolit ve melanj birimleri
Tiirkiye’nin orta ve dogu kesimlerinde (Gtiriin, Hekimhan ve Pimarbasi) genis yiizlekler
sunmaktadirlar. Bu birimler, Triyas’ta riftlesmeye baslayan ve Jura-Erken Kretase doneminde
pasif kenar1 ¢dkmeye maruz kalan kita kenarinin birimleri olarak degerlendirilebilir.
Ofiyolitik kayalar (Pinarbasi, Giiriin area, Kuluncak, Hekimhan, Divrigi) Ge¢ Kretase’de
kuzeye dalan okyanus i¢i yitim zonu iizerindeki yayilmaya bagl olarak olusmuslardir. Kita
kenar1 birimleri, melanjlar ve ofiyolitlerin Dogu Toros platformu (Giiriin otoktonu) lizerine
yerlesmeleri Geg¢ Kretase (Kampaniyen-Mastrihtiyen)’de kita kenari ile yitim zonunun
carpismast sonucunda gerceklesmistir. Allokton birimlerin daha giineye dogru tekrar
bindirmeleri bdlgesel dlcekte kita-kita garpismasini izleyen Erken-Orta Eosen doneminde
meydana gelmistir. Eosen bindirmeleri calisma alaninda en fazla bat1 (Piarbasi) ve orta
(Giiriin) boliimlerde etkili olmasina ragmen daha doguda (darende) ise kivrimlanmalara
sebep olmustur. Dogu Toroslar’in bugiinkii kompleks yapisi, esas olarak kenet kusaginin
carpisma sonrasi sikismasi (Miyosen) ve Pliyo-kuvaterner’de Anadolu Blogu’nun batiya
dogru kagist ile ilgili dogrultu-atimli fay hareketlerini yansitmaktadir.

Alternatif tektonik modeler goz 6nlinde bulunduruldugunda, Dogu Toroslarin Mesozoyik-
Senozoyik zaman araliginda Bat1 ve Dogu Toroslarla benzer tektonik gelisime sahip oldugu,
ancak okyanusun kapanmasindan sonraki donemlerde jeolojik evriminin farklilastig
sOylenebilir. Calisma alanindaki tiim okyanusal birimlerin (melanj ve ofiyolitler)
Mesozoyik te acilan ve kapanan i¢ Toros okyanusunun iiriinleri oldugu, buna mukabil Izmir-
Ankara-Erzincan okyanusunun ise daha kuzeyde yeraldig: sdylenebilir.

Anahtar Kelimeler: Dogu Toroslar, platform, melanj, ofiyolit, Neotetis
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ABSTRACT

We focus here on the palaeotectonic development of the Eastern Tauride region in its wider
regional setting related to the opening and closure of Neotethys. Continental margin-type,
ophiolitic and melange units are widely exposed in eastern central Turkey (Giiriin, Hekimhan
and Pinarbasi areas). These units restore as a Triassic rifted continental margin that
underwent passive margin subsidence during Jurassic-Early Cretaceous. Ophiolitic rocks
(e.g. Pwarbasi, Giiriin area, Kuluncak, Hekimhan, Divrigi) formed by spreading above a
northward-dipping intra-oceanic subduction zone during Late Cretaceous time. Emplacement
of the continental margin units, melanges and ophiolites onto the Eastern Tauride platform
(e.g. Giiriin Autochthon) was driven by trench-margin collision during latest Cretaceous time
(Campanian-Maastrichtian). The allochthonous units were re-thrust further south during
Early to Mid-Eocene time related to regional continental collision. Eocene thrusting strongly
affected the western (Pinarbasi) and central (Giiriin) areas of the region studied, whereas
areas further east (e.g. Darende) mainly underwent folding. The complex present-day Eastern
Tauride outcrop reflects post-collisional suture tightening (Miocene) and Plio-Quaternary
strike-slip (transpression/transtension) related to the westward ‘escape’ of Anatolia.

After taking account of several alternative tectonic models, we infer that the Eastern Taurides
experienced a common tectonic development with the Central and Western Taurides during
Mesozoic-Early Cenozoic time but the geological history diverged after ocean suturing. We
conclude that all of the oceanic units (melanges and ophiolites) in the region studied relate to
the rifting and closure of a single Mesozoic oceanic basin, probably the Inner (Intra) Tauride
ocean, while the wider Izmir-Ankara-Erzincan ocean was located further north.

Keywords: E Tauride, platform, melange, ophiolites, Neotethys
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Kogali karmasigi, Kogali ofiyoliti ve volkano-sedimanter 6zellikteki Kocali melanjint
kapsamaktadir. Ofiyolitik kayalar D-B uzanimli bindirme dilimleri arasinda, tektonik
dokanaklar ile ayrilmis, alttan iiste dogru tam bir ofiyoliti istifi sunarlar. Bunlar; serpantinize
harzburjit, tabakali kiimiilatlar, izotrop gabrolar, levha dayklari, yastik lavlari, radyolarya
ve metal iceren sedimanlari icerirler. Mikrogabro-diyabaz dayklari ofiyolitik istifi farkli
seviyelerde kesmektedir. Levha dayklar1 ve yastik lavlar yersel olarak Kibris-tipi hidrotermal
mineralizasyonlar icermektedirler. Kocali melanj1 tektonik olarak dilimlenmis bir yap1
sunmakta olup, bolgesel dlgekte ofiyolitik kayalarin altinda yer almaktadirlar. Bununla
birlikte ofiyolit ve melanj birimleri Arap kita kenar {izerine bindirme ile iliskili olarak yer
yer tektonik ardalanmalar da sunarlar.

Kogali ofiyoliti ve Kogali melanj1 iginde yer alan kabuksal kayaglarin jeokimyasi birlikte
ele alindiginda, toleyitik ve alkalen 6zellik sunan volkanik kayaclar haricinde hepsi toleyitik
bilesimlidir. Ofiyolite ait izotrop gabrolar, levha dayklari, izole dayklar ve volkaniklerden elde
edilen yeni jeokimyasal veriler ii¢ farkli magma tipinin varligini isaret etmektedir. Bunlar;
(1) izotrop gabrolar, kevha dayklar ve Grup I izole dayklari igeren ada yay: toleyitleri-IAT
serisi, (ii) Grup I volkanikler ve Grup Il izole dayklari iceren zenginlesmis okyanus ortasi sirt
bazaltlari-E-MORB serisi ve (iii) Grup II volkanik kayaglari ile temsil edilen okyanus adas1
bazalt-OIB serisidir. Kiimiilat kayalar igerisinde yiiksek magnezyumlu olivinler (Fo,,_,),
klinopiroksenler (Mg#,, ), ortopiroksenler (Mg#,, ..) ile kalsiyumca zengin plajiyoklaslarin
(An,, ) varligi, plitonik birligin okyanus ortasi sirt magma kaynagindan ziyade ada yayi
toleyit (IAT) magma kaynagindan tiiredigini gostermektedir. Kogali karmasiginin giiney
Neotetis’in agilimi sirasinda olustugu, Kogali ofiyolitinin ise okyanusal basenin kapanmasi
sirasinda kuzeye dalimli okyanus i¢i yitim zonu tizerinde olustugu seklinde yorumlanmaktadir.

Baer-Bassit (K-Suriye) ve Mamonia Karmasigi (GB Kibris)’'nda yer alan ofiyolitler ve
melanjlar ile karsilastirildiginda, giiney Neotetis okyanusal baseninin Geg Triyas’ta riftlestigi
diistintilebilinir. Kogali karmasigi, Arabistan plakasinin kuzeye bakan pasif kita kenarina
ait birimleri icermektedir. Giiney Neotetis okyanusunun okyanus tabani Jura-Alt Kretase
doneminde kita kenarindan tiireme ve pelajik/yar pelajik sedimanlar tarafindan ortiilmistiir.
Kuzeye dogru yitim Geg¢ Kretase’de baslamis ve ofiyolitler kuzeye dalimli yitim zonu
tizerinde olugsmustur. Yitim hendegi, Arap platformu pasif kita kenar ile Ge¢ Kretase’de
carpigmis ve Kogali-Hatay-Baer-Bassit ofiyolitlerinin Mastrihtiyen doneminde giineye dogru
Arap platformu lizerine yerlesmesini saglamistir.

Anahtar Kelimeler: Giineydogu Anadolu, ofiyolit, E-MORB, OIB, IAT, Giiney Neotetis.
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ABSTRACT

The Kogali complex includes the Kogali Ophiolite and the volcanic-sedimentary Kogali
melange. The ophiolitic rocks form E-W trending thrust sheets in which all of the components
of a complete ophiolite sequence are present, although mainly separated by tectonic contacts;
i.e. (from bottom to top), serpentinised harzburgite, layered cumulates, isotropic gabbros,
sheeted dykes, pillow lavas, radiolarian and metalliferous sediments. Microgabbro-diabase
dykes intrude various levels of the ophiolite pseudostratigraphy. The sheeted dykes and
pillow lavas locally exhibit Cyprus-type hydrothermal mineralisation. The Kogali melange is
a tectonic slice complex that structurally underlies the ophiolite on a regional scale, although
ophiolite and melange are structurally intercalated in places related to emplacement onto the
Arabian continental margin.

The geochemistry of the crustal rocks of the Kogali ophiolite and the Kocali melange,
taken together, shows that are all tholeiitic in composition except for the volcanic rocks
which show both tholeiitic and alkaline features. New geochemical data from the ophiolitic
isotropic gabbros, sheeted dikes, isolated dikes and volcanics indicate that there are three
main types of parental basic magmas: (i) IAT series, comprising isotropic gabbros, sheeted
dikes and the Group I isolated dikes; (ii) E-MORB series, characterized by the Group [
volcanics and Group Il isolated dikes, (iii) OIB series represented by the Group II volcanic
rocks. The presence of highly magnesian olivines (Fo84-74), clinopyroxenes (Mg#92-65),
orthopyroxenes (Mg#86-75), together with Ca-rich plagioclases (An95-86) in the cumulate
rocks suggests that the plutonic suite was derived from an island arc tholeiitic (IAT) source
rather than a mid-ocean ridge-type magmatic source. The Kogali Complex is interpreted
to have formed during opening of the southern Neotethys, whereas the the Kogali ophiolite
formed above a north-dipping intraoceanic subduction zone during ocean basin closure.

Taking account of evidence from comparable ophiolites and melanges in Baer-Bassit
(N-Syria) and the Mamonia Complex (SW Cyprus), the southern Neotethyan oceanic basin
is interpreted to have rifted during the Late Triassic. The Kogali melange restores as the
north-facing passive margin of the Arabian plate. The South Neotethyan ocean oceanic
floor was covered by Jurassic-Lower Cretaceous continental margin-derived and pelagic/
hemipelagic deep-sea sediment. Northward subduction began during the Late Cretaceous
and the ophiolite formed above a northward-dipping subduction zone. The subduction trench
collided with the Arabian margin during latest Cretaceous, driving southward emplacement
of the Kogali, Hatay and Baer-Bassit ophiolites, finally during Maastrichtian time.

Keywords: Southeast Anatolia, Ophiolite, E-MORB, OIB, IAT, Southern Neotethys
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Son yillarda, Bati Anadolu’nun belli basli tektono-sedimanter birliklerini olusturan ve
onceleri sadece yesilsist fasiyesi kosullarinda bir bagkalagima ugradiklart diigiiniilen Afyon
Zonu, Likya Naplari ve Menderes Masifi’nde yitimle iliskili metamorfizmalarin varligi
tanimlanmistir. Bu yiiksek-basing kalintilarinin kesfi, mevcut bolgesel tektonik siniflamanin
yani sira giiniimiiz Anadolu Mikrokitasi’nin biitiinlesme siirecinden 6nce mevcut olan
okyanusal Neotetis kollarinin sayist ve konumu sorununu yeniden tartigmaya agmustir.
Mesozoyik pasif kita kenarinda ¢okelmis istif ve onun Mesozoyik Oncesi birimlerini
tanimlayan Afyon Zonu’nda, onceki ¢aligmalarda lokal olarak belirlenen Alpin yiiksek
basing metamorfizmasinin kuzeybatidan giiney Orta Anadolu’ya kadar yaklagik 700 km lik
bir uzanim sundugu belirlenmistir. Buna dayali olarak mevcut ¢aligmada Afyon Zonu, Fe-
Mg karfolit ve glaukofan ile tanimlanan, diisiik dereceli yiiksek - basing metamorfizmasi
kosullarinda bagskalagima ugramig ve belirgin bir siireklilik sunan bir mavigist fasiyesi
metamorfizmasi kugagi olarak yeniden yorumlanmistir. Bu zonda ¢ok iyi korunmus karfolit
— kloritoid toplulugunun varligi FeO2 -MgO-Al203 -SiO2 -H20 sisteminde ilerleyen faz
iligkilerinin anlasilmasi ve kitasal linitelerin yitimle iliskili evrimlerinin yorumlanmasinda son
derece 6nemlidir. Dokusal iligkilerin yorumlamasi, mineral bilesimlerindeki ufak degisimler
ve karfolit — kloritoid arasindaki Mg-Fe dagilimlar1 Mg’da ilerleyen bir zenginlesmenin eslik
ettigi, cok evreli mineral bitylimesi ve belirgin bir element dagiliminin varligini géstermektedir.
Ferro-karfolite ait ilk verileri igeren gilincellenmis termodinamik veri tabani kullanimi
dokusal ve kimyasal verilerle uyusan basing — sicaklik kosullarinin modellenmesini miimkiin
kilmistir. Afyon Zonu’ndaki karfolit igeren topluluklar 0.9 — 1.1 GPA basingta 280°C den 380
°C ye degisen bir sicaklik artigin1 gostermektedir. Beyaz mikalardaki “°Ar-* Ar jeokronolojisi
ve klorit — mika ve klorit — kloritoid topluluklar1 arasindaki ¢ok dengeli termobarometrik
hesaplamalar Afyon Zonu, Likya Naplar1 ve Menderes Masifi i¢in ilk hassas metamorfizma
yaslarinin hesaplanmasina imkan saglamistir. Bu veriler; a)Afyon Zonu ve Likya Naplari’nda
erken orta-basing retrograt topluluklarinin 65-60 My da olustugunu ve Menderes Masifi’nde
b) yiiksek basing metamorfizmasinin yaklasik 45 My ve c¢) Barroviyen sonrast mika soguma
yaslarinin yaklasik 26 My yash olduklarini gostermektedir. Bu durumda, Afyon Zonu ve
Likya Naplari’nin metamorfik kesimlerinin siireklilik sunan Maasrihtiyen yaslh bir yiiksek-
basing metamorfizmasi kusagina ait oldugu ve Menderes Masifi’nin giiney kesimindeki ortii
serilerinin Ege Denizi’ndeki Eosen yiiksek-basing kusaginin dogudaki kesimini ifade ettigi
sOylenebilir.

Anahtar Kelimeler: Afyon Zonu, karfolit, yiiksek - basing metamorfizmasi
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ABSTRACT

In the last past years, subduction-related metamorphism has been documented in three
tectono-sedimentary units of Western Anatolia (namely the Afyon Zone, the Lycian Nappes and
the Menderes Massif), which were previously supposed to have undergone only greenschist-
facies metamorphism, related to obduction and collision. These discoveries of high-pressure
relicts reopened the discussion on the number and position of Neotethyan oceanic branches
that once existed before the assembly of the present-day Anatolian microcontinent, as well as
the validity of the regional tectonic nomenclature. In the Afyon Zone, representing a complete
stratigraphic sequence of a Mesozoic continental passive margin and its pre-Mesozoic
substratum, Alpine high-pressure metamorphism was previously evidenced locally, whereas
it is continuous from Northwestern to southern Central Anatolia, over more than 700km.
In the present study, low-grade high-pressure mineral assemblages (Fe-Mg-carpholite and
glaucophane) are reported from the Afyon Zone, which is re-interpreted as a continuous
blueschist facies metamorphic belt. Well-preserved carpholite-chloritoid assemblages are
useful to improve our understanding of prograde phase relations and transitions in the FeO2
-MgO-AI2 O3 -SiO2 -H?2 O system and reconstruct the metamorphic evolution of subduction
of continental units. Inspection of petrographic textures, minute variations in mineral
composition and Mg-Fe distribution among carpholite-chloritoid assemblages documents
multistage mineral growth, accompanied by a progressive enrichment in Mg, and strong
element partitioning. Using an updated thermodynamic database, including the first data for
ferro-carpholite, Pressure and temperature conditions that are consistent with textural and
chemical observations were modeled. Carpholite-bearing assemblages in the Afyon Zone
account for a temperature increase from 280 to 380°C between 0.9 and 1.1 GPa. “’Ar-*Ar
geochronology on white mica and multi-equilibrium thermobarometric calculations based
on chlorite-mica and chlorite-chloritoid parageneses are combined in order to provide the
first accurate metamorphic ages for the Afyon Zone, the Lycian Nappes and the Menderes
Massif. This reveals that a) in the Afyon Zone and the Lycian Nappes early medium-pressure
retrograde assemblages formed about 65-60 Ma ago, and in the southern Menderes cover
b) high-pressure metamorphism occurred about 45 Ma ago and c) post-Barrovian mica
cooling about 26 Ma ago. The Afyon Zone and the metamorphosed Lycian Nappe belong to
a continuous Maastrichtian high-pressure belt, and the southern Menderes cover represents
the eastern ending of the Eocene high-pressure belt exposed in the Aegean.

Keywords: Blueschists, Ar/Ar dating, Fe,Mg-Carpholite stability
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Bu calismada Giiney Neotetis’e ait okyanusal havzalarin paleocografik dagilimina
yaklasimda bulunmaya calisilmaktadir. Giiniimiizde, Afyon — Bolkardag Zonu olarak
tanimlanan, Neotetis’in bir giiney kolunun Orta Anadolu’daki Kirsehir Blogu’nun giliney
sinir1 boyunca uzandigina yonelik veriler elde edilmistir. Bunun doguya uzanimi heniiz
ispatlanmamis olmasina karsin Ermenistan’daki Ammassia Kusagi’n1 isaret etmektedir.
Tavsanli Zonu’na paralel uzanan Afyon — Bolkardag kusagi bu zona kiyasla daha diistik
dereceli yiiksek-basing metamorfizmasi ve daha gen¢ metamorfik yaslar gostermektedir. Bu
birliktelik jeodinamik yorumlamalardaki ana ¢ikarimi olusturmaktadir. Ayrica bunlarin Bitlis
eklojitleri ve mavisist kusagi ile olan korelasyonu hala tartigmalidir. Afyon — Bolkardag Zonu
ile karsilastirildiginda, Bistun Blogu ile iliskili bu yiiksek-basing kalintilar1, daha giineydeki,
timiiyle ayr1 bir yitim gegmisine sahip, ayr1 bir havzay1 tanimlamaktadir. Bu durum giintimiiz
Giliney Anadolu’sunda Kretase yash bir dizi karmasik ufak okyanusal havzanin varligim
gostermektedir. Verilerimiz Bitlis ile Piitiirge masifleri arasinda Alpin metamorfik evrimi
acisindan belirgin farkliliklarin varligini ortaya koymaktadir. Bitlis Masifi yitimle iliskili
Alpin yiiksek-basin¢ metamorfizmasina ugrarken Piitiirge kesimi sadece Alpin yash diistik
dereceli yesilsist fasiyesi metamorfizmasi kosullarinda baskalasima ugranustir. Iki yiiksek-
basing metamorfizmasi kusag arasinda belirgin yiiksek sicaklik topluluklar: bulunmaktadir.
Yiksek-sicaklik metamorfizmasi topluluklar1 Berit Dagi, Dogansehir, Celikhan, Siirgi,
Malatya metamorfitleri ve ayrica Pertek’in KD’sunda go6zlenmektedir. Bunlar Bingol
Daglari’ndaki ve Agri dogusundaki olusumlarla kombine edilebilir. Bizim 6nemli oncii
yas verilerimiz ve Osman Parlak grubunun verileri acik bir sekilde Eosen yasl bir yiiksek
sicaklik olayini isaret etmektedir. Bunlara dayali olarak asagida bir hipotez sunulmaktadir.
Biz Berit’ten Diyadin’e kadar uzanan s6z konusu orta-yiiksek sicaklik olayinin, ¢arpisan
blogun Piitiirge kesiminin yitimden kagtig1, Bitlis-Piitiirge kompleksinin yitimiyle iliskili ada
yay1 gelisim stireciyle baglantili bir magmatik islevle iligkilendirilebilecegini 6nermekteyiz.
Berit ve Dogansehir’de gozlenen asir1 sicakliklar, yitmekte olan levhanin kopmasi ve manto
1s1sin1n Bitlis-Piitiirge blogunun ¢arpigmasinin bir neticesi olarak iletiminden kaynaklanmig
olabilir.

Anahtar Kelimeler: Neotetis, yiiksek-sicaklik metamorfizmasi, Anadolu
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ABSTRACT

We aim to decipher the paleogeography of oceanic basins of the southern Neotethys. So far
we are able to prove that a southern branch, the Afyon — Bolkardag zone, of the Neotethys
runs along the southern border of the Kirsehir block in Central Anatolia. Its eastward
continuation points towards the Amassia belt in Armenia, but this remains unproven. The
Afyon-Bolkardag parallels the belt of the Tavsanli zone, but in comparison to it, shows lower
grade HP overprint and younger metamorphic ages. This duality has major implications for
geodynamic interpretations. Furthermore, a correlation with the Bitlis eclogites and blueschist
belt remains to be discussed. These Bistun block related HP relicts outline another, more
southernly, basin with a separate subduction history as compared to the Afyon-Bolkardag
zone and thus add to the complexity of small oceanic basins that built up a Cretaceous
archipelago in present southern Anatolia. Our investigations clearly revealed major
differences in the Alpine metamorphic evolution of the Bitlis and Piitiirge massifs. While the
Bitlis massif underwent Alpine high-pressure and thus reveals a subduction related history,
the Piitiirge part only shows low-grade greenschist facies Alpine metamorphism. Between
the two HP belts plentiful temperature dominated assemblages occur. The high-temperature
metamorphic rocks are found in the Berit Mountains, near Dogangsehir, near Celikhan and
Stirgii, in the Malatya metamorphic nappes as well as further to the NE near Pertek. They
can be combined with occurrences in the Bingol Mountains and east of Agri. Important
preliminary age data from our investigation and by the group of Osman Parlak clearly point
to an Eocene HT event. We therefore promote a hypothesis. We propose to assign this medium
to high grade temperature event, that can be traced from the Berit complex all the way to
Diyadin, to magmatic processes related to island arc formation related to subduction of the
Bitlis-Piitiirge complex, where the Piitiirge part of the colliding block escaped subduction.
The extreme temperatures recorded in the western areas of Berit and Dogansehir might be
the result of slab break-off and advection of mantle heat as a consequence of the collision of
the Bitlis-Piitiirge block.

Keywords: Neotethys, high-temperature metamorphism, Anatolia
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Giineydogu Anadolu orojenik kusagini olusturan bolgesel 6lgekli bindirmeler igerisinde
Berit metaofiyoliti olarak tanimlanan bir metaofiyolitik kiitle yer almaktadir. Dogansehir
(Malatya)’in giineydogusunda metaofiyolitik kiitle giineyde Eosen yagli maden kompleksi
veya Piitlirge metamorfik masifi tarafinda sinirlanirken, kuzeyde ise Malatya metamorfik
birimi tarafindan sinirlanmaktadir. Metaofiyolitik kiitle bindirme, kivrimlanma gibi ¢ok
fazli deformasyon sergilemekte ve Malatya metamorfik birimi ile birlikte Eosen (48-43 My)
yaslt bir granit kiitlesi tarafindan kesilmektedirler. Metaofiyolitik kiitle; piroksenli graniilit,
granatli amfibolit, amfibolit, amfibollii metagabro, piroksenli hornblendit, epidot-amfibol
sist, plajiyoklaz-amfibol sist, kuvars-plajiyoklaz-amfibol sist, muskovit-epidot-plajiyoklaz-
amfibol sist ve epidot-plajiyoklaz-amfibol sist kayalari ile temsil edilmektedirler. Bu
kayalarin ana-iz element igerikleri ofiyolitik kdkenli olduklarini isaret etmektedir. En yiiksek
metamorfik fasiyesi temsil eden piroksenli graniilit kayalar1 amfibolit fasiyesine ait kayalarla
cevrelenmektedirler. Bu durum, kayalarin yilizeyleme sirasinda gegirmis olduklar: gerileyen
metamorfizmay1 igaret etmektedir. Piroksenli graniilit fasiyesindeki mineral parajenezi gra
nat+piroksen+amfibol+plajiyoklaz+kyanittkorundum+zoisit ile temsil edilmektedir. Buna
mukabil, granatl amfibolit fasiyesindeki mineral parajenezi ise granat+piroksen+amfibol+p
lajiyoklaz +kuvars+rutil+zoisit mineralleri ile temsil edilir. Her iki mineral parajenezindeki
mineraller zonlanma gdstermezler. Graniilit fasiyesine ait kayalarda yapilan Sm-Nd
(piroksen-granat-tiim kaya) izokron yast 50.6+3.1 My olup, graniilit fasiyesindeki en yiiksek
metamorfizmanin yasi olarak degerlendirilmektedir. Yine graniilit fasiyesine ait kayalarda
yapilan basing-si¢aklik hesaplamalari (13.2-17.5 kbar ve 690°C—941°C), graniilit-eklojit
fasiyes sinirindaki metamorfizma kosullarini yansitmaktadir.

Giineydogu Anadolu orojenik kusagi boyunca yaklasitk KD-GB uzanimli, metamorfik
olmayan Ust Kretase yasl iki farkli ofiyolit kusag1 bulunmaktadir. Kuzeydeki kusak Malatya-
Keban metamorfikleri ile Bitlis-Piitiirge metamorfikleri arasinda yer almakta olup, Kuzey
Berit (Goksun), Giiney Berit (Berit meta-ofiyoliti), Ispendere, Kémiirhan, Guleman ve Killan
ofiyolitlerini kapsamaktadir. Bitlis-Piitiirge metamorfikleri ile Arap platformu arasinda yer

90



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

alan giiney kusak ise, Baer-Bassit, Kizildag (Hatay) ve Kocali ofiyolitlerini igermektedir.
Tektonostratigrafik dizilimler, kuzeyde Malatya-Keban platformu ile giineyde Bitlis-Piitiirge
kitasal birimleri arasinda bir okyanusal basenin varligina isaret eder. Ust Kretase yash
ofiyolitler ve volkanik yay birimlerinin bu okyanus i¢cinde kuzeye daliml bir yitim zonu
iizerinde olustuklar1 diistiniilmektedir. Kuzeye dogru devam eden yitime bagl olarak, olusan
okyanusal kabugun kuzey kenar1 Malatya-Keban platformunun altina bindirmis ve granitik
kayalar tarafindan kesilmistir. Giiney kenarda ise yitim hendegi Bitlis-Piitiirge kitasal birimleri
ile carpisarak, Orta Eosen Oncesi ylizeyleyen, Bitlis masifinde YB/DS metamorfizmasina
ugramasina neden olmustur. Giiney Neotetis okyanusal kabugunun geriye kalan kismi1 kuzeye
devam eden oblik (?) yitimle kalk-alkalen Eosen yay magmatizmasinin (Helete) olusumunu
saglamistir. Bolgesel olcekte graniilit fasiyesinde metamorfizmaya ugrayan metaofiyolitik
kayalarin, s6zii edilen Eosen yasli magmatik yayimn kokiinilin yakininda olusmus olabilecegi
diistiniilmektedir. Yiiksek sicaklik metamorfiklerinin olusumunu saglayan muhtemel 1s1
kaynag1 Giiney Neotetis okyanusunun oblik yitimine bagli sirt yitimi olabilecegi gibi diger
alternatiflerde diistiniilebilir. Berit metaofiyolitinin yiizeylemesini, Eosen yaslt Maden yay-
gerisi baseninin riftlesmesi ile birlikte ge¢ evre giineye dogru bindirmeler saglamis olabilir.

Anahtar Kelimeler: Berit metaofiyoliti, YS/YB metamorfizmasi, Sm-Nd jeokronolojisi,
GD Anadolu
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ABSTRACT

A meta-ophiolitic body (“Berit meta-ophiolite”) is exposed within a belt of regional-scale
thrusts that make up the southeast Anatolian orogenic belt. To the south (southeast of
Dogansehir town) the outcrop is tectonically bounded by the Eocene Maden complex or
the Piitiirge metamorphic massif, whereas the Malatya metamorphic unit is exposed to
the north. The meta-ophiolitic rocks exhibit polyphase deformation including folding and
thrust imbrication. Both the meta-ophiolitic rocks and the Malatya metamorphic unit are
intruded by an Eocene (48-43 My) granitoid body. The metaophiolite body is characterized
by pyroxene-granulite, garnet-amphibolite, amphibolite, amphibole-metagabbro, pyroxene-
hornblendite, epidote-amphibole schist, plagioclase-amphibole schist, quartz-plagioclase-
amphibole schist, muscovite-epidote-plagioclase-amphibole schist and epidote-plagioclase-
amphibole schist. The major and trace element chemistry are consistent with an ophiolitic
origin. The highest metamorphic grade is represented by pyroxene-granulite facies rocks
that are enveloped by amphibolitic facies rocks, probably as a result of exhumation-
related retrograde metamorphism. The pyroxene-granulite facies mineral paragenesis is
characterized by garnet+pyroxene+amhibole+ plagioclase+kyanitexcorundum=zoisite. In
contrast, the garnet amphibolite facies paragenesis is: garnet+pyroxene+amphibole+plag
ioclasetquartz-+rutiletzoisite. The main mineral phases in both facies lack compositional
zoning. A Sm-Nd (pyroxene-garnet-whole rock) isochron age of 50.6+£3.1 Ma was obtained
from the granulite facies rock, which is interpreted as the time of peak granulite facies
metamorphism. Pressure-temperature of the granulite facies rocks is estimated as 13.2—17.5
kbar and 690°C-941°C, equivalent to granulite-eclogite facies boundary metamorphic
conditions.

In addition, two sub-parallel, NE-SW-trending belts of unmetamorphosed Upper Cretaceous
ophiolitic rocks are present within the SE Anatolian orogenic belt. The more northerly belt
between the Malatya-Keban metamorphics and the Bitlis-Piitiirge metamorphics includes
the North Berit (~Goksun), South Berit (~Berit Meta-ophiolite), fspendere, Komiirhan,
Guleman and Killan ophiolites. The southern belt that is located between the Bitlis-Piitiirge
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metamorphics and the Arabian platform includes the Baer-Bassit, Kizildag (Hatay) and
Kocali ophiolites. Tectono-stratigraphic restoration suggests that an ocean basin existed
between the Malatya-Keban platform to the north and the Bitlis-Piitiirge continental unit(s)
to the south. Upper Cretaceous ophiolites and an incipient volcanic arc are interpreted to
have formed above a north-dipping subduction zone within this ocean. The northern edge of
the oceanic slab was thrust beneath the continental Malatya-Keban platform and intruded by
granitic rocks in response to continuing northward subduction. Further south the subduction
trench is inferred to have collided with the Bitlis-Piitiirge continental unit(s) giving rise
to HP-LT metamorphism in the Bitlis massif, followed by pre-Middle Eocene exhumation.
Continuing northward oblique (?) subduction of remaining southern Neotethyan oceanic
crust gave rise to Eocene calc-alkaline arc volcanism (Helete). In the regional context the
granulite facies meta-ophiolitic rocks are suggested to have formed near the base of an
inferred regional-scale Eocene magmatic arc. A possible heat source was South Neotethyan
ridge subduction although other models may be considered. Exhumation of the Berit meta-
ophiolite could have been achieved by rifting of the Eocene Maden back-arc basin, coupled
with later-stage out-of-sequence southward thrusting.

Keywords: Berit metaophiolite, HT/HP metamorphism, Sm-Nd geochronology, SE Anatolia
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Anadolu bolgesi, Ge¢ Mesozoyik-Senozoyik doneminde Afrika-Avrasya kitalarinin yakinlagsmasi
sonucu Neotetis okyanus(lari)nin kapanma tarihgesine ait jeolojik kayitlart icerirler. Izmir-
Ankara-Erzincan Kenet Kusagi (IAEKK) boyunca ylizeyleyen ofiyolitli melanjin konumu
eskiden Neotetisin kuzey kolunun bulundugu yeri isaret eder. [AEKK’nin giineyinde bulunan
ve metamorfik kayaclar, ofiyolitler ile magmatik sokulumlardan olusan Orta Anadolu Kristalen
Kompleksi (OAKK) Tiirkiye’de ylizeyleyen en bilyiikk metamorfik komplekstir. Bahsi gecen
kristalen kompleks ge¢ Kretasede Paleozoyik-Mesozoyik sedimanter birimler {izerine ofiyolitli
naplarin yerlesmesi, buna bagl olarak bélgesel Barrovian metomorfizmasi ve magmatik sokulum
gibi karmasik tektonik olaylara maruz kalmigtir. Buna ragmen, Geg¢ Kretasede evrilmis olan
OAKK’nin jeodinamik evrimi konusunda her hangi bir fikir birligine heniiz varilamamistir.

Bu ¢alisma, OAKK’nin evrimine dair elde edilmis yeni veriler yaninda ge¢ Kretasede evrilmis
olan OAKK’nin evrimi ile ilgili kabul edilebilinir bir model ileri siirebilmek icin literatiir
verilerini de entegre eder. Bu baglamda, Orta Anadolu metamorfitlerinin tektono-metamorfik
tarihgesi, detayli mikroyapisal, metamorfik ve jeokronolojik analizler yaninda siinek yapilarin
ve metamorfik arazi gradiyeninin lokal ,ve bolgesel olarak haritalanmasi ile arastirilmigtir. Orta
Anadolu granitoidlerinden genis bir alandan toplanan paleomagnetik veri setleri ise ge¢ Kretasede
OAKK’nin biiyiik 6lgekli geometrisinin yeniden kurulmasina izin veren smur kosullarini
saglamigtir.

Ozet olarak bu c¢aligmanin ana sonuglari sunlardir. OAKK’nin Geg¢ Kretasede KKD-GGB
uzanimli dar ve dom (kubbe) yapisina sahip antiformal bir yapi oldugu ortaya konulmustur
(~500x150km). Bu konfigiirasyonda, bolgesel Barrovian metamorfizmasina, antiformun derin
kisimlarinda meydana gelen ve iist kismi1 GGB’ya akan siinek kitasal akint1 ve bu akinti ile es
zamanli olarak antiformun si1g kisimlarinda meydana gelen BKB-DGD yonlii yiizeylemeye
eslik etmistir. Antiformun bati kenarini etkilemis olan post-tektonik magmatizma ardasik ti¢
farkli kimyasal evrim gosterir ve batida kalk-alkali 6zellik gosterirken, doguda alkaline doniisiir
(vani antiformun i¢ kisimlarindan dis kisimlara dogru). Bu magmatik egilim,Orta Anadolu
pliitonik kayaclarindan elde edilen ve daha once yayimlanmis olan jeokimyasal veriler ile birlikte
degerlendirildiginde, magmatik yayin dalma-batma-iistii zonu ortam kosullar ile iligkili tipik
gelisimi olarak tanimlanmistir. Dolayistyla, esyasli OAKK ne ait Diigiik/Orta Basing-Yiiksek
Sicaklik (D/OB-YS) yay metamorfizmasi ile dalma-batma iligkili YB-DS Tavsanli Zonu biiyilik
bir ihtimalle eslenik metamorfik kusak olustururlar. Bunun yaninda, plaka tektonigi dlgeginde ise
D-B bir hat boyunca kuzeye, Pontidlerin altina olan dalma-batma sistemi ile bu ¢alismada ortaya
konulan ve KKD-GGB yo6nelimli olup doguya OAKK nin altina olan eszamanli dalma-batma
zonu Hendek - Hendek - Hendek (HHH) tipi tiglii kesisim noktast olustururlar. Son asamada,
KKD-GGB uzanimli bu antiformal yapinin Pontidlerle ¢arpismasi, OAKK’nin pargalanarak
ic ayr1 bloga boliinmesine ve Paleojen doneminde, bugiinkii iiggen yapisina ulasmasina neden
olmustur.

Anahtar Kelimeler: Orta Anadolu, Ge¢ Kretase, yiiksek sicaklik metamorfizmasi, yiizeyleme,
garpigsma
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ABSTRACT

The Anatolian region recorded the closure history of the Neotethyan Ocean(s) situated between
the converging African and Eurasian continents during late Mesozoic — Cenozoic times. The
location of the former northern Neo-Tethyan ocean is marked today by the presence of an
ophiolitic mélange forming the Izmir-Ankara-Erzincan Suture Zone (IAESZ). South of the I[AESZ,
the Central Anatolian Crystalline Complex (CACC) is the largest metamorphic domain exposed
in Turkey, which mainly consists of metamorphic rocks, ophiolites and magmatic intrusions. This
crystalline domain experienced a complex tectonic history involving late Cretaceous obduction
of ophiolitic nappes onto Paleozoic-Mesozoic sedimentary units, development of a regional
Barrovian metamorphism, and widespread magmatic intrusions. However, no consensus has been
reached so far about a unique geodynamic scenario to explain in which setting the CACC evolved
during the late Cretaceous.

We present here a multi-scale and multi-disciplinary study of the tectono-metamorphic evolution
of the CACC, and integrates the obtained results with data from the literature in order to propose
a plausible tectonic model for the evolution of the CACC in the late Cretaceous. The tectono-
metamorphic history of the central Anatolian metamorphic rocks has been investigated through
detailed microstructural, metamorphic and geochronological analysis, together with local and
regional mapping of ductile structures and metamorphic field gradients. An extended set of
paleomagnetic data from the central Anatolian granitoids provides constraints for restoring the
large-scale geometry of the CACC into its late Cretaceous configuration.

The main results of this study revealed that during the late Cretaceous the CACC consisted of
a NNE-SSW elongated and narrow dome-shaped antiformal structure (~500x150km). In this
configuration, regional Barrovian metamorphism was accompanied with a top-to-the-SSW
ductile crustal flow in the deeper part of the antiform, while shallower levels were synchronously
affected by a WNW-ESE directed exhumation. Post-tectonic magmatism affected the western side
of the antiform in three successive magmatic events showing a chemical evolution from calc-
alkaline in the west to alkaline in the east (i.e. from an external to a more internal position in
the antiform). This magmatic trend together with published geochemical data from the central
Anatolian plutonic rocks, has been recognized as a typical evolution of a magmatic arc in a supra-
subduction environment. Therefore, the contemporaneous L/MP-HT metamorphic CACC and the
subduction-related HP-LT Tavsanli Zone most likely formed a paired metamorphic belt. Moreover,
at the plate tectonic scale, the contemporaneous northward subduction below the Pontides along
an EW-trending suture together with the newly established eastward subduction of a NNE-SSW
trending subduction system below the CACC suggests the presence of a Trench-Trench-Trench
(TTT) type triple junction at the intersection of these two subduction zones. Finally, during the
Paleogene, the collision of the NNE-SSW-oriented antiformal structure with the central Pontides
led to the break-up of the CACC into three distinctive domains as exposed today.

Keywords: Central Anatolia, late Cretaceous, high-temperature metamorphism, exhumation,
collision
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Zagros Dag Kusagi Avrasya ve Arap plakalarimin yakinlagmasi ve Akdeniz Tetisi’nin kapanmasiyla
olusmustur. Bu kusak GD Tiirkiye’den KD Irak ve GB Iran’a dogru yaklasik 2000 km uzanim
gosterir. Bu kusagin gelisimi sirasinda, Kampaniyen-Mastrihtiyen 6zel tektonik ve paleocografik
konum yansitan 6zgiin fasiyes ve fosil toplulugu ile simgelenir. Bu siiregte ofiyolit tizerlemesine
Tiirkiye’de kuzeyden giineye, Irak ve Iran’da ise kuzeydogudan giineybatiya dogru farkli yonlerde
gelisen tortul girdisi eslik eder. Bu ters yonlerdeki gelisme ofiyolit iizerlemesinin Oniindeki
¢ekirdek karasal alanin ve dniilke havzalarinin gelisimiyle iligkilendirilmistir.

Arap Plakasi’nin (platformunun) kuzey ve kuzeydogu simrindaki Kampaniyen-Mastrihtiyen
istiflerine yonelik bilgiler olmasina karsin, bu c¢alismanin asil amacini olusturan stratigrafik
korelasyonlarina, ¢dkelme ortam kosullarina ve paleocografik 6zelliklerine iliskin giiniimiize
degin ayrintili bir tartisma yapilmamistir.

Zagros siitur zonu boyunca Kampaniyen-Mastrihtiyen istiflerinin korelasyonu, alttan iiste dogru
rudistli kiregtasi mercekleri igeren kirmizi renkli klastikler, rudist ve iri bentonik foraminiferlerce
zengin kiregtaglar1 ve pelajik c¢amurtaglari-kirectaglarindan olusan silisiklastik-karbonat
karisimindan yapili tortullarin olaganiistii benzerlikler gosterdigini ortaya koyar. Bu birimler
diyakronizmi igaret eden yatay ve diisey gecisler gosterir ve iiste dogru Paleosen yaslt pelajik
camurtaglarina gegisler gosterir. Kampaniyen-Mastrihtiyen istifleri GD Tiirkiye ve GB Iran’da
temel kayalarini uyumsuz olarak iistler; KD Irak’ta ise bu iliski uyumsuz veya uyumlu olarak
gozlenir.

Depolanma fasiyesleri bu istiflerin Arap Platformu’nun kuzey-kuzeydogusunda dar bir kusak
boyunca, yiiksek enerjili kiyidan sig selfe ve diisiik enerjili havza ortamina degisen homoklinal
bir yokusta ¢okelmis oldugunu gosterir. Pelajik ¢amurtaglarinin istifin degisik boliimlerinde
tekrarlanmasi platformun ¢okme ve yiikselme donemlerini isaret eder.

Sedimentolojik veriler, algak roliyefli silisiklastik-karbonat baskin bir platformun paleocografyasini
isaret eder. Ge¢ Kampaniyen’de GD Tiirkiye’deki rudist ve iri bentonik foraminiferlerin gelismeleri
icin kaynak alandan tatli su girisiyle besin katkisi olmasina karsin, bu siiregte KD Irak’ta kirintililar
yogun bir sekilde ¢okelmekteydi. Mastrihtiyen’de, rudist ve iri bentonik foraminiferlerce zengin
s1g denizel kirectaglar1t GD Tirkiye ve KD Irak’ta ¢cokelmisti. Bu siiregte, GB Iran’da rudistli ve
ir1 bentonik foraminiferli kirectasi merceklerinin ¢okelmesi kirmtili platformda siiriiyordu. Zagros
kusagi orta-ge¢ Mastrihtiyen ve Paleosen’de havza kosullarinin etkisi altina girmisti.

Zagros Kusagi boyunca Arap Platformu’ndaki rudist ve mercan biiylimeleri, klastik gelimi
ve hizli ¢cokme zaman araliklarinda engellenmisti. Bu olaylar, Tiirkiye’den Iran’a dek Arap
Platformu’nun sinir1 boyunca bazi zaman bogluklariyla benzer tektonik ve ortamsal kosullarin
etkin oldugunu kanitlar. Neotetis’in makaslama tipi kapanmasi nedeniyle, tektonik ve
paleocografya Kampaniyen’den Mastrihtiyen sonuna dek Tiirkiye’den Irak’a ve daha sonra Iran’a
kadar gocetmisti.

Anahtar Kelimeler: Kampaniyen-Mastrihtiyen, paleocografya, platform tipi, stratigrafi, Zagros
kusagi
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ABSTRACT

The Zagros mountain belt is developed from the convergence between the Eurasian and Arabian
plates and closing of the Mediterranean Tethys. This belt extends over 2000 km from SE Turkey
towards to NE Iraq and SW Iran. During the development of this belt, the Campanian-Maastrichtian
characterized by unique facies and biota reflecting special tectonic and palaeogeographic
configuration. The ophiolite obduction is associated with reversal of the sediment influx from
north toward south in Turkey and from northeast toward southwest in Iraq and Iran during this
time. This reversal was associated with terresterial land nucleation and development of foreland
basin in front of it. Despite the present knowledges about the Campanian-Maastrichtian sequences
in the northern and northeastern boundary of the Arabian plate (platform), their stratigraphic
correlations, depositional conditions and palaeogeographic characteristics were not discussed in
detail until today, which are the main aim of the present study.

The correlation of the Campanian-Maastrichtian successions along the Zagros suture zone
shows remarkable similarities consisting mainly of mixed silisiclastic-carbonate deposits which
contains, from bottom to top, of reddish clastics with rudist-bearing limestone lenses, limestones
rich in rudist and larger bentonic foraminifera and pelagic mudstones-limestones. These units
show lateral and vertical changes from one to another indicating diachronism and pass upward to
pelagic Paleocene mudstones. The Campanian-Maastrichtian sequences overly unconformably
the basement rocks in SE Turkey and SW Iran, while this relation is conformable or unconformable
in NE Iraq. The depositional facies represents that this succesion was developed along a narrow
belt of the nothern-northeasternmost of the Arabian platform on the distally steepened homoclinal
ramp ranging from the high energy beach to shallow shelf and low energy basin environment. The
repetition of the pelagic mudstones in several intervals of the sequence indicates the phases of
drowning and uplift of the platform.

The sedimentolgical data indicate a palaeogeography of a low relief siliciclastic-carbonate
dominated platform. The influx of freshwater, from the source area, supplied nutrient for growth
of rudist- and large foraminifera-bearing limestones lenses during the late Campanian in the SE
Turkey while, in this period, the clastics were dominantly developed around the NE Iraq. During
the Maastrichtian, the shallow limestones rich in rudists and larger foraminifera were developed
in SE Turkey and NE Iraq. In the same time, the rudist- and larger foraminifera-bearing limestone
lenses were deposited on the detrital platform in SW Iran. The basinal conditions were prevailed
during middle-late Maastrichtian and Paleocene along the Zagros bellt.

During the time intervals of clastic influxes and rapid subsidence, the rudists and coral growth
should have been inhibited on the Arabian platform along the Zagros belt. These facts prove
the prevailing of the same tectonic and enviromental conditions with some time elaps along the
border of Arabian platform from Turkey to Iran. Due to scissor-type closure of the Neotethys,
the tectonic and palaeogeography was migrated from Turkey toward Iraq and then Iran from
Campanian to the end of Maastrichtian.

Keywords: Campanian-Maastrichtian, palaeogeography, platform type, stratigraphy, Zagros belt
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Sivas havzasi, Orta Anadolu’da Geg¢ Kretase-Paleosen’de olusmus biiylik bir havzadir.
B-GB ve D-GD uzanimli olan havza kuzeydeki Kirsehir Blogu ile giineydeki Toros
Platformu’nu birbirinden ayirir. Batiya dogru Kapodokya Pliyo-Kuvaterner volkanizmasi
altinda kaybolan havza, doguda Erzincan dolayinda Kuzey Anadolu Fay1 ile kesilir. Havza
kuzey kenar1 boyunca, yer yer Kuzey Neotetis’ten tiiremis ofiyolitik alloktonlar ile izerlenen
Kirsehir Masifi iizerinde yer alir. Kuzey Neotetis’in kapanmasiyla iligkili ofiyolitik naplar
Geg Kretase’de Kirsehir Masifi ve Toros kusaginda oldugu gibi Anadolu Blogu iizerine
yerlesmistir. Bu temeli lizerleyen havzalar baslica Tersiyer yashdirlar. Ge¢ Kretase’den
beri Anadolu kitacigimi etkileyen tiim tektonik olaylar bu havzalarin sedimanter ¢okelleri
tarafindan kaydedilmistir.

Sivas havzasinin sedimanter dolgusu iyi ylizeyleyen ve denizelden (derin ve si1g denizel)
lagiinel, golsel ve karasala (akarsu) degin genis bir fasiyes ve ¢okel ortamlarini igeren tam
bir Senezoyik stratigrafik istifi ile temsil edilir. Havzanin bat1 kesimi (Gemerek-Ortakdy
bolimii) ayrintili olarak g¢alisilmistir. Bu bdlgede, Eosen planktonik foraminifera igerigi
ile, Oligosen, Miyosen ve Pliyosen ise memeli faunasi igerigi ile ayirtlanmaktadir. Bu
calisma, Sivas havzasinin orta kesimini (Sivas ¢evresi) kapsamaktadir. Planktonik ve bentik
foraminiferler, gastropodlar, ostrakodlar, karofitler, ve memeli faunalarinin ¢alisilmasiyla yeni
stratigrafik veriler elde edilmistir. Bu veriler, bugiine degin bilinen formasyonlarin yaslarinin
kesinlestirilmesini saglamustir. Ozellikle Hafik Formasyonu’nun yast belirlenmistir: Simdi
iyi bilinmektedir ki evaporitlerinin depolanmasi Ge¢ Eosen ve Orta Oligosen arasinda
olmustur. Karayiin Formasyonu’nun tipik gol ortamini gosteren karofitleri Geg¢ Oligosen
olarak yaslandirilmstir. Ostrea, gastropod, Ammonia beccarii igeren bentik foraminiferler ve
ostrakod toplulugunca zengin olan Bingdl formasyonunun yas1 Geg Oligosen’dir. Evaporitik
Hafik Formasyonu’nu lizerleyen Sivas marnlari, Orta-Geg Oligosen ve en geng seviyeleri Alt
Miyosen’i veren zengin planktonik mikrofauna toplulugu icermektedir.

Bu yeni veriler, Anadolu’nun bati kesiminin daha kesin palinspatik olarak yeniden
yapilandirilmasina, ve boylece Geg¢ Kretase’den beri Alp Kusagi’nin bu segmentinin
olusmasina katkida bulunmus jeodinamik olaylar i¢in dogru kronolojinin saptanmasina
izin vermektedir. Yeni saglanan veriler ve uygun eski veriler kullanilarak paleocografik
ve paleoortam haritalar1 olusturulmustur. Sekiz haritadan olusan bir set hazirlanmistir. Bu
haritalar, Paleosen’den Ge¢ Miyosen’e kadar tiim Sivas havzasimi kapsamaktadir. Kirsehir
Blogu ile Toroslar arasinda yer alan Deliler Fayin’in 6nemi vurgulanmistir.

Anahtar Kelimeler: Sivas havzasi, Kirsehir, Toros, stratigrafi, paleocografya
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ABSTRACT

In Central Anatolia, the Sivas basin is the largest of subsiding basins developed in Late
Cretaceous and Paleogene times. It occupies a W-SW to E-NE gutter which separates the
Kirsehir block to the North and the Taurus platforms to the South. Westwards the basin
disappears below the Cappadocian Plio-Quaternary volcanism and eastwards it is cut by
the North Anatolian Fault near Erzincan. Along its northern margin it rests on the Kirsehir
Massif which is overlaid from place to place by remnants of the ophiolitic allochtons derived
from the Northern Neotethys. The ophiolitic nappes resulting from the Northern Tethys closure
were emplaced during the Late Cretaceous on the Anatolian blocks i.e. the metamorphic
Kirsehir massif and the Taurus range. The overlying basins are thus essentially Tertiary in
age. They have registered in their sedimentary infill all the tectonic events which affected the
Anatolian micro-continent since the Late Cretaceous.

The sedimentary infill of the Sivas basin is well exposed and presents a complete stratigraphic
Cenozoic succession including a large variety of facies and environments of deposition from
marine (deep and shallow marine), to lagoonal, lacustrine and continental (fluviatile).
The western part had been studied with some detail (Gemerek-Ortakoy section). There the
Eocene is known for its planktic foraminifera content and the Oligocene, the Miocene and the
Pliocene for their vertebrate fauna. The present study considers the central part of the Sivas
basin (around Sivas). New stratigraphic data have been obtained by the study of planktic
and benthic foraminifera, gastropods, ostracods, charophytes and vertebrates fauna.
These data precise the age of the yet known formations. Particularly the age of the Hafik
Formation: it is now well established that the deposition of the evaporites occurred between
the Late Eocene and the Mid Oligocene. The Karayun formation yield charophytes, typical
of lacustrine environment, which date Late Oligocene. The Bingol formation rich in ostrea,
gastropods, benthic foraminifera, including Ammonia beccarii, and ostracod assemblages
is of Late Oligocene in age. The Sivas marls, overlying the evaporitic Hafik formation, yield
rich assemblages of planktic microfauna which indicate the Middle and the Late Oligocene
and in the younger layers the Lower Miocene.

These new data allow to precise the palinspastic reconstitution of the western part of
the Anatolia as they provide accurate chronology for the geodynamic events which have
contributed to the formation of this segment of the Alpine belt since Late Cretaceous times.
Palaeogeographic and paleoenvironmental maps have been established using the available
previous data and the new data obtained. A set of eight maps has been drawn. They concern
the whole Sivas basin, from Paleocene up to Late Miocene. The role of the Deliler fault
between the Kirsehir block and the Taurus is emphasized.

Keywords: Sivas basin, Kirsehir, Taurus, stratigraphy, paleogeography
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Tiirkiye’de erken Paleojen karasal ¢okelleri genis alanlar kaplamaz ve omurgalilar paleontolojisi
acisindan yeterince arastirilmamistir. 1966’da Ozansoy, 1979 yilinda Sen ve Heintz istisnai
omurgal1 fosiller iceren Paleojen lokasyonlarii tanittilar; bu fosiller biyocografya baglantilari
yeterince bilinmeyen gruplara aittir. 2011 yilinda, Anadolu’da Paleojen fosil memelileri igeren
baz1 formasyonlarda yapilan yiizey arastirmalart kapsaminda, daha once bulunmus fosilli
birimlerin yas1 yeniden dikkate alindi. Erken Paleojen memelileri bugiine dek iki formasyonda
bulundu. Biri Kuzey Anadolu’da Amasya yakininda yiizlek veren, komiir yataklariyla tanian ve
kii¢lik bir havza i¢indeki Celtek formasyonudur. Digeri ise Polatli-Haymana Havzasi’nin kuzey
ucunda yiizlek veren Uzungarsidere Formasyonu’dur.

Eski Celtek memeli fosil lokasyonunun yasi biraz tartigmalidir. Blumenthal bu formasyonu
1937°de tanimlarken, iistiinde bulunan ve Erken Liitesiyen bentik foraminiferleri iceren Armutlu
formasyonun yasini dikkate alarak, Erken Eosen olarak diisiindii. Bu formasyonlarin palinolojisini
2002 ¢alisan Akgiin ise, bu birimleri Orta-Geg Eosen olarak yaslandirdi. Yakin zamanda ise Kog
ve Tiirkmen, fosilli seviyenin hemen iistiine gelen ince bir denizel seviyeden Ipresiyen yagli zengin
bentik ve planktonik foraminiferler elde ettiler. Bu sonuglara gore, aralarinda Embrithopoda
siifindan Palaeoamasia kansui’nin de bulundugu fosilli linyit yataklarmimn yasinin daha dnce
diistiniildiigii gibi Lutesiyen degil, Ipresiyen olmasi gerekir.

Uzungarsidere Formasyonu (UCF) uzun yillardir Orta Eosen olarak dikkate alinir. Bunun
nedeni ise bu formasyonu orten denizel Orhaniye Formasyonu’nun mikropaleontoloji verileriyle
Lutesiyen olarak yaslandirilmis olmasidir. Bu formasyon i¢inde memeli fosileri Ankara KB’sinda
kirmizi renkli karasal ¢okellerin yiizlek verdigi Orhaniye-Giiveng arasinda bulundu ve erken
Orta Eosen yasi verildi. Halbuki UCF {istteki denizel Liitesiyen Orhaniye formasyonu tarafindan
uyumsuzlukla ortiiliir, ve aralarinda bir zaman boslugu olmalidir. UCF memeli faunasi keseliler,
embrithopodlar ve toynakli memelilerden olusur. Bu son gruba giren Hilalia cinsi boyutlar: farkli
4 tiirle temsil edilir. Yeni arazi ve fosil gdzlemleri UCF’in Ipresiyen yasta olmast gerektigini
gosterir.

Anadolu Platosu ge¢ Mesozoyik ve erken Paleojen sirasinda Afrika-Arabistan kitasiyla,
Asya ve Avrupa’nin kesisme noktasinda yer almaktadir. Bu bdlge kdkeni sonmiis veya heniiz
yasamakta olan bir¢ok memeli grubunun bu kara pargalari arasinda dagilimina 11k tutacak en
o6nemli yerlerden biridir. Ne yazik ki Paleojen doneme ait omurgali fosil kayitlarinin ¢ok kisitl
olmasi, Anadolu’nun bu &nemini ortaya koymaya yetmez. Anadolu’da elde dilecek daha zengin
paleontolojik veriler, Paleosen-Eosen 1sinma dénemi (PETM) cevresinde memelilerin evrim ve
dagilimina yeni bir 151k tutacaktir.

Anahtar Kelimeler: Paleojen, memeliler, biyostratigrafi, Tiirkiye

100



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

CONTINENTAL CLASTICS OF ANATOLIA DURING THE EARLY
PALEOGENE: BIOSTRATIGRAPHY AND PALEOENVIRONMENTS

Grégoire Métais', K. Christopher Beard’,

Korhan Erturac®, Koray Sozeri’, Sevket Sen'
!CR2P. Muséum national d’Histoire naturelle, CP 38, 8,
rue Buffon, 75005 Paris, Fransa
’Carnegy Museum of Nat. History, 4400 Forbes Avenue, Pittsburgh, PA 15213-4080, ABD
‘Sakarya Universitesi, Cografya Béliimii, Adapazari, Turkey
YAnkara Universitesi, Miihendislik Fakiiltesi,
Jeoloji Miihendisligi Boliimii, 06100 Ankara, Turkey
(gregoire.metais@mnhn.fr)

ABSTRACT

In Turkey, early Paleogene continental formations are poorly studied, and globally poorly
exposed. Ozansoy in 1966 and Sen and Heintz in 1979 reported unusual Paleogene vertebrate
assemblages that raise different issues related to their biogeographic affinities. In 2011, a first
survey of Paleogene fossil mammals yielding formations has led a re-interpretation of the age
of these units based on stratigraphic and micropaleontological evidences. Two formations have
so far yielded early Paleogene mammals: the Celtek Formation, otherwise exploited for coal,
is scarcely exposed in a small basin near Amasya, and the Uzungarsidere Formation is mostly
exposed on the northern margin of the Polatli-Haymana Basin near Ankara.

The age of the Eski Celtek locality is somewhat controversial. Blumenthal formally defined the
Celtek Formation in 1937 and considered it as Early Eocene based on the Early Lutetian age
of the benthic foraminifera from the overlying Armutlu Formation. In 2002 Akgiin studied the
palynomorphs of these formations and concluded to a Middle-? Late Eocene age for both units. In
2002 Kog¢ and Tiirkmen found a thin marine horizon above the mammal bearing lignite seam with
planctonic foraminifera of Ypresian age, while the overlying marine Armutlu Formation yielded
rich benthic and planctonic foraminiferal assemblages dated to the Early Lutetian. According to
these results, the Eski Celtek mammal locality, which also yielded remains of the embrithopod
Palaeoamasia kansui, is not younger than Ypresian and certainly not Lutetian as previously
though.

The Uzungarsidere Formation has long been considered as early Middle Eocene in age based on
the age of the overlying marine unit (Orhaniye Formation). Fossil mammals have been reported
from the red beds exposed near Ankara, and an early Middle Eocene age was advocated for this
mammal assemblage based mostly on the apparent lack of unconformity between this formation
and the overlying marine Lutetian Orhaniye Formation. The mammal fauna include marsupials,
embrithopods, and ungulates (4 species of Hilalia), documented by dental and postcranial
material. New field observations allied to micropaleontological evidences plead clearly for an age
not younger than Ypresian for the fossil mammal yielding beds of the Uzung¢arsidere Formation.

The Anatolian Plateau of Turkey lies at the crossroads between Afro-Arabia, Asia, and Europe
during Paleogene. Although this area figures prominently for better understanding the early
evolution and dispersals of many groups of extinct and modern mammal orders, its early
Paleogene vertebrate fossil record remains very scarce. Further paleontological data from that
area should shed a new light on the dispersal history and early evolution of several groups of
modern mammals around the Paleocene-Eocene Thermal Maximum (PETM).

Keywords: Paleogene, mammals, biostratigraphy, Turkey
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I¢ Anadoluda’ki havzalar Kirsehir Blogunun dogrudan iizerinde ve etrafinda gelismis
havzalar olmak iizere iki grupta toplanabilir. Bu havzalardan; Haymana, Ulukisla, Sivas ve
Cankir1 havzalar1 Kirsehir Masifi’nin etrafinda geligsmis olup; Avanos ve Cigekdagi havzalar
ise dogrudan masifin tizerinde geligmislerdir. Ayrica bu havzalarin disinda bolgeye ait olan
ve genel olarak Sakarya Kitasi iizerinde gelismis olan Mudurnu havzasi, yasi Liyastantan
gliniimiize kadar uzanan c¢okeller igermesi sebebi ile Neotetisin agilma ve kapanmasina ait
onemli jeolojik verilere sahiptir. Buna karsin, Kirsehir Blogu etrafinda gelisen havzalar genel
olarak Geg¢ Kretaseden-giiniimiize degisen birimleri igermeleri sebebiyle sadece Neotetisin
kapanmas1 ve onunla iliskili kitasal bloklarin carpismasina ait veriler icerirler. Ayrica bu
havzalar garpismanin son evrelerinde Kirsehir Blogu ile Pontidlerin izmir-Ankara-Erzincan
Kusag1 boyunca kenetlenmelerine sahitlik ederlerken Mudurnu Havzas1 Erken Jurada’ki
acilmadan itibaren hemen hemen her zaman ¢okelim alani olagelmistir.

DARIUS Programi destekli bu calisma Orta Anadolu havzalari, yani Kirsehir Blogu'nu
cevreleyen havzalar kapsaminda yapilmisti. Bu sunu da havzadan elde edilen ilk
paleomanyetik, yapisal ve kinematik sonuglar sunulacak olup elde edilen sonuglar Neotetisin
evrimi baglaminda tartisilacaktir.

Anahtar Kelimeler: Mudurnu Havzasi, Neotetis, dalma-batma, ¢arpigsma, paleomanyetizma,
fay kinematigi
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ABSTRACT

The central Anatolian basins are grouped into as basins located at the periphery of the
Kirsehir Block and the ones located directly on it. Among these, Haymana, Ulukisla, Sivas
and Cankirt basins are the peripheral basins of the Kirsehir Block, whereas Avanos and
Cigekdag basins are located within it. Apart from these basins, the Mudurnu Basin is located
mainly on the Sakarya Continent and comprise deposits ranging in age from Liassic to Recent
that contain information related to the opening and closing history of the Neotethys Ocean.
However, the basins located at the periphery of the Kirsehir Block comprises mainly the
deposits spanning in age from Late Cretaceous to Recent and are related only to the closing
history of the Neotethys and collision of the intervening continental blocks. These basins also
witnessed the late stage collision and suturing of the Kirsehir Block and the Pontides along
the Izmir-Ankara Erzincan Suture while Mudurnu Basin was almost always site of deposition
since its opening during the Early Jurassic.

We have studied the Mudurnu Basin within the context of DARIUS program as an integral
study for the central Anatolian basins, i.e. peripheral basins of Kirsehir Block. In this
contribution, we will present preliminary paleomagnetic, structural and kinematic results
obtained from the basin and we’ll discuss the implications of these results in the context of
evolution of the Neotethys Ocean.

Keywords: Mudurnu Basin, Neotethys, subduction, collision, paleomagnetism, fault
kinematics
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Haymana havzasi kuzeyde Izmir-Ankara Kenet Kusagi (IAKK), giineyde ise Intra-Tauride
Kenet Kusagi (ITKK) tizerinde gelismistir. Bu kenet kugaklar1 Neotetis Okyanusunun eski
pozisyonuna igaret ederler ve Neotetisin dalma-batma sonucu tilkenmesini ve Gonduvana
kokenli Toroslar ve Kirsehir Blogu’nun kuzeyde Avrasya kdkenli Pontidlere carpmasi sonucu
olusmusturlar. Haymana havzasi, izmir-Ankara ile Intra-Torid Kenet kusaklarinin birlestigi
cok ozel bir bolgede gelismis olup, Geg¢ Kretaseden-Orta Eosene kadar uzanan dalma-batma
(yay-onl havza asamasi) ve ¢arpisma (On-iilke havza agsamasi) olaylarinit hemen hemen
kesintisiz olarak (fakat yerel uyumsuzluklar iceren) kaydetmis bir havza dolgusu icerir.

DARIUS Programi tarafindan desteklenen bu ¢aligmanin temel hedefi Haymana havzasinin
tektonostratigrafik evrimi yaninda, biyostratigrafik ve manyetostratigrafik gibi hassas
yaslandirma teknikleri, fay bloklarinin diisey eksen boyunca rotasyonlarinin belirlendigi
paleomanyetizma teknikleri ve fay ¢izikleri kullanilarak bolgesel kinematigin belirlenebildigi
teknikleri kullanarak havzanin Ge¢ Kretaseden itibaren Neotetis dalma-batmasi ile ilgili
kitasal bloklarin ¢arpismasindaki konumunu ortaya koymaktir.

Havzada, kalim Neojen birimlerin yaninda Kretase-Palojen araliginda ¢okelmis ii¢ anahtar
birim tespit edilmistir. Bu anahtar birimler, yanal ve diisey gecislere sahip stratigrafik
olarak iist Kretase-Eosen araliginda kesintisiz bir istif olup, gliney yonlii bindirmeler ve bu
bindirmelere bagli yerel yiikselme ve ¢cokmeler sonucu yerel uyumsuzluklar icermekte olup
cokelme merkezi sik stk goc etmistir. Tiim bu olaylarin hassas olarak yaslandirilabilmesi
ve istiflerin gergek zaman dilimlerinin hassas olarak tespit edilebilmesi maksadiyla arazi
calismalari sirasinda 2000°den fazla paleomanyetik 6rnek derlenmis ve derlenen bu 6rneklerin
manyetostratigrafik ve diisey eksen blok rotasyonlar1 baglaminda 6l¢im ve analizleri kismen
tamamlanmistir. Buna ek olarak, kinematik amagli olarak 50 istasyondan 2000°den fazla fay
¢izigi datasi derlenmistir.

DARIUS Programi basglangicindan itibaren elde ettigimiz paleomanyetik ve kinematik
verilerin ilk sonuglar1 bu sunumun igerigini olusturmaktadir.

Anahtar Kelimeler: Haymana Havzasi, Neotetis, dalma-batma, ¢carpigsma, paleomanyetizma,
manyetostratigrafi, fay kinematigi
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ABSTRACT

The Haymana Basin straddles the Izmir-Ankara-Erzincan Suture Zone (IAESZ) in the north
and Intra-Tauride Suture Zone (ITSZ) in the south. These suture zones demarcate the former
position of Neotethys Ocean in Turkey and are formed due to subduction of Neotethys Ocean
and collision of Pontides of Eurasian affinity in the north and Taurides and Kirsehir Block of
Gondwana affinity in the south. Haymana Basin is located in a very crucial position where
TAESZ and ITSZ meets and comprises late Cretaceous to Middle Eocene possibly complete
(but with local unconformities) infill that recorded subduction (fore-arc basin stage) to
collision (foreland basin stage) history of the region.

This study is supported mainly by DARIUS Programme and aimed at unraveling the
tectonostratigraphical development of the Haymana Basin and its tectonic position within the
subduction of the Neotethys and collision history of the intervening continental blocks since
the Late Cretaceous by means of biostratigraphical and magnetostratigraphical tools for
precise dating, paleomagnetism for vertical axes rotations, and fault slip data for kinematic
evolution of the basin. In addition to thick Neogene units, three Late Cretaceous to Paleogene
key sequences have been determined in the basin. These sequences laterally and vertically
grades into each other that makes deposition continuous from the Late Cretaceous to Eocene
while local unconformities and frequent depocenter migration took place in response to south-
vergent thrusting and related local uplift and subsidence. In order to determine the timing of
these events and age span of the sequences precisely, more than 2000 paleomagnetic samples
have been collected and partly analyzed from the basin for both magnetostratigraphical an
vertical axes rotations purposes. In addition to these, from 50 stations more than 2000 fault
slip data have been collected for kinematic analyses.

This contribution encompasses the preliminary paleomagnetic and kinematic results obtained
from the basin since the DARIUS Programme started.

Keywords: Haymana Basin, Neotethys, subduction, collision, paleomagnetism,
magnetostratigraphy, fault kinematics
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Yakin yillara kadar, Kagizman-Tuzluca Havzas1 Senozoik dolgusunun stratigrafisi iyi bilinmedigi
icin, degisik tektonik yorumlar yapildi. U¢ yildir ekip olarak, havzadaki tortul birimleri ayirmak,
onlarin dagilimimi ve geometrik iligkilerini anlamak ve omurgali fosiller arayarak, birimlerin
yasini tesbit etmek amaciyla arastirmalar yapilmaktadir.

Kagizman-Tuzluca havzasi1 Tirkiye’nin kuzey dogusunda, Ermenistan smirmna yakin bir
bolgede yer alir. 70 km uzunlugunda ve 10-15 km genisliginde bir havzadir. Dogudaki devami
Ermenistan’da Hoktemberian havzasi olarak bilinir. Havza, giineyde Kretase yasli Kagizman
Kompleksi ofiyolitik kayaglari, kuzeyde ve batida ise Kars Platosu Ge¢ Miyosen-Pliyosen mafik
volkanik kayalar tarafindan sinirlanmistir. Daha 6nceki ¢alismalarda bir yokus ya da ¢ek-ayir
havzasi olarak yorumlanan bu havzada, kisalma olusuklar1 6zellikle belirgindir; bu da Kagizman-
Tuzluca havzasimin biiylik olasilikla bir daglararas1 yokus vadi havzasi oldugunu gosterir.

Bu havza, tarihsel ¢aglardan beri isletilen kalin tuz yataklar ile inliidiir. KD Tiirkiye ve komsu
tilkelerdeki benzer evaporitik olusuklarin yasi, giiniimiize dek Orta Miyosen ile Pliyosen arasinda
degisken olarak yorumlanmistir. Aslinda, bu havzada bir ka¢ bin metre kalinliginda tortul dolgu
vardir. Bu havzadaki karasal tortul istifler 6nceki ¢alismalarda Pliyosen olarak haritalanmistir. Bu
caligmada, tuz iceren Tuzluca Formasyonu yanisira, havzadaki tiim tortul birimlerin stratigrafi,
sedimantoloji ve paleontolojisinin incelenmesi, havzanin agilisindan bugiine dek gecirdigi
evreleri, ¢okelme ortamlarini ve onlarin yaglarinin belirlenmesi amaglanmustir.

Bu calisma, havzanin giineydogu kesimindeki Tuzluca yoresini kapsar. Senozoyik dolgu sig
denizel kokenli Kaan Formasyonu ile baglar. Bu formasyon ¢ogunlukla kumtasi ve kirecli kumtagi
ardalanmasindan olusur; icerdigi zengin Nummulites fichteli fosilleriyle yas1 Erken Oligosen,
ayrintida Rupelian SB 21-22 zonu olarak tayin edilmistir. Formasyonun iist katlarinda golsel
ve fluviyal ¢okeller baskindir. I¢erdigi sayisiz paleosol seviyeleri emersiyon fazlarinin sikligina
isaret eder. Bu karasal seviyeler iginde par¢alanmis gergedan kemikleri bulunsa da, yas tayini
i¢in yeterli degildir. Giingdérmez Formasyonu bu birimi yerel bir uyumsuzlukla iizerler; akarsu
ve delta ¢okellerinin dikey ve yatay gegisleri ile temsil edilen karmasik bir ¢okelme ortamini
gosterir. Bu formasyon i¢inde iyi korunmus Paraceratherium sp. (dev gergedan), Iberomeryx
sp. ve Hyaenodon sp. memeli fosilleri bulunmustur. Bu fosiller, Ge¢ Oligosen’le korelasyon
saglar. Giingérmez Formasyonu, gélsel Turabi Formasyonu ile ortiiliir. Bulunan timsah fosilleri
(Diplocynodon sp.) formasyonun yasinin Erken Miyosen oldugunu gosterir. Akarsu ortaminda
olusmus Cincevat Formasyonu iginde Erken Miyosen sonunu isaret eden Erinaceidae Indet,
Cricetodon cf. meini ve Vallaris sp. gibi tipik kiiciik memeli fosilleri saptanmigtir. Evaporitlerden
olusan Tuzluca Formasyonu, Cincevat Formasyonu’nu uyumlu olarak iizerler. I¢indeki killi
arakatkitlardan alinan test drneklerinde fosil bulunamamustir. Stratigrafik olarak formasyona Orta
Miyosen yasi onerilebilir.

Paleontolojik yeni bulgular, stratigrafik ve sedimentolojik veriler, Kagizman-Tuzluca Havzasinin
en ge¢ Erken Oligosen’de acildigini ve igerdigi tortul dolgularin tamamen bolgesel tektonikle
kontrol edildigini kanitlar.

Anahtar Kelimeler: Kagizman-Tuzluca Havzasi, Oligo-Miyosen, ¢okelme ortami, omurgalilar,
biyostratigrafi
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ABSTRACT

Until recently, the stratigraphy of Cenozoic deposits in the Kagizman-Tuzluca Basin in NE
Anatolia remained unknown, and thus its tectonic context was variably interpreted. Since three
years, a Turkish-French team tries to decipher the sedimentary succession, by mapping the spatial
distribution of sedimentary units and their geometric relationships, and by dating these units by
mean of vertebrate fossils.

The Kagizman-Tuzluca Basin is located in NE Turkey near the Armenian border. It occupies a
narrow area (70 km long and 10-15 km wide), which is crossed by the Aras River. It continues
eastward in Armenia, where it is known as Hoktemberian Basin. It is bordered to the south by the
Cretaceous ophiolitic basement rocks of the Kagizman Complex and to the north and west by the
Late Miocene-Pliocene mafic volcanic rocks of the Kars Plateau. Various students interpreted it
as a ramp or pull-apart basin. Our mapping showed that the basin has suffered shortening and it
is thus most likely an intermountane ramp valley basin.

This basin is famous by its thick salt deposits that are quarried since deep historical times. The
age of the evaporite deposits in NE Turkey and neighbour countries was variably interpreted as
Middle Miocene to Pliocene. Actually, this basin has a several thousand meters thick sedimentary
infill. Previous studies attributed a Pliocene age to the Cenozoic terrestrial deposits. Beyond the
salt bearing Tuzluca Formation, our study intended to better figure out the sedimentary history of
this basin by studying stratigraphy, sedimentology and paleontology.

This study explored the southern part of this basin in the Tuzluca area. The Cenozoic infill
starts with the marine deposits of the Kaan Formation. They mainly consist of an alternation of
sandstones and sandy limestones, rich in nummulites, dominated by Nummulites fichteli, indicating
an Early Oligocene age, more precisely the Rupelian SB 21-22 zones. Upwards, this formation
becomes fluvio-lacustrine, with the inclusion of several paleosoil horizons indicative of emersion
phases. These terrestrial deposits yielded fragmentary vertebrates bones, mainly belonging
to rhinocerotids, but unreliable for age determination. The Giingérmez Formation overlies
this unit with a local unconformity, and shows a complex depositional character, represented
by vertical and lateral transitions of fluvial and deltaic deposits. This formation yielded well-
preserved mammalian fossils determined as Paraceratherium sp. Iberomeryx sp. and Hyaenodon
sp., allowing its correlation to the Late Oligocene. The Giingérmez Formation is covered by the
lacustrine Turabi Formation, although their contact was complicated by local faulting and folding.
The Turabi Formation yielded crocodile remains determined as Diplocynodon sp., indicative of
an Early Miocene age. The fluviatile Cincevat Formation yielded isolated teeth of small mammals
(Erinaceidae indet., Cricetodon cf. meini and Vallaris sp.), typical for the latest Early Miocene.
The evaporitic deposits of the Tuzluca Formation conformably overly the Cincevat Formation.
The screen-washing of several test samples for fossils from the intercalated clay horizons was not
successful. Its age should reasonably be of the Middle Miocene.

In summary, new paleontologic and stratigraphic data show that this basin was opened at least in
Early Oligocene, and its sedimentary infill is entirely controlled by the regional tectonics.

Keywords: Kagizman-Tuzluca Basin, Oligo-Miocene, environments, vertebrates, biostratigraphy
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Ilgin havzasi, Giiney Orta Anadolu’da Neojenden giiniimiize faylarla kontrol edilmis
gorece kiicliik (~50*50 km) bir ¢okiintii alanidir. Havza, Kambriyen-Mezozoyik temel
iizerine ¢okelmis Miyosen-Kuvaterner fluvial ve golsel ¢okelleri igerir. Havzanin yapis1 ve
geometrisi, giineyde 2000m rakimli Kambriyen-Permiyen yasli metamorfik kayaclardan
olusan Sultandaglarii kuzeyden siirlayan KB-GD dogrultulu Aksehir Fay Kusagi tarafindan
kontrol edilir. Havza geometrisi, havza dolgusu fasiyes dagilimi yaninda fay kinematik
verileri havzanin evrimi Ge¢ Senozoyik yash normal faylar ve reaktive olmus (¢cogunlukla
Senozoyik dncesi) temel yapilari ile kontrol edilmistir.

Ilgin havzasinin ge¢ Senozoyik deformasyonu bolgesel dlcekli temel yapilar ile halen aktif
olup neotektonik “olarak bilinen” yapilar tarafindan kontrol ediliyor gibi goériinmektedir.
Bu calismanin amaci bélgede goriilen bu karmasik yapisal etkilesimlerin fay kinematigi ve
jeomorfolojik arazi gozlemleri yaninda Sayisal Arazi Modeli (SAM) analizi yontemlerini
de kullanarak ortaya koymaktir. Ilgin Havzasi, kuzey batidaki Aksehir-Afyon Havza
kompleksiyle bitisik olup bu havzanin giiney dogu devamini olusturur. Sultandaglar1 ve
bu daglara paralel uzanan Aksehir Fay Kusag1 her iki havzanin da GB sinirin1 olusturular.
Litolojik benzerlikler, havza sinirlarinin aynt KB-GD uzanimli yapilarla kontrol ediliyor
olmasi, Ilgin ve Aksehir-Afyon havzalarinin ¢okelme ve deformasyon baglaminda Orta
Miyosen’den itibaren ayni evrime maruz kaldiklar1 s6ylenebilir.

Anahtar Kelimeler: [lgin havzasi, Neojen, neotektonik, temel reaktivasyonu, fay kinematigi
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ABSTRACT

The Ilgin Basin is a relatively small (~50x50 km), Neogene to recent, fault-controlled
depression in South Central Anatolia (Turkey). The basin is filled with Miocene to Quaternary
Sfluvio-lacustrine sediments deposited on a Cambrian to Mesozoic basement. The structure and
geometry of the basin are controlled by a major NW-SE trending fault zone to the southwest
known as the Aksehir Fault Zone, bounding the northern edge of the 2000 m high Sultandag:
range made up of metamorphic rocks of Cambrian to Permian age. The basin geometry,
organization of the facies patterns in the infill, and kinematics of the faults indicate that the
evolution of the basin was controlled by Late Cenozoic normal faulting and re-activation of
old (largely pre-Cenozoic) basement structures.

Late Cenozoic deformation in the Illgin Basin seems to have been controlled by interference
between the regional-scale basement structures (i.e. the paleo-structural setting) and the
currently active “so called” neo-tectonic structures. The aim of this study was to elucidate
the structural complexities involved with this interference on the basis of new fault-kinematic
and geomorphological field observations, supplemented with analysis of digital elevation
models (DEMs) of the region. The llgin Basin is located next to, and constitutes the SE
continuation of the Aksehir-Afyon Basin complex to the northwest. The Sultandagi range and
parallel-trending Aksehir Fault zone form the southwestern boundary of both basins. Based
on lithological similarities, their common NW-SE trend and bounding margin, the Ilgin and
Aksehir-Afyon basins likely experienced a similar evolution of deformation and deposition
since the Middle Miocene.

Keywords: ligin basin, Neogene, neotectonics, basement reactivation, fault kinematics
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Biiyiik Menderes Nehri (BMN) 615 km uzunlugu ve 24000 km? lik akaglama ile Ege Denizi’ne
dokiilen en biiylik akarsu olup Bati Anadolu’nun jeomorfolojisinin olusumunda 6nemli
rol oynamistir. Nehrin asag1 yatagi Biiylik Menderes Grabeni (BMG), orta yatagi Denizli
Grabeni, yukar yatagi ise Baklan-Dinar Grabeni igindedir. Biitiin yatak boyunca, egim
kirikliklar1 olan yerler haric, ana akig kanali mendereslidir. Asirt bikiimliliigii tanimlayan
‘menderesli kanal terimi jeoloji literatiiriine bu nehrin tarihsel ad1 ‘Maiandros Flu’ esas
almarak tretilmistir. Bliylik Menderes Deltasi’ndaki (delta kompleksi) incelemelerin ortaya
koyduguna gére, BMN’nin jeolojik ge¢misi Geg¢ Pleyistosen’de, son 250000 yil i¢indedir.
Bununla birlikte, arazi ve sondaj bulgulari, eski BMN’nin son Buzul Cag1 sonlarina kadar
BMG i¢inde smurlt kaldigini, bugilinkii yukar1 ve orta yatak bdliimiinde akarsu yerine
iki ayr1 s1§ ve genis gol (Gec Pleyistosen Saraykdy Golii ve Baklan Goli) bulundugunu
gostermektedir. Geg Pleyistosen’de Kufi ve Dinarsuyu Baklan Goli’ne dokiilmektedir. Banaz
Cay1 ise Saraykoy Golii’ne ulagmis ve bugiinkii Yenikoy kum ocaklari ile temsil edilen biiyiik
bir delta olusturmustur. Goller, Holosen basinda kapilmis (bosalmis) ve giliniimiizdeki nehri
tesekkiil etmistir. Yeni BMN’nin Baklan ve Saraykoy gollerini kapmasi, drenaj alanini ve
taginan tortul miktarini artirmig, buna bagli olarak giincel BMN deltasinin en iist seviyesi ii¢
bin y1l gibi kisa bir siirede meydana gelmistir. Latmos Korfezi’ni dolduran ve antic sehirleri
karaya hapseden bu son olaylar Orta ve Ge¢ Holosen’de gergeklesmistir.

Anahtar Kelimeler: Akarsu jeolojisi, Biiyiik Menderes Nehri, Baklan G6li, Saraykoy Golii,
Bat1 Anadolu, Geg Pleyistosen
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ABSTRACT

The RBM is the longest stream which discharges into the Aegean Sea with a 615 km course
and 24000 km’ drainage area. Its upper course places in the Baklan-Dinar Graben (BDG)
while middle and lower courses are in Denizli Graben (DG) and Biiyiik Menderes Graben
(BMG) respectively. Mean course dip is % 02. Its has a meandering channel along the
longitudinal profile except for some short discontinuities as falls of 5-10 m high at the course-
or graben-connections. As a matter fact, the term “meandering” channel in earth sciences
was originated from “Maiandros flu” the antic name of the RMB. Shortly, this river is the
main representative of meandering channels in geology. According to data obtained from
the delta, the BMR has a life history of a quarter million year in late Pleistocene. However,
the main sediment source, the old RBM was a short, limited stream at the BMG till last
Glacial Stage and three first delta sequences was formed by this old and short stream. During
that time middle and upper course were separate drainage basins containing two lakes and
steams. They were Saraykéy Lake and Baklan Lake of late Pleistocene. The Kufi stream and
the Dinar stream were discharging into the Baklan lake. The Saraykoy Lake was relatively
deep up to 60 m and the Banaz stream could form a 30 thick delta in it. Lowering base-level
during the Glacial Stage caused and/or increased erosion, particularly at river courses (=
back erosion). At last, the old RBM reached and captured the Saraykoy Lake at pleniglacial
period. This capture increased significantly drainage area, water and sediment capacity of
the new river, subsequently the uppermost part of the RBM delta complex occurred only in
three millennia. All these events, filling Latmos bay and landlocking many old settlements
have been realized in Middle and Late Holocene times.

Keywords: River geology, River Biiyiik Menderes, Baklan Lake, Saraykoy Lake, western
Anatolia, late Pleistocene
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Sevan-Akere kenetinin tektonik evrimini, &zellikle batiya dogru izmir-Ankara-Erzincan
keneti ile baglantisini, daha iyi anlamak igin, Erzincan civarinda Izmir-Ankara-Erzincan
kenetinde gozlemler ve ornekleme yapildi. Bu calismanin hedefi, her iki yorede gozlenen
ofiyolitler arasindaki baglantinin belirlenmseidir. Ermenistan’da oldugu gibi Tiirkiye’deki
yapilar karmasik, kitasal ¢arpigsma ve sonrasinda gerceklesen olaylar sonucunda yeniden
islenmis ve hareketlenmistir. Su ana kadar yapilan arazi ¢aligsmalart sonucunda, (1) Hinis
civarinda ofiyolitlerin gliney doguya dogru Toridler iizerine itilmis oldugu, (2) ofiyolitlerin
Erzincan yoresinde volkanit, volkanoklastit ve resifal kiregtaglarindan olusan diisiik
dereceli metamotfitler iizerine bindirmis oldugu, ve (3) Pontidlerin giiney kita kenarinin
ofiyolitler iizerine itilmis oldugunu belirlenmistir. Geleneksel olarak kenet zonu okyanusal
kabuk parcalar1 ve yersel olarak eklojit dilimleri igeren tektonik melanj ile Toridler arasina
yerlestirilmektedir. Ancak ii¢ nolu gézlem Erzincan-Askale hattinin kuzeyinde eklem zonu
varligin1 gerektirmektedir. Biz diisiik dereceli metamorfik birimin okyanusal bir ada yayindan
tiremis oldugunu tahmin ediyoruz.

Bu gozlemler, Ermenistan’da Sevan-Akera Zonu’nda olana oldukca benzer bir baglam arz
etmektedir: (1) Kuzeydeki Pontid kita kenarinin altina dalan ofiyolit dilimlerinin varlig
saptanmustir. (2) Olasilikla bir okyanus i¢i ada yayindan tiiremis metamorfitler iizerine ofiyolit
dilimi bindirmektedir, ve (3) ofiyolitler glineydeki pasif kitasal kenar1 izerine bindirmekteler.
Burada yanitlanmasi gereken en onemli soru, bu kadar degisik jeolojik iliskiler iginde
goriilen ofiyolitlerin tek bir ofiyolit olup olmadigidir. Ayrica, Erzincan kenedinin ¢alisilmasi
obduksiyona ugramis ofiyolitin altinda beklenen okyanus i¢i bir ada yayinin varligi olasiligin
dogurmaktadir.

Anahtar Kelimeler: Ofiyolit, yerlesme; diigiikk-dereceli metamorfik birim; Erzincan Kenedji;
Sevan-Akera Kenedi
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ABSTRACT

In order to better understand the tectonic evolution of the Sevan-Akera suture zone,
particularly its connection westward into the Ankara-Erzincan suture, field observations and
sampling were carried out on the Erzincan suture zone (near Erzincan). The goal of this
study is to solve the problem of linking both odbucted ophiolitic domains. As in Armenia,
the structures in Turkey are complex and have been reworked and reactivated because of
post-obduction collision stages. Still, field investigations have been able to evidence that (1)
ophiolites are thursted above the margin of the Taurides to the SE, near Hinis. Futhermore,
(2) these ophiolites overthrust a lowgrade metamorphic unit characterized by volcanites,
volcanoclastics and reef limestones, in the Erzincan area. In addition, (3) these ophiolites are
overthrusted by the Pontides margin which imply a suture zone farther north of the Erzincan
and Akale areas. Ordinarily, the Erzincan suture zone is placed between the metamorphic
unit and the Taurides platform, characterized by a tectonic mélange containing blocks of
oceanic crust which may include some eclogite slices (observed by G. Topuz). We believe that
the metamorphic unit could originate from an island arc setting.

These observations illustrate a similar context to that which has been observed in Armenia
limited to the North by the Sevan-Akera suture, specifically from north to south: (1) The
ophiolites were underthrusted below the Pontides margin, (2) the ophiolite body is found
overthrusting a metamorphic unit potentially derived from an intra-oceanic arc and (3) the
ophiolites were thrusted to the south upon the Taurides continental domain. The question of
having a single obducted ophiolite body in the three places is posed. In addition, the study
of the Erzincan suture brings new insights on the possibility of the presence of an expected
intra-oceanic island arc under the obducted ophiolite domain.

Keywords: Ophiolite, obduction, lowgrade metamorphic unit, Erzincan Suture, Sevan-Akera
Suture
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Orta Anadolu’dan Bati iran’a kadar uzanan alanda, pekgok 2B profiler boyunca serbest-
hava gravite, geoid, topografya (yerel izostatik denge kosullar1 varsami altinda) ve yiizey
181 akis1 verileri litosferin sicaklik ve yogunluk dagiliminin belirlenmesi amaciyla birlikte
yorumlanmustir. Ayni bolgede ayrica kabuk kalinligini, 1300°C’deki es sicaklik egrisi olarak
tanimlanan litosfer-astenosfer sinir1 and ortalama kabuk yogunluklarmi belirleyen 3B bir
model kurulmustur. Miimkiin olan yerlerde ise kabuk kalinligimin hesaplanmasinda sismik
veriler kullanilmugtir.

Orta Anadolu’nun altinda, kabuk kalinlinin 32-36 km, lithosfer kalinliginin ise 140 km
civarinda oldugu belirlenmigtir. Doguya gidildiginde, litosfer kalinligi Dogu Anadolu
Senezoik volkanizmasinin hiikiim siirdiigli alanda belirgin bir sekilde incelerek, 80 km’den
daha az bir kalinliga diigmektedir. Bu ince litosfer Zagros Daglari’na yaklasik paralel olarak
GD yéniinde Orta Iran’a dogru uzanmaktadir. Kuzeyede ise, litosfer, Kafkas Daglari’nin,
Rus Platformu’nun ve Giiney Hazar havzasinin altinda kalinlagarak 200 km’den daha fazla
bir kalinliga ulasir. Apsheron-Balkan esigi altinda, dalma-batma varligina dair bir kanitin
bulunmasina karsin, Kafkas ve Kopet Daglari’nin altinda goriilmemektedir. Bu durum,
gorece kirlgan levha davranisina izin veren Giiney Hazar havzasi altindaki litosferin
mukavemetli ve muhtemelen okyanusal kdkenli olugsuna yorulurken, buna karsin ¢ok daha
zay1f bir litosfere sahip olan ¢evre dag silsilelerinin igsel deformasyonlar yolu ile sikigmali
bir gerilimi barindirmasina baglanmistir.

Anahtar Kelimeler: Litosfer, gravite, topografya, reoloji, Tiirkiye, iran
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ABSTRACT

Free-air gravity, geoid, topography (under the assumption of local isostatic equilibrium) and
surface heat flow data have been interpreted jointly in order to determine the temperature
and density distribution of the lithosphere along several 2D profiles from central Turkey
to eastern Iran. Also a 3D model of the same area determining crustal thickness, depth of
the lithosphere-asthenosphere boundary, defined as 1300°C isotherm, and average crustal
densities has been calculated. Where available, seismic data were used to constrain crustal
thickness.

Below central Turkey, we obtained a crustal thickness of 32-36 km and a lithospheric
thickness of around 140 km. Towards the East, the lithosphere thins strongly to less than 80
km in the area of Cenozoic volcanism of Eastern Anatolia. This thin lithosphere continues
SE-ward into central Iran in a direction approximately parallel to the Zagros Mountains.
Northwards below the Caucasus Mountains, the Russian Platform and the South-Caspian
Basin, the lithosphere thickens to more than 200 km. Under the Apsheron-Balkan Sill,
evidence for subduction has been found, whereas no subduction is visible under the Caucasus
and Kopet-Dagh Mountains. This is interpreted by a strong, probably oceanic, lithosphere
under the South-Caspian Basin allowing for relatively rigid plate-like behavior, whereas the
much weaker lithosphere of the surrounding mountain chains accommodates compressional
stresses by internal deformation.

Keywords: Lithosphere, gravity, topography, rheology, Turkey, Iran
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Tetis ofiyolitlerini Orten sedimanter birimlerde korunmus olan tek fosil genellikle
radiolaryadir. Bu 6zelliklerinden dolay1 Alp-Himalaya dag kusaginin jeodinamik evriminin
arastirilmasi igin 6nemli bir arag haline gelmislerdir. Kiiglik Kafkaslar’daki ofiyolitlerin yas1
hakkindaki gelismis bilgi birikimi, Tiirkiye ve Irandaki muhtemel esdenik siitiir zonlarinin
korelasyonuna olanak saglamanin yaninda Avrasya ve Giiney Ermenistan Blogu arasinda
kalan daha biiyiik bir alanin jeodinamik evrimininin desifresine yardimci olur. Giiney
Ermenistan Blogu Geg Palezoik — Erken Mesozoik araliginda Gondwana’dan ayrilmis Torid-
Anatolid kitasal mikrolevhasinin doguya dogru genislemesinin bir pargasi olarak diisiiniilen
bir mikro-kitadir.

Ermenistan ofiyolitleri igin tiim mevcut micropaleontolojik (Radiolaria) ve jeokronolojik
yaglarin sentezi, asagida belirtilen jeolojik evrimler i¢in isleyen senaryolari onerir: (1)
Geg Triyas (Carnian) veya ¢ok daha az Once bile okyanus tabani yayilimmnin ilk safhasi
baslamisti; (2) Orta ve iist Jura zaman araliginda Avrasya majininde aktif bir dalma-batma
zonu mevcutken, ayn1 donemde Kiigiik Kafkaslar’da biigiinde korunan okyanussal kabuk
kiitlesi genel anlamda olusturulmustu; (3) Sevan ve Vedi ofiyolitlerinin Orta ve Ust Jura
radiolarya ¢ortlerindeki subaerial (yiizelsel) volkanik aktivite varligina iliskin kanit. Simdilik,
bu kayidin okyanus i¢i veya kitasal volkanik girdi ile alakali olup olmadigi net olarak
bilinmemektedir; (4) Sevan ofiyolitlerinin lavlariyla gecisli ¢ortlerden elde edilen radyolarya
yaslarinin onerdigi gibi, Erken Kretasede sualti volkanizmasi ara ara devam etmistir fakat
bu lavlarin olusumunun Erken Kretasede’ki manto yiikselimi olayiyla m1 veya okyanus
acilimiyla baglantili sualti volkanizmasiyla mu iliskili olugu heniiz netlik kazanamamustir.
Burda yaslandirilan alt Kretase lavlarinin, okyanus kabugu olusumundan m1 yoksa alt Kretase
manto yilikseliminden mi kaynaklandigini belirlemek icin daha fazla jeokimya verisine ihtiyag
duyulmaktadir; (5) Kiigiik Kafkaslar’daki Neotetis’in okyanus kabugunda ge¢ Barremian-
Aptian zaman araliginda bir okyanussal volkanik plato olusmustur; (6) Coniacian-Santonian
zaman araliginda ofiyolitlerin {izerlemesi (obduction)meydana gelmistir.

Izmir-Ankara-Erzincan siitiir zonunun jeolojik gecmisi ile karsilastirildiginda bir takim es
zamanli olaylar ortaya ¢iktig1 gibi (i.e. Carnian déneminde okyanus yaytyiliminin baglangici,
ve Cenomanian’den sonra iizerlenmesi) 6zellikle okyanussal platonun yerlesmesi ve supra-
yitim zonu okyanus yayiliminin zamanlamasiyla alakali farkliliklarda ortaya ¢ikmaktadir.

Anahtar Kelimeler : Rediolarya biokronolojisi, ofiyolit
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ABSTRACT

Radiolaria are often the only fossils preserved in the sedimentary cover of Tethyan ophiolites.

They have thus become an important tool for the investigation of the geodynamic evolution of
Alpine-Himalayan mountain belts. Improved knowledge of the age of ophiolites in the Lesser
Caucasus allows better lateral correlations of possibly equivalent suture zones in Turkey and
Iran and helps deciphering the geodynamic evolution of the greater area between Eurasia

and the South-Armenian Block. The latter was a micro-continent that has become detached
of Gondwana during the Late Palaeozoic — Early Mesozoic. It is considered as part of the
eastward extension of the Tauride-Anatolide continental microplate.

A synthesis of all available micropaleontological (radiolarian) and geochronological ages
for the Armenian ophiolites suggests the following working scenario for their geological
evolution : (1) the initial phase of oceanic floor spreading was under way during the Late
Triassic (Carnian) or even slightly before; (2) The bulk of oceanic crust, preserved today in
the Lesser Caucasus was formed essentially during the Middle and Upper Jurassic while
at the same time a subduction zone was active under the Eurasian margin, (3) Evidence
Jor subaerial volcanic activity exists in the Middle and Upper Jurassic radiolarian cherts
of both Sevan and Vedi ophiolites. At the moment, it is unclear whether this record is due
to intraoceanic or continental volcanic input; (4) Submarine volcanic activity continued
occasionally during the Early Cretaceous, as this is suggested by radiolarian ages obtained
from cherts intercalated with lavas of the Sevan ophiolite. However, it is not yet clear whether
these lavas correspond to submarine volcanic activity that is linked to ocean spreading or
to the late Early Cretaceous mantle plume event. More geochemical data are needed to
understand whether the Lower Cretaceous lavas dated here are the result of oceanic crust
formation or related to the lower Cretaceous mantle plume activity, (5) An oceanic volcanic
plateau is formed during the late Barremian-Aptian on oceanic crust of Neotethys in the
Lesser Caucasus; (6) Obduction of ophiolites took place during the Coniacian-Santonian.

Comparison with the geological history of the Izmir-Ankara-Erzingan suture zone reveals
a number of coeval events (i.e. initiation of ocean spreading during the Carnian, obduction
after the Cenomanian). However, it also reveals some differences and more particularly in
the timing of supra-subduction ocean spreading and emplacement of the oceanic plateau.

Keywords: Radiolarian biochronology, ophiolites
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Pb, Zn ve Ag igin isletilen Balya Pb-Zn maden sahasi giiniimiizde isletilmemekte ve 6nemli
miktarda atik kayaclar ve metalurjik atiklar icermektedir. Atik kayaclarin ana mineralojik
bilesimini galen, sfalerit ve pirit olusturmaktadir. Bu calismanin ana hedefi atiklardaki galen,
sfalerit ve pirit oksidasyonunu kontrol eden biyojeokimyasal faktdrlerin arastirilmasidir.
Bu amagcla, laboratuar ve arazi calismalar1 diizenlenmistir. Laboratuar calismalari, arazi
kosullarin1 yansitan degisik fizikokimyasal kosullar (pH 2,4), sicaklik 25,10,4°C) altinda
stilfir minerallerinin biyolojik ve kimyasal oksidasyonunu igermektedir. Biyolojik deneyler,
acidofilik siilfiir oksitleyen Acidithiobacillus thioxidans (14887) bakteri tiirii kullanilarak
gerceklestirilmistir. Kimyasal deneyler ise bakteri kullanilmaksizin tamamlanmistir. Arazi
caligmalar1 Agustos 2010 tarihinde yapilmistir. Arazi caligmalarinda degisik atiklardan
sediment; gecici gol ve Maden deresinden sediment ve su 6rneklemeleri alinmistir. Sularin
kimyasal 6zellikleri (pH, sicaklik, Eh, EC) arazide yerinde tesbit edilmistir. Alinan sediment
ve su Orneklerinde 16SrRNA yontemi kullanilarak maden atik sahasindaki bakteriyel
topluluklar belirlenmistir. Laboratuar deney sonuglarina gore 25°C’de en yiiksek galen ve
sfalerit oksidasyon orani biyolojik deneylerde tesbit edilmistir. Diisiik sicaklik (4, 10°C)
deneyleri, A. thioxidans bakterisinin bu sicakliklarda dahi aktif oldugunu ancak, oksidasyon
oraninin 25 °C ye oranla oldukga diisiik oldugunu gostermistir. Galen ve sfalerit deneylerinin
aksine bakteriyle ve bakterisiz pirit oksidasyon oranlar1 olduk¢a diisiiktiir. Biyolojik olarak
oksitlenen galen mineral yiizeyinde gerceklestirilen SEM ve XRD caligmalart anglezit,
seriizit ve promorfit gibi ikincil mineral olusumlarini ortaya koymustur. Kimyasal deneylerde
ise yalnizca elemental siilfiir olusumu tesbit edilmistir. Sekans sonuclari, ilk defa Balya Pb-
Zn atik sahasinda ¢esitli bakteri tiirlerini 6zellikle de Fe(II) oksitleyici ve Fe(IlI) indirgeyici
tirlerin varligim1 ortaya koymustur. Jeokimyasal ve sckans sonuclarimiz birlikte, atik
sahasinda siilfiir oksidasyonunun kompleks mikrobiyal reaksiyonlar tarafindan kontrol
edildigini 6nermektedir; bu reaksiyonlarin detaylari sunulacaktir bu ¢aligma kapsaminda
irdelenecektir.

Anahtar Kelimeler: Biyojeokimya, bakteri, maden atik sahasi, Balya, Acidithiobacillus
thioxidans
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ABSTRACT

Pb-Zn mine area, mined for Pb, Zn, Ag, is currently inactive and contains significant amount
waste rocks, smelting and metallurgical waste (called WR). The mineralogical composition
of WR is mainly composed of galena, sphalerite, and pyrite. Understanding and elucidating
oxidation mechanisms of galena, sphalerite and pyrite in the region are the main goal of
the research presented here. For our goal, we used laboratory and field approaches. For
laboratory studies, we designed biological and abiotic oxidation experiments with galena,
sphalerite and pyrite under various conditions (pH (2-4), temperature (4-25°C)) which mimics
the field conditions. The biological experiments were conducted by using the acidophilic
sulfur oxidizing bacteria, Acidithiobacillus thioxidans bacterium (14887). Chemical control
experiments were carried out under identical conditions as the biological experiments except
addition of the bacterial culture to determine the role of bacteria on sulfur mineral oxidation
rate. Sediment and water samples from the various waste rocks were collected during the
field excursion in August 2010. Chemical properties (pH, temperature, Eh, EC) of the water
samples (temporary tailing pools and the creek) were determined in the field using portable
instrument (WTW). 16S rRNA gene sequence analysis was performed in the sediment and
water samples for identification of bacterial population in the mine tailing area. Laboratory
oxidation experiments with galena and sphalerite at 25°C showed high oxidation rate with
A. thioxidans compared to chemical —control experiments. Experiments under suboptimal
temperature (4, 10°C) indicated that A. thioxidans was still active even under 4°C although
the oxidation rate of galena and sphalerite were significantly lower compared to 25°C.
Unlike galena and sphalerite, oxidation of pyrite with bacteria and without bacteria did not
show significant reaction rate as suggested by previous studies. SEM and XRD analysis taken
from the biologically oxidized galena mineral showed a wide range of secondary mineral
formations such as anglesite, cerrusite, pyromorphite in contrast to chemical experiments
which only showed elemental sulfur. Our sequence analysis indicated high bacterial diversity
in the Balya Pb-Zn tailings, most prevalent sulfur -Fe(ll) oxidizer along with Fe(Ill) reducer.
Our sequence and geochemical analysis suggest that sulfur oxidation is mostly mediated by
complex microbial reactions, these reactions will be discussed in detail in this study.

Keywords: Biogeochemistry, bacteria, mine tailing area, Balya, Acidithiobacillus thioxidans
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Biga Yarimadasi’nda Oligo-Miyosen doneminde yaygin olarak magmatizma ve buna bagl
olarak da volkanik aktivite gelismistir. Bu volkanik aktivitenin en yogun gézlendigi yerlerden
biri de Can ilgesi ve ¢evresidir. Calisma alan1 Biga Yarimadasi’nda yer alan Canakkale iline
bagli Can ilgesinin glineybatisinda yer almaktadir. Bu bolgede yiizlek veren volkanik kayalar
andezit, trakiandezit, andezitik tif ve riyolit bilesimli tiiflerden olusmakta ve bu kayalar Can
volkanitlerine dahil edilmektedir.

Caligma alaninda genis yayilima sahip andezitlerin genel mineral bilesimi amfibol (hornblend)
+ piroksen (ojit) + alkali feldspat + plajioklas + biotit = kuvarstan olugmaktadir. Tiiflerin
genel mineral bilesimi ise feldspat + plajioklas ve daha az oranda kuvarstan olusmaktadir.
Volkanik kayalar igerisinde yaygin ve yogun olarak silisik, propilitik ve arjilik alterasyonu
geligsmigtir. Bu alterasyon zonlar1 inceleme alaninda yaygin mineral olusumlarina neden
olmustur. Genel olarak Al + K ve Mg + Ca + Fe sirasiyla arjilik ve propilitik alterasyon
tiplerinde zenginlesmektedir. Ca, Mg ve Fe arjilik alterasyon sirasinda sistemden yikanarak
uzaklagsmaktadir. Buna karsin Na ise biitlin alterasyon tiplerinde goriilmektedir. Volkanik
kayalardan elde edilen jeokimyasal verilere gore SiO, igerigi 55-66 %, Al,O, icerigi 14-27 %
ve Fe O, igerigi ise 3-8 % arasinda degismektedir. Silis alterasyonunu isaret eden érneklerde
Si0, > 95 %’dir.

Calisma alanindaki birgok su kaynagi alterasyon zonlarmin g¢evresinde geligsmis ve farkli
fizikokimyasal 6zellik sergilemektedir. Catlakli akifer konumundaki Can volkanitlerinden
¢ikan kaynaklarin debileri 0,01-1 Lsn! araligindadir. Bolgede yer alan altere volkanik
birimlerden kaynaklanan sularin pH degerleri (pH < 5) diisiik olup, elektriksel iletkenlik
degerleri 84-2660 mS/cm araliginda degismektedir. Su kaynaklarinda farkli su tipleri
gortinmesi ne kargin genel olarak hakim katyon Na ve Ca hakim anyon ise SO, ve HCO, tir.
Caligma alaninda yer alan bazi su kaynaklarinda Al, Fe, Mn, Zn gibi agir metaller Insani
Tiiketim Amach Sular Hakkinda Y&netmeligi’ne (ITASHY, 2005) gore yiiksek degerlerde
olup tiiketim i¢in uygun degildir.

Anahtar Kelimeler: Alterasyon zonu, Can havzasi, Can volkanitleri, su kaynaklari
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ABSTRACT

During the Oligo-Miocene period, widespread magmatic activity and associated volcanism
was developed in Biga Peninsula. One of the most intense volcanic activity was observed in
places such as Can town and surroundings. The study area is located on the southwest of
Can town in the province of Canakkale. Volcanic rocks exposing in this region are andesite,
trachyandesite, andesitic tuff and rhyolite tuff which are commonly named as Can volcanics.

The mineral composition of andesite that is widely spread in the study area consists amphibole
(hornblende) + pyroxene (augite) + alkali feldspar + plagioclase + biotite = quartz. The
mineral composition of tuff is composed of feldspar + plagioclase and to a lesser extent of
quartz. Widespread and intense zones of silicified, propylitic and argilic alteration can be
observed in Can volcanics. These alteration zones give rise to distinct mineral forms. Al+
K and Mg+ Ca+ Fe are enriched in argillic and propilitic alterations, respectively. Ca,
Mg and Fe were leached during argilic alteration, whereas Na leaching is evident in all
alteration types. According to geochemical data results from volcanic rocks, SiO, content
ranges between 55-66 %, A1203 14-27 % and Fe203 3-8 %. Silisic alteration samples have a
SiO, content exceeding 95%.

Many springs have developed in the vicinity of these alteration zones and they demonstrate
different physicochemical characteristics. The flow rates of springs originating from Can
volcanics range between 0.01 and 1 Ls”'. Moreover, the low pH values (pH < 5) in waters
originating from these rocks are due to the alterations of the volcanic units and their
interactions with water. The electrical conductivity values range between 84 to 2660 mS/
cm in these springs. Despite the presence of different types of water sources, in general,
the dominant cations are Na and Ca and, dominant anions are SO4 and HCOS. Al Fe, Mn
and Zn levels in some of these waters were found to exceed the standard values depicted
in Regulation on Waters for Human Consumption (ITASHY, 2005) and are not suitable for
human consumption.

Keywords: Alteration zone, Can basin, Can volcanics, water resources
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Canakkale ili Can havzasinda yer alan linyit sahasi, 1960°1i yillarda isletilmeye baslanilmus,
yaklasik 45 yil isletildikten sonra giiniin ekonomik kosullart ve rezervin azalmasi nedeniyle,
glinimiizde terk edilmistir. Calisma alani olarak segilen bu linyit sahasinda, siilfiir
mineralleri bakimindan zengin kaya malzemeleri bulunmaktadir. Asit maden drenaji (AMD)
olusumunda, madencilik faaliyetleri sirasinda siilfiir minerallerinin oksijen ve su ile temasi
oldukc¢a 6nemli olmaktadir. Can havzasi linyit sahasinda bulunan kaya birimlerinin yaklagik
elli yildir sézkonusu fiziksel ve kimyasal bozunma siire¢lerine maruz kaldiklari bilinmektedir.
AMD olusumunun ¢evre tizerindeki etkisi ve 6nemi gdz oniinde bulundurularak, bu sahada
AMD olusumu, Can havzas1 ve ¢evresi tizerindeki etki derecesinin belirlenmesini amaglayan
bir arastirma baglatilmigtir. Bu amagla, AMD’nin ¢evresel sorun olusturdugu disiiniilen
bes ayr asidik maden goliinden su, gol kenarlarindan toprak ve bitki 6rnekleri alinmustir.
Ayrica, Halilaga ve Kegiagili kdyleri gibi yakin yerlegim alanlarina igme ve sulama amagli su
saglayan kuyulardan su numuneleri ve kdy tarim alanlarinda ise toprak numunleri alinmistir.
Alman drneklerin yani sira, arazi kosullarinda pH ve iletkenlik dl¢iimleri de yapilmistir.

Aragtirma bolgesinde AMD olusumu agisindan 6nemli goriilen bes ayr1 gol numaralandirilmas,
Ik dort golde herhangi bir makroskobik canli yasami gdzlenmezken, bes numarali gol
suyunun pH degerinin 6’dan biiyiik olmas1 nedeniyle baz1 yagam formlarma (bitki vb.) bu
golde rastlanilmistir. Bes ayri asit maden goliinde yapilan dlgiimlere gore; endiisiik pH
(3.34) ve en yiiksek Ec (5717 rS/cm) degerleri dort numarali g6l suyunda saptanmustir.
Gol kenarlarindan ve kdy tarim alanlarindan alinan topraklardan yirmi ayri 6rnek {izerinde
agir metal analizleri ICP cihaziyla belirlenmistir. Toksik elementler agir metal analizleriyle
degerlendirilmis olup, yiiksek konsantrasyona sahip olduklar1 belirlenmistir. Ozellikle
Halilaga koyii tarim sahalarinda yiiksek diizeyde arsenik (As) tespit edilmistir. Calisma
sahasinda AMD olusturma potansiyelinin belirlenmesi amaciyla, pasalardan alinan 6rnekler
tizerinde laboratuvar kosullarinda statik testler gerceklestirilmistir. Pasa numunelerinde
yapilan statik testler sonucunda Nétiirlesme Potansiyeli Orani 1 den kiiciik belirlenmistir.
Arazide pH ve iletkenlik verileri dikkate alinarak bolgede belirlenen AMD olusumu statik
test sonuglariyla da dogrulanmaktadir. Biitiin bu arazi ve laboratuvar deney sonuglari dikkate
alindiginda, bélgede AMD olusumunun olduk¢a dnemli bir ¢evre sorununa neden oldugu
sonucuna varilmistir.

Anahtar Kelimeler: Asit maden drenaji, bozunma, ¢evre kirliligi, statik test, terk edilmis
maden sahasi
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ABSTRACT

Can lignite field basin located in the province of Canakkale was started to operate in the
1960s, and then has been abandoned today due to current economic conditions and the
reduction of the reserve after operated about 45 years. Rock materials enriched with sulphur
minerals are encountered in this lignite field that was selected as investigation area. For acid
mine drainage (AMD) formation, the interaction of the sulphur mineral with oxygen and
water is very important during mining operations. It is known that the rock units found in
Can lignite basin have been subjected to these physical and chemical weathering processes
since nearly fifty years. By considering the impact and importance of AMD formation on
the environment, an investigation aimed to determine the formation of AMD in this field
and define the degree of AMD effect on Can basin and its vicinity. For this purpose, water
samples were collected at five different acid mining lakes, thought to be caused environmental
problems, and soil and plant samples were collected at the lake shores. In addition, water
samples were taken from the wells that supply water for drinking and irrigation aims for the
nearby residential areas such as Kegiagili and Halilaga villages, and soil samples were also
taken from agricultural areas. Besides sampling, pH and conductivity measurements were
also taken at the field conditions.

In the investigation area, five lakes which are considered to be important for occurrence of
AMD were numbered. While any macroscopic live life was not visually observed in the first four
lakes, due to that pH value of lake number five is greater than 6, some life forms (plant etc.)
were found in this lake. According to the measurements from five different acid mining lakes,
the lowest pH (3.34) and the highest Ec (5717 rS/cm) values were obtained from the water of
lake number four. The heavy metal analyses were determined by ICP device on twenty different
soil samples from the shores of the lake and village agricultural land. Toxic elements were
evaluated by the heavy metals analyses, it was found that they have high toxic concentration.
Particularly, high level arsenic (As) has been identified in the agricultural areas of Halilaga
village. In order to determine the potential of AMD formation at the working site, the static tests
conducted under laboratory conditions on samples taken from the spoil. As a result of static
tests performed on spoil samples, the ratio of NPR (neutralization potential / acid potential) was
found lower than 1. The formation of AMD in the region, which was determined by considering
PpH and conductivity data, is also confirmed by the static test results. When all of these field and
laboratory test results are taken into account, it is concluded that the formation of AMD causes
an important environmental problem in the region.

Keywords: Acid mine drainage, weathering, environmental pollution, static test, abandoned
mining site
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OZET

Bu ¢alismada, Kiitahya’nin kuzeybatisindaki giimiis isletmesinin bulundugu Giimiiskoy ve
cevresindeki sularin kirlilik acisindan gevresel riski arastirtlmistir. Yoredeki kaynak, ytlizey
ve yeraltisuyunu temsil edecek 30 noktadan yagish ve kurak periyotu temsil edecek sekilde su
orneklemesi yapilmistir. Bu 6rneklerin analizlerine gore bolgedeki sularinin kirlilik durumu
ortaya konulmus ve yorede yasayanlar icin risk degerlendirilmesi yapilmistir.

Inceleme alaninda yagish ve kurak doneme ait su orneklemelerinin maksimum
konsantrasyonlar1 kaynak sularinda Al (324-95 ppb), As (1157-814 ppb), Br (48-51 ppb),
Mg (83770-79161 ppb),Ni (12,1-10,1 ppb), Pb (6,3-6,1 ppb), Sb (45,65-55,75) ve Zn (1834-
1372 ppb), yeraltisularinda Al (14-9 ppb), As (1669-984 ppb), Br (110-56 ppb), Mg (93573~
49946 ppb), Ni (4,2-4,8 ppb), Pb (0,2-0,3 ppb), Sb (3,21-3,76) ve Zn (21,8-13,8 ppb), yiizey
sularinda ise Al (23-165 ppb), As (1990-1206 ppb), Br (7620-6645 ppb), Mg (21258-18792
ppb), Ni (209,7-148,9 ppb), Pb (2,2-2,9 ppb), Sb (71,84-34,39 ppb) ve Zn (17,9-14 ppb)
konsantrasyona sahiptir.

Orneklerin kirlilik durumlart EPA (2003) standartlarina gére degerlendirildiginde bir
kisminda Al, As, Mg, Ni, Pb ve Sb izin verilebilir sinir1 gegmekte, bir kisminin ise Al, As ve
Sb maksimum izin verilebilir degeri astig1 belirlenmistir.

Sonu¢ olarak giimiis ve diger cevherlerin c¢ikartildi1 sahalardan siiziilerek beslenen
yeraltisular1, bu bolgelerden yiizeysel akisa gecen akarsular ile kaynaklar ve kuyularda ki
sular kirlenmektedir. Sularda belirlenen kirlilik diizeyi 6zellikle insanlarda kanser, kalp

rahatsizliklar1 ve benzeri hastaliklara neden olusturabilecek risk tasimaktadir.

Anahtar Kelimeler: Su kirliligi, Giimiiskoy, Kiitahya
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ABSTRACT

In this study environmental risk of water in terms of pollution in Giimiiskoy and its around
where there is a silver entity which is located in the northwest of Kiitahya is investigated.
Water sampling is made from 30 point which represent the spring, surface and groundwater
that represents wet and dry seasons. According to analysis of these samples, pollution
situation of these waters is determined and risk evaluation is made for the people in the area.

In the study area, the maximum concentrations of water sampling in rainy and dry period
have Al (324-95 ppb), As (1157-814 ppb), Br (48-51 ppb), Mg (83770-79161 ppb),Ni (12,1-
10,1 ppb), Pb (6,3-6,1 ppb), Sb (45,65-55,75) and Zn (1834-1372 ppb) concentrations in
spring waters; Al (14-9 ppb), As (1669-984 ppb), Br (110-56 ppb), Mg (93573-49946 ppb),
Ni (4,2-4,8 ppb), Pb (0,2-0,3 ppb), Sb (3,21-3,76) and Zn (21,8-13,8 ppb) concentrations in
groundwaters; Al (23-165 ppb), As (1990-1206 ppb), Br (7620-6645 ppb), Mg (21258-18792
ppb), Ni (209,7-148,9 ppb), Pb (2,2-2,9 ppb), Sb (71,84-34,39 ppb) and Zn (17,9-14 ppb)
concentrations in surface waters.

When pollution situation of the samples was evaluated according to the EPA (2003) standards,
Al, As, Mg, Ni, Pb ve Sb pass the allowed level in some of them, Al, As ve Sb pass maximum
acceptable level in some of them.

As a result groundwater fed by draining from areas where silver and other ores are extracted,
the rivers and sources that runoff from these areas and water in wells are contaminated.
Pollution level determined in waters has the risk that may cause cancer, heart diseases and
similar diseases especially in humans.

Keywords: Water pollution, Giimiiskéy, Kiitahya
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Basta komiir ve metal madenciligi olmak {izere siilfiirlii mineral igeren kaya birimlerinde yapilan
kazi ¢alismalar1 sonrasinda atmosferik kosullara maruz kalan cevher ve maden atig1, fiziksel ve
kimyasal bozunma siiregleri ile degisime ugramakta ve 6nemli bir ¢gevresel sorun olan asit maden
drenaji (AMD) olusumuna sebep olmaktadir. Ulkemizde madencilik faaliyetlerinden kaynakli
olasi gevresel etkiler ve alinmasi gerekli tedbir ve 6nlemler “gevresel etki degerlendirmesi” (CED)
siireci icerisinde degerlendirilmektedir. Ayrica, kazi islemi, dokiim ve dogaya birakilan maden
atiklari ile bozulan dogal yapinin yeniden kazanilmasina iliskin usul ve esaslar 23 Ocak 2010 tarih
ve 27471 sayili “Madencilik Faaliyetleri ile Bozulan Arazilerin Dogaya Yeniden Kazandirilmasi
Yonetmeligi”ile belirlenmistir. Bunun yani sira, 6 Kasim 2010 tarih ve 27751 sayili “Madencilik
Faaliyetleri Uygulama Yonetmeligi” ile de benzer diizenleme getirilmistir. Ulkemizde 6zel atik
statiistinde yer alan maden atiklarinin yonetimi konusunda ayr1 bir yonetmelik heniiz olmayip,
yonetmelik ¢aligmalar1 MTA Genel Miidiirliigii’niin de Proje Yiiriitiiciisii ortag olarak yer aldig:
IPA Projesi (CRIS Number TR080205) kapsaminda devam etmektedir. Bu proje ile MTA Genel
Miidiirliigii, maden atiklarinin yonetimi ve rehabilitasyon konusunda personel ve teknik alt
yapisini gelistirerek bu alanda madencilik sektoriine hizmet sunmay1 amaglamaktadir.

Atik yonetimi dahil madenin planlanmasi, isletilmesi, kapanmasi ve kapanma sonrasi gibi tiim
madenilik siireglerinde, madencilik faaliyetlerinin ¢evre ve insan saglig1 agisindan potansiyel
etkilerinin ve bunlarin énlenmesine dair alimmasi gerekli tedbir ve dnlemlerin belirlenmesinde
Asit tretim davranismin belirlenmesi sarttir.  Giliniimiize kadar, laboratuar imkanlarinin
iilkemizde bulunmamasi nedeniyle, AMD potansiyelinin belirlenmesinde kullanilan statik ve
kinetik testler yurt disinda, &zellikle ABD ve Kanada gibi Tiirkiye'den oldukga uzak iilkelerde
gerceklestirilmistir. Yurt dis1 hizmet alimi seklinde gergeklestirilen bu deneyler, proje biitcelerine
onemli bir yiik getirmektedir.

MTA Genel Midiirliigii asit tiretim davraniginin belirlemesinde kullanilan deneylerin daha hizli
ve ekonomik bir sekilde lilkemizde ger¢eklestirmesini saglamak amaciyla, statik ve kinetik testler
i¢in ihtiya¢ duyulan alt yap1 ¢alismalarini baslatmigtir. Dolayisiyla, numunenin kirma ve 6giitme
asamalari, karbon ve siilfiir tayini disinda gerekli ekipman temini de saglanarak, statik testler i¢in
gerekli tiim hazirliklar tamamlanmigtir. Statik test, AB standardi olan prEN15875 metoduna goére
2011 yilinda iicretli isler katologuna eklenmis ve AMD c¢aligmalarinda kullanilmak iizere hizmet
vermeye baglanilmistir. Kinetik testler i¢in ise 2011 yilinda yatirim programina alinan °Asit
Maden Drenaji Olusumunda Kinetik Test Yaklasiminin Belirlenmesi’ baslikli proje kapsaminda
caligmalar yiiriitiilmektedir. Kinetik test i¢in kullanilan kolon diizenekleri, atigin yani sira agik ve
kapalt maden isletmesi modeline uygun karma sistemli, bakteri tesisatli, ek filtrasyon ve pompa
gerektirmeyen, yagmurlamay: alansal yapan, her tiirlii tane boyunda ¢aligma imkan1 sunan farkl
boy ve ¢aplarda 6zel tasarimla imal edilmigtir. Bu deneylerinin uygulanabilirliginin aragtirtlmasi
amaciyla, siilfiirlii mineral iceren metalik bir maden sahasindan alman &rnekler farkli tane
boylarinda hazirlanarak deneyler baslatilmis, 2012 yil1 ilk yarisina kadar tiim tane boylarina ait
caligmanin tamamlanmas: ongdriilmektedir. Kurulan ve gelistirilen MTA-AMD laboratuarlari
Tiirkiye’de bir ilk olup asit liretim davranmisinin belirlenmesine yonelik testler icin Cevresel Etiitler
ve Degerlendirme Koordinatorliigii’nde gerekli alt yap: saglanmigtir.

Anahtar Kelimeler: Cevre kirliligi, asit maden drenaji, MTA, statik test, kinetik test
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ABSTRACT

The ore and mining waste containing sulphide minerals, particularly in coal and metal mining,
which are exposed to atmospheric conditions after the excavation of the rock units, decompose via
physical and chemical weathering processes, and then cause the formation of acid mine drainage
(AMD)that is a major environmental problem. The potential environmental impacts resulted from
mining activities in our country and the necessary precautions and measures are assessed in the
“environmental impact assessment” (EIA) frocess. In addition, the principles and procedures
concernirzf the excavation process, spoil, the mine waste dump left to nature and recreation of
destructed natural structure, were specified with“By-Law on recovery of the lands destructed
due to mining operations “numbered 27471 dated 2y3 January 2010. Beside this, *“ By-Law on
the application of the mining law” which is on November 6, 2010 and numbered 27751, has also
put similar arrangement. There is not yet any specific regulation on the topic of the management
of mining waste having a part in special waste in Turkey, the research for regulation has been
continuing with the IPA Project (CRIS Number TR080205) in which the General Directorate of
MTA is also involved as one of a Project Managers. With the project, the General Directorate of
MTA aims to provide service to mining industry, by developing staff and technical infrastructure
in the area O/;he management and rehabilitation of mine waste.

The determination of acid production behaviour should be taken into account during all mining
processes, including waste management, such as mine planning, operation, closure and post-
closure, for determination the potential impacts of mining activities on the environment and
human health and the necessary precautions and measures to be taken for preventing them. Until
recently, due to lack of laboratory facilities in our country, the static and kinetic tests used to
determine the potential of AMD were carried out abroad, such as the United States and Canada.
These experiments performed in the form of abroad services cause a significant burden on the
budgets of the project.

The General Directorate of MTA has started the infrastructure works required for the static and
kinetic tests in order to carry out these tests, used for determination of acid production behaviour,
faster and more economical in our country. Therefore, beside the crushing and grinding stages
and the determination of carbon and sulphur content of samples, all required preparations for
static tests were completed by providing necessary equipment. Static test is addedpto the catalogue
for paying works according to EU standard method of prENI15875 in 2011, this test started to
provide services for using in AMD studies. As for kinetic tests, investigations are carried out with
the project entitled “Determination of the Approach of Kinetic Test for the Formation of Acid
Mine Drainage” that funded with the investment program in 2011. The columns that used for
kinetic test were manufactured with a special design at different lengths and diameters, which
are mixed system appropriate for open-pit and undgrground mining operations as well as waste,
bacteria installation, ad{i]itional filtration and pump-free, suitable for areal precipitation, offering
the opportunity to work in all grain size. In order to investigate the applicability of these tests,
experiments have been startej by prepared samples, taken from a metallic ore that contains
sulphide mineral, with different grain size, and the experiments with all grain sizes will be
completed until the first half of 2012. The established and developed MTA-AMD laboratories is
a first in Turkey, and fully established laboratory is provided at the Environmental Studies and
Assessments Division for tests aimed at determination of the behaviour of acid production.

Keywords: Environmental pollution, acid mine drainage, MTA, static test, kinetic test
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Bu ¢alisma kapsaminda Copler Cu-Au porfiri mineralizasyon sahasinda arsenigin mobilitesi
ve taginimini etkileyen siiregler degerlendirilmistir. Bu amagla sahanin farkli noktalarinda
acilmig sondajlardan sahadaki mevcut litolojileri ve mineralizasyon zonlarini temsil eden
ornekler tlizerinde bir dizi laboratuar g¢alismasi yiritilmiistiir. Laboratuar calismalar
kapsaminda 6rneklerin jeokimyas1 karakterize edilmis, arsenik saliniminin boyutlarini tespit
edebilmek i¢in ise ornekler iizerinde bir dizi batch ve li¢ testi deneyleri gerceklestirilmistir.
Incelenen kayag 6rneklerinin ¢ogunda arsenik salmimi, igme sulari icin miisaade edilen
limitin tizerinde c¢ikmistir. Ancak, sizint1 sularinda Olciilen arsenik derigimleri, kayaclarin
arsenik icerigi ile birlikte degerlendirildiginde, genelde diisiik diizeylerde kalmustir.
Arsenigin su fazina gecisinde mineral ¢dziinme ve desorpsiyon siireglerinin kinetigi etkili
olmustur. Ozellikle oksit zonundaki 6rneklerde ortag pH kosullarinda arsenik igeren jarosit
mineralinin ¢dzlinmesi arsenik salinimini arttirmistir. En yiiksek arsenik salinimlart madenin
bu zonundan alinan litolojilerde gozlenmistir. Arsenigin desorpsiyonu baslangicta hizli ve
daha sonra yavaglayan bir kinetik sergilemistir. Arsenigin hizli desorpsiyonunda, mineral
yiizeylerine (Fe-oksit/hidroksit, kil, karbonat) zayif tutunmus arsenik fraksiyonunun, ortamin
pH’indaki pozitif yondeki degisime ve aynmi tutunma ylizeyleri i¢in arsenikle yaris eden
siilfat iyonlarinin varligina ve konsantrasyonuna bagli olarak serbest kalmasi etkili olmustur.
Maden sahasinin siilflir zonundan alinmis 6rneklerde stilfiir minerallerinin oksidasyonunun
etkileri olan asidite asit notralizasyon kapasitesi diigilk olan drneklerde gozlemlenmistir.
Diger kayac orneklerin pH’1 zayif-asidik-notr bir pH sergilemistir. Bu drneklerin tiimiinde
yiiksek konsantrasyonlarda meydana gelen siilfat salinimlari ise arsenigin mobilizasyonunu
artirmistir.

Anahtar Kelimeler: Arsenik, oksidasyon, adsorpsiyon, desorpsiyon, altin madeni, taginim,
lic testi, siilfat, gotit, jarosit
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ABSTRACT

In this study, mobility of arsenic and processes controlling its transport were evaluated in
Copler Cu-Au porphyry mineralization. To carry out the research, core samples representing
different lithologies and mineralization zones were obtained from different drill locations
and depths in the mining area and then a series of laboratory studies were conducted
on the samples. In the laboratory works, geochemistry of samples was determined and
then a number of batch experiments and leaching tests were performed to determine the
degree of arsenic release from the rock samples. In the majority of rock samples examined,
arsenic release occurred above the limits allowed for drinking waters. However, arsenic
concentrations measured in the leachates generally remained low when compared to the
arsenic contents of the rock samples. Dissolution of arsenic bearing minerals and desorption
processes controlled the release of arsenic to the water phase. Especially in the samples
obtained from oxidized zone, dissolution of arsenic bearing jarosite increased the arsenic
release from the rock samples at neutral pH values. The highest arsenic releases were
observed in the lithologies taken from this zone. Desorption of arsenic was initially fast then
exhibited much slower kinetics. For the fast desorption rate of arsenic, arsenic fraction that
was weakly hold on mineral surfaces (Fe oxides/hydroxides, clay, carbonate) were desorbed
based on the positive change in pH, the presence and concentration of sulphate anion. In the
samples obtained from sulphide mineralization zone, acidity formed as a result of sulphide
minerals oxidation was observed in the samples having low acid neutralizing capacity. pH of
remaining rock samples exhibited weak acidic-neutral behavior. In these samples, sulphate
release occurred at high concentrations increased the mobility of arsenic.

Keywords: Arsenic, oxidation, adsorption, desorption, gold mine, transport, leaching test,
sulphate, goethite, jarosite

133



65. Tiirkiye Jeoloji Kurultay: 2-6 Nisan/April 2012 65™ Geological Congress of Turkey

EGIRDIR GOLU HAVZASI YUZEY VE YERALTI SULARINDAKI
ARSENIK KIiRLILiGININ DEGERLENDIRILMESI

Sehnaz Sener!, Aysen Davraz!, Erhan Sener?, Simge Varol'
! Siileyman Demirel Universitesi, Jeoloji Miihendisligi Boliimii, Ciiniir, TR-32260, Isparta
2 Siileyman Demirel Universitesi, Uzaktan Algilama Merkezi, Ciiniir, TR-32260, Isparta
(sehnazsener@sdu.edu.tr)

0z

Su kalite degerlendirmelerinde dnemli bir kriter olan arsenik elementi, toksik 6zellikte ve
kanserojen olmasi nedeniyle insan sagligi {izerinde kanitlanmis olumsuz etkiye sahiptir.
Sularda saptanan arsenik kirliliginin sebebi antropojenik ve/veya jeojenik kokenli
olabilmektedir. Arsenigin igme ve sulama suyu olarak kullaniminda TSE-266 (2005) ve WHO
(2006) tarafindan belirlenen siir deger 0,01 mg/1 olarak belirtilmistir. Bu degerin iizerindeki
konsantrasyonlara sahip sularin uzun dénemde igme ve sulama suyu olarak kullanimi ile
arsenik (As) zehirlenmesine maruz kalinmaktadir. Arsenikle kirlenmis akiferlerin sulama
amaglt kullanimi, tarimda ve gida zincirinde ciddi riskler olusturmaktadir. Siirekli arsenik
alimina maruz kalinmasi sonucunda ortaya ¢ikan temel bulgular ise, deride renk koyulagsmas1
ve keratin artisi1, kangren, beyin ve kalp diginda viicudun diger kisimlarinda goriilen damar
rahatsizligi, cilt kanseri ve baz1 viicut i¢i kanserlerdir.

Bu ¢alisma kapsaminda, igmesuyu amagli olarak da kullanilan Egirdir G6lii’niin su toplama
havzasiigerisindeki ylizey ve yeraltisularinin arsenik kirliligi arastirilarak insan sagligi izerine
etkileri tartigtlmistir. May1s-2010 doneminde havza igerisindeki yiizey ve yeraltisularindan
alinan toplam 80 adet su 6rneginde kimyasal analizler yapilmistir. Analiz sonuglarina gore,
goblden alinan su drneklerinde 6l¢iilen As iceriginin 0.007-0.016 mg/1 arasinda, Pupa ¢ayinda
Olgiilen As konsantrasyonunun 0.009-0.01 mg/l, Hoyran deresinde 0.007 mg/l, Yalvag
deresinde 0.006-0.013 mg/l arasinda, Cay deresinde ise 0.0092 mg/l oldugu belirlenmistir.
Yeraltisuyu orneklerinde ise yiizey sularina gore daha yiiksek As degerleri 6l¢iilmiis olup,
Senirkent-Uluborlu ovasindan alinan 6rneklerde 0.02-0.028 mg/1 arasinda, Yalva¢-Gelendost
ovasindan alinan 6rneklerde ise 0.015-0.046 mg/l arasindadir. Elde edilen veriler, ¢alisma
alanindaki yiizey sularinin kismen sinir degeri (0.01 mg/l) astigini, yeraltisularinin ise
As bakimindan kirlilik tasidigini gostermektedir. Bu sonucun, boélgede genis yayilima
sahip olan Neojen ¢okeller ile iliskili olarak kaya-su etkilesiminden kaynaklanabilecegi
diistintilmektedir. Ayn1 zamanda, havzada yaklasik 114700 ha tarim alani bulunmakta ve bu
alanlarda yogun miktarda inorganik kokenli tarimsal miicadele ilaglari kullanilmaktadir. Bu
nedenle, yeraltisularindaki As kirliligi tarimsal faaliyetler ile de iliskilendirilebilmektedir.

Anahtar Kelimeler: Arsenik, kirlilik, yeraltisuyu, yiizey suyu, Egirdir Goli
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ABSTRACT

The elements of arsenic which is an important criterion for water quality assessments have
proven negative effect on the human health due to toxic and carcinogenic properties. The
cause of arsenic pollution identifying in waters is anthropogenic and/or geogenic origins.
Boundary value of arsenic defined in the TSE-266 (2005) and WHO (2006) standards as 0.01
mg/l for using drinking and irrigation water. Arsenic poisoning can occurred with usage of
water which have high concentration of arsenic as drinking and irrigation water for a long
time. Serious risks are also occurred in agriculture and food chain due to usage of aquifer
which is contaminated with arsenic as irrigation water. The primary findings are darkening
of skin color and the increase in keratin, gangrene, vascular disease except from brain and
hearth, skin cancer and several body cancers due to continuous intake of arsenic.

In this study, arsenic contamination of surface and groundwater within the Egirdir lake
catchment area which is used to drinking water was researched and was discussed for effect
on human health. The chemical analysis was made on water samples (total 80 number)
which are taken from surface and groundwater within the basin in May-2010. According
to this analysis results, arsenic concentration is between 0.007 and 0.016 mg/l for the
lake water, between 0.009 and 0.01 mg/l for Pupa stream, 0.007 mg/l for Hoyran stream,
between 0.006 and 0.013 mg/l for Yalvag stream and 0.0092 mg/l for Cay stream. The
arsenic concentration of groundwater samples is higher than surface water samples. It is
between 0.02 and 0.028 mg/l for groundwater of the Senirkent-Uluborlu plain and between
0.015 and 0.046 mg/l for groundwater of the Yalvag-Gelendost plain. According to obtained
data, arsenic concentration of surface water is particularly exceeded to boundary value
(0.01 mg/l) and generally groundwaters are also contaminated. The increases of arsenic
concentration can be originated with water-rock interaction in Neogene sediments which
have wide spread. Furthermore, inorganic origin of agricultural pesticides has been used
as common in agricultural areas which have 114700 ha area in the study area. Therefore,
arsenic contamination of groundwater can also be related to agricultural activities.

Keywords: Arsenic, contamination, groundwater, surface water, Egirdir Lake
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Yeralt1 suyundaki arsenik kirliligi insanlar, hayvanlar ve bitkiler tizerindeki toksik etkisi
nedeniyle diinya capinda 6nemli bir problem haline gelmistir. Tirkiye’nin de iginde
bulundugu Hindistan, Banglades, Tayvan, Arjantin, Tayland, ispanya, Yunanistan, Ingiltere
ve ABD’de yeralti suyundaki arsenik kirliligi olduk¢a yaygin bir sekilde izlenmektedir.
Calismanin yapildig1 Sarkisla (Sivas) Ovast 25000 niifusu ile Orta Anadolu’da yer almakta
ve bolge halki igme ve kullanma suyu ihtiyacin yiizeysel aliivyon akiferden saglamaktadir.
Aliivyon akifer killi kum ve killi ¢akildan olusmakta ve 55 m kalinliga kadar ulasmaktadir.
2005 yilinda, ana dagitim sebekesinden alinan su 6rnekleri tizerinde yapilan analizlerde 100
ng/L iizerinde arsenik belirlenmistir. igme sularinda arsenik kaynagimnin belirlenmesi ve insan
sagligina etkilerin aragtirilmasi i¢in bolgede hidrojeolojik ve hidrojeokimyasal calismalar
yapilmistir. Caligma alaninda yapilan jeolojik ¢alismalarda Paleosen yagh volkanik kayalar,
Oligosen yasl volkano-sedimanter kayalar, Pliyosen yasli karasal tortullar ve Kuvaterner
yasl aliivyon birimlerden olugan dort farkli kaya grubu belirlenmistir. Bélgedeki kayalardan
alman Orneklerde 2,1 ila 155 mg/kg arasinda degisen degerlerde arsenik belirlenmis olup
en yiiksek arsenik seviyesi Pliyosen yasli karasal tortullarda tespit edilmistir. Baglica akifer
ozelligindeki aliivyonel sedimanlarda 7,91 ila 51,8 mg/kg arasinda degisen ve ortalama
olarak 28,25 mg/kg arsenik belirlenmistir. Yeralt1 suyu arsenik oranlar1 ise 0,5 pg/L ila 345
pg/L arasinda degismekte olup en yiiksek arsenik degerleri (345ug/L) aliivyona agilmis
kuyularda 6lciilmiistiir. igme sularim saglayan kuyularda dlgiilen arsenik degerleri, igme
sular1 i¢in standart deger olan 10 pg/L degerinin 30 kat iizerindedir. Calisma alanindaki igme
su kaynaklarinda belirlenen yiiksek arsenikli sularin tiiketilmesi durumunda insan saglig
acisindan riskler s6z konusu olabilecektir.

Anahtar Kelimeler: Arsenik kirliligi, insan sagligi, Sarkisla ovasi, yeraltisuyu
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ABSTRACT

Groundwater arsenic pollution has become a global problem due to high toxicity for human
health, plant and animals. Arsenic pollution in groundwater are in many countries such as
India, Bangladesh, Taiwan, Argentina, Thailand, Spain, Greece, United Kingdom, USA as
well as Turkey. The study is conducted in Sarkisla Plain, which is located in Central Anatolia
in Turkey with a population of about 25000 inhabitants. All drinking water is supplied from
groundwater that is characterized as an alluvial aquifer system. Alluvial aquifer is about 55
m thick and mainly consists of clayey sand and clayey gravel. In 2005, high concentration
of arsenic exceeding 100 ug/L was detected in the main drinking water collector tank. In
order determine the source of arsenic in groundwater system and its effects on human health,
hydrogeological and hydrochemical studies were conducted. According to geological and
geochemical studies, four rock groups are determined including Paleocene volcanic rocks,
Oligocene volcano-sedimentary rocks, Pliocene terrestrial rocks, and Quaternary alluvial
sediments. Arsenic concentration in rocks and sediments range between 2.1 and 155 mg/kg
and highest arsenic was found in Pliocene aged terrestrial rocks in the study area. Alluvial
sediments form the main groundwater aquifer in the study area and arsenic concentration
in these units range between 7.91 and 51.8 mg/kg in alluvial sediments with a mean value
of 28.25 mg/kg. Arsenic concentration of groundwater changes from 0.5 ug/L to 345 ug/L.
High concentrations of arsenic (higher than 300 ug/L) was detected in drinking water wells
that penetrate in alluvial aquifer. Arsenic concentration in drinking waters was 30 times
above the drinking water standard value of 10 ug/L. When human health is considered,
consumption of these high arsenic waters for drinking purposes could create serious health
problem in local inhabitants.

Keywords: Arsenic pollution, human health, Sarkisla plain, groundwater
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0z

Bu ¢alisma Kiitahya ili Simav ilgesinde gergeklestirilmis ve igme suyunda arsenik tespit
edilen koylerde 2005-2010 yillar1 arasindaki 6liim nedenlerinin arastirilmasi amaciyla
yiriitiilmiistiir. Aragtirma kapsaminda i¢gme sularinda yiiksek arsenik degerleri tespit edilen
Golkoy, Bogazkoy ve Citgol koyleri ile arsenik degerleri sinir degerlerin altinda bulunan
Demircikdy ve Oreyler kdyleri karsilagtirilmistir. Yazarlar tarafindan yorede 2005 yilinda
yapilan ¢alismada bu koylerin ilk {igiinde i¢me suyu arsenik degerinin sinir deger olan 10
ppb seviyesinin iizerinde bulunmustur. Diger iki kdyde ise siir degerin altinda arsenik
degerleri Slciilmiistiir. Iki asamali olarak gerceklestirilen bu arastirmanin birinci boliimiinde
koylerdeki hastalik dagilimlarinin saptanmasi amactyla toplam 1003 kisiye hane halki anketi
uygulanmistir. Caligma ikinci asamasinda ise, incelenen bes kdyde 2005-2010 doneminde
saptanan 402 6liim vakasindan yakinlarina ulasilabilen 171 tanesi igin sézel otopsi anketi
yapilarak geriye doniik 6liim nedenleri tespit edilmistir. Kalan 231 6liimiin nedenleri i¢in ise
6liim kayitlari baz alinmaistir.

Elde edilen sonuglara gore 6liimlerin %531 erkek olup %81,1°1 65 yas ve {izerindedir. Buna
gore kaba Oliim hiz1 %08,3 olarak hesaplanmistir. Tiim Slimlerin %44’ kardiyovaskiiler
sistem hastaliklarina, %15,2°si kanserlere baglidir. Kanserler oliim nedenleri arasinda
ikinci sirada yer almakta olup Golkdy, Bogazkdy ile Citgdl’de diger iki koye nazaran daha
fazla goriilmektedir. Ancak kdyler arasinda istatistiksel olarak anlamli fark saptanmamistir
(p>0,05). Brons ya da akciger kanseri tiim kdylerde en fazla goriilen kanser tiirtidiir (%44,3).
Bunu prostat (%9,8), kolon (%9,8) ve mide (%8,2) kanserleri takip etmektedir. Karaciger,
mide, mesane ve prostat kanserlerine bagli 6liimlerin tamami arsenik diizeyi yiiksek olan ti¢
kdyde gozlenmistir. Brons ve akciger ile kolon kanserine bagli 6liimler kdyler arasinda benzer
oranlarda goriilmektedir. Kdyler arasinda kanserlere bagli 6liim hizlar1 agisindan istatistiksel
olarak anlamli fark saptanmamistir. Ancak karaciger, mesane ve mide kanserlerinin arsenik
diizeyi yliksek olan kdylerde goriilmesi dikkat ¢ekici bir bulgudur. Bu kdylerde yasayanlarin
geemise doniik olarak ne oranda arsenikli su maruziyetine bagli kaldiklar1 tam olarak
bilinmemekle birlikte, konuya olan duyarliligin artmasi sonucu, Go6lkdy ve Bogazkoy
ortak su kaynag1 2009 yilinda arsenik diizeyi simir degerin altinda olan yeni bir kaynak ile
degistirilmis; Citgdl’de ise bir arsenik aritma tesisi kurularak 2011 yilinda hizmete girmistir.

Anahtar Kelimeler: Arsenik, halk sagligi, sozel otopsi, Simav, Kiitahya
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ABSTRACT

This study is conducted in Simav Plain with the aim of determining the causes of death during
2005-2010 period in villages where high arsenic levels were detected in some water supplies.
In this regard, the villages of Golkoy, Bogazkoy and Citgol with high arsenic levels are
compared with the Oreyler and Demircikoy with arsenic levels below the standard value. In a
previous study conducted by the authors in the project area, arsenic was found to exceed the
standard value of 10 ppb in the first three of these villages. The other two villages had levels
below the criteria. This research was formulated as a two phase study. In the first phase, a
public health survey was conducted with 1003 people living in these villages to determine the
distribution of diseases. In second phase, 402 death cases were identified. Of these, verbal
oral autopsy surveys were conducted on the relatives of the 171 deceased to determine the
cause of death. For the remaining 232 death cases, cause of death was obtained from official
death records.

The results revealed that about 53% of all deaths were male and 81.1% were above the age
of 65. Thus, the crude death rate was computed to be 8.3%o. Of all cases, 44% was related
to cardiovascular system diseases and 15.2% was due to cancers, which was determined
to be the second important cause of death in study area. Cancers were seen in comparably
higher numbers in Golkoy, Bogazkoy and Citgol. However, no statistically significant
difference (p>0.05) was detected between five villages. Number of bronchus or lung cancers
was highest among other cancers in all villages with 44.3%. Prostate (9.8%), colon (9.8%,)
and stomach (8.2%) cancers were other predominant cancer types. Deaths related to liver,
stomach, bladder and prostate cancers were all detected in three villages with high arsenic
levels. Deaths related to bronchus, lung and colon cancers are seen in similar ratios in all
villages. While no statistically significant differences in cancer related death rates were found
between the villages, it is interesting to find out that all cases of liver, bladder and stomach
cancers were observed in villages with high arsenic levels. Although past arsenic exposure
of the inhabitants of these villages is not known precisely, the increased level of awareness
to the subject has resulted in finding a new water resource for Golkoy and Bogazkoy in 2009
with arsenic levels below the standard value and in the installation of an arsenic treatment
plant for Citgol in 2011.

Keywords: Arsenic, public health, oral autopsy, Simav, Kiitahya
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Disiplinler arast bu c¢aliyjma, Kuzeybati Anadolu’da Biga Yarimadasi’nin kuzeybatisinda,
Canakkale ilinin Lapseki ilgesine bagli Dumanli kdyiinde yapilmistir. Canakkale I Saghk
Miidiirligii tarafindan 2011 yili ig¢inde 4 adet mesothelioma vakasinin tespit edilmesi iizerine
Canakkale Onsekiz Mart Universitesi (COMU) Jeoloji Miihendisligi Boliimii’nden yerbilimciler,
COMU Tip Fakiiltesi Gogiis Hastaliklar1 ve Halk Sagligi Anabilim Dali’ndan uzmanlar ve
Canakkale Il Saglik Miidiirliigii’niin ilgili uzmanlarindan olusan bir ¢alisma grubu kurularak
aragtirmalara baglanilmistir. Calismalar yerbilimlerinde ve saglik bilimlerinde es zamanli ve
paralel olarak siirdiiriilmiistiir. Yerbilimleri ¢aligmalari Dumanli kyi ve yakin ¢evresinde asbest
yataklarin olup olmadigimin tespiti amaciyla jeolojik harita alimiyla baglamistir. Belirlenen
asbest mostralar1 jeoloji haritalarina islenmis, numuneler alinmistir. Numunelerin petrografik
tayinlerinin ardindan SEM ve XRD analizleri yapilmistir. Dumanli kdyii ¢evresinde asbestiform
mineraller MTA 1/500.000 Olgekli Jeoloji Haritasi’nda Denizgdren Ofiyoliti olarak haritalanmis
olan birimler i¢inde yer almaktadir. Birim baglica ileri derecede makaslamaya ugramis (sheared)
serpantinitlerle temsil edilmektedir. Serpantinitler bolgede yaygin mostra veren ve mikasist, gnays,
mermer litolojilerinden olusan Camlica metamorfitleri i¢inde tektonik dilim ve mercekler halinde
bulunmaktadir. Bu tektonik dilim ve mercekler dogrultu atimli faylarla sinirli olup muhtemelen
gec Kretase — erken Eosen araliginda bdolgede etkili olmus bir transpresyonel tektonikle bu
konumlarint kazanmiglardir. Bu dogrultu atimli sistem igerisindeki gerilme - makaslama
alanlarinda asbestifom mineraller geligsmistir. Petrografik ve mineralojik tayinler bu minerallerin
baslica klinokrizotil, lizardit ve antigorit yan sira aktinolit oldugunu gostermistir.

Yerbilimleri ¢alismalarina paralel olarak kdyde son bes yilda gerceklesen oliim nedenlerinin
saptanmasi amactyla sdzel otopsi ¢alismalar1 yapilmistir. Buna gore bugiin 216 niifusa (116 erkek,
100 kadin) sahip olan kdyde son 5 yil igerisinde 9 6liim olgusuna rastlanmigtir. Oliimlerin ikisi
akciger kanseri, biri larinks kanseri, biri mide kanseri ve biri ise mesothelioma’ya baglidir. Diger
dordii ise bagka hastaliklara baglanmistir.

Halihazirda kdyde yasayanlardan 139 kisinin solunum fonksiyon testleri ve radyolojik tetkikleri
yapilmig ve degerlendirilmistir. Buna gore; yasayan 139 kisiden 30’unda plevra kalsifikasyonu,
4 kiside ise plevra kalinlasmasi saptanmistir. Radyolojik patoloji ile asbest maruziyeti arasinda
anlamli korelasyon saptanmis, bu olgularda maruziyet siiresinin 23-80 yil arasinda degistigi
anlagilmistir.

Disiplinler arasi bu ¢aligmanin sonucunca elde edilen ara sonuglar sdyle 6zetlenebilmektedir:

a) Yorede asbestiform mineraller yataklar halinde bulunmaktadir. Bunlar ¢esitli amaglarla
yayginca ve denetimsiz olarak kullanilmig ve kullanilmaktadir.

b) Bunlarin olusum mekanizmasi incelendiginde Biga yarimadasinda daha bagka alanlarda
da benzeri sorunlarla karsilasilmasi kuvvetle muhtemeldir.

¢) Radyolojik patoloji ile asbest maruziyeti arasinda korelasyon vardir.

d) Maruziyet halen devam etmektedir.

e) Bolgenin jeolojik yapist dikkate alindiginda Biga yarimadasinda asbest disinda eriyonit
maruziyeti hususunda da benzeri aragtirmalarin yapilmasi gerekir.

Anahtar Kelimeler: Tibbi jeoloji, asbest, mezotelyoma, halk sagligi, Canakkale
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ABSTRACT

This interdisciplinary study has been done in Dumanli village (Canakkale-Turkey) in the Biga
Peninsula NW Turkey. Upon detection of 4 cases of mesothelioma by the Canakkale Provincial
Health Directorate in 2011, a working group established and started to research by the geologists
of Canakkale Onsekiz Mart University (COMU), Department of Geological Engineering, the
experts of COMU Faculty of Medicine Departments of Pulmonary Diseases and Public Health, the
experts of Canakkale Province Health Directorate. Studies has been carried out in earth sciences
and the health sciences simultaneously. Earth science studies started with geological mapping
around Dumanli village in order to determine the asbestos deposits. The Asbestos outcrops are
mapped and sampled. Petrographic determinations of samples were followed by XRD and SEM
analysis. The asbestiform minerals around Dumanly village are within the units that mapped as
Denizgoren Ophiolite by MTA. The Denizgoren Ophiolite comprises mainly of highly sheared
serpentinites. The Serpantinites occur as tectonic slices and lenses within Camlica metamorphites
consisting mainly of micaschist, gneiss and marble. These tectonic slices and lenses bounded by
strike-slip faults and probably got their recent positions by transpressional tectonics during late
Cretaceous-early Eocene time. Asbestiform minerals occurred within these stretching-shear zones
in the strike-slip system. Petrographic and mineralogic indications show that these minerals are
clinokrizotile, lizardite, antigorite and actinolite.

In parallel with earth science studies verbal autopsy studies were carried out in order to determine
the actual causes of death in the village. Accordingly, today in the village that have 216 population
(116 male, 100 female) encountered 9 deaths in last 5 years. Two of the 5 deaths depend on lung
cancer, one laryngeal cancer, one stomach cancer and one mesothelioma. Other 4 deaths depend
on different diseases.

Currently, pulmonary function tests and radiological examinations of 139 people living in the
village were done and evaluated. According to this study, pleura calcification was appointed in
30 of living 139 people and also thickening of pleura in 4 of living 139 people. A significant
correlation between asbestos exposure and radiographic pathology was identified and understood
that the duration of exposure in these cases changes between 23-80 years.

The results of this interdisciplinary study can summarize as following:

a) Asbestiform minerals occur as deposits in the region. These minerals are used widely and
unrestrainedly for various purposes.

b) Examining the mechanism of their formation shows that similar problems can take place
in other areas in the Biga Peninsula.

c) There is a correlation between asbestos exposure and radiographic pathology.

d) Exposure is still continuing.

e) Considering the geological structure of the region; similar research needs to be done for
also erionite exposure in the Biga Peninsula.

Keywords: Medical geology, asbestos, mesotheliama, public health, Canakkale
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Tunceli Uzungayir Baraji Munzur ve Pilimiir caylariyla beslenmektedir. Bu iki ¢ayin
gectigi alanlarda Paleozoyik metamorfikler (sist, mermer, metakirinti, metabazik),
serpantinlesmis Ust Kretase kromitli ultramafikler ile diger ofiyolitik birimler ve kirectaslar,
Oligo-Miosen flis ¢cokelleri ve Ge¢ Miyosen volkaniklerle ara katkili piroklastik ve golsel
cokeller bulunmaktadir. Bolgede ayrica bakir, kursun ve ¢inko cevherlesmeleri vardir. Bahsi
gecen ana kayaglar ve cevherlesme iiriinlerinin Uzungayir Barajint besleyen bu caylarin
taban ¢okellerinin ve suyun jeokimyasal dzelliklerini etkilemesi miimkiindiir. Ozellikle
cevherlesmeye bagli toksik element zenginlesmeleri suyun kullanilabilirligini ve canli
sagligim etkileyen faktorler olacaktir. Bu nedenle canli saglhigimi olumsuz etkileyebilecek
jeolojik faktorleri belirlemeye yonelik bu 6n ¢aligma baglatilmigtir. Bu dogrultuda Munzur
ve Piiliimiir caylarindan dokuz noktada taban ¢okelinden rnekleme yapilmistir. Orneklerden
ICP-OES ve ICP-MS yontemleriyle elde edilen jeokimyasal veriler jeoistatistiksel metotlar
ile degerlendirilmistir.

Orneklerin jeokimyasal degerlerinin {ist kabuga gore normalizasyonu sonucunda Munzur
cay1 i¢in Cr, Ni, Co, Cs, W, Pb, As, Sb, Au, Hg elementlerinde, Piiliimiir ¢ay1 i¢in ise Cr, Ni,
Co, W, As elementlerinde degisik oranlarda zenginlesmeler tespit edilmistir. Cluster analizleri
iki farkli element grubunun varligimi gostermistir. Birinci grubu birlikte hareket eden Cr, Ni,
Co olusturken, ikinci grubu Cs, As, Sb, Pb, Hg, Au, W elementleri olusturmaktadir. Taban
sedimanlarindaki bu elementel gruplasma, sirasiyla ofiyolitik birimler ve cevherlesme
iirtinleri olmak tizere iki farkli ana kaya etkisine igaret edebilir.

Sediman orneklerinin nadir toprak elementleri (NTE) i¢in yapilan korelasyon analizlerinde,
bu elementlerin kil icerigini temsil eden Si, Al, Fe, K, Ti, Na gibi elementler ile pozitif
korelasyona sahip olduklari saptanmistir. Bu durum giinlenme sonrasinda ¢okelme ortamina
kil minerallerinin yiizeyine adsorbsiyon ile tasginmay1 akla getirmektedir. Orneklerin normalize
edilmis NTE profilleri karakteristik negatif Ce ve pozitif Eu anomalilerne sahiptirler. Negatif
Ce anomalisi oksijenli kosullar altinda Ce’nin yiikseltgenerek sedimani terketmesi ve suya
katilmasina, pozitif Eu anomalisi ise taban ¢okellerinde Ca iceren minerallerin varligina isaret
etmektedir. Arastirmaya mevsimsel su, toprak ve sediman 6rneklemesi ile devam edilecektir.

Anahtar Kelimeler: Canli sagligi, Munzur ve Piiliimiir ¢aylari, toksik elementler, Uzungayir
baraji
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ABSTRACT

Uzungayrr dam in Tunceli is fed by Munzur and Piiliimiir streams. In areas where these streams
run, Paleozoic metamorphic rocks (schist, marble, meta-clastic, meta-basic), serpentinized
Upper Cretaceous chromite bearing ultramafics in assemblage with other ophiolitic rocks
and limestones, Oligo-Miocene flysch sediments, Late Miocene volcanics with interlayered
pyroclastic and lacustrine sediments are present. In the area, copper, lead and zinc
mineralizations also exist. Therefore, geochemical effect of the host rocks and mineralization
products on bottom sediments and water of these streams are possible. Especially, enrichment
of toxic elements due to mineralization products and ophiolitic chromite will be important
factors on usability of water and living health. Therefore, this preliminary study has been
started to determine of geological factors being negatively effective on living health. In this
scope, sampling from bottom sediments of Munzur ve Piiliimiir streams was done at nine
locations. The geochemical data obtained by ICP-OES and ICP-MS analyses of the samples
were evaluated by geostatistical methods.

Normalization of the samples to the upper crust display enrichments in Cr, Ni, Co, Cs, W,
Pb, As, Sb, Au, Hg for sediments of Munzur stream and Cr, Ni, Co, W, As for sediments of
Piiliimiir stream. The cluster analyses show the presence of two element groups. The first
group is consist of Cr, Ni, Co behaving together while the second group includes Cs, As,
Sb, Pb, Hg, Au, W acting together. Elemental grouping in the bottom sediments can indicate
effect two different host rock as ophiolitic units and mineralization products, respectively.

The correlation analyses performed for rare earths elements (REE) of the samples show
positive correlation of the REE with Si, Al, Fe, K, Ti, Na elements representing presence
of clay minerals in the sediments. This relation may lead to consider tranportation of
these elements by adsorption on surface of clay minerals. Normalized REE patterns of the
samples are characterized by negative Ce and positive Eu anomalies. Negative Ce anomaly
indicate transportation of Ce from sediment to water at oxidizing conditions while positive
Eu anomaly infer presence of Ca composing minerals. The research will be continued by
seasonal sampling on bottom sediment, soil and water.

Keywords: Living health, Munzur and Piiliimiir streams, toxic elements, Uzun¢ayir dam
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Birgok konuda avantajlara sahip olan deniz tasimaciligi her gegen giin artmakla birlikte,
beraberinde bir takim sorunlari da getirmektedir. Ozellikle, petrol ve petrol iiriinleri, gemi
kaynakli evsel atiklar (dus, lavabo, tuvalet), sintine balast, tank yikama sulari, gemilerle
tasinan zehirli s1vi ve katt maddeler ile gemilerin ¢opleri kiy1 bolgesi igin farkli problemler
yaratmaktadir. Marmara Denizi yiizey sedimentlerinde giincel kirlilik durumunun tespitine
yonelik bir¢ok arastirma yapilirken, liman aktivitelerinin gegmisten giiniimiize Marmara
Denizi’ne olan kirletici etkisi pek bilinmemektedir. Bu amagla ¢aligma alant Ambarli Limani
ve ¢evresi segilmistir.

Son 10 y1lda 43.000 gemiye hizmet veren Ambarli liman faaliyetlerinin Marmara Denizi’deki
kirlilik kayitlar1 AMB-6, AMB-20 ve AMB-33 karot orneklerini kapsayacak sekilde
aydinlatilmaya calisiimistir. Ornek alimi 6 May1s 2009 tarihinde istanbul Universitesi Deniz
Bilimleri ve Isletmeciligi Enstitiisii’niin R/V Arar gemisi ile serbest diismeli agirlikli karot
kullanilarak yapilmistir. Karot ¢okellerindeki metal igerigi iTU EMCOL laboratuarlarinda
XRF karot tarayicisiyla, sediment yaslandirilmasi ise Cekmece Niikleer Arastirma
Merkezi Laboratuvarlari’nda *'°Pb analiz yontemi ile yapilmistir. Metal kirliliginin boyutu
zenginlestirme faktoriiyle (EF) yorumlanmuistir.

Buna gore karot drneklerinin ilk 30 cm’sinde Al %0.40 - 4.5, Fe % 0.5- 3.8, As 0.2-16.6
ppm, Ba 13-272 ppm, Cr 20 - 413 ppm, Cu 10 - 1423 ppm, La 0.1 -109 ppm, Mo 0.3-18
ppm, Ni 96 —452 ppm, Pb 45 - 266 ppm, Se 0.4-4.4 ppm, Sr 0.1-108 ppm, V 45 - 193 ppm
ve Zn 45 - 1398 ppm aralifinda degisip ortalamalar: sirasiyla; %1.16 (Al), %2.57 (Fe), 3.5
ppm (As), 132 ppm (Ba), 120 ppm (Cr), 61 ppm (Cu), 19 ppm (La), 4.5 ppm (Mo), 285
ppm (Ni), 141 ppm (Pb), 1 ppm (Se), 59 ppm (Sr), 103 ppm (V) ve 109 ppm (Zn) olarak
bulunmustur. 2'°Pb yaslandirmasi sonucunda ¢alisma alaninda sedimentasyon hizi1 5¢cm/100
y1l olarak bulunmus olup, limanin faaliyete gectigi tarihten giiniimiize kadar olan tarihsel
kirlilik kayitlari; karotlarin 1.14 cm’lik sediment kisminda bulunmaktadir. Ozellikle As, Cr,
Cu, Mo, Se, ve Zn degerlerinin yiizeydeki ani artiglart liman faaliyetleri ile iligkili oldugunu
gostermektedir. Metallerin karotlardaki kirlilik dereceleri ortalama EF degerlerine gore Cu >
Al>Zn > As > Mo > Se > Pb > Ni >V > Cr > Ba > Sr > La seklinde bulunmustur.

Anahtar Kelimeler: Ambarli Limani, Marmara Denizi, sediment kirliligi, agir metal
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ABSTRACT

Though shipping has got clear-cut advantages on certain points and increased its usage
worldwide, has at the same time brought along several problems. In particular, crude oil
and petroleum products, ship related sewage (bathing, basin usage, water closet etc), ballast
water, gas-free operations and ship garbage have all created environmental problems of
different sort. Despite so many studies have been affected so far with regard to pollution
of surface sediments, no pollution effect having arisen from the port activities in the core
sediments of the Sea of Marmara is known. Ambarli Port area has been selected as study
area in order to study the pollution effect of port activities on marine environment.

The said Port has served for the last ten years several merchant ships — figure wise 43.000.
Port activities in the area from the point of view of recent pollution history have been
enlightened by way of cores AMB 6,AMB 20 and AMB 33. Samples were collected from R/V
Arar, owned by the Istanbul University, Institute of Marine Sciences and Management, on
May 06, 2009 with gravity core sampler. Metal contents of cores sediments were analyzed in
the ITU EMCOL laboratories through XRF core scanner and sediment dating were finalized
in the Cekmece Nuclear Research Centre via*'Pb analyzing method. All Results so achieved
were assessed by way of enrichment factor (EF).

For the upper part of 30 cm of each cores have shown the following metal ranging as : Al
0.40 - 4.5%, Fe 0.5- 3.8%, As 0.2-16.6 ppm, Ba 13-272 ppm, Cr 20 - 413 ppm, Cu 10 - 1423
ppm, La 0.1 -109 ppm, Mo 0.3-18 ppm, Ni 96 — 452 ppm, Pb 45 - 266 ppm, Se 0.4-4.4 ppm,
Sr 0.1-108 ppm, V 45 - 193 ppm and Zn 45 - 1398 ppm. The average metal contents of the
cores is shown here by as in the same order: 1.16% (Al), 2.57 % (Fe), 3.5 ppm (As), 132
ppm (Ba), 120 ppm (Cr), 61 ppm (Cu), 19 ppm (La), 4.5 ppm (Mo), 285 ppm (Ni), 141 ppm
(Pb), 1 ppm (Se), 59 ppm (Sr), 103 ppm (V) and 109 ppm (Zn). The sedimentation rate was
calculated as 5cm/100 years by way of dating *'°Pb; 1.14 cm of sediment deposited since
from the date in which the Ambarli Port inaugurated commercial activity and all pollution
based on port activities lie in the said section between 0-1.14 cm. As, Cr, Cu, Mo, Se, V and
Zn contents having increased sharply in the upper part of the cores (between 0- 2 cm) has
indicated that the recent pollution is linked with port activities. The mean EF values of the
metals in the sediments cores are in the decreasing order: Cu > Al > Zn > As > Mo > Se >
Pb>Ni>V>Cr>Ba>Sr>La.

Keywords: Ambarli Port, Sea of Marmara, sediment pollution, heavy metal
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Bu ¢alismanin amaci, hizla gelismekte ve sanayilesmekte olan Mersin ili sehir merkezindeki
arag trafiginin en yogun oldugu caddelerde biriken cadde tozlarinin mineralojik bilesimlerinin,
jeokimyasal 6zelliklerinin ve kdkenlerinin arastirilmasi, saglik agisindan barindirabilecekleri
risklerin degerlendirilmesidir. Caligma kapsaminda, kentte oOzellikle ilkbahar ve yaz
aylarinda yogun gozlenen cadde tozlarinin karakterizasyonu i¢in yaklasik 20 km’lik bir hat
boyunca cadde ve sokaklardan toz 6rnekleri toplanmis, 6rneklerin mineralojik bilesimlerinin
saptanmasi igin XRD yoOntemi, ana element bilesimlerinin saptanmasi i¢in XRF yontemi, iz
element ve agir metal bilesimlerinin belirlenmesi i¢in de ICP-MS yontemi kullanilmistir.
Yapilan XRD tiim kaya¢ mineralojisi ¢alismasina gore cadde tozlarinin kuvars, kalsit, alkali
feldispat, plajiyoklaz ve serpantin minerallerinden olustugu tespit edilmistir. XRF ana element
analizlerine gore cadde tozlari baglica CaO ve SiO, olmak tlizere MgO, Fe O,, AL,O,, KO,
Na,O, TiO, ve P,0,’den olusmustur. ICP-MS analizlerine gore cadde tozlarinda baslica V, Cr,
Co, Ni, Cu, Zn, As, Cd, Sb ve Pb agir metalleri belirlenmistir. Bu elementlerin mg/l olarak
ortalamalar1 V i¢in 34.32, Zn i¢in 247.36, Cu i¢in 105.92, Cri¢in 118.69, Co i¢in 8.5, Cd i¢in
0.1, As i¢in 6.3, Ni i¢in 173.63, Sb i¢in 3.64 ve Pb igin 104.42°dir. Bu degerler topraktaki
sinir degerleri ile karsilastirilmis ve Cr, Ni ve Cu elementlerinin ortalama degerleri sinir
degerlerinden daha yiiksek oldugu belirlenmistir. Bu elementlerin diginda basta Zn ve Pb
olmak iizere Sb, As ve V gibi agir metaller kentin belirli noktalarda sinir degerlerin oldukga
iizerinde derisimlerde goriilmiistiir. Ozellikle otogar, sanayi sitesi, tren gar1, sehir stadyumu,
liman civari, Atag Rafinerisi yakinlari ile Delicay, Miiftii Deresi, Mezitli Cay1 akarsularina
yakin alanlar bu elementlerce kirletilmigtir. Kentteki yiiksek element konsantrasyonlarinin
siras1 ile yogun arag trafigi, endiistriyel faaliyetler ve litolojik kirlilik ile iliskili olabilecegi
belirlenmistir. Cadde tozlarinin sahip oldugu yiiksek mobilite, fiziksel kirliligin yanisira insan
solunum ve dolagim sistemine de kolayca katilabilmelerine olanak tanir. Bu durum dogrudan
solunum sistemi hastaliklarini tetikleyici etki yapabildigi gibi, tozlarin bilesimlerine bagl
olarak kanser gibi daha biiyiik saglik sorunlarina da yol agabilir.

Anahtar Kelimeler: Agir metal, cadde tozu, ¢evre kirliligi, gevre sagligi, Mersin
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ABSTRACT

Aims of this study are; investigation of mineralogical compositions, geochemical properties
and origins of street dusts that accumulated on the rapidly developing and industrializing
Mersin City center streets, which has a heavy traffic load and evaluation of them in terms of
risk of environmental health. In order to characterization of street dusts, which are mostly
observed during the summer and spring, samples were collected from a line about 20 km,
XRD were used for determination of mineralogical compositions, XRF were used for major
elements composition and ICP-MS used for of trace and heavy metal composition of samples.
It is determined that the street dusts consist of quartz, alkali feldspar, plagioclase and
serpentine minerals according to XRD whole rock mineralogy. According to XRF analysis,
the dust samples have been formed mainly CaO, SiO,, and MgO, Fe203, Alej, K,0, Na 0,
TiO, P205. Mainly, V, Cr, Co, Ni, Cu, Zn, As, Cd, Sb and Pb elements were determined by
ICP-MS analysis in the street dust. Mean values (mg/l) of V, Cr, Co, Ni, Cu, Zn, As, Cd, Sb
and Pb elements are 34.32, 247.36, 105.92, 118.69, 8.5, 0.1, 6.3, 173.63, 3.64 and 104.42
respectively. These values were compared with values of soil limits of pollution control
regulation, and it is fixed that mean values of Cr, Ni and Cu were determined higher than limit
value. In addition to these elements, especially Zn and Pb, then Sb, As and V elements were
detected as higher than limit value in soil pollution control regulation in specific location
of city. Especially bus station, industrial site, train station, city stadium, near the port, near
the Atas refinery and vicinity of the Delicay, Miiftii, Mezitli streams were polluted by these
elements. The higher elements concentrations in the city were determined associated with
intense vehicle traffic, industrial activity and lithological pollutants, respectively. Due to
its high mobility, in addition to physical pollution, street dust is easily participated in the
human respiratory and circulatory system. This situation is caused directly diseases of the
respiratory system and may cause more seriously health problem like cancer.

Keywords: Heavy metal, street dust, environmental health, environmental pollution, Mersin
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Can, Canakkale ilinin maden isletmeciligi agisindan en faal ilgesidir. Son 30 yildir Can ilgesi
sinirlari igerisinde bir¢ok maden isletmesi faaliyet gostermis, bunlardan bazilari faaliyetlerini
zaman icerisinde sonlandirmus, bazilari ise faaliyetlerini siirdiirmektedir. Ozellikle kiigiik ve
orta 6lgekli maden isletmeleri daha kisa periyotlu faaliyetlerde bulunmaktadir. Bu maden
isletmeleri faaliyetlerinin sona ermesinden sonra genellikle herhangi bir rehabilitasyon
caligmas: gerceklestirmeden isletme sahalarimi terk etmektedir. Insan miidahalesi sonucu
dogal yapisi ve topografyasi bozulan bu alanlarda biiyiik cukurlar olusmaktadir. Ozellikle
yiiksek siilftir igerikli linyit kdmiirliniin ¢ikartilmasi islemi sonrasinda olusan maden
cukurlarina yiizeysel drenajin bosalmast ve de yeralt1 suyunun sizmasi sonucu suni goller
meydana gelmigtir. Olusan gol sulart bulunduklar1 ortam nedeniyle zaman igerisinde pirit
oksidasyonuna bagli olarak asidik 6zellikler kazanarak asit maden gollerine doniismiistiir.

Bu c¢alismada Canakkale ili Can ilgesinde faaliyet gosteren kiigiik-orta olgekli linyit
isletmelerinden kaynaklanan asit maden géllerinin 1980 yilindan giiniimiize kadar olan alansal
degisimleri Landsat ve Quickbird uydu goriintiileri belirlenmistir. Caligma bdlgesi olarak asit
maden géllerinin yogun olarak bulundugu 25 km?’lik bir alan segilmistir. Caligma bolgesine
ait uydu goriintiileri 10ar yillik periyotlar ile ArcGIS yazilimi ortaminda incelenmis ve asit
maden gollerinin sinirlart sayisallagtirilarak vektor veri formatina doniistiiriilmiistiir. Daha
sonra alansal degisimler hesaplanarak tablo ve grafikler halinde gosterilmistir. Elde edilen
veriler ArcGIS yazilimi ortaminda harita ve grafikler ile gorsellestirilerek ¢alisma bolgesine
ait tematik haritalar1 olugturulmustur. 19801i yillarda sayica artig gosteren asit maden golleri,
sonraki 20 yillik periyotta sayica asir1 artis gostermemektedir. Fakat asit maden gdlleri
mevcudiyeti ve alansal artis1 ile ¢cevresel risk tasimaktadir.

Anahtar Kelimeler: Asit maden goli, cografi bilgi sistemi, gorsellestirme, uydu goriintiisi,
uzaktan algilama.
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ABSTRACT

Can, a county of the province of Canakkale, has the most activity concerning mining.
During the last for 30 years lots of mining companies have been operating in Can Region.
Many of these companies are still working on this region but, some of them have ended
their operations. Generally, small and medium-scale mining companies are operating in a
shorter period. They have abandoned the operation land without providing any working of
rehabilitation. As a result of human intervention in the natural structure and topography of
its earth surface causes the large holes and deterioration in these areas. Artificial lakes can
occur by both surface discharge and under-ground leakage in abdicated open pit mining.
High sulfur content of lignite exists in these areas. At the over time, these lakes gain acidic
character due to acid generation from pyrite oxidation.

In this study, areal changes for acid mining lakes inflicted due to the lignite mining companies
with small and medium size, in Can (Canakkale) from 1980 to the present, have been

determined using Landsat and Quickbird satellite images. For case study, an area of 25 km?
has been chosen where acid mine lakes are commonly located at. Using ArcGIS software,

periodically determined satellite images for about ten years have been analyzed, borders of
acid mine lakes have been digitalized and converted into vector data format. Then, the areal
changes are computed and presented via tables and graphics. Then areal changes have been

computed and presented via tables and graphics. Thereby, thematic maps of the studying area

are created by visualizing some graphics in ArcGIS software. Although, in 1980's the number
of acid mine lakes were increased, they did not indicate the same increment numerically. It is

clear that acid mine lakes have risk due to their presences and areal increments.

Keywords: Acid mine lake, geographic information system, visualization, satellite image,
remote sensing.
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Hizli niifus artig1 beraberinde ciddi bir kat1 atik bertaraf ve depolama sorununu da getirmistir.
Atik depolama yer se¢imi planli yapilmadig: takdirde dnemli ¢evresel problemlere ve su
kaynaklarmin kirlenmesine neden olmaktadir. Diizensiz depolama alanlari, yarattiklar
olumsuz etkilerden dolay1r g¢evresinde yasayan insanlarin gerek sagligmma bir tehdit
olusturmakta gerekse de sosyolojik agidan sikintilara neden olmaktadir. Bu nedenle, bir atik
depolama sahasinin yer se¢iminde g¢evresel, jeolojik, sosyolojik ve miihendislik faktdrlerin
bir arada degerlendirilmesi ve bunun sonucunda en uygun ve ekonomik sahanin tespit
edilmesi 6nem tasimaktadir. Izmir ili, Ege Bolgesi’nin en biiyiik yerlesim alanlarindan biri
ve 3.370.866 niifusu ile atik bertarafi konusunda 6nemli problemler yasayan bir metropol
alanidir. Halen kullanilmakta olan Harmandali depolama sahasi 6mriinii tamamlamis olmasi
nedeniyle yeni bir depolama sahasinin belirlenmesi kaginilmaz hale gelmistir. Bu noktadan
hareketle, Cografi Bilgi Sistemi (CBS) teknigi yardimiyla jeolojik, hidrojeolojik ve ¢evresel
acidan 6nemli olan 14 parametre kullanilarak Izmir metropol alani i¢in yeni bir kat1 atik
depolama sahasi yer se¢imi yapilmistir. Yapilan analizde baraj havzalari, tarim alanlari,
yerlesim alanlari, sit alanlari, askeri alanlar, hava alanlar1 ve 200 m {izerindeki yiiksek kotlu
alanlar degerlendirme dis1 tutulmustur. Ayrica yer se¢iminde 100 ha ve iizerindeki alanlar
tercih edilmistir. Izmir ili simirlar1 icerisinde cografik yapinin engebeli olmasi, mevcut diiz
alanlarin da tarim alanlar1 ve Tahtali, Balgova gibi baraj havzalarinin koruma alanlar1 olmasi
ve bunlara ek olarak bolgede turistik alanlarin ve sit alanlarinin da oldukg¢a yaygin olmasi
gibi nedenlerle atik depolama sahasi i¢in yer se¢imini oldukga kisitlamaktadir. Oldukga genis
bir yiizdlgiimiine sahip olmasima karsin, Izmir ili icin depolama alam olabilecek alternatif
sahalar oldukca simirlidir. Bu cercevede, yapilan depolama yer secimi analizine gére izmir
icin tek bir saha yerine kuzey, gliney ve dogu kesimlerinde olmak iizere ii¢ farkli sahanin
daha kiictik 6lcekli depolama alanlar1 olarak planlanmasinin daha ekonomik ve kolay
olacag1 sonucuna varilmistir. Ancak, izmir gibi biiyiik metropoller icin depolama alan1 yer
seciminde en dnemli sorun, NIMBY olarak kisaltilan ve “Not In My BackYard” sendromu
olarak da bilinen halk tepkisidir. Bilimsel olarak secilen tiim alternatif sahalar, ele alinan
tim se¢im kriterlerini saglasalar dahi bdlgede yasayan insanlarin tepkisi oldugu siirece
hayata gegcirilememektedir. Bu nedenle depolama yer se¢iminde Oncelikle halk tepkisinin
azaltilmasina yonelik sosyolojik ¢aligmalar da yapilmalidir.

Anahtar Kelimeler: Atik depolama yer se¢imi, CBS, [zmir
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ABSTRACT

Rapid population growth has brought a serious problem of solid waste disposal and storage.
When landfill site selection is done in an unplanned manner, significant environmental
problems and pollution of water recourses might occur. An unplanned landfill site can
create negative impacts on people living in the vicinity of the site from public health
and sociological view point. Therefore, landfill site selection must consider geological,
sociological and engineering factors together to determine the most suitable and economical
site. Izmir metropolitan area is one of the largest residential areas in the Aegean Region with
a population of 3.370.866 and experiences important waste disposal problems. The current
disposal site, Harmandali waste area, has reached its capacity and thus, it is inevitable to find
a new storage area. For this reason, 14 major parameters covering a range of geological,
hydrogeological and environmental aspects are assessed with Geographical Information
System (GIS) to find a new solid waste disposal site for Izmir Metropolitan area. Within the
scope of this analysis, watershed protection areas, agricultural, residential, conservation and
military areas, airports and areas with over 200 m high elevation were excluded from further
consideration. In addition, minimum site area was set to be 100 hectares. Due to the rugged
geography of Izmir province as well as the presence of large agricultural areas, protection
zones of Tahtali and Balgcova dams and areas of touristic significance, suitable waste storage
areas are limited. Despite having a fairly large provincial area, alternative sites are limited
for selection as waste storage areas. In this context, instead of a single storage site, selection
of several smaller sized sites was concluded to be more economical and easier to find. Thus,
three separate storage sites in northern, southern and eastern parts of the province were
found to be more economical and easy to find. However, for major metropolitan areas such
as Izmir, the most important problem in site selection is the NIMBY (“Not In My Backyard”)
syndrome which is also known as the response of local people. Although all alternative sites
are chosen scientifically, these areas might not used due to the opposition from local people.
For this reason, sociological studies must first be conducted to reduce public's reaction.

Keywords: GIS, landfill site selection, Izmir
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Istanbul’un sanayiden arindirilmasi ¢alismalar1 mekansal olarak doyuma ulasan izmit ve
cevresindeki yiikiin azaltilmasini hedefleyen yetmisli yillarin bagindaki planlamanin bir
sonucu olarak 1973 yilinda Cerkezkdy Organize Sanayi bolgesi kurulmus ve daha sonra bu
genislemeye Corlu bolgesi de dahil edilmistir.

Corlu—Cerkezkdy karayolu ¢evresinde 1973 yilindan giiniimiize sanayi kuruluglarinin sayisi
hizla artmis, buna bagli olarak niifusun ¢ogalmasi ile igme, kullanma, sulama ve sanayi suyu
gereksinimi 6nemli boyutlara ulagmistir.

Ote yandan sanayi kuruluslar1 proses sularini yakin zamana kadar Ergene Nehri’nin bir kolu
olan Corlu Deresi’'ne birakmislardir. Corlu deresi, yeralt1 suyu tasiyan Ergene Formasyonu
ile dogrudan temas halinde bulundugundan akifer i¢in bir kirletici odaga dontigmiistiir.

Bu ¢alismada bir yillik siire icinde havzada belirlenen 17 kuyudan alinan yeralti sularinda aylik
periyotlar ile Fe, Zn, Mn, Cr, Cd, Pb analizleri yapilmis ve kirlilik durumu ortaya konmustur.
Yapilan arastirmalar sonucunda inceleme alaninin Corlu- Vakiflar (GB) kesiminde yeralti
sularindaki Cr, Cd ve Pb konsantrasyonlarinin yillik ortalamalarinin sirasiyla 0,65mg/l,
0,04 mg/1 ve 0,23 mg/l oldugu ve bu degerlerin TSE, EPA ve WHO sinir degerleri astig1
gorililmiistiir. Bu degerlerdeki artisin muhtemel nedeni ¢aligma alaninda yer alan tekstil, deri
ve diger sanayi kuruluglarinin agir metal icerikli proses sularmin akifere karigmasidir.

Anahtar Kelimeler: Ergene Havzasi, yeraltisuyu, agir metal, kirlilik
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INVESTIGATION OF HEAVY METAL POLLUTION OF
GROUNDWATER’S OF CORLU-CERKEZKOY PART OF ERGENE
BASIN

Orhan Arkog¢
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ABSTRACT

After the decentralization of Istanbul metropolitan area and Izmit from industry at the
beginning of 1970s, Cerkezkoy region was chosen as a new place. In 1973 and Corlu region
has also become an industrialized area.

The number of the industrial organizations has increased since 1973. And with the increasing
population, the necessity of water, for drinking, watering and industrial purposes has also
increased.

On the other hand, process waters of industrial organizations are let into Corlu Creek until
recently. Due to this, Corlu Creek, which is directly contacted with the Evgene Formation-the
main aquifer in the region- became a contamination source for the groundwater.

In this study, Fe, Zn, Mn, Cr, Cd, Pb analysis of ground waters of 17 wells determined in the
basin, are carried out monthly during a year. Studies show that, Corlu-Vakiflar part of the
study area (SW), annual maximum concentrations of Cr, Cd, and Pb in the groundwaters
are 0,65mg/l, 0,04 mg/l and 0,23 mg/l respectively. These values exceed TS, EPA and WHO
desired values. Possible reason for this high values might be the infiltration of the process
waters of textile, leather and other industries to the aquifer, located in the study area.

Keywords: Ergene basin, groundwater, heavy metal, pollution
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Bu calisma 12 farkli bitki tiiriiniin [Alyssum saxatile (AL), Anchusa arvensis (AN), Centaurea
cyanus (CE), Carduus nutans (CR), Cynoglossum officinale (CY), Glaucium flavum (GL),
Isatis sp. (IS), Onosma sp. (ON), Phlomis sp. (PH), Silene compacta (SL), Tripleurospermum
maritimum (TR), and Verbascum Thapsus (VR)] kok ve dallarindaki talyum birikimi ve dagilimi
incelenerek, topraktan bitkinin farkli kisimlarina glimiis ve arsenik taginimi irdelenmistir.
Caligma alanindaki bu bitkiler, 1liman karasal iklime sahip, Giimiiskoy (Kiitahya) Ag-Pb
maden sahasinin yiizey topraklarinda dogal olarak biiylimiislerdir. Bitki 6rnekleri ve iligkili
topraklar araziden toplanmistir. Alinan 6rneklerden Tl igeriklerini belirlemek icin ICP-
MS’de analiz edilmistir. Bitki 6rneklerinin dal, kok ve topraklarindaki ortalama T1 degerleri
strastyla 297, 299 ve 163 ppm’ dir. Caligma alanindaki bitkilerin kdkleri (ECR) ve dallar
(ECS) i¢in ortalama zenginlesme katsayilar1 2.03 ve 2.56 seklindedir. Talyumun 1°den biiyiik
ECR ve ECS degerleri nedeniyle kok icin AN, CR, CY, IS, PH ve VR bitkileri, dal igin ise
CY, IS, SL ve VR bitkileri ¢ok iyi birer hiperakiimiilator bitkiler olarak ortaya konmustur.
Dolayistyla, bu bitkiler fitoremediasyon ¢aligmalarinda yararli olabilir ve talyumca kirlenmis
toprak ve alanlarin rehabilitasyonu ve temizlenmesi ¢aligmalarinda kullanilabilirler. Ayrica,
bu bitkilerin talyum i¢in translokasyon faktorleri (TLF), bitki kokiinden bitki dalina olan
talyum taginim yetenegini isaret etmektedir. Bu bitkilerin TLF degerleri incelendiginde;
talyum tasinimin CE, CY, IS, ON ve SL gibi bitkilerinde daha etkili oldugu goriilmiistiir..

Anahtar Kelimeler: T1 alimi, karasal bitkiler, zenginlesme katsayisi, translokasyon faktorii,
fitoremediasyon
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ABSTRACT

This study investigated Thallium (TI) uptake and transport from the soil to different plant
parts by documenting the distribution and accumulations of Tl in the roots and shoots of
12 plant species [Alyssum saxatile (AL), Anchusa arvensis (AN), Centaurea cyanus (CE),
Carduus nutans (CR), Cynoglossum officinale (CY), Glaucium flavum (GL), Isatis sp. (IS),
Onosma sp. (ON), Phlomis sp. (PH), Silene compacta (SL), Tripleurospermum maritimum
(TR), and Verbascum Thapsus (VR)]. All of these plants were growing naturally in surface
soils of the Gumuskoy Ag-Pb mining area (Kutahya, Turkey), a region with a mild continental
climate. Plant samples and their associated soils were collected and analyzed for Tl contents
by inductively coupled plasma mass spectrometry (ICP-MS). Mean values in the soils,
roots, and shoots of all plants were 163, 299 and 297 ppm for Tl, respectively. The mean
enrichment factors for root (ECR) and shoot (ECS) of these plants were 2.03 and 2.56 for
T, respectively. The results showed that AN, CR, CY, IS, PH and VR plants for the root and
CY, IS, SL and VR plants for the shoot were very good bioaccumulator/hyperaccumulator
because their ECRs and ECSs are higher than 1. Therefore, these plants may be particularly
useful in phytoremediation and they can also be used to clean or rehabilitate soils and areas
contaminated by Tl. The TLF values indicated that the ability to transfer Tl from the roots to
the shoot. According to the results of TLF values, that transfer was more efficient in CE, CY,
1S, ON and SL plants for Tl.

Keywords: T| uptake, terrestrial plants, enrichment coefficient, translocation factor,
phytoremediation,
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Yiiksek ¢oziinebilirlige sahip olan jips (CaSO,+2H,0) minerallerinin potansiyel etkilerinin
arazi kullanim planlamalarinda ve jeoteknik saha incelemelerinde g6zoniinde bulundurulmasi
gerekmektedir. Jipsli birimlerin karstik yapilar meydana getirmesi ve biinyesindeki molekiiler
suyu kaybederek anhidrite (CaSO,) veya tekrar su alarak jipse doniisiimii sirasinda, 6nemli
hacimsel degisiklikler meydana gelmektedir. Bunun yani sira, dis ve i¢ kaynakli siilfat
iyonlar: ile ¢imento bilesenleri arasindaki kimyasal ve fiziksel etkilesimler “siilfat atag:”
olarak isimlendirilmektedir. Meydana gelen siilfat atagi betonda genlesme ve donatida
korozyona yol agarak bozunmaya neden olabilmektedir.

Akdeniz Ge¢ Miyosenistiflerii¢erisinde kalin evaporit yataklarinin ¢okelmesinin, “Messiniyen
Tuzluluk Krizi” sonucu olustugu bilinmektedir. Adana baseni Tersiyer istifinin en ge¢ birimi,
baslica kirmtili sedimanlar ile evaporitik birimlerden olusan sehrin kuzeyinde genis alanlarda
ylizeyleyen Handere Formasyonu ile temsil edilmektedir. Evaporit birimleri tuz ve jips
minerallerinden olugmakta olup sadece “Gokkuyu Algitasi Uyesi” olarak isimlendirilen jipsli
birimler yiizeyde mostra vermektedir. Adana kent merkezinin kuzeyini Seyhan Baraj Golii
sinirlandirmaktadir. Son yillarda Adana kent merkezi yer yer jipsli birimlerinde yiizeylendigi
kuzey ve batiya dogru hizli bir gelisme gostermektedir. Adana kentsel gelisme alanlari
ve degisimlerinin belirlenmesi amaciyla 1987, 2003 ve 2010 yillarina ait Landsat uydu
goriintiileri, hedef tespit yontemi kullanilarak analiz edilmistir. Buna gére 6zellikle ¢aligma
alanini olusturan Adana kent merkezinin kuzey ve bati kesimindeki yerlesim alanlarinda son
23 yil igerisinde % 200°den fazla bir artig belirlenmistir.

Gokkuyu Alcitas1 Uyesi genisligi 500m’nin altinda uzun mercekler halinde yaklasik D-B
dogrultusunda yiizlekler vermektedir. Bununla birlikte kentlesmeye bagli olarak bazi
yap1 temelleri ile yol kazilart sonucu {istiindeki o6rtii birimlerinin kaldirilmasi ile de agiga
cikmaktadir. Caligma alaninda bazi konut ve okul gibi binalar dogrudan jips veya jips
icerigi yiiksek birimlerin lizerine oturmaktadir. Bu ¢alismada bazi ylizey ve yeralt1 sulari
icindeki siilfat miktarlart ile jipsli birimler i¢indeki suda ¢oziinebilir siilfat iceriklerini
belirlemek amaciyla ¢alisma alanindan numuneler alinmistir. Deneyler ASTM C1580 ve
Cl114 standartlarina uygun olarak gergeklestirilmistir. Su numunelerinde 3719 mg/1’ye
varan stlfat miktari, jipsli birimlerde ise % 12’ye varan suda ¢6ziinebilir siilfat icerikleri
6l¢lilmiistiir. Amerikan beton enstitiisii (ACI) ACI 318-05 Standarlarina gére gerek sulardaki
stilfat miktar1 ve gerekse suda ¢oziinebilir siilfat icerigi degerlerine gore bazi bolgelerin beton
iizerine siilfat atag: etkisi agisindan etkili ve ¢ok etkili olabilecegi sonucu elde edilmistir.
Dolayistyla bolgede yapilacak jeoteknik saha incelemelerinde olasi siilfat atagi etkilerinin
g0z oniinde bulundurulmasi dnerilir.

Anahtar Kelimeler: Jips, suda ¢oziilebilir siilfat, siilfat atag1
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ABSTRACT

The potential effects of highly soluble gypsum (CaSO »2H,0) minerals should be envisaged
both in land use planning and geotechnical site investigations. Formation of karstic features
by dissolution of gypsum units and anhydrite (CaSO ) emerged after dehydration of primary
gypsum or rehydration of the anhydrite to gypsum introduces considerable volumetric
changes. Additionally, the chemical and physical processes caused by reactions of numerous
cement components with sulfate ions originating from external or internal sources are called
as “sulfate attack”. The sulfate attack may cause deterioration of the concrete by leading to
expansion and corrosion of reinforcement.

It is known that the thick evaporite deposits in the Late Miocene Mediterranean sequences
were occurred as a result of “Messinian Salinity Crisis”. The uppermost Tertiary sequence
of the Adana Basin is represented by Handere formation that is widespread on the northern
part of the city and mainly made up of clastic units accompanying with evaporite member.
Evaporite units are mainly represented by salt and gypsum minerals but only the gypsums
namely the “Gokkuyu Gypsum Member” is cropped out. Seyhan dam reservoir delimits
the northern boundary of the urban area of Adana. The urbanization trend in Adana city
has been increasingly oriented towards the N and W for the last several decades. In order
to identify the urbanization change in Adana city center, target detection approach using
Landsat images for the years 1987, 2003 and 2010 were evaluated. Accordingly, more than
200% increment in settlement areas, especially in the N and W parts of the city center, were
determined for an interval of 23 years.

Gokkuyu Gypsum Member extends roughly E-W direction and presents longitudinal outcrops
with extent lower than 500m. However, new outcrops emerge due to the excavation works
for the new transportation facilities and the building foundations. Some structures such as
residences and school were directly constructed either on gypsum or gypsum bearing units. In
this study representative samples were taken in order to determine sulfate and water soluble
sulfate contents of surface water, groundwater and gypsum bearing units, respectively. ASTM
C1580 and C114 standards were followed for the laboratory tests. The sulfate amount in water
samples and the water soluble sulfate contents in gypsum bearing units were measured up
to 3719 mg/l and 12 %, respectively. According to the ACI 318-05 standarts of the American
Concrete Institute (ACI) measured sulfate in water and water soluble sulfate in gypsum units
may have severe to very severe degree of sulfate exposure in some regions for the potential
impact of sulfate attack. Consequently, sulfate attack potential should be considered in the
region during the geotechnical site investigation studies.

Keywords: Gypsum, water soluble sulfate, sulfate attack
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Atik barajlar, maden atik dokiimleri, y1gin ligleri ve cevher stok sahasindan tiireyen Asit
Maden Drenaji (AMD); asili kat1 madde, asitler, tuzlar, agir metaller, metaloitler ve siilfat
gibi ¢oziinmiis kirleticiler icerdiginden maden sahasindan g¢evreye desarj edilmektedir.
AMD’lerin ¢evreye kontrolsiiz desarji, yiizeysel sularini, sucul yasami, bitkileri, topragi,
sediman ve yeraltisularin1 olumsuz etkilemektedir.

Bu ¢alismada, M.O. 2000 yilindan beri ve modern yontemlerle de 1939 yilindan beri isletilen
Maden (Elazig) Acik Bakir Isletmesi sahasinin yeralti suyu kalitesindeki degisimlerinin
belirlenmesi amaglanmistir. Calisma alaninda yeraltisular1 ve kaynak sularindan Ekim 2009
— Temmuz 2010 donemleri arasinda mevsimsel olarak su numuneleri alinarak fiziksel ve
kimyasal parametreler (pH, sicaklik, elektriksel iletkenlik, Na, K, Ca, Mg, CI, HCO,, SO,,
NO,, Fe, Co, Cr, Mn, Ni, Cu, Zn, Al, Cd ve Pb) i¢in 6l¢iim ve analizler yapilmistir. Yeralti
suyu kalitesi, insan tiiketimi ve tarimsal kullanim ac¢isindan uygunlugunun hidrokimyasal
olarak belirlenmesi i¢in degerlendirilmistir.

Tiim su 6rneklerinde, analiz edilen ve 6l¢iilen parametreler, ulusal ve uluslararasi standartlar,
normlar, direktif ve yoOnetmelikler bakimindan, insan tiiketimi ve tarimsal kullanim
acisindan maksimum kabul edilebilir konsantrasyonlarin altindadir. Ayrica, aym1 bdlgede
yapilan 6nceki ¢aligmalarin sonuclarmin maden sahasindaki, topraklara, dere sedimanlarina,
bitkilere ve ylizey sularma olasi etkileri tartisilmistir. Buna goére; maden sahasi civarindaki
toprak ornekleri, kontamine olmamis topraklara kiyasla, bakirca 106 kez, nikelce 25 kez,
kobaltga 10 kez kromca 5 kez ve manganca 3 kez daha fazla kirletilmistir. Baz1 agir metaller
(Cu, Pb, Zn, As, Cd ve Fe) dere sedimanlarinin ince taneleri lizerine konsantre olmustur.
Tiim bitki tiirlerinde, Cu, Fe, Mn ve Zn kirlenmesi tespit edilmistir. Ayrica, Maden Cay1’nin
mansabinda, menbaya kiyasla, onemli derecede agir metal kirlenmesi gézlenmistir.

Anahtar Kelimeler: Asit Maden Drenaji (AMD), yeraltisuyu kirlenmesi, icme suyu, sulama
suyu, Maden

160



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

EFFECT OF ACID MINE DRAINAGE (AMD)
ON GROUNDWATER QUALITY

Tuba Rastgeldi Dogan’, M. Irfan Yesilnacar’,
Zekiye Kadiragagil’, Erkan Sahinkaya’, Mustafa Kumral
! Harran University, Department of Soil Science and Plant Nutrition,
63190 Sanlwrfa, Turkey
? Harran University, Department of Environmental Engineering, 63190 Sanlwrfa, Turkey
3 [stanbul Technical University, Department of Geological Engineering,
34469 Maslak, Istanbul, Turkey
(tubarastgeldi@gmail.com)

ABSTRACT

Acid Mine Drainage (AMD) derived from tailings dams, mine waste dumps, heap leach pads,
and ore stockpiles should not be released from the mine site by virtue of the presence of
suspended solids and dissolved contaminants such as acid, salts, heavy metals, metalloids,
and sulfate. The uncontrolled discharge of AMD into the environment has adverse effects on
surface waters, aquatic life, plants, soils, sediments, and groundwaters.

This study was undertaken to determine the variation in groundwater quality of an open-pit
copper mine of Maden (eastern Turkey) which have been operated since 2000 B.C. and with
modern methods since 1939. Physical and chemical parameters (including pH, temperature,
electrical conductivity, Na, K, Ca, Mg, Cl, HCOS, SO4, NO3, Fe, Co, Cr, Mn, Ni, Cu, Zn, Al,
Cd and Pb) of the groundwater and spring water samples from study area were measured
on a seasonal basis between October 2009 and July 2010. The groundwater quality was
hydrochemically assessed in order to determine its suitability for human consumption and
agricultural use.

The measured and analyzed parameters in all the water samples were below the maximum
admissible concentrations as per the international and national standards, guidelines,
directive and regulations for human consumption and for agricultural purposes. In addition,
the results of previous studies on possible effects of the mine site on soils, stream sediments,
plants and surface water in the same area were discussed. Accordingly, soil samples in the
area had much higher metal concentrations compared to uncontaminated soil samples (106
times for Cu, 25 times for Ni, 10 times for Co, 5 times for Cr and 3 times for Mn). Some
heavy metals (including Cu, Pb, Zn, As, Cd and Fe) were concentrated on the fine fraction of
stream sediments. In all the plant species Cu, Fe, Mn and Zn contamination were detected. In
addition, it was not observed significant heavy metal pollution in the upstream of the Maden
stream, while in the vicinity of the mining plant and downstream of the stream remarkable
heavy metal pollution were detected.

Keywords: Acid Mine Drainage (AMD), groundwater contamination, drinking water,
irrigation water, Maden
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Emirli antimon yatagi, Bati Anadolu’da Menderes Masifi’nde Kiiciik Menderes Kitasal Rift
Zonu’nun giiney kanadinda yer alir. inceleme alani, Prekambriyen-Kambriyen yasli gnayslar,
Paleozoyik ortii sistleri ve bunlar {izerleyen Permiyen yasl kuvarsitlerden olusmaktadir.
Gnayslar yorede gozlii gnayslar, bantli gnayslar, sisti ince taneli gnayslar, ince taneli biyotit
gnayslar ve granit gnayslar olarak ayrilabilirler. Emirli ydresinde genis alanlar kaplayan
mikagsistler taban kayaclari Ortmektedir. Yankayaclarin hidrotermal alterasyonu arazide
kendini 6zelikle renk degisimi ile gostermektedir ve 6zellikle cevherlesme alaninda fillik,
arjillik ve silislegsme zonlar1 ile temsil edilmektedir. Emirli antimon yataginda cevher mineral
toplulugu stibnit, pirit, arsenopirit, sfalerit, kalkopirit, tetraedrit, markazit, zinober, orpiment,
realgar, demir hidroksit ve nabit altindan olugmaktadir. Emirli antimon madeninden cevher
kazanimi galeri sistemiyle yapilmaktadir. Galeriden gelen asit maden drenaj sulari bir
havuzda bekletildikten sonra desarj edilmektedir. Diisiik pH (2,91) ve yiiksek elektriksel
iletkenlik degeri (EC: 3331 mS/cm) nedeniyle ¢6ziinmiis halde bulunan (SO4: 2332 mg/l,
Fe: 340,80 mg/l, As: 3,36 mg/l vb.) iyonlar yiiksek derisime sahip olup bdlgedeki yeralti
sularmin kirlenmesinde rol oynayabilir. Bu nedenle asitli drenaj suyunun akis yonii boyunca
izlenerek cevreye yaratabilecegi olumsuz etkiler aragtirilmalidir.

Anahtar Kelimeler: Emirli, antimon, asit maden drenaj suyu, AMD, kirlilik
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ABSTRACT

Emirli antimony mine is located at the SE margin of Kiigiik Menderes rift zone within the
Menderes Massif of western Anatolia. The study area consist of Precambrian-Cambrian
aged gneisses, Paleozoic schists and Permian quarzites. The gneisses is classified as augen
gneisses, banded gneisses, fine-grained gneisses, fine-grained biotite gneisses, and granite
gneisses in the area. Basement rocks are covered by mica schists in Emirli vegion. The
hydrothermal alteration of the host rocks can be recognized by a distinct colour change at the
surface of the field and is distinguished by phyllic, argillic, and silicic zones. The ore mineral
assemblage consists of stibnite, pyrite, arsenopyrite, sphalerite, chalcopyrite, tetrahedrite,
marcasite, cinnabar, orpiment, realger, iron hydroxide, and native gold in Emirli antimony
mine. Acid mine drainage waters from the gallery are discharged after waiting in a pool.
Due to the low pH (pH: 2,91) and high electrical conductivity (EC: 3331 mS/cm) values are
dissolved ions (SO4: 2332 mg/l, Fe: 340,80 mg/l, As: 3,36 mg/l etc.) highly concentrations
and this may play a imported role in groundwater pollution. For this reason, flow direction
of acidic drainage water should be controlled and the possible negative effects should be
investigated.

Keywords: Emirli, antimony, acidic mine drainage water, AMD, pollution
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TOPRAKTA TRAFIGE BAGLI iZ ELEMENT BiRiKiMIiNE AiT
ILK BULGULAR
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Giimiishane Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii
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0z

Bu ¢alisma kapsaminda, Glimiishane devlet karayolu boyunca toprak ve akasya dallarindaki
(robinia pseudoacacia), Co, Cr, Cu, Ni, Pb, Rb, Sr, V, ve Zn gibi iz element konsantrasyonlarinin
(6zellikle agir metallerin) sehirlesme ve trafige bagli degisimin irdelenmektedir. Gliimiishane,
bolgenin jeolojik yapist nedeniyle dar bir vadi i¢inde yer almakta olup, i¢cinden bdlgenin en
yogun karayollarindan biri olan Tiirkiye-iran karayolunun gegmesi sebebi ile yogun trafikten
etkilenmektedir. Bu etkenlere bagli olarak calisma alaninda toprak ve bitkilerde (6zellikle
akasya dallarinda) iz element (6zellikle agir metal) birikimi riski yiiksektir. Inceleme
alaninda, toprak ve akasya dallarindaki iz element birikiminin degerlendirilmesi jeo-birikim
indeksine, zenginlesme faktoriine (EF), kirlenme faktdriine ve kirlenme derecesine gore
yapildi. iz element birikimini incelemek igin toprak ve akasya dallarina ait drnekler yol
boyunca birkac profilden alindi. Akasya dallarinin iz element analizleri ICP-AES, toprak
orneklerinin iz element analizler ise XRF spektrometresiyle gerceklestirildi.

Elde edilen verilere gore, ¢aliyma alanindaki topraklarin iz element birikimine maruz kaldig1
ve normal konsantrasyondan bir miktar yliksek seviyede toksik element seviyesine sahip
oldugu goriilmiistiir. Topraktaki belli bagh iz element konsantrasyonlari, Cr (22-36 ppm),
Cu (8-37 ppm), Zn (76-477 ppm), Co (5-10 ppm), Mn (775-4648 ppm), As (10-32 ppm), Sr
(3-380 ppm), Rb (10-44 ppm), Pb (15-747 ppm), V (26-145 ppm) arasinda degismektedir.
Akasya dalindaki iz element degerleri ise; Cr (0.32-11.73 ppm), Cu (1.58-34.40 ppm), Zn
(3.77-47 ppm), Co (0.46-0.93 ppm), Mn (3.54-14 ppm), As (1.82-2.08 ppm), Sr (19.55-
77.15 ppm), Sn (9.9-11.7 ppm), Al (10.15-203 ppm), Ba (3.14-18.50 ppm), Mo (7.33-56.45
ppm), Ni (1.09-9.85 ppm) arasinda degismektedir.

Yapilan c¢aligma sonucunda akasya dallar1 topraga gore daha az miktarda iz elementi
biinyesinde biriktirdigi i¢in, iz element birikimlerinin incelenmesine yonelik ¢alismalarda
akasya dallarinin kullanilmasiim uygun olmadigi gortilmiistiir. Toprak orneklerinde ise
bazi iz elementlerin (Pb, Zn) yiiksek EF gosterdigi, topragin agir metal agisindan bir miktar
kirlendigi tespit edilmistir. Genel anlamda kirlenme karasal ve sucul ekosistemler i¢in dnemli
cevresel tehlikelere sebep olabilir. Glimiighane’nin yerlesim konumu ve hidrolojik 6zellikleri
dikkate alindiginda, kirliligin bolgenin ekosistemleri iizerinde olumsuz etkiler meydana
getirebilecegi diisiiniilmektedir.

Anahtar Kelimeler: Cevre jeolojisi, bitki jeokimyasi, jeokimya, akasya (robinia
pseudoacacia), Giimiishane
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PRELIMINARY FINDINGS OF TRACE ELEMENTS
ACCUMULATION IN SOIL AND ACACIA FOR VICINITY OF STATE
MAIN ROAD PASSING THROUGH GUMUSHANE CITY CENTER

Alaaddin Vural, Erdem Sahin
Giimiishane University, Engineering Faculty, Department of Geology Engineering
(vural@gumushane.edu.tr)

ABSTRACT

The concentration of trace elements (especially heavy metals) such as, Co, Cr, Cu, Ni, Pb,
Rb, S, V, and Zn, were investigated in soils and branch of acacia (robinia pseudoacacia) to
understand trace element accumulation associated with the heavy traffic and urbanization.
Giimiishane, because of geological structure of the region, is situated within a narrow
valley, and it is affected by heavy traffic owing to Turkey-Iran international highway which
passes through Giimiishane. Depending on these factors, the area has risk of trace element
(especially, heavy metals) accumulation. The assessment of the accumulation trace elements
in soil and branch of acacia at the study area was based on the geoaccumulation index,
enrichment factor (EF), contamination factor, and degree of contamination. Soil and acacia
samples were collected at a few profiles from along the roadside. The branch of acacia
samples were analyzed by ICP-AES for trace elements. The soil samples were analyzed by
XRF spectrometer

The results show that the soils are moderately accumulated with trace elements which the limit
has exceeded normal concentration in the study area. In the soil, the ranges of concentration
of Cr (22-36 ppm), Cu (8-37 ppm), Zn (76-477 ppm), Co (5-10 ppm), Mn (775-4648 ppm),
As (10-32 ppm), Sr (3-380 ppm), Rb (10-44 ppm), Pb (15-747 ppm), V (26-145 ppm). In the
other hand, in branch of acacia, the ranges of concentration of Cr (0.32-11.73 ppm), Cu
(1.58-34.40 ppm), Zn (3.77-47 ppm), Co (0.46-0.93 ppm), Mn (3.54-14 ppm), As (1.82-2.08
ppm), Sr (19.55-77.15 ppm), Sn (9.9-11.7 ppm), Al (10.15-203 ppm), Ba (3.14-18.50 ppm),
Mo (7.33-56.45 ppm), Ni (1.09-9.85 ppm).

The result of the study show that branch of acacia is not suitable to investigate for trace
element accumulations becausetrace element concentrations are more lower in branch of
acacia than soils. In another hand, it is determined that some heavy metals(Pb,Zn) showed
high EF in the soil samples indicating that there is a little heavy metal pollution. In general
meaning, contamination site poses significant environmental hazards for terrestrial and
aquatic ecosystems. In attention of location and hydrological features of Giimiishane, it is
thought that contamination bring about negative effects on ecosystems of the region.

Keywords: Environmental geology, biogeochemistry, geochemistry, acacia (robinia
pseudoacacia), Giimiishane
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Afetleri, “Dogal Afetler” ve “Teknolojik Afetler” olarak ikiye ayirmak miimkiindiir. Teknolojik
afetler endiistriyel kazalar, cesitli kazalar, ulasim kazalar1 olarak siniflandirilabilir. Niikleer
santral kazalari, kimyasal, endiistriyel, ugak, demiryolu ve gemi kazalari, baraj yikilmasi
gibi kazalar teknolojik afet olarak kabul edilmektedir. Teknolojik afetler kendiliginden
gelisebildigi gibi, insanlar nedeni ile de gelisebilir. Bunun disinda, 2011°de Japonya’da
meydana gelen Tohoku Depremi ve tsunamisinin tetikledigi niikleer santral kazasinda oldugu
gibi dogal bir afet nedeniyle de meydana gelebilir. Teknolojik afetlerdeki zararlar felakete
neden olan teknoloji tiiriine gore degisim gdsterir. Yasanan bir teknolojik afetin etkileri kisa,
orta ya da uzun vadede ortaya ¢ikar.

Anahtar Kelimeler: Teknolojik afet, endiistriyel kazalar, ulagim kazalar1
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TECHNOLOGICAL DISASTERS

Canan Akin
Afet ve Acil Durum Yonetimi Baskanligr Eskisehir Yolu 8. Km. Lodumlu, Ankara, Turkey
(canan.akin@afad.gov.tr)

ABSTRACT

Disasters can be divided in two part as Natural and Technological Disasters. Technological
disasters can be classified as industrial accidents, various accidents, transportation
accidents. Nuclear power plant accidents, chemical and industrial accidents, air, rail, ship
accidents and terrorist attacks are accepted as technological disaster. Technological disasters
have been take placed by itself or human activity. Tohoku Earthquake and tsunami that
occurred in 2011 in Japan because of natural disaster. Technological disasters losses vary
depending on the type of technology that leads to catastrophe. The effects of a technological
disaster emerge in the short, medium or long-term arises.

Keywords: Technological disasters, industrial accidents, transportation accidents
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Egirdir Golii beslenme havzasi Isparta ili sinirlari i¢erisinde olup yaklagik 3417 km?’lik bir
alani kapsamaktadir. Havzada bulunan evsel ve endiistriyel atiklar ile tarimsal aktiviteler ylizey
ve yeraltisularinin kalitesini olumsuz yonde etkilemektedir. Caligma alaninda, stirdiiriilebilir
havza yonetimi i¢in havza sinirlar icerisinde yer alan ve g6liin beslenmesinde biiyiik rol
oynayan akifer birimlerin kirlenebilirlik potansiyellerinin belirlenmesi ¢aligmanin amacin
olusturmaktadir. Bu amaca yonelik olarak, bolgedeki ana kirletici kaynagin tarimsal kirlilik
olmas1 ve kirliligin 6zellikle aliivyon ortamda yayilim gdstermesi sebebiyle Cografi Bilgi
Sistemleri (CBS) tabanlt DRASTIC (Yeraltsuyu derinligi, Beslenim, Akifer ortam, Toprak
ortiisii, Topografya, Vadoz Zonun Etkisi, Akiferin hidrolik iletkenligi) yontem kullanilmistir.
Ayrica, standart DRASTIC yontemde kullanilan parametrelere yeraltisularinin akimi ve
kalitesini etkileyebilecegi dngoriilen ‘Cizgisellik (kirik)’ ve ‘Arazi kullanim1’ parametreleri
de eklenerek DRASTIC ydntem modifiye edilmistir. Modifiye DRASTIC yontem igin
hazirlanan her bir parametrenin alt siniflarinin reyting katsayilart Analitik Hiyerarsi Siireci
(AHS) kullanilarak yeniden belirlenmis ve Modifiye DRASTIC-AHS yontemi gelistirilmistir.

Havza icin hazirlanan DRASTIC kirlenebilirlik haritasina gdre, gole smir olan alanlar ve
genel olarak aliivyon birimlerin yer aldigi bolgeler ‘yiiksek kirlenebilirlik® potansiyeline
sahip oldugu goriilmektedir. Karbonatli kayaclarin gdzlendigi alanlar ise ‘orta dereceli
kirlenebilirlik’ potansiyeline sahip bdlgeler olarak belirlenmistir. Modifiye DRASTIC
kirlenebilirlik haritasinin DRASTIC kirlenebilirlik haritasi ile olduk¢a benzer sonuglar verdigi
gozlenmektedir. Modifiye DRASTIC-AHS yontemi ile elde edilen kirlenebilirlik haritasinda
ise havzanin kirlenebilirlik index degerlerinin daha yiiksek oldugu belirlenmistir. Ozellikle
Senirkent—Uluborlu ve Hoyran ovalarinda géle sinir olan kesimlerin ve Yalvag-Gelendost
ovasinin tamammin ‘oldukca yiiksek kirlenebilirlik’ (Indeks degeri: 0.32) potansiyeline
sahip olmalar1 dikkat cekicidir. Caligmada gelistirilen Modifiye-DRASTIC yo6ntemde
degerlendirmeye alinan ¢izgisellik ve arazi kullanim parametrelerinin sonug haritalarina
olan etkileri “Tek Parametreli Hassasiyet Analizi” ile belirlenmistir. Hazirlanan akifer
kirlenebilirlik haritalarinin dogrulugunu kontrol etmek i¢in ise havzadaki yeraltisularinin
nitrat igerigi analiz edilmistir. Genel olarak, calisma alaninda yiiksek kirlenebilirlik
potansiyeline sahip bolgelerde yeraltisulari nitrat igeriklerinin de yiiksek degerler verdigi
goriilmektedir.

Anahtar Kelimeler: Akifer, DRASTIC, kirlenebilirlik, yeraltisuyu, analitik hiyerarsi siireci
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tHE PREPARATION OF AQUIFER VULNERABILITY MAPS USING
MULTICRITERIA DECISION ANALYSES BASED ON GIS: A CASE
STUDY IN EGIRDIR LAKE CATCHMENT AREA
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ABSTRACT

Egirdir Lake catchment area is situated in Isparta province that covers an area of 3417 km’.
Domestic, industrial wastes and agricultural activities which are performed the lake basin
negatively affected to surface and groundwater quality. The study area is important water
basin for our country. The aim of the study is to assess the vulnerability potential of aquifer
units within the lake basin for sustainable basin management. For this purpose, DRASTIC
(Depth to water, net Recharge, Aquifer media, Soil media, Topography, Impact of vadose
zone and Conductivity) method based on Geographic Information Systems GIS was used
for vulnerability assessment due to agricultural pollution is dominated in the study area and
pollution spill in the alluvium. In addition, DRASTIC method was modified with adding of
‘Lineament (fault)’ and ‘Land use’ parameters which can be affected groundwater flow and
quality to standard DRASTIC method parameters. Furthermore, modified DRASTIC-AHP
method was improved using Analytical Hierarchy Process (AHP) for determination of the
rating coefficients of each parameter in the modified DRASTIC method.

According to prepared DRASTIC vulnerability map for the basin, the coast of the Egirdir Lake
demonstrated ‘high vulnerability’ potential for alluvium units and ‘medium vulnerability’
potential for carbonate aquifers in the basin. Modified-DRASTIC-AHS vulnerability map is
quite similar to the DRASTIC vulnerability map. Vulnerability index values of the basin which
are determined with Modified-DRASTIC-AHP method are higher than standard DRASTIC
map. Especially, coast areas of Senirkent-Uluborlu and Hoyran plains and all of the Yalvag-
Gelendost plain were shown ‘quite high vulnerability (Index value: 0.32) potential. The effect
of lineament and land use parameters to result maps was determined with Single-Parameter
Sensitivity Analysis. In addition, nitrate concentration of groundwater was analyzed for
control the validity of maps preparing with these methods. In general, nitrate contents of
groundwaters are increased in the area having high vulnerability potential.

Keywords: Aquifer, DRASTIC, vulnerability, groundwater, analytical hierarchy process
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ilgi odag1 olan jeolojik malzemeler bazen dogal olarak radyoaktivite icerirler. Bu malzemeler,
belirli kosullar altinda insan saglig1 icin tehlikeli seviyeye ulasabilir. Bazi kirlilik seviyeleri
cok siddetli olabilir, bu nedenle énemlerin alinmasi zorunludur. Dogal mermer ve granit
kayalar, evlerde tugla, cimento, zemin, duvar karolar1 ve gilizel agir tezgah pargalar1 olarak
bulunurlar. Yer kabugundaki ocaklarindan ¢ikarilan bu kayalar, tiim diinyada evlerde
kullanilan yap1 malzemeleri i¢in uygun hale getirilmektedir. Yer kabugu, orjinal olarak
supernova tarafindan iiretilen elementleri igerirler. Bu elementlerden bazilar1 radyoaktiftir, bu
nedenle yer kabugunda ¢ikarilan her tiirlii yap1 malzemeleri potansiyel olarak radyoaktiftir.
Bu kayalar, dekorasyonlarda kullanilmak {izere parlatilabilen ve diisiik su emme 6zelliklerine
sahiptir. Dogal kaya orneklerinde bulunan radyoaktivitenin bilinmesi, insan sagligt i¢in
olas1 radyoaktivite zararin1 degerlendirmesine ©nemli katki saglar. Evlerde radyoaktif
elementlerin iki potansiyel tehlikesi vardir: birincisi “radyasyon” digeri ise “radon”dur.
Radon gaz formunda olan dogal radyoaktif bir elementtir. Radon, biitiin kayalarda ve yap1
mazlemelerinde bulunan radyumun bozulma iriiniidiir. Radon i¢ceren havanin solumasi ile
radyoaktif elementler direk olarak yumusak akg¢iger dokularina girer ve akciger kanserine
sebep olabilir. Radonun dogal kaynag1 evlerin etrafindaki topraklardan, uzaydan kaynaklanan
ve atmosfere giren kozmik 1ginlardan ¢ikar. Dekoratif ve yap1 malzemelerinde kullanilan
granitlerde yliksek radon seviyeleri bulunur. Ninova Bdlgesindeki ¢cogu evde, uranyumca
zengin olan bu malzemeler yaygin bir sekilde kullanilmaktadir. Bu ¢alismanin amaci,
Ninova bdlgesinde kapali alandaki radon ve radyum seviyelerinin 6l¢iilmesi, belirlenmesi ve
aragtirtlmasidir. Siv1 sintilasyon dedektdrii kullanilarak, 20 mermer ve 10 adet granit 6rnegi
icindeki dogal radyoniiklit konsantrasyonu ol¢iilmiistiir. Mermer 6rneklerinde radyoaktivite
konsantrasyonu 2!U ig¢in 0.8’den 52 Bq/kg, 2?Th i¢in 0.2’den 39 Bg/kg, Radium-226
icin 14 Bg/kg’den 122 Bq/kg ve Radon-222 i¢in 12°den 66 Bq/kg arasinda degismektedir.
Diger taraftan granit 6rneklerinde ise bu degerler **U igin 14- 382 Bq/kg, 2*2Th i¢in 10- 200
Bg/kg, Radyum-226 icin 18-175 Bg/kg ve Radon-222 icin ise 34 ile 165 Bq/kg arasinda
degismektedir. Bu sonuglar, Irak’ta uranyum, radyum ve radon konsantrasyonlari ile ilgili
gelecekte yapilacak ¢aligmalar igin temeldir. Ayrica benzer sonuglar daha 6nce Irak, Misir ve
Tiirkiye’de 6lgiilen verilere yakin oldugu gériilmiistiir ve bu veriler Urdiin, Ispanya, Suudi
Arabistan ve Fransa’da dl¢tilen degerlerden diigiiktiir.

Anahtar Kelimeler: Dogal radyoaktivite, radon, mermer, granit, radiyum
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tHE NATURAL RADIATION LEVEL IN COMMERCIAL MARBLE
AND GRANITE STONES UTILIZED FOR BUILDING MATERIALS IN
THE PROVINCE OF NINEVEH (IRAQ)
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Department of Physics, College of Education, Mosul University, Mosul , Iraq
(muhsinbadrani@yahoo.com)

ABSTRACT

Geological materials sometimes naturally contain radioactive materials which becomes a
focus of attention. These materials, under certain conditions may reach hazardous levels
for populations. Some contamination levels may be sufficiently severe so that precautions
must be taken. Natural marble and granite stones find its way into homes as part of the
bricks, cement, floor and wall tiles, as well as our beautiful heavy countertops. These stones
are mined from the earth’s crust in quarries, and then make available to home builders,
throughout the world. The earth's crust contains elements that originally produced by the
(supernova). Some of these elements are radioactive, and therefore any building materials
extracted from the earth’s crust can potentially be radioactive too. These stones have
characteristics that enable them to be used in decoration as, able to be polished and have low
water absorption. A knowledge of radioactivity present in these natural rock samples gave
important information’s help to assess the possible radiological hazards to human health.
The potential dangers of radioactive elements in homes are double: one is “radiation” and
the other is “radon.” radioactive elements, where Radon is a natural radioactive element in
the gaseous form. It is a decay product of radium, which is present in all rocks and building
materials. Breathing air that contains radon thus deposits radioactive elements directly
into the soft-tissues of the lungs and may cause lung cancer. The natural sources of radon
are emanation from the soil around houses and the cosmic rays from space entering in
atmosphere from space. High radon levels are present in the granite rocks that spread in
building materials and decorative Such materials are rich in uranium and , these materials
are widely used in construction of most houses in Nineveh province. The present work aims is
to investigation, determination and detection of indoor radon and radium levels throughout
province of Nineveh. The concentration of natural radionuclides in 20 marble and 10
granite samples were determined using a liquid scintillation detector .The concentrations of
radioactivity in the marble samples have ranged from 0.8 to 52 Bq/kg for 23U, and from 0.2
to 39 Bq/kg for *’Th and from 14 Bq/kg to 122 Bq/kg for radium-226, and from 12Bq/kg to
66 Bq/kg for Radon-222. On the other hand, granite ranges from 14 to 382 Bq/kg for 35U,
and from 10 to 200 Bq/kg for **Th and from 18 Bq/kg to 175 Bq/kg for radium-226, and from
34 Bq/kg to 165 Bq/kg for Radon-222. The results provide a framework for future studies that
include a large, broader survey of Radon and radium and uranium concentration in Iraq.
Also it was observed that the previous results close to those measured in Iran, Egypt and
Turkey, and less than those measured in the Jordan, Spain, KSA and France.

Keywords: Natural radioactivity, radon, marble, granite, radium
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Istanbul ve Kocaeli yarimadalarinda sahada tespit edilen bazi jeolojik olusumlar bu
bolgelerde saat yoniinde donmelerin meydana geldigini ortaya koymustur. Bu dénmeler
Kuzey Anadolu Fay Zonu’nun 3.7 milyon yil énce Marmara Bolgesi’ne ulasan ve istanbul
ve Kocaeli bloklarinin dénebilmesi i¢in kuzeyde Karadeniz i¢inde benzer yonelimli bir sag
yanal dogrultu atimli fayin gelismesini saglayan tektonik etkinligin sonucudur. Karadeniz
kiyisindaki fay TPAO’ nun derin sismik kesitlerinde belirlenmistir. Bu sistem i¢inde istanbul
ve Kocaeli bloklarmin saat yoniinde farkli hizlarda donmeleri Istanbul Bogazi’nin bir
makaslama zonu seklinde acilmasini saglamistir. Ancak, su baglantisi cok sonra, Holosen’de
(7200 y1l 6nce) Bogaz’in kuzey ve glineydeki korfezlerin birlesmesi ile meydana gelmistir.

Anahtar Kelimeler: Istanbul Bogazi, Kocaeli Bloku, Istanbul Bloku, blok rotasyonu, su
baglantisi
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ABSTRACT

It has been observed that some geological features of the European and Asian peninsulas
indicate their clokcwise rotation. These rotations are the results of the tectonic movements
which created the North Anatolian Fault Zone within the Marmara region 3.7 Ma ago. The
diferential rotations of these blocks lead the development of the Strait of Istanbul as a shear
zone. However, the water connection between the Sea of Marmara and the Black Sea was
realized 7200 a BP by the joining of the gulfs to the North and South of the strait'’s channel.

Keywords: Istanbul Strait, Kocaeli Block, Istanbul Block, block rotation, water connection
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Akdeniz ve Karadeniz arasindaki Ge¢ Kuvaterner su degisimlerine bagl ve dzellikle de glasiyel
sonras1 hakim erozyonal siireclerini ve deniz tabani iizerindeki etkilerini aragtirmak amaci ile
gerceklestirilen ve kismen TUBITAK’¢a desteklenen (CAYDAG-104Y024 ve YDABCAG-
102Y113) bu calisma ¢ok sayida sismik ve batimetrik veri degerlendirmesini kapsamaktadir.
Canakkale Bogaz1 ve bogazin Ege ve Marmara Denizleri ¢ikis bolgelerinde 1979-2007 yillari
arasinda SHOD-TCG Cubuklu ve MTA- Sismik I Arastirma Gemilerinde yiiksek ayirimli, tek
kanall1 sismik sistemler ile elde edilen yansima profilleri gerekli veri islemlerinden ge¢irilmis ve
yaygin kullanilan sismik fasiyes analiz yontemleri ile yorumlanmiglardir.

Sismik profillerde en az 4 sismik birim tesbit edilmistir. Birim-1 en iistte giincel deniz tabani
ile ortiilmiis olup, paralel yansimali yatay tabakalara sahiptir. Birim-1 nisbeten diisiik enerji
kosullarini yansitmakta ve bogazin ¢ukurlarinda 1 metre, agik self alanlarda 10 metre ve bogazin
bazi kanal gukurlar1 ve akarsu agizlarinda yigisimlar ile 30 metreye varan sediment kalinliklarina
sahiptir. Bolgesel cabuk degisebilen bu sediment kalinliklar1 Canakkale Bogazi tabaninda
Holosen erozyon, tasinma ve birikim siireclerinin ne kadar etkin oldugunu gdstermektedir.
Birim-2 uyumsuzluk yiizeyi ile sinirlanmakta ve alttaki birimlerin iizerinde agsmali olarak son
bulmaktadir. Ust kismi erozyonal gériiniime sahip Birim-2 Ege ve Marmara ¢ikislarinda ilerleyen
delta onii egimli yansimalar1 gosterirken, kanal i¢inde kazilmig ve dolgu istiflerine isaret
etmektedir. Kanalin farkli bolgelerinde farkli sismik yansima sekilleri gosteren Birim-2 {i¢ alt
birime de (2a, 2b, 2c gibi) ayrilabilmektedir. Cogunlukla bogazin Marmara ve Ege Denizlerini
self ¢ikiglarinda gozlenen Birim-3 devamli, paralel yansimali agmalar seklinde alttaki erozyonal
yiizeyli Birim-4 iizerinde sona ermektedir. Birim-3 kalinlig1 her iki self esiginde 200 metreyi
bulmaktadir. Ust smir1 erozyonal yapida olan Birim-4 6zellikle Karaburun ve Marmara Adasi
civarinda uyumsuzluk yiizeyi ile Miyosen 6ncesi temeli 6rtmekte ve yer yer kiyilarda gozlenen iist
Miyosen ¢okellerinin denizaltindaki devami olarak tartisilmaktadir. Ege Denizi’nde Gokgeada-
Biga Yarimadasi arasinda uzanan bir paleo-vadide Birim-4’iin ylizeyi giineyden kuzeye dogru
artan bir derinlikte Birim-3 ile doldurulmustur.

Birim-1 ve 2 ¢okellerin, son buzul ve buzularasi donemlere ait, Birim-3 ve 4’{in son buzul
maksimumdan once ¢okeldikleri kuvvetle muhtemeldir. Deniz seviyesi degisimleri, degisken
kanal morfolojisi ve akinti sistemi, farkli akarsu girdileri birlikte Canakkale Bogazi’nda sediment
birikim ve taginim kosullarini kontrol etmektedirler.

Anahtar Kelimeler: Canakkale Bogazi, Kuvaterner, deniz seviyesi degisimi, sismik stratigrafi,
sediman
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ABSTRACT

The main purpose of this study is to investigate the Late Quaternary water exchanges between
the Mediterranean and Black Seas and related postglacial prevailing erosional processes and
their influences on seafloor. This work was partly supported by the TUBITAK projects CAYDAG-
104Y024 and YDABCAG-102Y113 and comprises large number of seismic and batyhmetric data
evaluation. During the years between 1979-2007 in the Canakkale Strait (“Dardanelles”) and
its Aegean Sea and Marmara Sea approaches seismic reflection profiles were obtained with high
resolution and single channel seismic systems and data-processed with subsequent seismic facies
analysis and interpretation according to well-known methods.

At least 4 seismic units were identified on the profiles. The uppermost Unit-1 is characterized by
parallel reflections of flat-lying configurations and covered by present sea-floor. Unit-1 represents
relatively low-energy conditions and is 1 m thick in channel depressions but 10 m thick in shelf
areas and reaches deposits up to 30 m off the river mouths. These locally changing sediment
thicknesses show the importance of Holocene erosional, transportation and depositional processes
on the Canakkale Strait’s floor. Unit-2 is separated by an unconformity and terminate with onlap
onto older below units. The upper boundary of Unit-2 display an erosional character and indicate
at the Aegean and Marmara Sea s exits oblique and prograding delta deposits whereas incised
channel-fill sequences are are common within the channel. Unit-2 displays locally changing
seismic reflection configurations and thus can be divided into 3 subunits, 2a, 2b and 2c. Unit-3 is
observed mainly on the Marmara and Aegean shelves of the strait terminate with continuous and
onlapping parallel reflectors onto the erosional surface of Unit-4. The thickness of Unit-3 reaches
upto 200 m on both shelf breaks. The upper surface of Unit-4 is erosional and in Karaburun
Promontory and Marmara Island areas it unconformably overlies pre-Miocene basement whereby
its outcrops at the shores is interpreted as the submarine extension of the upper Miocene units.
In the Aegean Sea, between the Gokgeada Island and Biga Peninsula there exists a paleo-valley
where surface of Unit-4 deepens from the south to north and infilled by deposits of Unit-3.

1t is most likely that Unit-1 and 2 deposits belong to last glacial and interglacial periods and
Units-3 and 4 were deposited before last Glacial Maxima. It is suggested that sea-level changes,
changing channel morphology and current regime together with different fluvial drainage systems
all control sediment transportation and depositional conditions in the Canakkale Strait.

Keywords: Canakkale Strait, Quaternary, sea-level change, seismic stratigraphy, sediment
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Bu ¢alismada, Marmara Denizi’nin en dogu kesiminde yer alan, ve Kuzey Anadolu Fay
Zonu (KAFZ) tarafindan olusturulan Cinarcik havzasi self ve yamaclar1 gelecekteki deniz
alt1 heyelan olusumlarinin daha iyi anlagilmasi i¢in sismik ve ¢ok kanalli batimetrik veriler
1s181inda yeniden degerlendirilmistir. Sismik veri yorumlar1 Palezoik birimlerinin deniz
altindaki istyiizeyinin uzantisinin KKD-GGB dogrultusunda havza ve sirt tipinde bir
morfolojiye sahip oldugu ve bunun KAFZ’in ikincil faylar1 tarafindan kontrol edildigini
ortaya koymustur. Plio-Kuvaterner ¢okelleri ile ortiilii havza, self ve yamaglarda dogrultu
atimhi faylar tarafindan kesilmektedir. Havza depolar1 Cinarcik baseninin ¢izgisel
yamagclarma dogru 130 m kalinliga kadar ulasir ve bu kesimde goreli olarak giincel bir
denizalt1 heyelani, Tuzla heyelani, basenin yamacini keser. Detayli morfolojik incelemeler
muhtemelen KAFZ’1n aktivitesi tarafindan tetiklenen Tuzla heyelaninin derin bir rotasyonel
heyelan oldugunu belirtmektedir. Bunun yani sira morfolojik analizler Paleozoik temel
iizerinde yer alan kalin Plio-Kuvaterner depolar1 Tuzla heyelan: sirasinda yer degistirdigini
ortaya koymaktadir. Bu heyelan Cinarcik baseninin kuzey self ve yamaclarmin potansiyel
heyelan dinimiginin anlagilmas1 bakimindan kilit bir etkinlik olarak degerlendirilmistir. Tuzla
heyelanin dogu ve bat1 kesimlerinde yer alan iki alan, Tuzla heyelan: ile es kalinlikta Plio-
Kuvaterner depolari, benzer yamag morfolojileri ve sedimentleri kesen benzer fay aktivitesi
gibi jeolojik ve jeomorfolojik 6zelliklerine bagli olarak gelecekte potansiyel heyelanlanma
alan1 olarak nitelendirilmistir.

Anahtar Kelimeler: Cinarcik havzasi, denizalt1 heyelani, Kuzey Anadolu Fay Zonu, heyelan
dinamigi, Marmara Denizi
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ABSTRACT

In this study, seismic and multi-beam bathymetric data from the northern shelf and slope of
the Cinarcik Basin, which is generated by the North Anatolian Fault Zone (NAFZ) located
in the easternmost basin in the Marmara Sea, were re-interpreted to better understand
the future sub-marine landslide occurances. Seismic data interpretation reveal that upper
surface of the sub-marine extension of the Paleozoic rocks has an NNE-SSW oriented basin
and a ridge type morphology controlled by the secondary faults of the NAFZ. Basins are
fulfilled by Plio-Quaternary sediments, which are cut by strike-slip faults on the shelf and
slope. The thickness of basin deposits reaches up to 130 m toward the linear northern slope
of the Cinarcik Basin and in this section a relatively recent sub-marine landslide, the Tuzla
Landslide, cuts the slope of the basin. The detailed morphological investigation indicates
that the Tuzla Landslide is a deep-seated rotational landslide, which was likely triggered by
activity of the NAFZ. Morphological analyses also indicate that the thick Plio-Quaternary
deposits on the Paleozoic basement dispalced during the Tuzla Landslide event. This landslide
is considered as a key event to understand the dynamics of the potential landslides on the
northern shelf and slope of the Cinarcik Basin. Two areas locating on the eastern and the
western sides of the Tuzla Landslide are considered as the potential areas for future sliding
due to similarities of geological and geomorphological features with the Tuzla Landslide
such as similar thick Plio-Quaternary deposits, similar slope morphology, and similar fault
activity cutting the sediments.

Keywords: Cinarcik Basin, sub-marine landslide, North Anatolian Fault Zone, landslide
dynamics, Marmara Sea
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Gaz hidrat; metan ve suyun karisimindan sekillenen, buz benzeri kristalleri olan kati bir
maddedir. Gaz hidratlar tortullarin bogluklu yerlerinde ve ¢imentolanmayla yumru ve/
veya tabakalar seklinde meydana gelir. Gaz hidrat, kutup bdlgelerinde s1g sularda, okyanus
ortast tortullarda ve basing ile sicaklik kosullart uygun oldugu kitasal yamag bolgelerindeki
tortullarda bulunmaktadir. Petrol enddistrisi ve hiikiimetler, tiim diinyada soguk ve derin
sularda hidrokarbon gazlarini tutan ve buza benzer enerji mineralleri olan gaz hidratlar
arastirmaya baslamislardir. Gaz hidratlar biiyiik bir olasilikla petrol ve dogal gaz rezervlerin
tilkenmesiyle, diinyanin gelecekteki enerji kaynagi olacaktir. Metan jeolojik olarak (ve
ekonomik olarak) li¢ nedenden dolayir énemlidir. Birincisi, metan sizintilar1 derinlerdeki
hidrokarbon rezervinin varhigmin dogrudan gostergesi olabilir. Ikincisi, metan hidratlarin
kendisi de onemli bir enerji kaynag olacaktir. Ugiinciisii, tortullardaki metan iiretimi ve
gbcll, yogun yamag kaymalarma neden olabilir ki bunun sonucunda tsunami olusabilir.
Bunlar potansiyel sig gaz birikimlerini isaret edebilirler, ve gaz hidrat formasyonlari kiy1
Otesi deniz ¢alismalarina ve dogal gaz boru hatlari, petrol platformlart gibi yapilara yer
tehlikeleri getirebilirler. GazMetan hidratlar Karadeniz ve Akdeniz’deki tortullarda yiiksek
basing-orta sicakliklarda bulunmaktadirlar. GazHidratlar kita yamaglarinda rahat bir sekilde
saptanabilirler, ¢iinkii jeofizik profiler ve sismik yansima kayitlar1 izerinde goriiniimlerinden
dolay1; Gaz Hidrat igeren yapilar Karadeniz havzasinda kuvvetli akustik yansimalar olarak
s1g sismik jeofizik kayitlar iizerinde bile saptanabilmektedirler.

Sismik laboratuar (SeisLab) K.Piri Reis Arastirma Gemisi yardimiyla, ¢ok kanalli sismik
yansima, ¢ok 1smli batimetri, derinden cekilen yanal taramali sonar ve si1g miihendislik
sismigi (CHIRP) verilerinin toplanmasi, iglenmesi ve yorumlanmasi amactyla 2005 yilinin
baslarinda Dokuz Eyliil Universitesinde faaliyete gegmistir. SeisLab farkli tipteki verilerin
islenmesi ve yorumlanmasi igin gerekli olan bilgisayar donanimina ve yazilimlarina sahiptir.
Seislab Laboratuari’nin birincil kurulum amaci, Tirkiye’yi g¢evreleyen denizlerde gaz
hidratlarin kesfedilmesini kapsamaktadir. 2005 yilindan beri ¢ok kanalli sismik yansima
caligmalarinin aragtirma seferleri Batt ve Orta Karadeniz, Dogu Akdeniz, Marmara ve
Ege denizlerinde tamamlanmistir. Dogu Akdeniz’in tektonizmasint aydinlatmak amaci ile
yaklasik 14000 km’lik ¢ok kanalli sismik yansima verisi toplanmistir ve bolgede bulunan
faylar haritalanmistir. Cok 1smli batimetri sistemi Ege Denizi’nde basarili bir sekilde
kullanilmstir. Jeomorfolojik olarak Marmara Denizi Istanbul Bogazi’nin Karadeniz ¢ikisina
ait yapilar haritalanmistir. Derinden g¢ekilen yanal taramali sonar sistemi de kuzey Marmara
Denizi selfi ve Izmir Korfezi’nde kullanilmus, aktif fay yapilari ve faylar boyunca gaz ¢ikislart
haritalanmigtir.

Anahtar Kelimeler: Gaz hidrat, seisLab, self, kitasal yamag, sismik
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ABSTRACT

Gas hydrate; ice-like crystalline solids formed by mixture of water and methane molecules.
Gas hydrates occur in the voids of sediments as cemented nodules and/or lamination. Gas
hydrates are found in the shallow water at polar zones and, sediments of mid-oceans and
continental slopes with appropriate pressure and temperature conditions. Petroleum industry
and governments have started to search gas hydrates as an energy of future in the cold and
deep waters. Gas hydrates will be the future of energy resources most probably after the
exhaustion of petrol and natural gas reserves. Geologically methane is important because of
three reasons. First, methane seepage points to existenve deep petroleum reserves. Secondly,
methane hydrate itselfwill be an important energy resource. Third, methane hydrate producing
and migration can cause the slides which can be reason of the tsunamis. Moreover, gas
hydrates point to the shallow gas accumulations. On the other hand, gas hydrates can be
threat for offshore marine studies, natural gas pipelines, and petroleum platforms. Methane
hydrates occur in the Black Sea and Mediterranean Sea within the high pressure and middle
temperature. Gas hydrate on the continental slopes can be determined easily because of
their appearences on geophysical records/seismic reflection profiles. Structures including
gas hydrates in the Black Sea present strong acoustic reflections and gas hydrates can be
even determined in the shallow seismic records.

SeisLab has been activated in early 2005 to collect, process and interpret the multichannel
seismic reflection, multibeam bathymetry, deep tow side scan sonar and Chirp Subbottom
Profiler data collected by R/V K. Piri Reis in Dokuz Eylil University. SeisLab has also
necessary hardware and software to process and interpret all these different types of data.
Primary purpose of the laboratory is to investigate gas hydrates in the surrounding waters
of Turkey. Several cruises has been completed since 2005 using high resolution multichannel
seismic reflection system in the western and mid-Black Sea, the Marmara Sea, the Aegean
and the eastern Mediterranean seas for a primary object of tectonism and fault mapping, and
more than 14000 km of seismic data were collected. The multibeam system was successfully
used in the Aegean Sea, the Black Sea outlet of Bosphorus and in the Marmara Sea to map
large geomorphological features on the seabed. Deep-tow side scan sonar system was also
used in the northern Marmara shelf and in the Izmir Bay to map the active fault surfaces as
well as gas flares along the faults.

Keywords: Gas hydrate, seisLab, shelf, continental slope, seismic
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Sile (Istanbul) sahillerinde olas1 agir mineral plaserleri aramak amaci ile 2010 yilinda
farkl plaj alt-ortamlarindan ¢ok sayida sediment 6rnegi alinmig ve bunlardan 51 adedi
¢oklu element analizlerine ve jeoistatistiksel veri degerlendirmesine tabi tutulmustur.
Ankara Universitesi, Bilimsel Arastirma Projeleri (BAP) Ofisi’nce desteklenen ogrenci
odakl1 bir proje (1004343002) cergevesinde toplanan bu plaj sedimentleri XRF ydntemi ile
analiz edilmis ve Si, Al, Fe, Mg, Ca, Ti, P, Mn, Co, V, Cr, Ni, Cu, Zn, Pb, As, Mo ve Sn
miktarlar1 6l¢tilmistiir. Analiz dogrulugu ve giivenilirligi cesitli jeolojik referans verileri ile
karsilagtirtlmistir. Ayrica 6rnek alim noktalarindaki 6zel morfodinamik kosullara da dikkat
edilmigtir.

Genelde ince ve orta kumca zengin Sile plaj sedimentlerinde tesbit edilen element miktarlari
bazi istisnalar harig, gogunlukla yer kabugu kayaclar1 ortalamasina benzemektedir. Ozellikle,
Karadeniz’e bosalan Tiirknil Nehri agzindan batiya dogru uzanan plajli sahillerde 7 noktada
nisbeten yiiksek element miktarlarina rastlanilmigtir. Bunlar; Fe (% 5-31), Mn (% 0,1-1,3),
Ti (% 1-7), Cr (% 0,2-1,9), Co (40-100 ppm), V (222-1389 ppm), Zn (141-307 ppm), Pb (20-
65 ppm), As (22-30 ppm), Mo (7-31 ppm) ve Sn (2-16 ppm) elementleridir. Onceki veriler
ile kargilastirildiginda, nisbeten yiiksek element miktarlarina ince kum (% 67-94) ve toplam
agir mineral oranlar yiiksek olan (TAM: %37-97) sediment 6rneklerinde rastlanmaktadir.
Elementleraras iligkilendirme katsayilarina gore, Fe, Mn, Ti, Cr, V, Co arasinda ¢ok kuvvetli
ve pozitif bagmtilar (r>0,90) mevcuttur. Buna karsin ise, aliiminyumsilikatlar1 temsilen Si,
Al K, Mg gibi elementler yukaridaki metallerle anlamli bir bagint1 gostermemektedirler. Bu
nedenle, yiiksek agir metal miktarlarinin silikat/aliiminyumsilikatdan daha ¢ok metal oksit/
hidroksitli mineral bilesenleri ile baglantili oldugu sdylenebilir.

Halen devam eden parlak-ince kesit mineral tanimlamalarinda, rutil, sfen, magnetit,
piroksen, hornblend, zirkon, granat gibi agir minerallerin olduk¢a yaygin bulundugu dikkati
cekmektedir. Jeomorfolojik arazi gozlemlerine gore, Sile sahillerini kirmtili malzeme ile
besleyen Tiirknil ve diger yan nehirler/derelerin kiyiardinda yiizeylenen Ordovisiyen-Triyas
yasli karbonatlar ve kirintililar, Kretase bazalt, andesit ve kiregtaslari ve Pliyosen kirintililart
akaglamakta ve ¢aligma alaninda plaj kumlarinin kaynagim olusturmaktadirlar.

Anahtar Kelimeler: istanbul-Sile, plaj, sediment, jeokimya, agir metal
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ABSTRACT

With the aim of exploration for possible heavy mineral placers on the Sile coasts (Istanbul,
NW Turkey), during 2010 large number of sediment samples were collected from the
varying beach-subenvironments and of these, 51 samples were subjected to multielement
analysis and geostatistical data evaluation. This study forms part of a student-focussed
project (1004343002) supported by the Scientific Research Projects Office of the Ankara
University. The sediment samples collected were analyzed with XRF method to measure
the concentrations of Si, Al, Fe, Mg, Ca, Ti, P, Mn, Co, V, Cr, Ni, Cu, Zn, Pb, As, Mo and
Sn. Precission and accuracy of the analytical results were checked with data from various
geological reference materials. Moreover, attention was paid to particular morphodynamic
conditions at the sediment sampling points.

In general, Sile beach sediments are comprised mostly of fine-and medium sand and the
element concentrations measured, with some exceptions were comparable with average
composition of Earth’s crustal rocks. In particular, at 7 sites along the coastal beaches west
of the Tiirknil River mouth, relatively higher concentrations of some elements were found.
These are; Fe (5-31 %), Mn (0,1-1,3 %), Ti (1-7 %), Cr (0,2-1,9 %), Co (40-100 ppm), V
(222-1389 ppm), Zn (141-307 ppm), Pb (20-65 ppm), As (22-30 ppm), Mo (7-31 ppm) ve
Sn (2-16 ppm) concentrations. Compared with previous available data, the relatively high
element contents are confined to samples with higher total heavy minerals (TAM: 37-97 %)
and fine-sand (67-94 %) proportions. According to correlation coefficients among the element
pairs, Fe, Mn, Ti, Cr, V and Co there exist very strong and positive (r>0,90) relationship.
On the contrary, elements representing aluminumsilicates such as Si, Al, K and Mg do not
display any significant relationships with the above heavy metals. Therefore, these higher
heavy metal contents can be suggested to be associated largely with metal oxides/hydroxides
rather than to silicates/aluminiumsilicates.

The studies on heavy mineral determinations with polished-thin sections are still going on
and the present data showed the abundant presence of rutile, sphene, magnetite, pyroxene,
hornblende, zircon, and garnet. Based on geomorphological field observations, Tiirknil River
and its tributaries contributing terrigenous material to the Sile coasts drain the outcropping
Ordovician-Trias carbonates and clastics, Cretaceous basalt, andesite and limestones and
Pliocene clastics. These materials in the study area constitute the beach sand sources.

Keywords: Istanbul-Sile, beach, sediment, geochemistry, heavy metal
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Izmir Korfezi, Ege Denizi’nin biiyiik 6lgekli ve nispeten kirlenmis korfezlerinden biri olup
ince taneli sedimentlerin hakim oldugu dogal bir denizel ¢6kelme ortamdir.

Izmir Korfezi giincel sedimentlerinin petrografik, jeokimyasal ve jeofiziksel dzellikleri
aragtirtlmistir. Jeokimyasal caligmalarla iliskili olarak onsekiz ylizey Ornegi ve ii¢
karot 6rneginde toplam 32 element analizi yapilmistir. Buna gore izmir Korfezi yiizey
sedimentlerinin toplam organik karbon ve siilfiirle baglantili olarak gelisen As, Cr, Cu, Co, P,
Pb, V, Zn ve Ti gibi agir metallerce belirli bir zenginlesme gdsterdigi saptanmuistir.

Gediz Nehri’nin gilincel agzinin gliney kesimlerinde goriilen ve Cr, Cu, Pb ve Zn gibi
agir metallerle belirlenen zenginlesme Gediz Nehri’nin drenaj alanindaki sanayi etkisini
yansitmakta ve bu nehrin Orta Korfez’in 6nemli antropojenik kaynaklarindan biri olduguna
isaret etmektedir.

Karot 6rneklerinden elde edilen sanayilesme oncesi referans element degerleri kullanilarak
bolgeye ait muhtelif kirletici faktorler karsilagtirmali olarak degerlendirilmistir. Caligma
alanindan kaydedilen yiiksek ayrimli si§ sismik veriler kullanilarak alinan orneklerin
depolanma ortamlartyla iliskisi belirlenmis ve ozellikle giincel sediment verilerinin
degerlendirilmesi saglanmistir.

Anahtar Kelimeler: Ege Denizi, element, kirlenme, sediment, s1g sismik.
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ABSTRACT

The Gulf of Izmir is one of the great natural and polluted bays of the eastern Aegean Sea and
is a depositional environment of fine-grained sediment.

The petrographic, geochemical and geophysical properties of the Izmir Gulf recent sediments
were investigated. The concentrations of 32 elements were analyzed on 18 surface and
three core samples. Accordingly, surface sediments in inner Izmir Gulf display significant
enrichments in As, Cr, Cu, Co, P, V, Zn and Ti associated with notably high concentrations of
total organic carbon and sulphur.

The zone of moderate enrichments in Cr, Cu, Pb and Zn south of the present-day mouth
of Gediz River suggests that discharge from this river is one of the major sources of
anthropogenic input into the Outer Izmir Bay and probably reflects the large quantities of
industrial discharge into Gediz River along its course.

Pre-industrial elemental concentrations were obtained using core samples and these values
are evaluated for comparison of various contamination factors for the region. Using shallow
high resolution subbottom profiler data recorded from the area, the evaluations of sedimentary

environment and particular relationship of core samples were established.

Keywords: Element, Aegean Sea, pollution, sediment, shallow seismic

185



65. Tiirkiye Jeoloji Kurultay: 2-6 Nisan/April 2012 65™ Geological Congress of Turkey

_ VAN GOLU’NUN SON 400 BIN YILDAKI
GOL SEVIYESI DEGISIMLERI: SiISMIK YANSIMA
HATLARINDAKI DELTALAR VE ICDP SONDAJ VERILERI

Emre Damer', M. Namik Cagatay', Sebastian Krastel’, Nazik Ogretmen’,
Deniz Cukur?, Umut Baris Ulgen', Zeynep Erdem', Thomas Litt’,

Flavio S. Anselmetti‘, K. Kadir Erig®
! Dogu Akdeniz Deniz ve Gol Arastirmalar: Merkezi,
Maden Fakiiltesi, Istanbul Teknik Universitesi, Istanbul, Turkiye
2 GEOMAR | Helmholtz Centre for Ocean Research Kiel, Germany
3 Steinmann-Institut fiir Geologie, Mineralogie und
Paldontologie, Universitit Bonn, Bonn, German
* Eawag, Swiss Federal Institute of Aquatic Science and Technology, Switzerland
3 Jeoloji Miihendisligi Boliimii, Miihendislik Fakiiltesi,
Firat Universitesi, Elazig, Turkiye
(damci@itu.edu.tr)

0z

Van Go6li Dogu Anadolu Platosu iizerinde yer alan, uzun siireli paleo-iklim ¢aligmalari igin 6nemli
bir konumda yer almaktadir. Bu ¢alisma, 2004 yilinda IFM-GEOMAR tarafindan toplanan sismik
yansima verileri ve 2010 yilindan Uluslararas1 Kitasal Sondaj Programi (ICDP) ve TUBITAK
108Y279 numarali proje tarafindan desteklenen iki sondaj noktasindan elde edilen karotlardan
olusturulan stratigrafik kesitin korelasyonunu konu almaktadir. Proje kapsaminda gergeklestirilen
Kuzey Havza ve Ahlat Sirt1 sondaj noktalarinda 245 m ve 357 m su derinliginde, sirasi ile gol
tabanindan itibaren 145,5 m ve 220 m derinlige ulasan iki adet karotlu sondaj ¢calismasi yapilmustir.
Saha caligmasi kapsaminda sondajlardan elde edilen karotlarin fiziksel ozelliklerinin dlgiimii,
kiyida kurulan gecici laboratuvarda Cok-sensorlii Karot Kayitcist (MSCL) ile yapilmigti. MSCL
verisi ve sismik verilerin denestirilmesi, yliksek manyetik duyarlilik degerleri ve yiiksek yansima
genligi gosteren tefra seviyeleri ile yapilmistir. Her iki sondaj noktasindaki karot stratigrafilerinin
denestirilmesi ise manyetik duyarlilik loglari kullanilarak gerceklestirilmistir. Bu islemin ardindan
tefra seviyelerine ait yiiksek genlikli sismik yansima ylizeyleri havza boyunca izlenmistir.
Oncel yas modeli AMS “C yagslari, yaslar1 bilinen tefralarin denestirilmesi ve varv sayimi ile
olusturulmustur. Olusturulan yas modeli 8O ve §'°C izotop verilerinden elde edilen izotop
donemlerine gore uyarlanmis ve sismik yansitici ylizeylerin yaslandirilmasinda kullanilmistir.

Kuzeyden giineye 460 m derinlikteki Tatvan havzasina uzanan sismik kesit iizerinde 400 bin y1l
oncesinden giiniimiize kadar olusmus en az 5 adet delta gozlenmektedir. Olusturulan yas modeline
gore bu deltalar soguk donemlerde olusmustur. En diisiik g6l seviyesi giiniimiizden 350 bin yil
oncesinde (MIS-10) olusmus ve giiniimiiz g6l su seviyesinden 550 m derinlikte yer almaktadir.
Bu deltanin ¢okeldigi donemdeki su seviyesi, tektonik ¢okme ve ¢okel kompaksiyonu hesaba
katildiginda giiniimiiz gol su seviyesine gore 400-350 m daha asagida oldugu diisiiniilmektedir.
Son Buzul Doénemi’'nde, giiniimiiz gol seviyesinden 200 m derinde baska bir delta daha
olugmustur. Diger deltalar ise gliniimiiz gol su seviyesinin 160 m 235 m, 300 m ve 490 m altinda
(tektonik ¢cokme etkisi hesaba katilmadan) yer almaktadir ve sirasi ile giiniimiizden 6nce 125-
95, 166-142, 195-169 ve 270-234 bin yil olarak yaslandirilmigtir. Hesaplanan bu yaslar, sismik
yansima Yylizeylerinin yaglarinin ve izotop donemi simirlarinin belirlenmesinde karsilasilan
belirsizlige bagl olarak yaklasik 10 bin yil hata pay1 icermektedir. Sismik stratigrafi analizine
gore buzul donemlerindeki ¢okelim hizi, buzul aras1 donemlerdekine gére daha yiiksektir. Buzul
donemlerindeki yiiksek ¢okelim hizi, aginma, diigiik gol seviyesi ve kiitle akmasinin sonucu
olarak ortaya ¢ikmaktadir. G6l seviyesinin diisiik oldugu buzul donemlerde ¢okelen malzeme gri
homojen camur ve tiirbidit olarak goriiliirken, yiiksek gol seviyesi ¢okelleri laminali ve bandl
yapidadir. Tiirbidit birimlerinin kalinligi genellikle birkag santimetreden birka¢ metreye kadar
degisiklik gosterebilmektedir. Tiirbidit birimleri, tabani keskin dokanakli kum birimleri ve bunu
iizerleyen dereceli killi silt veya homojen ¢amur tabakasi seklinde goriilmektedir.

Anahtar Kelimeler: Van Golii, sismik, su seviyesi degisimi, izotop dénemleri, klinoform
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ABSTRACT

Lake Van is located on the East Anatolian Plateau of Turkey, which is a key area to obtain long-
term regional paleoclimate records. This study is based on the correlation of seismic reflection
data acquired by IFM-GEOMAR in 2004 and the borehole stratigraphic information obtained
from two sites drilled by International Continental Scientific Drilling Program (ICDP) Paleovan
Project and 108Y279 TUBITAK project in 2010. The drilled sites (Northern Basin and Ahlat
Ridge) are located at the water depths of 245 m and 357 m, where drill holes reached to depths
of 145.5 m and 220 m below the lake floor, respectively. Physical core properties were measured
by the Geotek Multi Sensor Core Logging (MSCL) equipment at the onshore lab of the drilling
campaign. Correlation between the seismic and MSCL data was based mainly on matching the
two data sets of the tephra layers that were characterized by high reflection amplitudes and the
high magnetic susceptibility values. Stratigraphic correlation between the two sites was done
using the magnetic susceptibility profiles. Seismic reflections representing the different tephra
layers were then traced over the basin. A tentative age model was constructed based on AMS "*C
dates, tephra correlation and varve counting. It was then tuned with the isotope stages using the
080 and 0°C isotope data, and used to date the seismic reflections.

The seismic lines extending from the north towards the 460 m deep Tatvan Basin in the south
reveal a stack of at least five deltas that developed over the past 400 ka cal BP. According to
the age model these deltas developed during the cold periods. The minimum lake level occurred
at about 350 ka cal BP (MIS-10) when the lake level was about 550 m below the present lake
level. Considering possible crustal subsidence due to sediment and water loading and sediment
compaction, the water level at the time would have been 400-350 m below the present level.
Another delta formed at 200 m below the present lake level during the Last Glacial Maximum.
The other deltas at 160 m 235 m, 300 m and 490 m below the present lake level (without the
subsidence correction) are dated 125-95, 166-142, 195-169 and 270-234 ka cal BP, respectively.
Estimated dates have an error approximately 10 ka due to uncertainties in estimating the ages of
seismic reflectors and isotope stage boundaries. From the seismic stratigraphic analysis, it can
be concluded that interglacial epochs have lower sedimentation rate than the glacial epochs. This
was mainly due to the high rate of physical weathering, low lake levels and abundant mass-flow
events during glacial epochs. During high lake levels, mainly laminated and banded sediments
were deposited, whereas glacial epochs with low lake levels are characterized by grey homogenous
muds and turbidite sedimentation. The turbidites commonly range in thickness from a few cm to a
few meters, and are characterized by a sharp basal boundary, overlain by a sandy bed that passes
upward into graded and laminated clayey silt and a homogeneous mud layer.

Keywords: Lake Van, seismic, lake level changes, 1sotope stages, clinoform
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Bu calismada Tiirkiye’nin 6nemli baraj géllerinden birisi olan Hirfanli Baraj Golii se¢ilmistir.
Tarimsal sulama ve biyolojik ¢esitlilik bakimindan énemli bir habitata sahip olan gol 5.980
hm? su hacmine ve 263 km? yiizey alanina sahiptir.

Arastirma kapsaminda, Landsat 5STM uydusunun iist gecisi ile es zamanli olarak 25 Haziran
2011 tarihinde gol yiizey alaninda 54 farkli 6rnekleme noktasinda Hirfanli Baraj Golii’niin
su kalitesinin belirlenmesine yonelik dl¢timler ve 6rnekleme caligmalar: gergeklestirilmistir.
Gol suyunun igerdigi bazi fiziksel ve kimyasal parametrelerin ortalama degerleri sirasiyla,
sicaklik; 23.19°C, pH; 8.43, elektriksel iletkenlik; 1413.89 puS/cm, toplam mineralizasyon;
1000.70 mg/1, bulaniklik; 3.52 NTU, toplam organik karbon; 5.79 mg C/L, toplam azot; 0.34
mg N/L, klorofil-a; 18.33 mg/m’ arasinda degisimler gostermistir. Ornekleme noktalarinin
iyon bolluk dizilimleri Na* + K* > Ca™ > Mg™ // SO,? > CI' > HCO, seklinde gelismistir.
Hirfanli Baraj Goli’niin sodyum adsorbsiyon orani; 5.27 - 4.46 arasinda degisimler gosterir.

Ornekleme galismalarindan elde edilen bulaniklik, askida kati madde, klorofil-a degerleri igin
dogrusal regresyon analizi uygulanmis ve sonuglar uydu goriintiisiinden elde edilen suyun
yansima degerleri ile iliskilendirilmistir. Klorofil-a, askida kat1 madde ve bulaniklik degerleri
icin korelasyon katsayilart sirastyla; 0.97, 0.95, 0.93 olarak tespit edilmistir. Klorofil-a,
askida katt madde ve bulaniklik degerleri icin Landsat-5TM uydu goriintiileri yardimiyla
olusturulan tematik su kalite haritalar1 benzer dagilim gostermektedir. Sonug olarak; Hirfanl
Baraj Golii Na-ca- SO, -c1tipli sular simifina girmekte olup agir metal parametreleri yoniinden
I. sif su kalitesi degerleri icermektedir. Goliln memba ve derin olmayan kiy1 kesimlerinde
klorofil-a, askida katt madde ve bulaniklik degerlerinin arttig1 ve ortalama besin degerlerine
sahip oldugu belirlenmistir. Sulama suyu kalitesi degerlendirilmesinde kullanilan Birlesik
Amerika Tuzluluk Laboratuvar Grafigi’ne gore; gol yiiksek tuzluluk ve diisiik sodyumluluk
(C,S)) sulama suyu kalitesi 6zelligine sahiptir.

Anahtar Kelimeler: Hirfanli baraji, su kalitesi, uzaktan algilama
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ABSTRACT

In this study, Hirfanli Resorvoir which is one of Turkeys most important water sources
was evaluated. The lake which has an important habitat for biodiversity and agricultural
irrigation having 5,980 hm’ volume of water and 263 km? surface area.

Research scope, includes measurement of water quality parameters at the 54 different
sampling points in the Hirfanli Dam Lake as at the same time as the Landsat 5TM satellite
during 25 June 2011. Some values of the water chemistry parameters of the Hirfanli Dam
lake are as follows; temperature; 23.19°C, pH; 8.43, electrical conductivity; 1413.89 mS /
cm, total mineralization; 1000.70 mg /1, turbidity; 3.52 NTU, total organic carbon, 5.79 mg
C/L, total nitrogen; 0.34 mg N/L, chlorophyll-a; 18.33 mg/m®. Ion abundance sequence is
generally Na* + K* > Ca™ > Mg™ //SO,? > CI > HCO; . The sodium adsorption ratio of
Hirfanli Dam Lake varies between 5.27 and 4.46.

Multi-linear regression was applied for values of the water quality parameters such as
chlorophyll-a, turbidity and suspended solids, and the relationship between reflectance
values of the water with the water quality parameters was investigated. The correlation
coefficients for chlorophyll-a, turbidity and suspended solids was found as 0.97, 0.95, 0.93.
Thematic water quality maps that obtain using satellite image for chlorophyll-a, turbidity
and suspended solids values shows similar distributions. As a result, Hirfanli Dam Lake has
Na-Ca- SO -Cl type water and includes I. class water quality values in terms of heavy metals
parameters. Chlorophyll-a, turbidity and suspended solids values increased at the upstream
reservoir and shallow coastal of lake. The lake waters have average nutrient values. In
evaluation of the quality for irrigation water according to graphic of the United States
Salinity Laboratory, the lake has high salinity hazard and a low sodium (alkali) hazard rates
(C,S).

Keywords: Hirfanli dam, water quality, remote sensing
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Geg Senozoik Neotektonik genlesme tektonigi, GB Anadolu’da alliiviyal, fluviyal ve golsel
depolanma sistemlerini igeren KD gidisli bir¢ok gdlsel havza olusumuna neden olmusgtur.
GB Anadolu’da yeralan Acigdl havzasi, i¢cinde bulunan sig-kalic1 playa-gol ortamu ile taninir.
Tipik bir graben ¢okiintiisii olan havza ig¢inde, KD-gidisli havza kenar faylar1 denetiminde
olusan kaba-kirintili aliivyon yelpazesi, akarsu ve kalin ve yanal yayilimli gdlsel marn
tortullari icerir. Cevredeki yiikseltileri olusturan temelden beslenen sediment yiikii ile devam
eden havza derinlesmesi, oldukg¢a s1g goliin daralmasina, alliiviyal fanlarin stirekliligi ve
ilerlemesi goliin zamanla kurumasina sebep olmustur. Sedimantasyon sekli ve paleo ortamsal
degisimler, Acigdl havzasinin Miyosen’den itibaren siirekli olarak tektonik, sedimantasyon,
iklimsel ve kimyasal yonden gevre havzalar ile baglantili olarak gelistigini belirtir.
Sedimanter fasiyesler, paleo akintilar ve biyostratigrafik veriler golsel ortamin dogudaki
ana havza kenar fayma yasl ve sedimantasyonun bu faya dogru go¢ etmis gol ortaminda
gliniimiize degin stirmekte oldugunu gostermektedir. Erken Pliyosen’de nemli bolgesel iklim
sartlar1 su seviyesinin yiikselmesi ile kalin ve yaygin marn serilerinin ¢dkelimi gdliin hizl
bir sekilde genisledigini gosterir. Devam eden genisleme havza seklini yeniden belirlemesi
ile gen¢ kirntili asinma tortullari, daha dnce ¢okelen yiikselmis ve egimlenmis tortullar
uyumsuz olarak iistlemistir.

Normal faylarla gelisen Acigdl graben havzasmin orta kesiminde kalin tortul bir istif
olusmustur. Giincel Acigdl’lin su yayilim alani, havzayi denetleyen ve yeni gelisen sintetik ve
antitetik fay sistemleri denetiminde alluvial fan tortullarin havza i¢cine dogru ilerlemesi sonucu
siirekli olarak ice dogru daralmaktadir. Giincel ¢okiintii alani, aktif olarak evaporasyonun
siirdigii ve sodyum siilfat, Mg-Ca karbonat ve kil minerallerinin baskin olarak depolandig:
tipik bir s1g-kalic1 playa-gol havzasidir. Bu ¢alismada modern Acigdl diizliigiinde agilan ii¢
derin sonajdan elde edilen loglar boyunca havzadaki depolanma modu ve buna bagli havza
gelisiminin anlagilmas1 amaclanmaktadir. Sondaj loglarindaki gézlemler ve analizler Acigol
havzasinin zaman i¢inde kademeli olarak kalici derin bir gl ortamindan gecici s1§ bir playa
g0Olii ortamina dontistiigiinii gostermektedir.

Anahtar Kelimeler: Neotektonik agilma, Acigdl, playa-gol, evaporit, Na-siilfat, GB Anadolu
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ABSTRACT

Late Cenozoic extensional neotectonic deformation resulted in the formation of several NE-
trending fluvio-lacustrine basins in the SW Anatolia with alluvial, fluvial and lacustrine
depositional systems. The Acigdl basin is a conspicuous example of such basins with its
tectono-sedimentary development as a prominent shallow-perennial playa-lake. The basin
was initially foundered to receive coarse-clastic alluvial deposits transiting into fluvial
systems and central shallow lakes. Subsequent basin deepening with significant sediment
supply from the surrounding basement horsts caused gradual shrinking and eventual dying
out of of the lake due to renewed progradation of alluvial-fans. The sedimentation pattern
and palaeoenvironmental changes evidence a constant tectonic, sedimentation, climatic
and lake chemistry interaction through the basin's history from late Miocene onward with
a close relation to the coeval adjacent basins. Sedimentary facies, palaeocurrent readings
and biostratigraphic data show that the sedimentation was mainly controlled by NE-trending
Acigdl fault to the east. By the early Pliocene regional humid climatic conditions caused
a local base-level rise and resulted in rapid lake expansion as demonstrated by thick and
laterally extensive marly successions. The continued extension was re-arranged the basin
configuration and caused uplift and tilting of the former basin-fill that is unconformably
overlain by the younger coarse-clastic erosional sediments.

A thick sedimentary sequence is deposited in the central part of the Acigdol graben basin
formed as a result of normal fault system.

The wetland area of the modern Acigol Lake is still inward narrowing due to the progresive
deposition of alluvial fan sediments by the activity of the basin bounding faults and newly
generated syntetic and antitetic fault systems. The modern depression is a typical shallow-
perrenial playa-lake basin with active evaporation and dominantly precipitation of sodium
sulphates, Mg-Ca carbonates and clay minerals. Three deep bore-hole logs drilled in the
modern lake Acigol plain were examined to document the mode of deposition and development
of the basin. The drill hole logs show that the Acigol basin was gradually transformed from
a perennial deep-lake into shallow perennial/ephemeral playa settings.

Keywords: Neotectonic extension, Acigél, playa-lake, evaporite, Na-sulphate, SW Anatolia
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Acigol (Denizli), buharlagsmanin etkisi ile yiiksek ¢ozlinmiis madde (TDS) igerigine sahip
playa niteliginde tuzlu bir gdldiir. Gl y1lda 400,000 ton sodyum siilfat {iretimi ile Tiirkiye nin
toplam tiretiminin %85’ini saglamaktadir. Bu gélden alinan ¢okel kayitlarinda Geg Holosen
iklim ve jeokimyasal degisimleri arastirilmstir.

Caligsma kapsaminda Acigdl’iin kuzeyinde Mayis 2009°da, su derinliginin 1.93 m ve 2.40
m oldugu yerlerden, uzunluklar: sirast ile 1.60 m ve 1.84 m olan iki adet piston karotu
alimmistir. Karotlarin litoloji tanimlari, Cok Sensorlii Karot Log Alicist (5 mm aralikla) ile
fiziksel ozellikleri ve XRF Karot Tarayicist (1 mm aralikla) ile X-1ginlar1 radyografisi ve
jeokimyasal analizleri yapilmistir. “C yontemi ile yaslandirilmig, Calib 6.0 program ile
takvim yilina kalibre edilmistir.

Elde edilen iki uzun karotta (ACIO9P01 ve ACI09P03) yaslar1 kalinliklart 500 mm ve 200 mm
olan yaklasik Giiniimiizden Once (GO) 2600-2500 ve 3000-3500 y1llar1 arasinda ¢okelmis ve
az karbonat igeren bir jips seviyesi tarafindan ayrilmig iki evaporit seviyesi gézlenmistir. Bu
seviyeler, yapilan XRD analizlerine gore kristal biiyiikliigii ortalama 1 cm olan gogunlukla
disk ve bazen kama sekilli saydam-yar1 saydam Mirabilit (Na,SO,.10H,0) kristallerinden
olusmaktadir. Mirabilit igeren iki evaporit seviyesi ¢ok kurak iklim donemlerine karsilik
gelmektedir. Karotlarda iri kristalli mirabilit seviyelerinin altinda agik renkli jips ve karbonatca
zengin seviyeler yer almaktadir. Yiiksek Sr degerleri ile karekterize edilen ve aragonit igeren
alttaki ve iki evaporti arasindaki bu seviyeler nisbeten daha az kurak iklim donemlerine
isaret etmektedir. Cokel istifinde dikey yondeki mineral parajenezi buharlasmaya bagli su
kimyasindaki degisime de (evrime) 151k tutmaktadir. Buharlagma ile dnce karbonat ve jips
¢okelmekte, bunu takiben mirabilit ¢okelerek, sudan Ca ve siilfatin ¢okeltilmesi sonucu,
g0l suyu Na-Cl (SO,?) tipine doniismektedir. Gole gelen kirintt malzemelerinin (Al, Si, K,
Ti gibi) ve gol icinde buharlagsmanin (Sr, Ca, Sr/Ca, Ca/Ti gibi) belirteci olan elementler
birlikte incelendiginde GO 4250-3600 yillar1, 1800-1600 yillar1 ve 400-200 yillar1 arasinda
kurak, GO 5000-4400 yillar1 ve 800-600 yillar1 arasinda yagish kosullarin meveut oldugu
gdzlenmistir. Kurak dénemler sirastyla bati Avrupa’da gézlenen 3.Bond olay1 (GO 4200 y1l),
Roma Ilik Dénemi (GO 2300-1500 yillar1 arast), Kugiik Buz Cagi’na (GO 600-100 yillart
arasi) ve yagish donemler ise sirastyla Holosen Klimatik Optimum (~ GO 8000-4500 yillart
arast), Ortacag Ilik Dénem’e (GO 1000-600 yillar1 aras1) denk gelmektedir.

Anahtar Kelimeler: Acigol (Denizli), evaporit, Ge¢ Holosen, paleoiklim, mirabilit
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ABSTRACT

Acigdl (Denizli) is a playa lake with very high of Total Dissolved Solids (TDS) content,
providing 85 % (400,000 t/yr) of Turkey s sodium sulfate production. The water composition
of the lake is Na-CI-(SO -Mg) type. Our study focuses on paleoclimatic and geochemical
changes in sedimentary records of the late Holocene in Acigdol.

Cores with 1.60 m and 1.84 m length were recovered from 1.93 m and 2.40 water depth,
respectively in the northern part of the lake in May 2009. The cores were analyzed at 5 mm
resolution using Multi Sensor Core Logger (MSCL) having magnetic susceptibility, P-Wave,
density and resistivity sensors;, XRF (X-Ray Fluoresance) core scanner multi element analysis
at a 1 mm resolution. Mineralogical analysis of the sediment samples were analyzed using
XRD (X-Ray Diffraction) after lithological description. Cores were dated by radiocarbon
method and the radiocarbon ages were calibrated to calendar year using Calib. 6.0 software.

The core sections contain two evaporite layers which are separated by a gypsum layer with
lesser amounts of carbonates. These layers ranging from 500 mm and 200 mm were dated
2600-2500 a before present (BP) and 3500-3000 a BP, respectively. The main mineral in
the evaporate layers is mirabilite (Na,SO . 10H,0) which occur mainly as disc, and rarely
wedge-shape semi transparent to transparent crystals with an average diameter of one cm.,
Mirabilite crystals. The high solubility of mirabilite requires high evaporation-precipitation
ratio and very arid climatic conditions during the deposition of the evaporate layers
during 3500-2500 a BP. The two evaporate layers are separated with an aragonite-bearing
gypsum layer that suggest a relatively less dry conditions during 300-2500 a BP. The lower
evaporate layer is underlain by light colour sediments containing gypsum and aragonite also
suggesting less arid period prior to 3500 a BP. The geochemistry and mineral composition
of the sedimentary sequence provide evidence of the geochemical evolution of lake waters
controlled by evaporation-precipitation ratio. With increased aridity and evaporation, first
carbonates, then gypsum, and finaly miribalite precipitate from the lake waters, are resulting
in the Na-CI (SO,7) type of water for the lake. Interpreting the proxy of detrital input (Al, Si, K,
Ti etc.) and evaporation-precipitation ratio (Sv, Ca, Sr/Ca, Ca/Ti etc.) elements together, we
observed dry conditions between 4250-3600, 1800-1600, 400-200 a BP and wet conditions
between 5000-4400, 800-600 a BP. These dry and wet spells respectively, well correlates
with western Europe; 3.Bond event (4.2 ky), Roman Warm Period (2300-1500 a BP), Little
Ice Age (600-100 a BP), Holocene Climatic Optimum (~8000-4500 a BP), Medieval Warm
Period (1000-600 a BP).

Keywords: Lake Acigél (Denizli), evaporite, Late Holocene, paleoclimate, mirabilite.
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Bu ¢alismada KB Anadolu’da Bolu ile Goyniik arasinda bulunan ve bir heyelan set golii
olan Siinnet G6lii’'nden 8-13 m su derinliklerinden alinan 3 karot litolojik agidan incelenip
yorumlanmugtir. Bunlardan SK-2 karotu iizerinde 2 cm aralikli alinan 68 6rnek sedimantolojik,
kimyasal, mineralojik, izotopik ve biyolojik analizlere tabi tutulmustur. Elde edilen bulgularla
son 250 yillik dénemin iklim degisimlerini gdsteren bir yerel sablon ¢ikartilmis; bu, standart
kiiresel bulgularla karsilagtirtlmigtir.

Yapilan sedimantolojik analizler sonucunda, taban1 1760 yilina kadar uzanan SK-2 karotu
farkli iklim ve g6l seviyesinin degigsimini gdsteren bes doneme (1760-1800, 1800-1860,
1860-1910, 1910-1990, 1990-2009) ayrilmistir. Tanimlanan 1760-1800 araliginda artan '*O
degerleri ve yliksek Pinus/toplam aga¢ poleni orani gézlenmektedir. 1800-1860 araliginda
ise gol seviyesi en yiiksek konumunda kalmis; yiizeysel ayrigmanin etkinligi (Na,0/AlLO,,
Na,O/TiO, ve Na,O/K 0) kendini toprak ayrisma siireclerinde gdstermis ve bununla birlikte
tuzluluk gostergeleri (Mg/Ca ve Sr/Ca) donemin basinda ve sonunda belirgin sekilde
azalmistir. 1860-1910 aralig1 kismen diisiik su diizeyleri ve Hantzschia amphioxys diatom
formunda %20-50 arasinda bolluk saliimlariyla temsil olunur. 1910-1990 aralig1 ise daha
diisiik su diizeyleri ve anoksik (V/Al ve Zn/Al) kosullarin azalmasi ile belirgindir. 1990-
2009 araliginda su diizeyi yeniden yiikselmis, V/Al ve Zn/Al grafiklerinde anoksik kosullarin
artis1, Mg/Ca ve Sr/Ca grafiklerinde tuzluluk kosullarinin azalig1 ve planktik diatom formunda
bolluk artig1 izlenmistir.

Yapilan degerlendirmeler giines lekeleri sayisi ile Siinnet Goli kaydinin yiiksek bir uyum
icinde oldugunu gostermektedir. Diigiik Giines lekeli donemler Siinnet Golii kaydinda

yiiksek yagish ve genellikle daha az sicak donemlere karsilik gelmektedir.

Anahtar Kelimeler: Paleolimnoloji, paleoiklim, gélsel arsiv, KB Anadolu, durayli izotop,
polen, diatom.
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ABSTRACT

In this study the three cores retrieved from water depths ranging from 8-13 m from the lake
Siinnet which is a landslide-dammed lake between Bolu and Géyniik at the NW Anatolia
are lithologically examined and interpreted. Sedimantological, geochemical, minerological,
isotopic and biological analyses were performed on 68 samples which were collected at each
2 cm interval in the SK-2 core. On the basis of the findings, a local climate change template
for the last 250 years was prepared and it was compared with the global data.

The SK-2 core whose base goes back to 1760 AD is divided into 5 distinct periods which
show different climate and lake levels (1760-1800, 1800-1860, 1860-1910, 1910-1990, 1990-
2009). Increased *O concentration and high Pinus/total tree pollen rate is observed in
1760-1800 AD interval. In the period 1800-1860 AD, lake level stayed on highest position,
degree of the surface alteration (Na,0/A1,0, Na,0/TiO, and Na,0/K,0) is reflected on the
soil decomposition processes, and at the same time salinity indicators (Mg/Ca and Sr/Ca)
remarkably decreased at the beginning and the end of the period. The 1860-1910 AD period
is characterised by partially low water level and the oscillation of the abundance Hantzschia
amphioxys diatom form between % 20 and 50. 1910-1990 AD period is marked by lower
water levels and less anoxic (V/Al ve Zn/Al) conditions. During the 1990-2009 AD period,
water level rised again, increasing anoxic conditions on V/Al ve Zn/Al charts, decreasing
salinity on Mg/Ca and Sr/Ca graphics and the abundance of planktic diatom form is observed.

On the basis of the assessments it is noteworthy that, Sunspot number are very compatible
with the Siinnet Lake record. Lower Sunspot periods generally correspond to more rainy and

lower temperature periods in the Siinnet Lake record.

Keywords: Paleolimnology, paleoclimatology, lacustrine archives, NW Anatolia, stable
isotopes, pollen, diatom.
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Diyatomeler, sudaki degisimlere (suyun fiziko-kimyasal sartlar1 veya 6rnekleme alanindaki
kirlilik vb.) ¢ok cabuk tepki verirler. Bu nedenle diyatomeler, ¢evresel degiskenlerin
belirlenmesi igin iyi bir aragtir.

Goyniik’iin (Bolu, KB Anadolu) 15 km kadar KD’sundaki Cubuk G6lii’nde, gol iginden 3 m
kalinliginda bir karottan alinan 76 6rnek iizerinde diyatome ¢aligmalar1 yapilmis, elde edilen
bulgular diger paleoklimatolojik verilerle karsilagtirilmistir. Calismada toplam 97 diatom
taksonu teshis edilmistir. Teshis edilen bu tiirler icerisinde Aulacoseira spp., Cyclotella
bodanica, Cyclotella ocellata, Gyrosigma acuminatum, Cocconeis placentula, Amphora
lybrica, Amphora ovalis tiirleri sirasiyla 6n plana ¢ikmaktadir. Bu taksonlar igerisinde 6zellikle
Aulacoseira spp., Cyclotella bodanica ve Cyclotella ocellata tiirlerin bolluk agisindan baskin
olmuslardir. Bu tiirlerin basta sicaklik ve yagis olmak iizere ¢evresel degisimler ile bolluklari
arasindaki iligkiler kargilagtirmali olarak degerlendirilmistir.

Cubuk Golii’'nde yaygin ve bol bulunan Aulacoseira cinsine bagl tiirler sicaklik ile birlikte
artis gostermektedirler. Kimyasal analizler sonucu elde edilen verilerde soguk iklim
kosullarinin hiikiim siirdiigii periyotlarda bu tiiriin bolluk degeri olduk¢a diismiis hatta hi¢
rastlanilamamigtir. Bununla birlikte disiik sicakliklarda da 6nemli yogunlukta bulunabilen
Fragilaria capucina sicakligin belirgin olarak diistiigii donemlerde yogunlugunu g¢ok
arttirmistir. Giiniimiize yaklastikca C. bodanica’nin C. ocellata’ya gore daha baskin oldugu
goriilmiistiir. Buna karsin gegmis dénem kesitlerinde C. ocellata, C. bodanica’ya gore daha
fazla yiizde ile temsil edilmektedir.

Diatomlar yasam ortamlari agisindan serbest yasayan ya da bagli formlar olmak iizere
iki biiyikk habitati kullanmaktadirlar. Cubuk Golii karotundaki plankton/bentik oranina
bakildiginda planktonik formlar 6n plana ¢ikmislardir. Ancak bu baskinlik durumu bazi
donemlerde bentik formlarin lehine donebilmektedir. Kimyasal analiz sonuglarina gore gol
su seviyesinin diisiik oldugu bazi dénemlerde bentik diatom tiirlerinin planktonik formlara
oranla baskin olduklar1 gériilmektedir.

Cubuk Golii gegmis donem diatom tiirleri ile ilgili yapilan sayim sonuglari ve tiirlerin ekolojik
ozelliklerine gore; tatlisu 6zelliginde, notr ya da hafif alkali diizeyde pH ve organik madde
miktarmin az oldugu oligotrofik gél ortamina sahip oldugu anlasilmaktadir.

Anahtar Kelimeler: Diatom, KB Anadolu, paleoklimatoloji, paleolimnoloji, paleosicaklik
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ABSTRACT

Diatoms show quick responses to the variations (physico-chemical conditions, or pollution
at the location of sampling, etc.) in water. For this reason, diatoms serve as a good means of
determinging environmental variations.

In Cubuk lake which is located 15 km NE of Goynuk village (Bolu, KB Anadolu), 76
diatom samples were taken from a 3 m thick core and the results obtained were compared
with other paleoclimatological studies. A total of 97 diatom species were identified in the
study. Aulacoseira spp., Cyclotella bodanica, Cyclotella ocellata, Gyrosigma acuminatum,
Cocconeis placentula, Amphora lybrica and Amphora ovalis species were in the forefront as
in the order written. Within these taxa, Aulacoseira spp., Cyclotella bodanica and Cyclotella
ocellata were specifically dominant. The relationship between environmental changes and
dominancy of species were evaluated with regards to temperature and precipitation.

Species of Aulacoseira found to be abundant and widespread in the lake, show much growth
with increase in temperature. From data analysis obtained, it was discovered that the
abundance of the species was low or sometimes not found at all during cold climatic periods.
In addition to this, Fragilaria capucina found to be abundant in low temperature, was seen
to increase during periods with low temperature. It is noted that of recent, C. bodanica is
becoming more dominant compared with C. ocellata. Contrary to this, C. ocellata was more
in the old sections of the core, compared to C. bodanica.

Diatoms live on two media- free-moving or attached. In terms of plankton / benthic ratio,
the planktonic forms were found dominant in Cubuk lake core. However, the dominancy may
become bentic forms in some periods. According to chemical analysis, when the water level
is low in some periods, benthic forms are seen to be more dominant compared to plantonic
forms.

According to counting done on Cubuk Lake, diatoms in the previous times and ecological
characteristics, it is observed that it has freshwater properties, neutral or light alkaline pH

with low organic minerals with oligotrophic medium.

Keywords: Diatom, KB Anadolu, paleoclimatology, paleolimnology, paleotemperature
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GD-Tiirkiye’nin Akdeniz kiyisinda KD-GB yoniinde uzanan Mersin Korfezi degisen
boyutlarda ve ¢ok sayida plajli sahillere sahiptir. Genelde diiz ¢izgili ve nehir agizlarinda
loblu birikim kiyilarmi andiran korfeze ¢ok sayida dere girmesine karsin, bunlar genelde
mevsimsel akiglidir. Bu nedenle, karasal girdilerin etkisi kiyisal dalga ve akinti tasimalarindan
daha azdir. Diger taraftan, karada dere yatagi kullanimi ve 1slahi ile kiyida antropojenik
sedler ve yerlesimlerin varligi kiyidan bosalan su ve ¢okelin dagilimini da 6nemli dlgiide
etkilemektedir. Ozellikle bilingsiz kiy1 kullanimi plajlarin boyutlarini kiigiiltmekte ve dogal-
jeolojik siireclere kargi korunmasini da zorlastirmaktadir. Mersin Korfezi’ndeki tim bu
jeolojik ve antropojenik etkilesimleri aragtirmak amaci ile, Nisan-Mayis 2011 aylarinda
Mersin-Erdemli sahillerini olusturan kumlu plajlardan 145 ¢okel 6rnegi alinmis olup, cesitli
petrografik yontemlere ve sonuglar istatiksel veri degerlendirmelerine tabi tutulmustur. Cokel
ornekleri, akarsu yatak ve agizlan dikkate alinarak, kiy1 ¢izgisi ve arka plajdan ve giincel
kosullar1 yansitan plajin en tist kisimlarindan alinmistir. Folk (1974)’de 6nerilen kuru elekle
tane boyu analizi ve istatiksel parametreleri kullanilmigtir. Téim plajlarda bulunmalari nedeni
ile, kum agirlikli 6rneklere 6nem verilmistir.

Cokeller % <1-85 oraninda ¢ok kiigiik-kiigiik cakila (> 4mm), % <1-34 ¢ok kaba kuma (2-1
mm), % 1-74 kaba kuma (1-0,5 mm), % 1-83 orta kuma (0,5-0,25 mm), % 1-77 ince kuma
(0,25-0,125 mm), % 1-4 oranlarinda ¢ok ince kuma (0,125-0,0625 mm) sahiptirler. Genelde,
plaj ¢okelleri orta kumca zengin olmalarina karsin (@ 1-2), 6zellikle karasal girdinin bol
oldugu dere yataklar1 agz ile yiiksek enerjili yapay kiy1 sedlerine yakin alanlarda nisbeten
kaba tanelidirler. Degisen plaj profilleri ve bagil morfodinamik kosullar az da olsa kiy1 ¢izgisi
ve arka plaj ortamlarindaki ¢okeller farkli tane boyu sergilemektedirler. Diger taraftan, GB-
KD yoniinde net ¢okel tasinimi bu yonde nisbeten orta kumdan ince kuma bir artisa isaret
etmektedir. Cokeller cogunlukla iyi boylanma (So: ® 0,6-0,9) gdstermelerine ragmen, bazi
alanlarda kotii ve orta derecede boylanma da (So: @ 0,9-1,8) tesbit edilmektedir. Cok sayida
akars1 girdileri, yapay sedler ve yerlesimler kiy1 boyu ¢okel tasinimini engellemektedir.
Yamukluk degerleri ince taneye-kaba taneye yamuk arasinda (Sk: -1/+1) degismekte ve
kiy1 boyunca onemli farklilik gostermemektedir. Basiklik degerleri cogunlukla mezokurtik
olup (Kg: 0,5-1,0), yer yer leptokurtik (Kg: 1-1,5) sivrilenmeye sahiptir. Jeomorfolojik
arazi gozlemlerine gore, kiy1 boyu ¢okel tane boyu dagilimi degisen boyutlardaki karasal,
denizel ve antropojenik etkilesimlerin varligi ile izah edilebilir. Calismalar devam etmekte
olup, hakim dalga ve akint1 yonleri ve deniz batimetrisi verileri ile ¢ok yonlii ve ayrmntili
yorumlamalar yapilmaktadir.

Anahtar Kelimeler: Mersin Korfezi, plaj, ¢okel, akarsu, antropojenik, tane boyu
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ABSTRACT

The NE-SW-oriented Mersin Bay at the Mediterranean coast of SE-Turkey has large number
of beach coasts with varying extensions. Generally, many rivers enter the bay along the
erosional straight and depositional lobe coasts, however much of them flow seasonally. Thus,
the effects of terrestrial input are much lower then the transport by wave and currents. On
the other hand, use and recreation of river beds on land and presence of anthropogenic
barriers and populations on the coast prevents distribution of water and sediment flow to
a large extent. Especially, misuse of the coast shorten the beach profile and make difficult
its-protection against natural-geological processes. To investigate all these geological and
anthropogenic interactions in Mersin Bay, 145 sediment samples were collected on the sandy
beaches of Mersin-Erdemli shores during April-May 2011. These were then subjected to
various petrographic methods and the results obtained were evaluated statistically. Sediment
samples were taken from the uppermost part of shoreline and backshore areas representing
the most recent conditions with special attention to river beds and mouths. Dry sieve analysis
and statistical evaluation by Folk (1974) was applied for grain size determination. Samples
rich in sand were preferred as they are abundant in all beaches.

Sediments contained <1-85 % very fine-fine gravel (> 4mm), <1-34 % very coarse sand (2-1
mm), 1-74 % coarse sand (1-0,5 mm), 1-83 % medium sand (0,5-0,25 mm), 1-77 % fine sand
(0,25-0,125 mm), 1-4 % very fine sand (0,125-0,0625 mm) proportions. In general, beach
sediments are rich in medium sand (® 1-2), however, they are relatively coarser grained in
river mouth areas where terrigenous input is high and close to artificial groin barrier areas
of higher energies. The varying beach profiles and related morphodynamic conditions even at
smaller degree, represent different grain sizes in the shoreline and backshore environments.
On the other hand, the net sediment transport along the SW-NE direction indicates increase
in the abundances from medium to fine sand. The sediments largely display good sorting (So.
@ 0,6-0,9), although in some areas medium-bad sorting was also found (So: @ 0,9-1,8). Many
riverine inputs, artificial barriers and populations disturb the longshore sediment transport.
Based on skewness values varying between fine- and coarse-skewness(Sk: -1/+1), sediments
showed no important differences. The kurtosis values are mainly in the field of mesokurtic
(Kg: 0,5-1,0), however at places leptokurtic (Kg: 1-1,5) distribution is also present. The
geomorphological field observations suggest that longshore sediment grain size distribution
can be explained by terrestrial, marine and anthropogenic interactions at varying intensities.
The ongoing studies on include the evaluation of the data in terms of dominant wave and
current directions and marine bathymetry with multisourced data evaluation.

Keywords: Mersin Bay, beach, sediment, riverine,anthropogenic, grain size
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Bat1 Karadeniz 6zellikle gliney kesimlerinde genis bir self ve diisiik egimli bir kitasal yamaca
sahiptir. Dogu Karadeniz kitasal yamacindaki egim yaklasik 30 derece civarindayken, bati
Karadeniz kitasal yamacindaki egim, yaklasik 12 derecedir. 2008 yilinda bat1 Karadeniz self
ve kitasal yamacinda igneada civarinda 355 km yiiksek ayrimli ¢ok kanalli sismik yansima
ve c¢ok yiiksek ayrimli chirp miihendislik sismigi verisi toplanmistir. Cok kanalli sismik
yansima verilerinden elde edilen sonuglara gore, batt Karadeniz’ in kitasal yamacindaki
sediment birikimi deniz tabanindan, Miyosen donemine kadar 0.92 saniye (¢ift yol gidis-
gelis zamani)’ dir.

Toplanan veriler bolgede gaz ve gaz ile iliskili yapilarin varligini ortaya koydugu gibi bolgede
olasibirresifyapisinin varligina daigaret etmektedir. Resif yapilari hidrokarbon aramaciliginda
onemli bir yere sahip olup, yapinin sismik analizi gbzlenen resifin i¢sel yapisinin 10 m’ye
ulasan olas1 karbonat tabakalarindan olustugunu gostermektedir. Yapinin hiz analizinden elde
edilen ara hiz degerleri 2250 m/s degerine kadar ulagsmakta olup hesaplatilan karmagik sismik
nitelikleri de yapinin resif olduguna isaret etmektedir. Muhtemel resif yapisinin genisligi
1400 m ve yiiksekligi yaklasik 50 m’ dir ve deniz tabanindan yaklagik 40 m derinlikte kiigiik
6l¢ekte bir antiklinal icerisinde gdmiiliidiir. Olas1 resif yapisinin hemen altinda da sacilmis
gaz birikimlerinden bahsetmek miimkiindiir. Sismik verilerin analizi yardimiyla, tortul
birikimi, resif yapisinin olusumu ve taban altindaki tortullarda gergeklesen sivi gogiinii ortaya
koyan bir model de ¢aligma kapsaminda onerilmistir. Onerilen model olas1 resif yapisinin
bugiinkii konumunun giineydogusunda olusmaya basladigini ve kademeli olarak kuzeybatiya
dogru kaydigini ortaya koymaktadir. Kuzeybatiya dogru olan bu kayma ve gelisimin, resif
tabaninin altindaki tortullarda var olan gaz olusumu ve yiikselimi ile iligkili oldugu da model
kapsaminda ortaya konulmustur. Ayrica ¢aligma kapsaminda, resif ve gevre tortul ortamin
olusumunu 6 adimda agiklayan sematik bir model de ortaya konulmustur.

Anahtar Kelimeler: Deniz sismigi, gaz birikimi, resif, Karadeniz
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ABSTRACT

Western Black Sea especially has a wide shelf and gentle continental slope at southern side.
Continental slope of eastern Black Sea has approximately 30 degrees dip while western
Black Sea has approximately 12 degrees. Approximately 355 km high resolution multichannel
seismic reflection and very high resolution chirp shallow seismic data were collected on the
shelf and continental slope at Igneada and surrounding region in 2008. We observe quite
thick sedimentary strata along the slope and the post-Miocene sediment thickness is approx.
0,92 s (two way travel time).

A reef structure was observed in the data set with gas related structures. Reef structures have
a significant importance in the hydrocarbon exploration and seismic analysis of the observed
reef structure shows that it has carbonate beds with 10 m thickness. Interval velocity values
calculated from velocity analysis reach to 2250 m/s and complex seismic attributes also
point out to reef structure. A shallow reef structure buried at 40 m below the sea bottom in
paleo-channel sediments was distinguished on the seismic data. The width and height of the
reef structure is 1400 and 50 m, respectively. Moreover, there is a small scale anticline just
above the possible reef structure including small-scale gas accumulations. A disseminated
gas accumulation just below the possible reef structure was also observed. A new model
for the sediment deposition, formation of the possible reef struture and fluid migration in
the sediments below the bottom was introduced. Suggested model shows that formation of
the possible reef structure has started at the southeastern side of the structure and moved
progressively to the northwest. It is proposed that the formation and this migration to the
northwest are related to gas accumulations and uplift below the reef structure. Moreover, a
conceptional model for sedimentary structure around the reef'is also discussed.

Keywords: Marine seismics, gas accumulation, reef, Black Sea

203



65. Tiirkiye Jeoloji Kurultay: 2-6 Nisan/April 2012 65™ Geological Congress of Turkey

SEDIMAN KAROTLARININ LITOLOJIK VE YAPISAL
NITELIKLERININ X-ISINI RADYOGRAFIK GORUNTU ALIMINA
ETKILERI

Dursun Acar, Emre Damc
EMCOL Arastirma Merkezi, Istanbul Teknik Universitesi, 34469, Istanbul
(dursunacaracar@hotmail.com)

0z

Sediman karotlarindan x-151n1 radyografik goriintii alimi sirasinda, 1sinlar litolojik farkliliklar
sunan bolgeleri (¢ok laminalr) ayn1 anda kesmemelidir. Ozellikle mm 6lgeginde laminalanma
sunan karotlarin analizinde, bu durum agisal sorunlarla birlikte, analiz sonug¢larinda %60-80
oranlarinda hataya neden olmaktadir.

Bu calismada Van Golii’nden 2008 yilinda alinan vO8p07 adli karot tizerinde iki farkli eksende
radyografik gériintiileme yapildi: Olgiimler karot yiizeyine parallel (a) ve bu yiizeye dik olan
diizlemde (b) gergeklestirildi. Laminalanmanin X-1s1m1 iziyle yapmis oldugu ac1 degisimi
ile gecilen lamina sayis1 degismektedir ve sonugta %80 e varan veri icerigi degisikligine
neden olmaktadir. Ayrica goriinmeyen bir ¢ok mikro yapinin ortaya ¢ikmasida farkli eksen
taramalarinin 6nemini gdstermektedir. Van Goli’nden alinan v08g04 adli diger karotda
ise tarama adimi ¢Oziiniirliigii 200 ya da 500 mikron secildiginde laminalarin sayisinda bir
degisme olmadig1 goriilmiistiir.

Dogru kesim ekseni se¢imi i¢in laminlanma (katmanlanma) agilarinin gidisinin belirlenmesi
gereklidir. Bu islemi karot ikiye boliinmeden 6nce yapmak ornek zayiyatini da azaltir.
Bu nedenle, kesilmemis bir tiim karotta pratik egim belirleme 6nemlidir ve ilgili teknoloji
gelistirilmelidir. Burada alt1 ¢izilmesi gereken nokta, radyografi analizlerinde tarama adimi
¢coziinlirliiglinden ziyade, laminalarin ayr1 ayr1 dogrusal x-1s1nlart ile kesilmesidir. Yas tayini
ve yillik sedimanlagma (tortullasma) hizin1 belirleme ¢aligmalarinda bu durumlara dikkat
edilmelidir.

Anahtar Kelimeler: X-Isin1, radyografi, lamina, ¢oziiniirlilk
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ABSTRACT

During the X-ray radiographic imaging of the sediment cores, X-ray beams should not
encounter domains of different lithology at the same time. Especially during the analysis
of the cores with lamination at the millimeter (mm) scale, thin lamination with the angular
sedimantation problems increases to the errors of ratio 60-80%.

In this study we carried out the radiographic imaging of the core vO8p07 taken from Van
lake during 2008 from two different surfaces, perpendicular to each other. Difference in the
image data varies up to 80%. The advantage of the scanning of different surfaces in a single
core is that the structural elements become more evident. In another experience conducted
on a much laminated core, v08g04, also taken from the Van lake, two different scan rate
(200 and 500 micron) was chosen. These scan rates does not show any difference about
number of the detected lamina. Determination of the lamination surface with angle in the
core is necessary for dividing core into two parts. This would minimize the sample loss, if this
process is applied to the whole core. Therefore, to determine strike and fall of the lamination
is of vital importance.

The main message of this contribution is that the orientation of the lamination must be
parallel to the incident X-rays to avoid inference from adjacent laminas. This fact is more
important relative to the high resolution scanning rate. In case of element diffusion, age
determination and estimates of sedimentation rate becomes difficult. For optional solution,
if estimates of sedimation rate is carried out by means of radiographic images, the samples
should consider the orientation of the lamination and structural features of the core.

Keywords: X-Ray, radiography, lamina , resolution
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Karadeniz son yillarda enerji kaynaklar1 acisindan ¢ok biiyiik 6nem kazanmustir. Ozellikle
petrol endiistrisi birkag¢ y1l 6ncesine kadar ¢alisilmamis olan bu bolgede son yillarda yogun
olarak arastirmalara baslamigtir. Son yillardaki ¢aligmalar bolgede gaz birikimleri ve gaz
hidrat olusumlarinin varligin1 dogrulamig ve bu konulara yonelik ¢aligmalar hizla artmistir.
Bat1 Karadeniz’de Akgakoca-1 kuyusunda erken Eosen yasl: tiirbidit rezervuarlarindan gaz
iiretimi giiniimiizde gergeklestirilmektedir. Ayn1 zamanda orta Karadeniz civarinda kitasal
yiikselim kesimlerinde gaz hidrat birikimlerinin sismik verideki imzas1 olan BSR (Bottom-
Simulating-Reflector) yansimalar1 da giincel ¢aligmalar arasinda yer almaktadir. Mevcut gaz
ve gaz hidrat potansiyeli gozetilerek 2010 yilinda Amasra ve Zonguldak aciklarinda yiiksek
ayrimli ¢cok kanall1 sismik yansima ve s1g mithendislik sismigi verileri toplanmigtir. Toplanan
ve islenen veriler 151¢inda bolgede gaz birikimlerinin sismik verilerdeki gostergesi olan
saydam ve yansimasiz zonlar ile saginmis zonlara rastlanmistir. Bunun yan1 sira gaz hidrat
birikimlerinin en biiylik belirtisi olan BSR yansimalari da ¢aligma alaninda genis yayilimlar
gostermektedir.

BSR yansimalari, hidrat igeren sedimentlerin tabanini gosteren sanal bir yansima olup bu
yansima seviyelerinin altinda genellikle serbest gazlar bulunur ve BSR seviyesinin altinda
baska bir BSR zonunun olusmasi gaz hidrat olusum kosullar1 degismedigi siirece miimkiin
degildir. Calisma alani icerisinde birincil BSR seviyelerini takip eden ikincil BSR seviyeleri
de gozlenmis olup bu seviyeler Karadeniz i¢in onerilen paleo-BSR’larin Tiirkiye kitasal
kenarindaki ilk 6rneklerini teskil etmektedir.

Anahtar Kelimeler: Gaz birikimi, gaz hidrat, BSR, paleo-BSR, Orta Karadeniz.
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ABSTRACT

Black Sea has an increased importance for energy resources in recent years. In particular,
intensive researches by petroleum industry has been initiated to describe potential economical
resources of the region. Recent studies have verified the existence of gas accumulations and
gas hydrate occurrences. Ak¢akoca-1 well produces gas in present day from resevoirs of early
Eocene turbidites in the western Black Sea. In addition, BSR (Bottom-Simulating-Reflector)
reflections which are the signs of gas hydrates on the seismic sections are also observed
at continental rise of the central Black Sea. In 2010, high resolution multichannel seismic
and shallow seismic data were collected in order to show gas and gas hydrate potential at
offshore of Amasra and Zonguldak, western Black Sea. On the processed data, transparent,
reflection free and scattered zones were observed and indicated as gassy zones. Furthermore,
widespread BSR reflections have been observed along the continental rise.

BSRs are imaginary reflections indicating the base of the gas hydrate-bearing and seperate
gas hyrate accumulations and free gas zones just below. As long as stability conditions of
gas hydrates do not change, another BSR zone is not possible in the same area. However, we
observe several secondary BSR levels below the primary BSR reflections in the study area.
These kind of BSR levels, here suggested as paleo-BSRs, are the first examples observed at
the Turkish continental margin of the Black Sea.

Keywords: Gas accumulation, gas hydrate, BSR, paleo-BSR, Central Black Sea.
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Karadeniz glineyinde sikismanin kuzeyinde ise agilmanin hakim oldugu, dogu ve bat1 baseni
olmak iizere iki kesimden olusan bir yay ardi basendir. Son dénemde yapilan calismalar
gliney kiyilarinda kitasal yamaci ¢ok dik bir egime sahip oldugunu, karasal girdilerin de
onemli ol¢iide tasindigini ve sediment istifinin iki basen i¢in ortalama 15 km civarinda
oldugunu gostermektedir. Kitasal yamacin ¢ok dik bir egime sahip olusu ve self alaninin
Istanbul Bogazi’ndan itibaren doguya dogru ¢ok genis olmamasi, karasal girdilerin dogrudan
kitasal yamaca tagimmasimi ve hizla kitasal yiikselim ve abisal diizliige dogru hareketini
tetiklemektedir.

Bu jeolojik olgular 1s181inda bolgedeki sedimanter siireglerin ortaya konulmasi amaciyla
Zonguldak-Kozlu ve Amasra agiklarinda 2010 yilinda bdlgede akustik veri toplama galismasi
yapilmustir. Es zamanli olarak toplanan ¢ok 1sinl1 ii¢ boyutlu batimetri, yiiksek ayrimli ¢ok
kanall1 sismik yansima ve chirp s1§ miihendislik sismigi verileri 1s181nda bolgede var olan
sedimanter siiregler, yamag asag kiitle hareketleri, kitasal yiikselimde yaygin olarak goriilen
sediment dalgalar1 ve moloz akmalar1 olarak siralanabilir. Bununla birlikte bolgede var
oldugu diisiiniilen gaz hidrat birikimlerine bagl olusmus kayma yapilar1 da ¢aligma alaninin
bat1 kesimlerinde gozlenen yapilar arasindadir. Mevcut veriler ayn1 zamanda dar bir self
alanini takiben bolgedeki kitasal yamacin 27 derecelik ¢ok dik bir egime sahip oldugunu ve
biitiin bu sedimanter siireclerin yamacin egimi ile dogrudan iliskili oldugunu gostermektedir.
Ayrica ¢ok 1s1nl1 ti¢ boyutlu batimetri verisi giineyden kuzeye dogru uzanan kanal seklindeki
sediment tasinim yollarini agik¢a gostermektedir.

Anahtar Kelimeler: Sismik, kitasal yamag, kayma yapilari, Orta Karadeniz
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ABSTRACT

The Black Sea is a back-arc basin with two seperate basins as western and eastern sub-
basins and is dominated by compression on the northern side and extension on the southern
side. Recent studies show that continental slope is extremely steep on the southern margin
where downslope processes are extensively observed. Recent studies also show that average
sediment thickness of both basin is approx. 15 km. Narrow shelf and steep slope along
the southern margin of the Black Sea results in a widespread sediment transportation to
continental rise.

Different acoustic data sets were collected in 2010 to define sedimentary processes along the
margin. During the cruise, multibeam bathymetry, high resolution multichannel seismic and
chirp data were collected simultaneously. Common sedimentary structures are downslope
mass movements, sediment waves and debris flows on the continental rise. In addition, slides
possibly triggered by partial destabilization of the gas hydrate accumulations are observed on
western side. Bathymetry data show 27 degrees maximum slope behind the narrow shelf area
indicating a possible relation between steep slope and downslope sedimentary processes.
Furthermore, multibeam bathymetry data also show sediment transportation pathways as
channels and canyons from south to north.

Keywords: Seismic, continental slope, slide structures, Central Black Sea
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Marmara Denizi’nde, Kuzey Anadolu Fay1 (KAF) bir ana hat ve birka¢ tane yan koldan
olusur. Bu ana hat Ganos (15 km), Orta Marmara (105 km) ve Kuzey sinir1 (45 km) fay
hatti boliimlerinden olusur (Okay et al., 2000). Orta Marmara Fayi’nin batiya uzanan
bolimii Tekirdag ve Orta Marmara Basenleri arasinda yer alan Bat1 yiikselimi {izerinden
gecer. Bati Yiikselimi ve Cinarcik Baseni, daha onceki ¢alismalarda gazhidrat ve gaz
cikislariin gozlendigi KAF’a yakin olan temel alanlarindan birtanesidir. KAF’ i tektonik
hareketlerini ve gaz’m kaynaginin nerede oldugunu anlamak i¢in bu alan iizerinde seferler
gergeklestirilmistir. Bu seferler Dokuz Eyliil Universitesi’ne ait K.Piri Reis Arastirma
gemisiyle Temmuz-2008 ayinda TAMAM Projesi gergeklestirilmis, daha sonra Kasim-2009
‘da IFREMER’e ait Le Suroit gemisiyle MARMESONET Projesi altinda devam etmistir.
Bu seferde birinci ayakta ¢ok 1sinli batimetri ve AUV, ikinci ayakta yiiksek ¢oziiniirliiklii
3-Boyultlu sismik veri toplanmistir. Son sefer PIRMARMARA Projesi olarak Haziran-
2010°da 2-Boyutlu Yiiksek Ayrimli Sismik Verisi toplama olarak gergeklestirilmistir. Bu
calismalar AB ESONET MARMARA-DM (Marmara Deniz Alt1 Gozlemleri) Projesi altinda
yapilmistir.

2B Sismik verilerin veri islemi Hakan Saritag tarafindan, 3B verilerin veri islemi ise
IFREMER’den Bruno Marsset, Yannick Thomas ve Alexis Rochat tarafindan uygulanmustir.
3B sismik veri fay dagilim1 ve alt katmanlar hakkinda detayli bilgiler saglar. 3B sismik 2B’ya
gore daha fazla bilgisayar tabanli yorumlama ve goriintiileme analizi saglar.

Bu arastirmanin amaci; Bati yiikseliminde gaz tabakasi ve gaz hidrat olusumlarinin yerinin
tesbiti, bolgenin jeolojik yapisinin tanimlanmasi, sag yonli dogrultu atimli KAF’in tektonik
hareketini anlama, KAF’a yakin ¢amur volkaninin incelenmesi ve deniz tabanina gaz
cikiginin gézlenmesi, petrol sizintisi ve yerinin tesbiti, 2B veriden elde edilen hiz bilgisini 3B
veriye uyarlama, 2B ve 3B veri iglem sonras1 sonuglari kargilastirarak daha iyi bir yorumlama
yapmaktir

Sonug olarak, Bat1 yiikseliminde gesitli deniz jeolojisi ve jeofizigi verileri toplanmasi icin
seferler gerceklestirilmigtir. Bu aragtirmalar gaz hidrat, gaz cikisi, gaz tabakasi ve tektonik
hareketlerini incelemeye odaklanmigtir. Veri veri islemden gecirilmis ve yorumlanmaya
baslanmistir.

Anahtar Kelimeler: Marmara Denizi, bat1 yiikselimi, gaz alani, gaz hidrat, 2B-3B sismik

210



65. Tiirkiye Jeoloji Kurultayt 2-6 Nisan/April 2012 65" Geological Congress of Turkey

3D HIGH RESOLUTION SEISMIC SURVEY ON WESTERN HIGH IN
THE SEA OF MARMARA
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Alexis Rochat?’, Orhan Atgin’, S. Deniz Akhun Coskun’
'Dokuz Eyliil University,Institute of Marine Science and Technologhy, Inciralt, Izmir
2[FREMER (French Research Institute for Exploration of the Sea) Brest, France
(h.saritas@deu.edu.tr)

ABSTRACT

In the Marmara Sea the North Anatolian Fault consists of a main strand and a few subsidiary
branches. The main strand is made up of the Ganos (15 km long), Central Marmara (105
km) and North Boundary (45 km) fault segments (Okay et al., 2000). Western Part of the
Central Marmara Fault crosses on The Western High which is located between Tekirdag and
Central Marmara Basins. The Western High and Cinarcik Basin is one of the major regions
of geological interest which is the area close to the NAF where evidence of gas hydrates
and fluid escapes have been observed during previous scientific cruises. To understand the
kinematics of the NAF and origin of the gas, collecting data was focused on these areas by
the latter cruises. It started with TAMAM (Turkish-American Marmara Multichannel) cruise
in July 2008 by R/V Koca Piri Reis which belongs to Dokuz Eylul University , and after that
it continued with MARMESONET (Marmara Demonstration Mission Program supported by
European Seafloor Observatory Network) in December 2009 by R/V Le Suroit opreated by
IFREMER. This cruise consists of two legs; leg-1 is about collecting multibeam and AUV
data, Leg-2 is about collecting High Resolution 3D Seismic data. The last cruise was carried
out in June 2010 by R/V Koca Piri Reis , its aim was collecting 2D High Resolution Seismic
Data. These studies were funded by EU ESONET MARMARA-DM Project.

These 2D high resolution seismic data was processed by Hakan Saritas. 3D HR data which
was processed by Bruno Marsset, Yannick Thomas and Alexis Rochat. 3D seismic data
provide detailed information about fault distribution and subsurface structures. Computer-
based interpretation and display of 3D seismic data allow for more thorough analysis than
2D seismic data.

The objectives of this survey are to find locations of gas strata and gas hydrate formation
in the western high, study geological structure of this area, understand kinematics related
to dextral strike slip North Anatolian fault, focus on the mud volcano where close to NAF
and observation gas fluid through to seabed, oil seepage and find its location, to integrate
velocity information which is obtained from 2D seismic processing on 3D seismic data, after
processing 2D and 3D seismic data, compare the results with each other and make better
interpretation.

In conclusion, there were some cruises related to collecting various marine geology and
geophysics data in the Western High. The investigations have been focused on gas hydrate,
gas escape, location of the gas strata and tectonics. The data was processed and has been
started to interpretation.

Keywords: Sea of Marmara, western high, gas field, gas hyrate, 2D-3D seismic
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ISTANBUL-SILE (KB-TURKIYE) EOLINITLERININ YUZEY
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Sile (Istanbul) batisinda Dogancili kiyilarinda bulunan karbonat ¢imentolu fosil kumul
istifinin yiizey alt1 geometrisi ve bu birimin altinda bulunan kumlu kil birimi ile dokunak
iliskileri iki boyutlu elektrik 6zdiren¢ tomografi teknigi ile aragtirtlmistir. 3 adet 110 m lik
denize dik hat boyunca 5.5 m elektrod aralig1 ile dipol-dipol dizilimi kullanarak toplam 9 veri
seviyesi i¢in dl¢limler gergeklestirilmistir. Goriiniir 6zdireng verileri iki boyutlu ters ¢éziim
teknigi ile degerlendirilmis ve her 6l¢lim hattina ait yer elektrik tomogramlari elde edilmistir.
Yaklagik 12 m derinlige kadar 6zdireng degisimini sunan tomogramlar incelendiginde, eolinit
ile altindaki kumlu kil birimi arasindaki uyumsuzluk zonu boyunca dokunak belirlenmis ve
eolinit kalinliginin 3.5-8 m araliginda degistigi gézlenmistir. Ayrica, en dogudaki hat {izerinde
eolinitin karaya dogru uzanimin yaklagik 105 m oldugu ve bu uzanimin batiya dogru azaldig:
gozlenmistir. Elde edilen veriler Sile batisindaki bu kiy1 bdlgesinde taglasmis kumul istifinin
alttaki gevsek Pliosen ¢okelleri iizerindeki dalgali bir topografyay: orttiigiinii gdstermistir.

Anahtar Kelimeler: Eolinit, 6zdirenc, Sile, tomografi
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INVESTIGATION OF SUBSURFACE GEOMETRY OF ISTANBUL-
SILE EOLIANITES (NW-TURKEY) BY USING ELECTRICAL
RESISTIVITY TOMOGRAPHY TECHNIQUE
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ABSTRACT

The subsurface geometry of the carbonate cemented coastal dune sequence and its lithologic
contact with the underlying sandy clays of Pliocene age, located on the Dogancili coast
west of Sile (Istanbul) was studied based on the use of two dimensional electrical resistivity
tomography. Measurements were carried out using dipole-dipole electrode array along 3
lines which are perpendicular to sea. The length of the lines was 110 m with electrodes
spaced every 5.5 m. Processing of the measured apparent resistivity data was conducted by
two dimensional inversion and resistivity tomograms were generated. The tomograms which
reflect resistivity changes down to 12 m in depth display the existence of a typical discordance
between the 2.5-8 m thick eolianite and the underlying sandy clay unit. In addition, the
section obtained from the easternmost survey line shows that the eolianite extends up to 105
m leeward, which decreases toward the west. The results reveal that the indurated dune sands
overlie an undulated fossil topography which cuts Pliocene deposits in the western coastal
areas of Sile.

Keywords: Sile, eolianites, resistivity, tomography
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Genlik-Ofset analizi (Amplitude versus Offset-AVO) son yillarda petrol ve dogal gaz
rezervlerinin tespitinde ve rezervlerin siniflandirilmasinda yaygin olarak kullanilmaktadir.
2008 yilinda Marmara Denizi’nde K. Piri Reis Arastirma Gemisi ile toplanan ¢ok kanalll
sismik yansima verilerinde hidrokarbon birikimlerinin tespitinde 6nemli bir unsur olan
parlak noktalara (bright spot) rastlanmigtir. Standart veri islem agamalarinin ardindan sismik
veri lizerinde gdzlenen si1§ gaz birikimine AVO analizi uygulanmistir. Gaz anomalisinin
oldugu kisimdaki ortak derinlik noktalarindan (CDP) “supergather” olusturularak AVO
anomalisi belirgin bir sekilde gosterilmistir. Uygulanan analizler, AVO niteliklerinden
Kesisim (Intercept), Gradyent (Gradient) ve Akiskan Faktorii (Fluid Factor) hesaplarinin her
biri i¢in nitelik kesitlerinin gosterimini de igermektedir. Yakin ve uzak ofset yigma kesitleri
hesaplanarak, anomalinin belirgin oldugu ortak derinlik noktalar1 {izerinde gradyent analizi
uygulanmistir. Hesaplanan niteliklerden intercept ve gradient i¢in ¢apraz ¢izdirim (crossplot)
yontemi ile sismik kesitte anomali veren ve gaz igeren sedimentin list ve alt smirlari
gosterilmistir. Ayn1 zamanda 1 boyutlu modelleme ile AVO smiflar1 ortaya konularak, elde
edilen analiz sonugclart ile karsilastirilmis ve rezervin hangi AVO simifina ait oldugu ortaya
konulmustur. Rezervde anomalinin oldugu kisimlarda sinif 3 ve sinif 4 AVO anomalileri
gozlenmistir.

Anahtar Kelimeler: Avo, s1§ gaz birikimleri, intercept, gradyent, akiskan faktorii
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AVO ANALYSIS OF A SHALLOW GAS ACCUMULATION OBSERVED
ON THE CINARCIK BASIN (EAST MARMARA)

Murat Er, Derman Dondurur, Giinay Cif¢i, H. Mert Kiiciik, Ozkan Ozel, Orhan
Atgin, Savas Giir¢ay, Melek Korkmaz
Dokuz Eylul Universty Institute of Marine Sciences and Technology Haydar Aliyev
Boulevard No:100 35340 Inciralt, Izmir, Turkey
(er-murat@ogr.dev.edu.tr)

ABSTRACT

Amplitude versus Offset-AVO analysis is widely used in determination of oil and gas reserves
and classification of reserves in recent years. Bright spots, a significant factor in determining
the hydrocarbon accumulations, were spotted on the multi-channel seismic data which is
surveyed by K. Piri Reis Research Vessel in the Marmara Sea in 2008. AVO analysis was
applied to the observed shallow gas accumulation on the seismic data after the standart data
processing steps. AVO is shown clearly at the supergather which is generated by the CDPs
from the gas anomaly. Applied analysis include the showing of Intercept, Gradient and Fluid
Factor sections which are calculated from AVO attribues. Near and Far Offset stack sections
are plotted and gradient analysis were applied to the CDPs where the anomaly is clear. Top
and base boundaries of gas bearing sediment were shown by intercept — gradient crossplot
method. Also 1D modelling was made to show AVO classes and models were compared with
the analysis results, that obtained from the seismic data, and reserve has been defined to
which AVO class it belongs. Class 3 and Class 4 AVO anomalies observed at anomaly spots
on the reserve.

Keywords: Avo, shallow gas accumulations, intercept, gradient, fluid factor
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Denizlerde olas1 s1g gaz ve gazhidrat olusumlarinin arastirilmasi ve rezervlerinin belirlenmesi
hem ekonomik hem de stratejik 6neme sahiptir. Karadeniz glinlimiizde, metan birikimi ve
petrol sizmalart ile diinyadaki dnemli hidrokarbon alanlarindan biri olmaya adaydir.

Bat1 Karadeniz kitasal yamaci iizerinde s1§ gaz ve gazhidrat arastirmalar1 amactyla, 2008
yilinda self ve kitasal yamacgta yaklasik 355 km cok kanalli yiiksek ayrimli sismik yansima
verisi toplanmistir. Toplanan veri sig gaz ve gazhidrat birikimleri agisindan yorumlanmak
iizere standart veri islem adimlar1 kullanilarak islenmistir. Migrasyon sonrasi final kesitlere
uygulanan sismik nitelik analizleri (anlik frekans, anlik faz, anlik polarite, yansima giicii)
ile bolgede gaz iceren yapilara ait anomaliler belirlenmistir. Ayrica bolgede sinirlt bir
alanda, olas1 gazhidrat yapilarinin belirlenmesini saglayan BSR (tabana benzeyen yansitici)
yansimalar1 gézlenmistir.

Yapilan analizler sonucunda, gaz birikimlerinin genellikle kitasal yamag lizerinde, antiklinal
benzeri yapilar olusturan sirt yapilarin altinda olustugu gdzlenmistir. Bunlarin derinlikleri
deniz tabanindan itibaren genellikle 100-200 m olup, gaz birikimlerinin iist sinirlar1 oldukca
belirgin ters polariteli parlak noktalar (bright spots) seklinde ayirt edilmektedir. Hemen
tim parlak noktalarin altinda, yansimasiz saydam zonlar seklinde gaz birikim alanlari
gorlilmektedir. Bu saydam zonlarin anlik frekans kesitleri, oldukca diisiik frekanslarin
varligini isaret etmekte, bu zonlarda sismik sinyalin yiiksek derecede soguruldugu anlamina
gelmektedir. Ayrica sismik final kesitler iizerinde, Miyosen ve Pliyo-Kuvaterner arayiizyleri
isaretlenerek, bu donemlere ait sediment dagilim haritalar1 elde edilmistir.

Anahtar Kelimeler: Sismik nitelikler, BSR, s1g gaz birikimleri, bright-spot.
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SEISMIC ANALYSIS OF SHALLOW GAS AND
GAS HYDRATE ACCUMULATIONS ON THE WESTERN BLACK SEA
CONTINENTAL SLOPE
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ABSTRACT

Investigation of possible gas and gas hydrate accumulations and determination of possible
reservoirs in marine shallow environments have both economical and strategical importance.
Today, the Black Sea is an important area in the world for hydrocarbon accumulations and
seeps.

In order to investigate gas and gas hydrate accumulations in the Western Black Sea
continental slope, approximately 355 km of high resolution multichannel seismic data was
collected in 2008. The data was processed using conventional processing steps. Anomalous
zones of gas accumulations were determined on the final migrated sections using seismic
attribute analysis (instantaneous polarity, phase and frequency as well as reflection strength.
In one limited area, a Bottom Simulated Reflection (BSR) indicating gas hydrate formations
was also observed.

Shallow gas accumulations were generally observed below the ridge structures forming
anticline-type formations. The accumulations are located generally 100-200 m below the
seabed, and the reflections from top of the gas reservoirs are distinguished by their distinctive
negative polarity. Below these bright reflections is gassy sediments as semi-transparent dim
zones. The instantaneous frequency sections show low frequency local anomalous zones,
indicating a higher attenuation of seismic signal due to the gas accumulation. Besides,
sediment thickness maps of Miocene and Plio-Quternary periods were determined on the
final migration seismic secions.

Keywords: Seismic attributes, BSR, shallow gas accumulations, bright-spot.
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17.4.1990 tarih 3126 say1li1 K1y1 Kanunun’da higbir degisiklik yapilmadan 3.8.1990 tarihli K1y1
Kanunu’nun Uygulanmasina Dair Yo6netmelik’in baz1 maddelerinde 30.3.1994 ve 25.3.2011
tarihlerinde yapilan degisiklikler, ilgi kanun ve ana yonetmeligi ile ¢eligir durumdadir. Kanun
uygulamalarinin objektif olmasi, objektif kriterlere dayandirilmasi gerekir iken 1994 ve 2011
yonetmelik degisiklikleri kanun ve uygulamalarini daha subjektif duruma diigiirmistir.

Kiy1 Kanunun ve Uygulama Y6netmeligi’nin uygulanabilirligi ile ilgili en 6nemli tanimi Kiy1
Kenar Cizgisi (KKC) olusturur. {lgi Kanun ve Uygulama Yénetmeligi’ne gore “KKC: Deniz,
tabii ve suni gol ve akarsularda, kiy1 ¢izgisinden (KC) sonraki kara yoniinde su hareketlerinin
olusturdugu kumluk, cakillik, kayalik, taglik, sazlik, bataklik ve benzeri alanlarin dogal
sinir1” olarak tanimlanmigtir. Burada “su hareketlerinin olusturdugu” ifadesi ve su hareketleri
sonucu olugmus “kumluk, ¢akillik, kayalik, taglik, sazlik ve benzeri alanlarin dogal sinir1”
ifadesi, uygulamada kantitatif olarak belirlenebilen objektif kriterlerdir.

1994 yonetmelik degisikligi ile KKC tanimi degistirilerek Algak — Basik Kiy1 ve Dar — Yiiksek
Kiy1 tanimlari ilave edilmis, Dar Kiy1 tanim1 madde metninden ¢ikarilmis; 2011 yonetmelik
degisikligi ile de tabii ve suni goller ile akarsularin kiy1 kenar ¢izgisinin belirlenmesinde
“Taskin Seddi Sinirlarina” yer verilmigtir.

“Algak — Basik Kiy1” tanimi1 kismen kanun ve ana yonetmelikteki tanimlar ile uyumludur.
Kanunda ve ana yonetmelikteki “su hareketlerinin olusturdugu” ifadesi yerine 1994
yonetmelik degisikliginde “kiy1 hareketlerinin olusturdugu” ifadesinin kullanilmasi, anilan
iki kavramin farkli anlamlar1 olmasindan dolay1 yerinde degildir. “Dar — Yiiksek Kiy1”
tanim1 kanun ve ana yonetmelikteki tanimlara tiimii ile aykir1 olmakla kalmayip hicbir
kantitatif 6l¢liye dayanmayan, uygulamada giicliiklere yol agabilecek, tamamu ile subjektif
bir kavramdir. Dar — Yiiksek Kiy1 ile Algak — Basik Kiy1 arasindaki gegislerde sinir
¢izebilmek de tamamu ile subjektif kriterler ile belirlenebilecek ve hicbir objektif 6l¢ii birimi
ile tanimlanamayacaktir. Baraj gollerinde sorunun ¢éziimii imkansiz hale gelebilecektir. Kiy1
Kanunu ve ana yonetmeligindeki “Dar Kiy1” tanimi da anlamsizdir. Matematiksel olarak
Kiy1 Kenar Cizgisi’nin, K1y1 Cizgisi ile ¢gakigmasi 0 (sifir), 0 kiy, kiy1 yok demektir. Dar Kiy1
taniminin bir dl¢liye dayandirilarak yeniden yapilandirilmasi pek ¢ok problemi kdkiinden
¢Ozebilecektir.

Kiy1 Kanunu ve uygulama yonetmeligi / yonetmelik degisikliklerindeki subjektif kritelerinin
ortadan kaldirilarak daha objektif kriterlere dayandirilarak yeniden diizenlenmesi
gerekmektedir.

Anahtar Kelimeler: Kiy1 kenar ¢izgisi, kiy1 kanunu, uygulama yonetmelikleri
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THE CONTRADICTION BETWEEN THE SHORE LAW —
APPLICATION REGULATION AND AMENDMENTS

Cengiz Yetiy
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Engineering, Balcali, Adana, Turkey
(cyetis@cu.edu.tr)

ABSTRACT

The amendments dated 30.3.1994 and 25.3.2011 made on some clauses of the Application
Regulations of the Coast Law dated 3.8.1990 without any amendment on the Coast Law no
3126 dated 17.04.1990 is in contradiction with the concerned law and regulations. However,
the practices of the laws must be objective and based on objective criterias, the amendments
dated 1994 and 2011 made on regulations made the concerned law and regulation more
subjective.

The most important definition of the Coast Law and Application Regulations is Shore Line
(KKC). According to the concerned law and application regulations “Shore Line: the natural
margin of the sandy places, gravel, reefy, stony, reedy, marsh etc., places made by water
movements towards land above shoreline (KC) across sea, natural and artificial lake and
rivers”. The term “made by water movements” and the term “the natural margin of the
sandy places, gravel, reefy, stony, reedy, marsh etc., places” are objective norms that are
identifiable during practices.

The amendment dated 1994 made on regulation change the definition of Shore Line and add
the Low — Flat Coast and Narrow — High Coast terms in to the definiton, Narrow Shore term
substracted from the clause text; the amendment dated 2011 made on regulation, “the Flood
Wall Margins” term added to the indentification of the shore line across the natureal and
artificial lake and rivers.

The definition of the Low — Flat Coast is partially concerted with terms in the law and main
regulation. The term “ made by shore movements” added to regulation by the amendment
dated 1994 is not covering the term “ made by water movements” in the law and main
regulation, owing to differnet meanings. The Narrow — High Coast terms is not only that
completely incompatible with the terms in the law and regulations, completely subjective
term, causes difficulties in practices which is not based on quatitative creiterias. Mapping
the margin of the transition between the The Narrow — High Coast and the Low — Flat Coast
will be based on completely subjective norms and can not be defined by any quatitative
norms. It can be imposibble to resolve the problems at the dam lakes. The term Narrow Shore
in the Shore Law and main regulation is become meaningless. Mathematically, it is called 0
(zero) shore or no shore, when the Shore Line crosses Shoreline. Most problems can resolve
by reconstituting the Narrow Shore definition based on cantitative norms.

1t is required that the Shore Law and application regulation / amendment on regulations
must be reconstituted based on objective norms and by removing the subjective norms.

Keywords: Shore line, shore law, aplication regulations
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Dogu Anadolu Fay Kusagi’nda bulunan Hazar G6lii, 7 km genislige ve 25 km uzunluga sahip
olan bir ¢ek-ayir (pull-apart basin) havzadir. Bu ¢alismada, Hazar Golii batisindan alinan
yiiksek ¢ozliniirliikte s1g-sismik ve piston karotlarinda Geg-Pleyistosen-Holosen donemine ait
su seviyesi ve iklim degisimleri arastirilmistir. S1g-sismik profillerde farkli sismik-stratigrafik
birimler ayirtlanmig ve sismik-karot eslesmesi yapilarak g¢okellerin kronostratigrafileri,
fasiyesleri ve geometrik ozellikleri belirlenmistir. G61 tabanindan itibaren ayirtlanan en
geng Holosen yasli ¢okeller piston karotlar ile kesilebilmistir. Buna gore, Hazar Golii’nde
Holosen donemi siiresince goliin farkli su seviyesi donemlerinde ¢okelen Birim-Sla’ya ait
farkli litostratigrafik birimler ayirtlanmastir.

Birim-Sla, sismiklerde goliin derin kesimlerinde transgresif ¢amur yaygis1 seklinde
gozlenirken, goliin yamaglarinda ve daha s1g derinliklerinde delta ¢okelleri, eski kiy1 ve taraga
¢okelleri olarak olugsmustur. Hazar Golii’nii besleyen en énemli drenajlardan biri olan Kiirk
Cayr’na ait paleo-delta ¢okellerinin Gilbert tipinde gelistikleri sismik profillerde bu birime
ait yansima konfigurasyonlarindan anlasilmaktadir. Bu delta istifleri Holosen 6ncesini temsil
eden ve goliin en diisiik su seviyesi donemi yansitan uyumsuzluk yiizeyi tizerinde biribiri
tizerinde ¢okelerek kiytya dogru ilerledikleri gozlenmistir. Holosen siiresince zaman zaman
kiyiya olan bu delta ilerlemeleri kesilmis ve bu zamanlarda yaygin kiy1 taragalar1 geligmistir.
Bu kiy1 taragalar alinan sismik profillerde Holosen dncesinde -73 m’de gelismistir. Holosen
basinda gelisen transgresyon sonucu alt Holosen’de -63 m ve -56 m’lerde, iist Holosen’e
dogru ise bu taragalar -25 m, -33 m, -36 m ve -46 m’lerde gelistigi gozlenmektedir.

Sismik profillerde gézlenen morfolojik unsurlardan en 6nemlisi, gdliin gliney yamacinda
gozlenen kiitle akmalar1 ve heyelanlarin varligidir. Dogrultu atimli DAF (Dogu Anadolu
Fay1) sistemine bagli olarak gelisen ve daha dnce géliin ¢evresinde ¢esitli aragtirmacilar
tarafindan gozlenmis Sivrice-Gezin Fayi’nin gol igerisindeki uzantisi sismik kesitlerde
saptanmigtir. Normal bilesene sahip ve gol tabanini kesen bu fayin atimi yaklagik 9 m’dir. Bu
fay sistemine bagli olarak gelisen ikincil faylarin bazilar1 yiizeyi keserken, bir kismi ise gélde
Holosen yash ¢okelleri kesememistir. Sismik kesitlerde Dogu Anadolu Fay Zonu’nun géliin
ozellikle batisinda normal faylar ile tiltlesmeler ve basing sirtlari olugturdugu goézlenmistir.

Anahtar Kelimeler: Hazar Goli, sismik, karot, Holosen, su seviyesi
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ABSTRACT

Lake Hazar situated along the EAFZ (East Anatolian Fault Zone) is a pull-apart basin,
having 7 km wide and 25 km length. In this study, we explored water level and climate
changes during the late Pleistocene-Holocene within shallow seismic and core records
recovered from the western part of Lake Hazar. Different seismic stratigraphic units were
differentiated and their geometry, facies and chronostratigraphy obtained on the basis of
seismic-core correlations. From the lake sub-bottom to the depth, the youngest Holocene-
aged seismic unit was penetrated by piston cores taken from the western side of the lake.
Accordingly, Different lithostratigraphic units were sub-divided from Unit Sla, that were
deposited during different water levels of Lake Hazar.

Unit Sla is observed as transgresif mud sheet in the deeper part of tha lake, whereas the same
unit is deposited as deltaic sediments, paleo-shoreline and terraces deposits on the slopes and
shallower part of the lake. Paleo-deltaic sediments of the most important drainage system
feeding the lake were created as Gilbert-type on the basis of their seismic configurations on
the seismic profiles. These deltaic sediments prograded towards to the present shoreline, that
were deposited as amalgamated sequences over the unconformity surface representing the
lowstand of the lake prior to Holocene. Deltaic progradations were interrupted that induced
formation of the paleo-shore terrace deposits. One of these terrace, that could be produced
before Holocene, was formed at -73 m. As a result of the transgression developed at the
beginning of Holocene, the other paleo-terraces are observed to formed at -63 m and -56 m
water depths, whereas some other terraces were created at -25 m, -33 m, -36 m and -46 m
water depths.

The most important morphologic features observed in seismic profiles is the presence of
mass-flow and slumping units on the southern slope of the lake. Following part of Sivrice-
Gezin fault within the lake floor, that was previously observed by some researchers, can be
observed in seismic profiles. That fault with a normal compenent crossing the lake floor has a
slip rate of approximately 9 m. Some of the secondary faults formed in relation with the main
fault segment can cross the lake floor, whereas the other parts of these secondary faults could
not cut the Holocene-aged sediments lying below the lake floor. On the seismic profiles from
the western side of the lake, East Anatolian Fault created tilting of the lake floor by normal
faults and pressure ridges.

Keywords: Lake Hazar, seismic, core, Holocene, water level
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0z

Ulkemizi ¢eviren denizler diinyanin en riskli bolgeleri arasindadir. Kiyilarimiz dalma-batma
ve biiylik fay sistemlerinin olusturdugu dogal afetlere yol agabilen deprem, denizalt1 heyelani
ve tsunami tehlikeleri ile karsi karsiyadir. Tarihi kayitlar pek ¢ok biiyiik afetin ¢aglardir
binlerce insanin yok oldugu kiy1 yerlesimlerini, hatta medeniyetlerin yikimlarina neden
olduklarini gdstermektedir. Tarihte Akdeniz’de Helenik Dalma Batma Zonu boyunca meydana
gelen M9 biiyiikliigiinde depremler bulunmaktadir. Italya’dan, Yunanistan ve Anadolu’ya
kadar uzanan kiyilardaki ¢okeller Ege ve Akdeniz’in sik sik tsunamiye ugradigina dikkat
cekmektedir. Japonya’da meydana gelen deprem ve tsunami diinyanin en “afete hazirlikli”
iilkesini vururken 6zellikle deprem tehlikesi belirlemelerindeki giivenirliligin sarsilmasina
da neden oldu. Sismik kayitlara gore olusturulmus olan deprem tehlike haritalarinda diisiik
riskli olarak 6ngdriilen alanlarda biiylik hasarlar meydana gelirken beklenilenden de biiytik
tsunami olustu, tehlike/risk analizine dayali alinan 6nlemler de yetersiz kaldi.

Giderek daha fazla insanin riskli sahil bdlgelerinde yasamak istemesi, sanayilerin buralarda
yerlesmesi dogal ve teknolojik tiim tehlikelerin olas1 yapisal ve yapisal olmayan hasarlari ile
olusturacag1 ekonomik kayiplar1 hizla arttirirken son alt1 y1lda yiiz binlerce insanin denizel
afetlerde hayatini kaybetmesi, afetlerle miicadelede yetersizliklerin yasanmasi ayn1 hatalarin
tekrarlandigin1 gostermektedir. Bu baglamda jeolojik tehlikelerin dogru belirlenmesi,
yoneticiler, 6zel sektdr ve halk tarafindan risklerin anlagilmas: ve azaltilmasi1 konusunda
bilin¢lendirilmesi, harekete gecirilmesi ve hazirlanmasinda kisaca afetlerle miicadelede ¢ok
onemli alt yap1 olusturmaktadir.

Anahtar Kelimeler: Jeolojik tehlike, risk azaltma, afet yonetimi, deprem, tsunami
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ABSTRACT

Coastal areas around our country is the one of the high risk area in the world. As more and
more people choose to live along coastal areas, risks from natural hazards increase, and
the region faces the possibility of large economic losses from structural and non-structural
damages along densely populated shorelines. Disaster memories and historical records of
many extreme events have taken the lives of thousands over the ages and affected disastrously
the coastal civilizations and economies even leading the collapsing cultures major ancient
cities along the coasts of Anatolia indicated that the region were frequently hit by the
earthquakes, mass failures and tsunamis. Large (M9) earthquakes have occurred in the
Mediterranean region in history: along the Hellenic subduction zone. Whether such large
earthquakes can occur along a subduction zone has enormous importance for earthquake,
tsunami and risk management.

After hundreds of thousands people having died in coastal countries there are still a lot of
lacking areas in terms of hazard identification, risk assessment and early warning and risk
reduction. One of the core contributions earth scientists can offer to disaster risk reduction
efforts is the frequency and magnitude of hazards. The occurrence of the earthquake in
Japan has shaken c