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LIKYA MINELCO'

Likya Minelco, UltraCarb’in iki minerali olan huntit ve
hidromanyeziti ¢esitli oranlarda iceren genis yataklara
sahiptir. Bu iki mineralin kimyasal formiilii agagidaki gibidir:
Huntit Mg Ca(CQO,),

Hidromanyezit Mg(CQ,),(OH),.3HO

Ocaktan c¢ikartilan Hammaddeler, sirketin Izmir
yakinlarindaki isletme fabrikasina getirilir. Hammaddeler
burada kurutulup 6giitiiliir ve siniflandirilarak UltraCarb
uretilir.
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UltraCarb; kauguk, plastik, yiizey kaplama ve macunlar dahil
olmak {izere birgok uygulamay: iyilestirmek igin, tek basma
veya birlikte kullanulabilen farkli materyallerin sagladig:
Ozellikleri kendi biinyesinde birlegtirir. Alev geciktirici
ozellikleri sayesinde, plastik ve kauguk sanayinde yaygin
olarak kullanilan ¢ogu alev geciktiriciye degerli bir alternatif
olusturur.

Kimyasal analiz
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ACILIS KONUSMALARI

OPENING SPEECHES




Sevgili ve saygideger meslekdaslarim,

Her ne kadar her 6niine gelen hitapta sevgili veya saymn kelimelerini kullanmak tilkemiz-
de adet haline ¢ g,elmi§se de, ben bu adeti izlemiyorum. Kendilerini sevmem veya kendile-
rine saygl duymam i¢in herhangi bir gerek goremedigim kisilere kibarca yalniz Bay veya
Bayan olarak hitap ediyorum. Ama sizler icin sevgili ve saygideger sozctiklerini bilhassa
ve dzenle kullaniyorum. Sizler yarim yiizyildan fazla bir zamandan beri, yerbilimlerinin
tilkemizde bugiin ulastig yiiksek diizeyi yaratan kisilersiniz. Buluslarimzi, diisiincele-
rimizi birbirimize anlatmak, birbirimizi dinleyerek, birbirimizden bizi barindiran, do-
yuran, koruyan sevgili gezegenimiz hakkinda pek ¢ok sey 6grenmek icin bugiin burada
toplanmig bulunuyoruz. Burada buluslarini anlatmak icin aralarinda 130 yabanci yerbi-
limci dahil 517 meslekdasimiz basvurdu. Bunlarin hepsini dinlemek bize ayrilan zaman
ve mekanda miimkiin degildir, ama bu yiiksek say1 bilime ve bilgiye olan tutkumuzun bir
ifadesi olarak hepimizin iftihar edecegi bir diizeydedir. Biitiin diinyadaki yerbilimcileri
onlarca yildir cezbeden Amerika Birlesik Devletleri Jeoloji Dernegi'nin son toplantisina
4000, Amerikan Jeofizik Birliginin son toplantisina da 15.000 kadar yerbilimci katilmis-
tir. Bunlar bizim sirayla 8 ve 30 katimizi temsil eden rakamlardir. Ama biz diinyanin ne
sekizde biriyiz ne de 30’da biri; ¢ok daha kiiciigiiz. Ama belli ki yerbilimlerine katkimiz,
boyumuzu gecmistir. Bunu yapan sizlersiniz. Gezegenimizin bilimine goniil vermis birisi
olarak, sizlere olan sevgimin ve saygimin da temel kaynagi bu muazzam katkinizdir. Ken-
dimizle iftihar etmeye hakkimiz vardir.

Bu sene altmisikincisini diizenlemek mutluluguna ulastigimiz kurultayimiz hepimizin se-
nede bir kere bir araya geldigi bir ortamdir. Davet yazimda sizlere Mogolca kokenli bir
kelime olan kurultaym anlamini ve 6nemini hatirlatmis, sunlar1 yazmistim:

«Kurultay, Cengiz Han Imparatorlugundaki en yiiksek divan olup bir ¢ok
gorevlermm yani sira Biiyiik Han'1 da secerdi. Uye her nerede olursa olsun,
hangi gérevi yaparsa yapsin Kurultaya katilimi zorunluydu Ornegin, Ogeday
Han oldiigiinde, yegeni Hulagu Orta Dogu’da bir takim operasyonlar1 yone-
tiyordu. Tiim islerini birakip, o anda Cinde olan kardesi Kubilay gibi hemen
Kurultaya gitti.

Bu durumda bizler bilimsel Kurultaylar: katilimi ve devami zorunlu toplantilar
olarak gorityoruz. Yilda en az bir kez de olsa herkesin zorunlu olarak bir araya
geldigi bu toplant1 degisik diistincelerin, yeni verilerin ve hatta anekdotlarin
aktarildig: saglikli bilimsel ortamlar1 yaratmaktadir. Her seyden 6nemlisi, bu
toplantilar sirasinda bilim diinyasina heniiz katilmis genclerle bir araya gel-
mek, onlarin neler yaptiklarin, neler diistindiiklerini 6grenmek bizlerin arzu-
sudur. Genglerden isteklerini, arzularini ve projelerini anlatmalarmi istiyoruz.
Bizler hakkindaki diisiinceleri ile diinya ¢apinda bilimin bu giinkii konumu
hakkinda neler diistindiiklerini de paylasmak icin 1srarci olmak istiyoruz. Bu
nedenle, Kurultaya ne kadar ¢ok sayida katilim saglayabilirsek o kadar cok
yararh olacagiz.»

Bu davete gelen cevap herkesin beklentilerini fersah fersah ast1 ve Tiirkiye yerbilimleri
camiasmin ne kadar dinamik oldugunu bir kez daha gosterdi. Kurultaya katihim zorun-
ludur demistim. Tabii buradaki zorunluluk polis zoruyla gergeklestirilen bir mecburiyet
degil, iki asigin birbirlerini gormek i¢in duyduklar: hisse benzeyen bir zorunluluktur. Biz-
ler birbirimizi gérmez, birbirimizle konusmaz, biribirimizden 6grenmezsek yasayamayiz.
Yerbilimleri 6yle bir laboratuara veya bir odaya kapanilip yapilabilecek bir bilim degildir.
Biitiin diinyay: karis karis gezen, gozleyen, haritalayan ve yorumlayan yerbilimciler ol-
mazsa, yerbilimi olamaz. Biz, o nedenle, hani o fili dokunarak betimlemeye calisan kor
Hintliler misali, birbirimizi okumak, dinlemek ve sorgulamak zorundayiz.

Bilim bugtinlerde tilkemizde zor bir sinav vermektedir, ¢linkii bizi yonetenlerin bilim bil-
gisi ve gorgiisii ok mahduttur. Ulkemizde cehaletin yayginligi ve diizeyi ¢ok artmustir.
Bunun nedeni ne yazik ki hele son yirmibes senedir bilimsel egitime bilerek veya bilme-
yerek ihanet eden yoneticilerdir. Bizim bu nedenle en 6nemli gorevlerimizden biri, bu



bilgisiz insanlarin iyi niyetli ama cahil olanlarm aydinlatmak, kotii niyetli olanlarin ise
bir daha o mevkilere secilmemelerini temin edebilmek icin halkimiz1 aydinlatmaktir. Hal-
kimizi aydinlatmak tek tek her yerbilimcinin gorevi oldugu gibi, yerbilimlerine dayanan
kurumlarimizin da gorevidir. Bu kurumlardaki yoneticilerin bu karanlik doénemde ay-
dinlatma gorevlerini cesaretle yapmalar: mithimdir. Bilmelidirler ki tarih kendilerinden
vanadir. Biz de onlara tam destek vermek zorundayiz.

Bu yaziy1 yazdigim siralarda TUBITAK biinyesinde patlak veren Darwin skandali, az
sonra Saymn Jeoloji Mithendisleri Odas1 Baskanimiz Sayin Diindar Cagan Bey’in da dile
getirecegi gibi tiim yerbilimcileri derinden yaralmustir. Yoneticilerimizin doga bilimleri
hakkindaki bilgilerinin arzu ettigimiz diizeyde olmadigini biliyorduk, ama isimlerinin
onitinde doktor ve profesor titrlerini tasiyan, iilkemizin en énemli bilim kurumlarindan
birini yonetmekten sorumlu olan insanlarin sergiledikleri bu bilgisizlik derecesi bizleri
cok biiyiik bir hayrete, hatta dehsete disiirmiistiir! Bildiginiz gibi bu olay ayni zamanda
tilkemiz igin tiim uygar diinya 6niinde derin bir mahcubiyet vesilesi olmustur. Bize diisen
bu tiir olaylara gosterebilecegimiz en etkili tepkiyi gostermek ve tekrarlarma izin verme-
yecek tedbirlerin alinmasimi temin etmektir. Burada bilhassa bilim dalimizin kacinilmaz
olan siyasi iliskileriyle de ilgilenmek yasal gorevleri arasinda bulunan Jeoloji ve Jeofizik
Miihendisleri odalarma ¢ok ciddi kulis gorevleri diismektedir. Onlar bilim temelinden
aldiklar1 giicle politikacilarimizi, kendileri asla politikaya bulasmadan ikaz etmek duru-
mundadirlar. Bunun yapilmakta oldugunu zaten benden sonra sizlere hitab edecek olan
Jeoloji Mithendisleri Odasi Baskani, cok sevip saydigim meslekdasim Diindar Bey’den
ogreneceksiniz. Ancak artik gidip Tiirkiye Biiyiik Millet Meclisi'ne bir karargah kurma-
mizin vakti gelmistir sanirim. Hepimiz, bu cabalarinda Odalarimizin arkasindaki yerimizi
muhakkak alacagiz.

Dogal kaynaklarimizi bizim kadar iyi kim bilebilir? Onlarin sorumsuzca kullanilmasinin
dogurabilecegi istenmeyen sonuglar: da yoneticilerimize anlatmaliyiz. Bu konuda bizden
¢ok once tedbirler almus iilkeler var. Oralardaki 6rnekleri en iyi sekilde inceleyerek, oralar-
da yapilan yanlslarin tekrar edilmemesini saglamak, dogru uygulmalar: da bizi yonten-
lere 6rnek olarak gostermek gorevlerimiz arasindadir. Bu konuda sik sik gazete, televiz-
yon, radyo gibi yaygin kamu iletisim araglarindan yararlanmaliy1z. Ame en etkin egitimin
okulda yapilabilecegini unutmayalim. Okullarda hedefimiz ilk ve orta okullar olmalidir.
Her yerbilimci ulasabildigi okulda bir konferans vermeye, bir sohbete katilmaya, 6grenci-
lerin konumuzla ilgili projelerinde danismanlik yapmaya hazir olmalidir. Egitimin, milli
egitim bakanlarma birakilamayacak kadar 6nemli bir is oldugunu hepimizin bilmesinde
biiytik bir yarar vardur.

Sevgili ve saygideger meslekdaslarim,

Bir Aydimlanma projesi olan Cumhuriyetimizin baskentinde hepinizi 62. Olagan Kurulta-
ymmizda tekrar selamlayabilmekten biiyiik bir haz ve heyecan duyuyorum. Anlatacaklari-
niz1 dinlemek, sizlerle sohbet etmek ve sizlerden bilimimizdeki yeni gelismeleri 6grenmek
i¢in sabirsizlaniyorum.

62. kurultayimiz hepimize kutlu olsun derken, bu kurultayin organize edilmesine emek
vermis arkadaslarima burda kalbden tesekkiir etmek istiyorum. Burada aslinda tiim yikit
Erdin Bozkurt ve onunla birlikte calisan meslekdaslarimiz cekti, bana yalnizca Kurultay
Baskani sifatin1 tasimak gibi onuru ¢ok biiyiik ama emek ve caba istemeyen bir gorev
biraktilar. Onlara hepimizin duydugu siikran borcu ¢ok biiyiiktiir. S6zlerimi bitirmeden
artik aramizda olmayan meslekdaslarmizi ve bilhassa bizlere bugiinleri teslim eden hoca-
lartmiz1 da burada saygiyla yad etmek istiyorum. Sizleri kaide seviyesine akan muhtelif
zengin nehirler gibi buraya toplayan bu kalabalik ve iistiin diizeyli kurultayda onlarin
aziz ruhlarnin da bizlerle oldugundan eminim.

Nice Kurultaylara!

A.M. Celal Sengor
62. Tirkiye Jeoloji Kurultay: Baskamn



My dear and esteemed colleagues,

No matter how customary the use of the words ‘dear” and “esteemed’ have become in
our country, I do not follow the convention of using them indiscrimintly for everyone. I
politely address as Mr. and Mrs. even those whom I see no reason to like or respect. But
for you, I carefully and specifically use the words dear and esteemed. For more than a half
century, you have been the ones responsible for the high level that the earth sciences have
attained in our land. We have gathered here today in order to learn much about this planet
of ours - which shelters, nourishes and protects us - by explaining our findings and ideas
to one another and by listening to one another. 517 colleagues, 130 of them foreign earth
scientists, have applied to us in order to report their findings. Unfortunately, given our
time and space limitations, it will not be possible to listen to all of them, however this high
number is evidence of our passion for science and knowledge, and is at a level that makes
us proud. Earth scientists the world over have been drawn by the Geological Society of
America, whose last meeting had 4000 participants, and the American Geophysical Union,
whose last meeting had as many as 15,000 in attendance. These figures represent 8 and 30
times, respectively, our number. But we are neither 1/8th nor 1/30th of the world; we are
much smaller. Nevertheless, it is now clear that our contribution to the earth sciences has
exceeded our measure, and you are the ones responsible for this. It is your immense cont-
ribution that gives rise to my love and respect for you. We have a right to be proud.

Our congress, the 62nd of which we have now happily reached, is a venue to which we
gather yearly. In my note inviting you to this congress, I reminded you that kurultay is a
word of Mongolian origin, and wrote to you of its meaning and importance:

Turkish geologists have chosen to designate their annual meeting by a word
of Mongolian origin: Kurultai. The Kurultai, in Genghis Khan's Empire, was the
highest council that, among other duties, elected the Great Khan. Attendance
at it was compulsory, no matter where a member might find himself. When
Ogedei Khan died, for example, his nephew Hulagu was directing operations
in the Middle East. He dropped everything and went to the Kurultai, as did his
brother Kubilai, who at the time happened to be in China.

So we regard our scientific kurultais: as meetings where attendance is compul-
sory. We regard it as imperative that we come together - all of us - at least once
a year, to exchange ideas, data, even anecdotes. And most importantly, we
wish to meet the youngest who have joined our ranks - we want to know what
they are doing, what they are thinking. We want them to tell us their hopes
and dreams, and about their projects. We insist on hearing their views about
us and the state of our science worldwide. That is why it is important that as
many of us as possible participate in the Kurultai.

The response to this invitation far exceeded everyone’s expectations, and showed once
again the dynamism of the Turkish earth-sciences community. I said that Congress (Ku-
rultay) attendance is mandatory. Of course, this is not an obligation enforced by police
action but, rather, is like the compulsion that two sweethearts feel in their desire to see one
another. If we do not see one another, talk with one another, learn from one another, we
cease living. The earth sciences are not something that can be done shut up in a laboratory
or room. Without earth scientists crisscrossing the globe, observing, mapping and interp-
reting, earth science cannot exist. Thus, rather like the story of the three blind Indians who
try to describe the elephant that they touch, we are obliged to read, listen and question.

In these days, science in our land is being sorely tested, because those who lead us have li-
mited scientific knowledge and background. The prevalence and level of ignorance in our
country has risen alarmingly. Unfortunately, the reason for this is our leaders’” witting or
unwitting betrayal of scientific education over the last 25 years. Therefore, one of our most
critical jobs is to enlighten the well-intentioned but uninformed of these ignorant people,
and to enlighten our populace so that the ill-intentioned of them are not again elected to
office. Just as it is the duty of every earth scientist to enlighten our people one-by-one, so
it is the duty of all of our institutions that support the earth sciences. It is vital that the



leaders of these institutions boldly carry out their enlightment duties. They should know
that history is on their side, and we must give them our full support.

As I was composing this communication, a Darwin scandal erupted within TUBITAK (The
Scientific and Technical Research Council of Turkey) and, as the Chairman of the Cham-
ber of Geological Engineers - the esteemed Diindar Cagan - will explain shortly, all earth
scientists were deeply wounded by this. We knew that our leaders” acumen egarding the
natural sciences was not at the level that we would hope, but we were amazed, nay hor-
rified, that those with the titles of doctor and professor - people responsible for leading
one of our nation’s most important scientific institutions - would display this degree of
ignorance! As you know, this incident also became a cause of deep embarrassment for our
country before the entire civilised world. What we must do now is to react in the most
influential way possible and ensure that measures are taken to prevent the reoccurrence
of such incidents. Here, in particular, serious lobbying is incumbent upon our chambers
of geological and geophysical engineers, in addition to their normal legal responsibilities
to deal with the unavoidable political affairs germane to our branch of science; with the
strength they draw from their foundations in science, they are well-situated to warn our
politicians, without themselves being soiled by politics. In a moment, you will learn more
from one who is already doing this, the Chairman of the Chamber of Geological Engine-
ers, my dear and respected colleague, Diindar. I suppose that the time has come for us
to establish a headquarters within the Turkish Grand National Assembly. All of us will
assuredly support the efforts of our chamber.

Who knows our natural resources as well as we do? We must explain to our leaders the
undesirable consequences that may result from their irresponsible exploitation. In this
arena, there are many countries who have taken precautions long before us. In thoroughly
evaluating the examples of those places, it is our duty to ensure that the same mistakes
are not repeated, and also to demonstrate right practices to those who lead us. We should
frequently avail ourselves of the means of public communication, such as newspapers,
television and radio. But let us not forget that the most effective education can be done
in school; our goal in the schools should be primary and middle schools. In the school(s)
closest to her/him, every earth scientist should be ready to give talks, join discussions,
and assist students with their earth-science-related projects. There is great benefit in each
of us knowing that education is an affair that is too important to be left simply to national
education ministers.

My dear and esteemed colleagues,

It is with great pleasure and excitement that I am again able to greet all of you at our 62nd
Congress (Kurultay), in the capital city of our Republic, itself a project of enlightenment.
I am eager to listen to your talks, to chat with you, and to learn from you of new develop-
ments in our science.

While wishing all of us a great 62nd Congress, I would also like to offer heartfelt thanks
to all of my friends who have laboured to organise this Congress. In fact, it was Erdin
Bozkurt and all those working with him who pulled all the weight; to me was given the
title of Congress Chairman, a position of great honour but requiring no effort on my part;
we all owe them a debt of gratitude. In closing, I would like to remember with deepest
respect those of our colleagues who are no longer among us, and especially our teachers
who entrusted these days to us. Like several fertile rivers flowing to base level, they have
gathered you here into this company, to this high-level congress, and I am confident that
their beloved spirits are with us as well.

Wishing you many more fruitful Congresses (Kurultays)!

A. M. C. Sengor
Chairman



Ulkemizin en 6nemli en uzun soluklu tek bilimsel etkinligi olan Tiirkiye Jeoloji Kurultay1
62. yasina ulasmus bulunuyor. 1947 yilinda bir avug Tiirkiye aydimlanmacist yerbilimcinin
baslattig bu sertiveni TMMOB Jeoloji Miithendisleri Odasi olarak devam ettirmenin onuru
ve gururunu yasiyoruz.

Bilimsel bir solen olan kurultayimizin niteligi stirekli artarak, uluslararas: katiliml etkin-
lik diizeyini de asarak bugiin uluslararas bir boyuta ulagmis bulunmaktadur.

Jeolojinin essiz erginlikteki alanlarinda tretilen bilimsel arastirma ve calismalarin sunul-
dugu, tartisilarak zenginlestigi kurultaylarimiz, iilke yerbilimine dnemli bilimsel katkilar
sunmasimin yaninda, tiniversite, kamu ve 6zel sekttr kuruluslarin bir araya getiren, yer-
bilimcileri bulusturan énemli bir fonksiyonu da yerine getirmektedir.

Uluslararasi Jeoloji Birligi (IUGS) ve UNESCO'nun girisimleriyle, Birlesmis Milletler Ge-
nel Kurulunca kabul edilen ve esas olarak 2008 yil1 olmakla birlikte 2009 yilinda da devam
eden 'Diinya Yer Yili’ etkinlikleri kapsaminda “Toplum Icin Yerbilimleri” ilkesini de karsi-
lamast kurultayimiza ayri bir 6nem ve anlam kazandirmaktadir.

IoplumLu bir bakisla, iilkeye, topluma, meslege ve meslektaslara iliskin calismalar ytiriit-
meyi, mesleki uzmanliklarimizin kamu yararina kullanilmasini esas alan Odamiz sadece
son 10 yilda 300’den fazla bilimsel etkinlik diizenlemis, 100’e yakin kitap icin 150 binden
fazla baski yaparak bilimi toplumsal yasamda basat kilmanin araglarini yaratmaya ca-
lismis, iilkenin hemen her kosesinde meslek alanlarimizla ilintili toplumsal boyutu olan
mesleki konular1 ele alarak, bilimi bilimsel diisiinceyi halkla bulusturma cabas: icinde
olmustur.

Odamiz; bilimin toplumsal yasamla i¢sellestirilmesi olarak algiladig basta kurultayimiz
olmak iizere, bu bilimsel etkinlikleri son dénemlerde bilim ve bilimsel diisiincenin yerine
konulmaya calisilan dogma ve hurafeye karsi inadina stirdiirme kararliligindadir.

Uygarlik tarihinin besigi olan, bilim ve felsefenin anavatani; Tales’in, Anaksimander’in,
Anaksimenes’in, Strabon’un, Diyojen’in, Homeros’'un ve Herodot'un yasadig1 Anadolu’da,
akla, gozleme, deneye ve sorgulamaya dayali bilimsel diisiince yerine dogmatik diistince-
nin sistemli olarak yerlestirilmesi artarak devam etmektedir.

Darwin’in dogumunun 200., ‘“Tirlerin Kokeni” adli evrim teorisini gelistirdigi kitabinin
150. y1li dolayisiyla 2009 yili tiim diinyada ‘Darwin Yili" olarak kutlanirken tilkemizin en
snemli bilimsel kurulusu olarak bilinen TUBITAK m bilim ve teknik dergisinden Darwin’in
ve evrim teorisinin ¢ikarilmasi bunun hissedilir ve utang verici sonucu olmustur.

Aldiklar1 egitim ve pratik formasyonlar1 geregi, en katiksiz bilimsel diisitnme tarzina sahip
olarak dogay1 yorumlamayan jeoloji mithendislerinin ve Odasmin, doganimn, toplumun,
evrenin dogal birligi ve biitiinliigii icerisinde bilimsel verilerle ortaya konulan gerceklerin
karanlikla ortiilmesine izin vermeyecegi bilinmelidir.

Jeoloji mithendisleri odast bilimsel bilginin tiretilmesi ve iiretilen bilginin de halka go-
tiirtilmesi gerektigini, yasanan titm olumsuzluklarin asilmasi igin sorgulayan, akilci ve
bilimsel bir yaklasimin zorunluluk oldugunu vurgulamakta ve hayata gecirmeye calis-
maktadir.

Bilimle, emekle ve inatla gerceklestirdigimiz Tiirkiye Jeoloji Kurultaylarmin ve benzeri
bilimsel platformlarin ¢ogaltilmasi ugrasisin1 daha da derinlestirerek ve zenginlestirerek
devam edecegimizi belirtiyoruz.

Meslek alanlarimizla ilgili genis bir yelpazede iilkemizde ve diinyada yapilan bilimsel
arastirmalarin sonuclarini yansitan ‘Bildiri Ozleri Kitabi'nin, bilimsel gelismelerin meslek-
taslarimiza ve topluma ulastirilmasinda 6nemli bir isleve sahip olduguna inanmaktayiz.

Odamizin bilgiyi iiretr e, bilimsel diisiinceyi yayginlastirma, bilimin toplumsal yasamda
yol gostericiligi amacinin somut bir ifadesi olan 62. Tiirkiye Jeoloji Kurultayr’ nin ulusla-
rarast ve niteligi yiiksek bir bilimsel platform haline gelmesi iilkemiz yerbilimcileri igin
oviing kaynagi olmustur.



Bu baglamda basta 62. Kurultay Baskanimiz Sn. A.M.Celal Sengor olmak tizere, biiyiik bir
emek ve ozveriyle kurultay1 6ren Kurultay lkinci Baskanimiz Sn. Erdin Bozkurt'a, Sekre-
taryasin yiirtiten Burcu Coskun Tunaboylu ile Sn. Erkan Ekmekg¢i'ye, Kurultay Bilimsel
Kurulu ve Oturum Ydiriticiilerine, bildiri sunan meslektaslarimiza, yurtdisindan gelerek
kurultayimizi zenginlestiren bilim insanlarina, diizenlenmesinde ve yiirtitmesinde titm
emegi gecenlere sahsim ve 22. Dénem Yonetim Kurulu adina tesekkiir eder, bilimi top-
lumsal yasamda yaygimlastirma gorevimizi gelecek senelerde daha bir coskuyla devam
edecegimiz inanciyla saygilar sunarim.

Bilimle, emekle, inatla, umutla.

22. Donem Yonetim Kurulu adimna
Diindar Caglan
Oda Baskan



The Geological Congress of Turkey, our country’s most important and longest-running
scientific event, is now 62 years old. In 1947, a handful of enlightened Turkish geologists
began this adventure and we, as the TMMOB Chamber of Geological Engineers, have the
honour and pride of continuing it.

Ever increasing its quality as a scientific fete, our congress — more than just having inter-
national participants - has today attained international proportions.

Our congresses, characterized by the presentation of scientific research and investigati-
ons that plumb the incomparable depths of geology’s various domains, perform a vital
function by hosting the presentation of important contributions to our national geology
as well as bringing together geologists from universities and public- and private-sector
institutions.

Its fulfillment of the principle ‘Earth Sciences for Society” - within the scope of “Internati-
onal Year of Planet Earth” activities (as 2008-2009 was designated by the United Nations
General Assembly) through efforts of the International Union of Geological Sciences and
UNESCO - gives especial importance and meaning to our congress.

From a societal standpoint, our chamber has - with its mission to carry out various pro-
jects and use its professional expertise for the sake of our country, society, profession and
colleagues - by organising 300 scientific events and printing more than 150,000 copies
of nearly 100 books in the last 10 years alone, attempted to create means through which
science will gain ascendancy in societal life. Moreover, the chamber has attempted to int-
roduce our nation to science and scientific thought by dealing - in almost every corner of
our land - with professional issues having societal dimensions.

Our chamber, first and foremost through our congresses, promotes the internalisation of
science in societal life, and is resolute in its opposition to dogmas and superstitions that
have in recent times been used to supplant science and scientific thought.

Here in the cradle of civilization and the motherland of science and philosophy - the Ana-
tolia where Thales, Anaximander, Anaximenes, Strabon, Diogenes, Homer and Herdotus
lived - the systematic ensconcing of dogmatic notions in place of scientific thought, based
upon reason, observation, experimentation and investigation, continues alarmingly.

In so far as it is the 200th anniversary of the birth of Charles Darwin, and the 150th an-
niversary of the printing of The Origin of Species - in which he developed evolutionary
theory - the whole world is celebrating 2009 as ‘Darwin Year’, but our nation’s most pres-
tigious scientific organisation, TUBITAK, allowed the removal of Darwin and his theory
of evolution from the pages of its publication Bilim ve Teknik, bringing deeply felt, em-
barrasing results.

As part and parcel of the education and practical formation that they have received, geo-
logical engineers and our chamber interpret nature by means of unadulterated scientific
thinking, and let it be known that we will not allow the facts concerning the unity and
wholeness of nature, society and the universe - demonstrated with scientific data - to be
obscured by darkness.

The Chamber of Geological Engineers emphasises that it is absolutely necessary that sci-
entific knowledge is generated and taken to the people, and thus seeks to put this principle
into practice via a questioning, rational and scientific approach, to the end that all human
difficulties are overcome.

We assert that we will continue to deepen and enrich our efforts to multiply the Geological
Congress of Turkey and similar scientific platforms - events that we make happen thro-
ugh science, toil and tenacity.

We believe that the Abstracts Volume, which reports the results of a broad range of sci-
entific research done at home and abroad, plays an important role in the dissemination of
scientific developments to our colleagues and to society.

The 62nd Geological Congress of Turkey is a concrete expression of our chamber’s com-



tists as a high-quality, international scientific platform.

In this context, I and the entire 22nd Term Board of Directors would first like to thank
AM. Celal Sengor, Chairman of our 62nd Congress, and Erdin Bozkurt, our Congress Co-
Chairman, who wove this congress together through great effort and self-sacrifice. Thanks
are also due to the Congress Secretariat, handled by Burcu Coskun Tunaboylu and Erkan
Ekmekgi, to the Congress Scientific Committee and Session Leaders, to colleagues presen-
ting their work, to scientists from abroad who through their participation are enriching
our congress, and to all who have contributed their efforts to organising and running this
congress. | respectfully submit that we will, with even greater zeal in years to come, press
on in our duty to disseminate science in the life of society.

With science, with toil, with tenacity, with hope.

For the 22nd Term Board of Directors,
Diindar Caglan

Chamber Chairman
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Global Stratigrafinin Temelleri: Global Olaylar m1? Antlasma mi?
A M. Celal Sengor

Istanbul Teknik Universitesi, Maden Fakiiltesi, Avrasya Yerbilimleri Enstitiisii,
34469 Ayazaga, Istanbul (E-posta: sengor@;itu.edu.tr)

Stratigrafi, kayaglarmm mekan iliskilerinden zaman iliskileri ¢ikarma bilimidir. Bir diger deyisle
kayaclarm sekillerinden ve bu sekillerin birbirleriyle olan geometrik iliskilerinden olusum,
deformasyon ve baskalasma siiregleri hakkinda zamansal ifadeler tiretir. Bu zamansal ifadelerin
iiretilmesi, sekillerin ve bu sekiller arasmdaki geometrik iligkilerin hangi siirecler tarafindan
olusturduklarinin bilinmesine baghdir. Dolaysiyla siire¢ bilinmeden, yalmzca mostrada goriilenle
stratigrafi yapmak mtmkiin degildir.

19. yiizyilin sonunda jeolojinin bugiine kadar bir kisi tarafindan yapilmis en biiytik sentezi tiretilmisti.
Eduard Suess ‘in (1831-1914) Das Antlitz der Erde (Arzin Cehresi: 1883-1909) adh, 26 yilda
yazilmis dort ciltlik bu dev kitabmin temel varsaymmi, Ingiltere ve kit’a Avrupasinda onsekizinci
yiizyilin son on yili ve ondokuzuncu yiizyihn ilk yarnisinda yapilan ¢aligmalar sonucu ortaya ¢ikarihmisg
olan jeolojik zaman tablosunun tiim diinyada gegerli olabilmesinin nedeninin, jeolojik devir ve
zamanlarmm smirlannin global jeolojik olaylar tarafindan tayin edilmis olmasiydi. Onsekizinci
yiizyilin sonunda Georges Cuvier'nin fosiller yardimiyla kurdugu biyostratigratinin tilm diinyada
geeerli gegerli oldugu ve bunun nedeninin diinya ¢apinda olan fetlerin biyosferi zaman zaman
«yeniledikleri» ididasmna arkadasi biiyiik cografyaci Alexander von Humboldt, 1823 yilinda fosil
degeri olan higbir canhmin tiim diinyaya yaygin olarak yasamasmin mimkin olamayacag;
diisiincesiyle karst ¢ikmisti. Von Humboldt, bugiin canhlarnn iklim kusaklarina gore dagilmis
olduklarma isaret ederek bunun ge¢miste de bdyle olmasi gerektigini ileri stirmis, dolayisiyla
fosillerle tiim ditnyada gegerli bir zaman skalasini olugturmanin miimkiin olamayacagini soylemisti.
Cuvier bu elestiriye cevap vermedi ve eski iddiasint siirdirmeye devam etti. 18301833 yillan
arasinda Sir Charles Lyell «Principles of Geology» (Jeolojinin Ilkeleri) adh biiyiik klasigini yayimladi.
Burada Sir Charles, diinya ¢apinda higbir jeolojik olayin olmadiginit tiim olaylarin yerel 6lgeklerde
cereyan ettigi tezini gelistirdi. Sanilanin aksine Sir Charles afet fikrine karsi degildi: Tek sartr bu
afetler i¢in bugiin de islediklerini gordagiimiiz mekanizmalarin olmasr gerektigiydi. Oregin, Kuzey
Amerika’nin  Biiyitk Géollerinin  afet halinde bosalarak kit’anin  buytik bir kesiminde seller
olusturmasini miimkiin goériiyordu, ¢iinkii bunun i¢in olasili mekanizmalar digtiniilebiliyordu. Ancak
mesela tim diinyayt etkilemis bir tifan mimkin degildi. Suess global olaylar olmadan diinya
stratigrafisinde bir tekdiizelik olamayacagi kamisindaydi. Bu kani onu Ostatik olaylar kavramrmna
gotirdi.

Bugiin de fiziksel stratigraflar aym kamyla dstatik hareketlerin tim diinyada ayni anda aym olaylan
tetiklediklerinden hareketle bir kronostratigrafi yaratma pesindedirler. Halbuki sahil pozisyonu hem
kit’a hareketinin hem de diinya deniz seviyesinin harcketiyle ilgilidir. Buna bir de diinya i¢indeki kiitle
dagihminin yarattigr ¢ekim diizensizliklerini koyarsak, deniz seviyesinin kronolojik kilavuz olarak
alinamayacagi ortaya cikar. Peki global fiziksel stratigrafi miimkiin degil midir? Bunun simdilik
yalmzca Milankovig dongiileriyle  kiigiik  alanlarda  mimkiin  olabilecegi  goriilmektedir.
Paleomanyetizma tam anlamyla kiiresel oldugu halde bazi zaman araliklarmin ¢ok uzun olmasi
burada da karsimmza gligliikler ¢ikarmaktadir. Modern stratigrafi giincel bolgesel jeolojinin en énemli
dahdir. Stratigrafi, bolgesel jeoloji yapilmadan, i¢inde kuruldugu alanin genel jeolojisi bilinmeden ve
tektonik ve eski iklimsel manzara géz 6niine alinmadan yaptlamaz. Gilinimiizde, jeoloji fizik-kimya
Ozentisi igerisinde bu harita temelli bélgesel jeoloji bilesenini gézden ¢ikarmustir. Bu yalniz jeoloji igin
degil, refah1 i¢in jeolojiye bagh insan uygarhg i¢in de biiytik bir felakettir.

Anahtar Sozciikler: stratigrafi, Milankovig, palcomanyetizma, dizi stratigrafisi, ostatik harcketler,
iklim degisiklikleri
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Foundations of Stratigraphy: Global Events or Consensus?
AM. Celal Sengor

Istanbul Teknik Universitesi, Maden Fakiiltesi, Avrasva Yerbilimleri Enstitiisii, Avazaga,
TR--34469 Istanbul, Tiirkive (E-mail: sengor@itu.cedu.tr)

Stratigraphy is the science that deduces temporal relations from spatial relations of rock masses. In
other words, it generates temporal propositions on the basis of shapes of rock bodies and from
geometric relationships of such bodies with cach other. The generation of such propositions is
dependent on a knowledge of the processes that formed the shapes of rock bodies and their geometric
relations with each other. Thus, it is impossible to do stratigraphy with what is secen on outcropwithout
a knowledge of the processes that shaped the empirical data in the outcrop.

At the end of the 19" century the greatest synthesis that geology had ever received from the hand of a
single individual was published. The fundamental assumption of this collosal book by Eduard Suess
(1831-1914), written over 26 years under the title of Das Antlitz der Erde in four volumes
(1883--1909), was that the geological time table created during the last decade of the cighteenth and
the first half of the nineteenth century was valid worldwide and the reason for that was that there had
been global events determining the boundaries of systems and erathems. At the end of the eightenth
century, Cuvier claimed that the stratigraphy he crected by means of fossils was valid worldwide,
because global catastrophes now and then renewed the biosphere. His friend Alexander von Humboldt
objected to this claim, because the great geographer pointed out that no organism with any fosil value
had a wordwide distribution today and that this had probably been also so in the past. Hence no global
stratigraphy could be possible on the basis of fossils along. Cuvier ignored his criticism and continued
his claim of universality for biostratigraphy. Between the years 1830 and 1833, Sir Charles Lyell
published his great classic the Principles of Geology. In it Sir Charles developed the thesis that there
were no global events and allg cological development occurred in form of local events. Contrary to
common knowledge, Sir Charles was not against catastrophes. His only condition was that they should
have reasons that can be scen in operation today. For example he thought a catastrophic emptying of
the North American Great Lakes to create a continentwide flood entirely possible, because it was
possible to conjure up mechanisms for such an cvent. By contrast a deluge affecting the whole world
was outside the realm of possibility. Sucss was of the opinion that no global statigraphy would be
possible without having also global events.

Today physical stratigraphers claim global synchroneity for custatic events because of a similr
conviction and they try to cratc a globally valid chronostratigraphy. However, movements of
coastlines are a function of both the movement of the sea-level worldwide and he motion of continents
locally. Tf we add to this the irregular distribution of masses within the carth creating gravity
anomalies, 1t would be seen that sca-level cannot be taken as a chronostratigraphic horizon. Is it then
global physical stratigraphy is impossible? This can be done now in small areas by using the
Milankovich cycles. Palacomagnetism is truly global, but its resolution is at times creates problems or
fine correlations. Modern stratigraphy 1s a very important branch of modern regional geology.
Stratigraphy cannot be done without doing the regional geology, without knowing the regional
geology of the region in which the stratigraphic data would be contemplated in terms of processes,
without knowing the tectonics and the palacogeography. In our day, geology has sacrificed its regional
component based on mapping because of its desire to resemble physics and chemistry. This is a
catastrophe not only for geology, but also for human civilisation dependent on geological knowledge
fort its safety, comfort and prosperity.

Key Words: stratigraphy, Milankovich, palacomagnetism, sequence stratigraphy, eustatic movements,
climate change
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Kitasal Carpisma ve Plaka Siniri: Afrika/Arabistan-Avrasya Yakinlagma
Zonunun Evrimi

M.J. Rinus Wortel, Rob Govers ve Wim Spakman

Faculty of Geosciences, Utrecht University, Budapestlaan 4, 3584 CD Utrecht,
The Netherlands (E-posta: wortel@geo.u.nl)

Akdeniz Bolgesi Afrika/Arabistan ve Avrasya levha smirlarinim yakinlasma zonu olarak bilinir.
Bolgenin genelde carpisma zonunda oldugu kabul edilse de, ¢arpismanin dogasy buytk farkliliklar
gosterirken, yapilan aymrimlar ‘sert’ ve ‘yumusak’ carpisma arasinda degismektedir. Bu ¢alismada
litosfer 6lgegindeki levha etkilesimi tizerinde odaklastik. Bunu yapma igin levha st prosesleri ve
gozlemsel verileri dikkate alan sayisal modcelleme sonuglari ile sismik tomografi sonuglarinin birlikte
degerlendirdik.

Dalma-batma zonunun dogrultusu boyunca dalan levhamin 6zelliklerinin okyanusaldan kitasal kabuga
dogru yanal degisimleri levha simirlarmin pargalara boliinmesine ve Akdeniz joelojisinin karakteristik
ozelliklerinden birt olan ayri/farkli yay yapilarinin ortaya ¢ikmasina sebep olmugtur. Litosfer
Olgegindeki prosesler yay-kita ya da kita-kita carpismast (toplu olarak kitasal g¢arpisma olarak
bahsedilmis), dalan parca kopmast (slab detachment) muhtemelen dalan parcamin diisey olarak
yirtilmasi, STEP (dalma-batma-Transform kenarmin Yayilmasi) faylarinin olusmasi, ve yay-ardi
genislemelerini igermektedir. Akdeniz bolgesindeki yaylarin kavisli olmalart STEP faylarm énemine
isaret etmektedir. Hem Dogu hem de Batt Akdeniz bélgelerinden ornekler verilecektir. Bati
Akdeniz’de yay-kita g¢arpismasi kuzey Afrika ve Adria kiyilari boyunca jeodinamik evrimin
anlagilmasi i¢in ¢ok ©nemlidir. Buna karsin, doguda Bitlis ¢arpismast Kibris yayinm olusmunu
tetiklemis gibi goriinmektedir.

Kitasal carpisma levhalarin  geometrisini, ozellikle levha smur zonlan ile dalan parcaci@im
gortiniislerini, etkiledigi i¢in ¢arpisma sonrast magmatizmasi ile st manto PT kosullarim ve etkili
dalan-par¢a kuvvetlerini degistirerck tektonik evrimi de etkilemektedir. Beraber, on goriilen gecisli
siirecler Akdeniz jeolojisindeki bir ¢ok ¢arpict dzellikleri agiklamaktadir.

Anahtar Soézciikler: dalma-batma, sismik tomografi, kitasal carpisma, dalan parka kopmasi, roll-
back, Akdeniz, STEP fay
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Continental Collision and Plate Boundary Evolution in the Africa/Arabia-
Eurasia Convergence Zone

M.J. Rinus Wortel, Rob Govers & Wim Spakman

Faculty of Geosciences, Utrecht University, Budapestlaan 4, 3584 CD Utrecht,
The Netherlands (E-mail: wortel(@geo.uu.nl)

The Mediterranean region is known as a convergent plate boundary zone of the African/Arabian and
FEurasian plates. Whereas the region is often referred to as being in the state of collision, the nature of
the collision varies strongly, and distinction has been made between between ‘hard” and ‘soft’
collision. In this study we focus on the lithospheric scale of the plate interaction and in doing so we
combine seismic tomography results with numerical modeling results on plate boundary processes and
observational evidence.

Lateral variations (along the strike of the subduction zone) in properties of the subducting plates, from
oceanic to continental, lead to segmentation of the plate boundary, giving rise to formation of separate
arc structures characteristic ot Mediterranean geology. The lithospheric scale processes involve arc-
continent or continent-continent collision (collectively referred to as continental collision), slab
detachment, possibly vertical tearing of the subducting slab, the formation of STEP (Subduction-
Transform Edge Propagator) faults, and back-arc extension. The high-curvature arcs in the
Mediterranean region point to the significance of STEP faults. Examples will be given from both the
western-central Mediterrancan and the castern Mediterranean region. In the former the arc-continent
collision along the North African and Adria margins is crucial for understanding the geodynamical
evolution, whereas in the latter the Bitlis collision appears to have triggered the formation of the
Cyprus arc.

Since continental collision affects the geometry of the interacting plates, in particular the configuration
of the plate contact zone and of the subducting slab, it affects (post-collisional) magmatism and
tectonic evolution through changes in upper mantle PT conditions and effective slab pull forces. In
combination, the transient processes envisaged account for many striking featurcs in Mediterrancan
geology.

Key Words: subduction, seismic tomography, continental collision, slab detachment, roll-back, STEP
fault, Mediterranean
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Orta Anadolu Platosu Ozelinde Kitasal Platolar’da Gizlenen Litosfer
ve iklim Olaylarmm Irdelenmesi: TopoEurope VAMP Projesi

Giovanni Bertotti' ve Tiim VAMP Ekibi

"Faculty of Earth and Life Sciences, Vrije Universiteit, De Boelelaan 10835,
1081 HV Amsterdam, The Netherlands (E-posta: giovanni.bertotti@falw.vu.nl)

Son yillarda, gelencksel ve degismez oldugu disiiniilen jeoloji ile jeomorfoloji ve iklim bilimleri
arasmdaki duvarlar yikilnus, yerkiirenin derinliklerinde ve yiizeyde gerceklesen fiziksel olaylar yogun
bir irdelenmeye konu olmaya baglamistir. Bu tiir etkilesimlerin en iyi gézlemlendigi ve dolayist ile
tartisildign yerlerin basinda orojenik platolar gelmektedir. Orojenik platolar yiikselmis, genis yayihmh
ve genelde asinmis morfolojileri ile (yart) kurak iklim kosullann ve endoreyik (kapali) drenajin
gozlendigi, sarp ve yogun bitki ortiisti iceren daglarla smrh alanlar olarak tanimlanirlar. Bu birinci
derece jeolojik yapilarm olusumuna iligkin yorumlar tamamen iklim kontrollii varsayimlar ile dalan
levhanin kopmasi ve/veya delaminasyon gibi derinlerde gergeklesen olaylar arasinda degismektedir.

Altr iilkenin ulusal bilim vakiflarn tarafindan desteklenen ve Avrupa Bilim Vakfi (ESF) tarafindan
esgidimii saglanan Anadolu Platosu Yiikselimi Projesi (VAMP), Orta Anadolu Platosu’nu (OAP)
orojenik platolarin kaynagini arastirmak, litosferik ve iklimsel olaylarin etkilesimlerini kavrayabilmek
icin ideal bir dogal laboratuvar olarak se¢mistir.

VAMP kapsaminda bir araya gelen 10 degisik kurum jeomorfolojiden jeokimyaya, tektonikten
paleomagmatizmaya kadar degisen dallarda ¢alisan bilim insanlarini i¢ermekte olup TUBITAK
araciligl ile Tiirkiye gerek katilan bilim adamu sayisi gerckse projeye ayrilan biitge agisindan en 6nemli
tilkelerden biri konumundadir.

VAMP kapsaminda ¢ degisik bolgede ¢ok disiplinli bir yaklasim ile ¢esitli yontemler uygulanacak ve
sonugta sayisal modellemeye gidilecektir. Plato’nun i¢ kesimlerinde sedimanter kayitlar aracilig ile
kitasal platolarda kurakhgm yerlesimi, golsel donemden fliivyal doneme gegis ve bélgesel aginim
evreleri incelenecek ve bu olaylar Dbiostratigrafik  ve magnetostratigrafik  yontemler ile
yaslandirilacaktir. Diisey hareketlerin anlagilmasi igin tektonik modeller uygulanacaktir. Plato’nun i¢
kesimleri ile disindaki denizel havzalar arasindaki sarp siirlarda Goksu ve Kizilirmak Nehirleri’nin
yarmasi nicel olarak tespit edilecek ve yaslandirilacaktir. Ayrica plato sinirlarinin diklesmesine sebep
olan tektonik olaylar irdelenecektir. OAPnu kuzeyden ve giineyden smirlayan Karadeniz ve
Akdeniz’de ise dusey harcketlilik ve egimdcki gelismeler sismik veriler yardimu ile tamimlanacak ve
OAP’nun yiikselimini kayit altina alan delta ilerleme dénemleri belirleneccektir.

Bir bilgi ve diistince platformu olarak tasarlanan VAMP, sadece katilimer kurumlar arasinda etkilesimi
saglamakla kalmayip konuya ilgi duyan ve katkida bulunmak isteyen -6zellikle Turkiye’den- tiim

aragtiricilara agiktir.

Anahtar Sozciikler: kitasal platolar, Anadolu, tektonik, litosfer
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Quantifying Relations between Lithospheric and Climatic Processes in
Continental Plateaus on the basis of the Central Anatolia Plateau: the
TopoEurope VAMP project

Giovanni Bertotti' & The Entire VAMP Team

"Faculty of Earth and Life Sciences, Vrije Universiteit. De Boelelaan 1085,
1081HV Amsterdam, The Netherlands (E-mail: giovanni.bertotti@falw.vii.nl)

Since a decade or so, traditional and well entrenched boundaries between ‘hard rock’ geology and
‘softer’ geomorphologists and climatologists have fallen apart and intceractions between deep seated,
lithospheric and superficial, erosional processes are heavily investigated. One of the geological
domains where such interactions are best expressed and, correspondingly, debated, are orogenic
plateaus. These are defined as large elevated arcas with subdued morphology, (semi)arid conditions
and endorheic drainage systems bounded by steep, highly vegetated margins. Interpretations of these
first order geologic features vary considerably between fully climate-controlled hypothesis and ones in
which plateau formation results from deep-seated processes such as slab detachment and/or
delamination.

The Vertical Anatolia Movement Project (VAMP) supported by the national science foundations of 6
countries, coordinated by the European Science Foundation (ESF) has identified the Central Anatolia
Plateau (CAP) as an ideal natural laboratory to investigate the origin of orogenic plateaus and, thereby,
to further increase our understanding of the feed back processes between lithospheric and climatic
processces.

Ten different institutions participate in VAMP covering disciplines from geomorphology, to
geochemistry, from tectonics to paleomagnetism. Turkey and TUBITAK are among the most
important members of VAMP both in terms of participating scientists and of funding.

VAMP pursues a multidisciplinary approach applying different methodologies in three major domains
of the arca and investigating their interactions with numerical models. In the plateau interior, we
anaylse the sedimentary record to trace proxies for the establishment of the continental plateaus such
as the onset of aridity, changes from lacustrine to fluvial sedimentation, regional episodes of erosion.
We date these cvents combining biostratigraphy and mangnetostratigraphy. We apply tectonic
methods to extract patterns of vertical movements. In the steep margins we quantify and date the
incision of the Goksii and Kizilirmak rivers, the main connections between the plateau interior and the
adjacent marine basins. We investigate the tectonic processes causing the steepening of the margins. In
the Black Sea and Mediterrancan bounding the Central Anatolia Platcau to the N and S, we use
seismic data to identify vertical movements and tilting, and episodes of progradation and delta
formation which can be tied to the growth of the CAP.

VAMP will not operate in isolation and sces itself as a knowledge platform open not only to the
participant institutions but also to all other interested present and future geoscientists especially from
Turkey.

Key Words: continental plateaus, Anatolia, tectonics, lithosphere
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Bati Akdeniz Ofiyolitlieri: Baska Bir Diinya
Daniel Bernoulli

University of Basel, Geology Insitute, Bernoullistrasse 32, CH-4056 Basel

Switzerland (E-posta: daniel bernoullii@unibas.ch)

Dogu Akdeniz bolgesindeki ofiyolitler (Vourinos, Kizildag, Semail), Penrose (1972) ofiyolit
konferansinda tanumlanan klasik ofiyolit dizisinin stratigrafik ozelliklerini géstermelerine ragmen Bat
Akdeniz bolgesindeki ofliyolitler eksikli bir ofiyolit dizisi sunarlar. Alplerdeki Jura yash Apenin
ornegi, serpantinize peridotitler ile temsil edilmekte, gabrolar goreceli olarak s1g intriizyonlar halinde
peridotitler icinde goriilmekte, ve levha dayk kompleksinin kalintilart  bariz  bir  sekilde
bulunmamaktadir. Buna ilaveten, peridotitler ve magmatik kayaclar arasinda kokensel bir iliski de
bulunmamaktadir. Bunun yerine, manto kayag¢larinin okyanus ortasi sirti eriyiklerinin niifuzundan
etkilenmelerine ragmen, diisiik agili siyrilma faylari sistemi boyunca deniz tabanina ulasan ve
yizeyleyen eski kitasal litosferik mantodan tiredikleri kamitlanmigtir. Bu siyrilma faylari, kitasal
kabuk alloktonlari ve kitasal kabugun gerilmesi ve parcalanmasi sirasinda yiizeyleyen mantoya
tektonikle yerlesen riftlesme oncesi sedimanlart da tasimaktadir. Deniz tabanindaki bu faylarin yizey
izleri, tektono-sedimanter bresler, oldukga serpantinlesmis peridotitler ile birliktelik sunan ofikalsitler
ile karakterize edilmekte olup, stratigratik olarak yastik lavlar ve/veya okyanusal sedimanlar
tarafindan {izerlenirler. Iber varimadasimim Kretase yash bati kenarma olan yakin benzerlikleri, Alpin
oftyolitlerinin magma getiriminin az oldugu okyanus-kita gecisinde ve/veya gerilmenin gencllikle
styrilma faylan ile diizenlendigi ve sinirh magmatik aktivitenin oldugu yeni baslayan yavas yayilma
merkezi boyunca olustuklarin isaret etinektedir.

Anahtar Sozciikler: ofiyolitler, Alpler, Apeninler, Bati Akdeniz bélgesi, Manto yiizeylemesi, Diisiik
acili styrilma fayi, okyanus-kita gecisi, Iber kita kenari
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West-Mediterrancan Ophiolites: Another World
Daniel Bernoulli

University of Basel, Geology Insitute, Bernoullistrasse 32, CH-4056 Basel,
Switzerland (E-mail: daniel . bernoulli@unibas.ch)

Whereas in the castern Mediterranean arcas (c.g., Vourinos, Kizil Dag, Troodos, Semail), ophiolite
sequences show, by and large, the classical ophiolite stratigraphy as defined by the 1972 Penrose
Conference on ophiolites, the west-Mediterranean occurrences are ‘incomplete’. The Alpine -
Apennine examples, of Jurassic age, are dominated by serpentinized peridotites, gabbros form only
relatively small shallow intrusions within them, and relics of a sheeted dyke complex are
conspicuously missing. In addition, there appears to exist no genetic link between the peridotites and
the magmatic rocks. Instead, the mantle rocks, although affected by the infiltration of MORB-melts,
have proved to be derived from older sub-continental mantle lithosphere wherefrom they were
exhumed and exposed on the seabed along a system of low-angle detachment faults. These detachment
faults carry also extensional allochthons of continental crust and pre-rift sediments, tectonically
emplaced on the exhumed mantle during extension and break-up of the continental crust. The
exhumed traces of these faults on the scafloor are marked by tectono-sedimentary breccias, the
ophicalcites that, together with the deeply serpentinized peridotites, are stratigraphically overlain by
pillow lavas and/or oceanic sediments. The close analogies with the well-documented Cretaceous
margin west of Tberia suggest that the Alpine ophiolites formed along a magma-poor ocean continent
transition and/or along an incipient slow-spreading ridge where extension was largely accommodated
by detachment faulting and limited igneous activity only.

Key Words: ophiolites, Alps, Apennines; western Mediterranean area, mantle exhumation, low-angle
detachment faults, ocean-continent transition, Iberian continental margin
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Japonya’da Diri Faylardan Kaynaklanan Biyiik Depremlerin Arastirilmasi
Eikichi Tsukuda ve Hisao Kondo

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST),
Site 7, 1-1-1, Higashi, Tsukuba, [baraki, 305-8567 Japan (E-posta: e-tsukuda@aist.go.jp)

Kobe’de, 17 Ocak 1995°de bir diri fay kaynaklanan deprem 6400 kisinin 6litmiine ve 100.000 binanin
yikimina sebep olmustur. Bu afetten edinilmis dersler dogrultusunda, hitkiimet tarafindan 6zel bir
organizasyon olarak Deprem Arastirma Merkezi Baskanh@ (Headquarters for Earthquake Research
Promotion-HERP) kurulmustur. HERP, depremlerden kaynaklanan yikim ve o6limleri azaltmak
amactyla deprem arastirmalarini desteklemeyi temel amag edinmistir. 1999 Nisan’inda, gelecek 10 yil
icindeki deprem arastirmalan i¢in temel rehberlik etmek iizere bu kurum ‘Deprem Arastirma
Desteklert” saglamugtie (http://unit.aist.go.jp/actfault/english/activef.html).

Bu bakis agisi ile Japonya Jeolojik Arastirma Kurumu altinda 2001 Nisan aymda Diri Fay Arastirma
Merkezi (Active Fault Research Center - AFRC) kuruldu (Tsukuba 2001). AFRC Japonya’da diri fay
aragturmalart i¢in HERP altindaki en givenilir organizasyondur. Depremselligi ayrintih ¢ahsilmak
tizere HERP tarafindan 98 ana fay zonunu sec¢ilmistit. Bu dirnn fay zonlan, gelecekte olusacak
depremlerin uzun donemli tahminleri agisindan  ¢esitli - paleosismolojik  yontemler kullanmilarak
arastirilmigtic. Elde edilen verilere paralel olarak, AIFRC 2005 yilinda bir diri fay veri bankasi
kurmustur (Bakiniz; http://unit.aist.go.jp/actfault/english/activef.html).

Diger yandan, tlkede yakin zamanda meydana gelen bazi depremler bilinen diri fay zonlarindan
kaynaklanmamisglardir. Bu depremlere drnek olarak 2004 Mid-Niigata depremi, 2005 Chuuetsu-oki
depremi ve 2008 lwate-Miyagi Nairiku depremi depremi gosterilebilir. Ana sok lokasyonlart tam
olarak énceden tanimlanan diri faylara rastlamayan orta buiytikliikteki bu depremlerden kaynaklanan
hasar ve kayiplar Kobe depremindeki hasar ve kayiplara gore ¢ok daha az olmustur. Bu depremlerin
olusumuna dayanarak, AFRC’nin éniimizdcki 10 yil igindeki deprem arastirmalart i¢in hazirladig
temel kilavuz 2009 mali yilinda baslayacaktir. GSJ/AIST de sorunlardan biri denizaltr faylarinin tespit
edilmesi ve goreceli orta biiytiklikteki depremlerin meydana geldigi yerleri ortaya koymaktir. Aym
zamanda, 50 yil i¢inde yaklagik %80’in tzerindeki bir olasilikla, dalma-batma zonundaki mega-
bindirmelerin sebep oldugu biiyiik yikict depremlert degerlendirmemiz gerekmektedir (DAMB 2009).

Japonya’da genel olarak dirt fay zonlart tarafindan iiretilen biiylik depremlerin tekrarlanma arahg:
birkag yiiz yil ile birkag¢ bin yil arasindadir, bu yiizden meydana gelen afet tipik olarak Distik Olasilik
Yiiksck Onem (Low Probability High Consequence-LPHC) afetidir. LPHC afetleri hipotez dogrulama
yontemlert ile zorlukla uygulanabilir. Bu nedenle biitiin diinyadaki “deneyimleri ve afetlerden g¢ikarilan
derslert’ paylasmaliyiz. Bu kapsamda, uluslararast arastirma igbirligi olduk¢a énemlidir. 1980’ lerden
bugiine devam eden GSJ/AIST ile MTA arasindaki uluslararast ortak projemiz diri fay ve
paleosismoloji caligmalarinda biiyiik bir deneyim ve bilimsel bilgi birikimi saglamistir.

Anahtar Sézciikler: diri fay, deprem, paleosismoloji, Diisiik Olasihk Yiiksek Onemli Afet
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Active Fault Research and Recent Earthquakes in Japan
Eikichi Tsukuda & Hisao Kondo

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST),
Site 7, 1-1-1, Higashi, Tsukuba, Ibaraki, 305-8567 Japan (E-mail: e-tsukuda(@aist.go.jp)

The destructive earthquake on January 17, 1995, generated from pre-existing active fault caused
nearly 6,400 casualties and destroyed 100,000 buildings around the Kobe district. Following on the
lessons learned from this disaster, the Headquarters for Earthquake Research Promotion (HERP) was
established as a special governmental organization. The HERP has focused on basic objective to
promote earthquake researches for the reduction of damages and casualties from earthquakes. In April,
1999, the HERP drew up the Promotion of Earthquake Research to serve as the basic guideline for
earthquake research in the coming 10 years (http://unit.aist.go.jp/actfault/english/activef. html).

On this background, Active Fault Research Center (AFRC) was launched in Aril 2001 under the
Geological Survey of Japan (e.g., Tsukuda 2001). AFRC is one of the responsible organizations for
active fault studies in Japan under the HERP. The HERP has sclected 98 major active fault zones that
are subject to prompt research. These major active fault zones have been surveyed using various
palacoseismological methods for long-term forecast on the occurrence of future earthquakes. In
parallel with the acquisition of data, AFRC established an active fault database in 2005 (see also at
http://unit.aist.go.jp/actfault/english/activef.html).

On the other hand, the recently occurred carthquakes were not typically generated from active fault
zones, such as the 2004 Mid-Niigata Prefecture earthquake, the 2005 Chuuetsu-oki earthquake and the
2008 Iwate-Miyagi Nairiku ecarthquake. Although the loss and damages of the moderate-size
earthquakes were much less than that of the Kobe earthquake, but the location of the main shocks were
not just on the previously-recognized active faults. According to the occurrence of these earthquakes,
the next basic guideline for earthquake research of the HERP in the coming 10 years is preparing and
will start in 2009 fiscal year. One of the challenges in GSJ/AIST is to explore submarine faults and to
reveal the places where such relatively moderate carthquakes would occur. At the same time, we need
to evaluate large destructive earthquakes gencrated from active faults, preceding the occurrence of the
subduction mega-thrust earthquakes which is estimated over 80% probabilities in the next 50 years
(e.g., HERP 2009).

In general, large earthquakes produced by active fault zones have repeat time between a few hundreds
and several thousands years, therefore, the resulted disasters are typically Low Probability High
Consequence (LPHC) disasters. The LPHC disasters is hardly to be applied by hypothesis verification
methods, hence, we must accumulate the experiences and ‘lessons learned from disasters™ all over the
world. In this context, international cooperation research is extremely important. Our cooperative
international project between GSJ/AIST and MTA since 1980’s has brought great experiences and
scientific knowledge on active fault and palacoseismological researches.

Key Words: active fault, earthquake, palacoseismology, Low Probability High Consequence disaster
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Ofiyolit Kompleksleri: Arazi, Petrolojik ve Jeokimyasal Olgiitlerin
Kullamimu ile Giincel Orneklerin Tanimlanmasi

Julian A. Pearce

School of Earth and Ocean Sciences, Cardiff University, Cardiff CI'10 3YE, UK
(E-posta: PearceJA@cardiff.ac.ik)

Ofiyolit kompleksleri bir ¢cok giincel 6mege sahiptirler. Ofiyolitleri, okyanus ortast sirt tipi, okyanus
ict dalma-batma zonu tizeri ve sorgug ile iliskili kompleksler olarak simiflamak yararhdir. Okyanus
ortast sirtlardaki okyanusal litosfer olusumu ofiyolitlerin kiigtik bir kismimi olugturmalarina ragmen
bunlara ait lavlar, yigisim zonlarr i¢erisinde oldukga bol miktarda goriilmektedir. Bunun yerine kitasal
ayrilma ile iligkili rift zonlarmda olusan litosfer ¢ok daha fazla yaygindir. Okyanus ortasi sirt yitimi
sirasinda veya hemen oncesinde olusan okyanusal litosferde. simdiki Pasifik smirinda oldugu gibi
yvaygmdir. Sorgug ile iligkili kompleksler, sorgug-sirt etkilesiminin oldugu bélgelerde okyanus ortas
sirtlarda olugan ofiyolitler ile gecislidirler. Bununla birlikte saf sorgug ile iliskili kompleksler, bazende
kita kenarlarma cklenen okyanusal platolarin kenarlari ile temsil edilebilirler. Okyanusi¢i dalma-batma
zonu flizerinde olusan ofiyolitler acikca yay-gerisi basenlerde olusurlar, fakat yay-gerisi basenler
okyanus ortast sirt1 bazalttan adayay1 toleyitlerine kadar degisen kompozisyona sahiptirler ve normal
okyanusal kabuk gibi ¢ogunlukla yitim zonlarinda korunma egilimindedirler. Yay-gerisi litosferleri
cogunlukla yay gerisi hendek arakesitinde olusup ofiyolitler olarak korunurlar. Herkesin hemfikir
oldugu en yaygm ofiyolit olusum ortami, yitim baslangicint takiben hizli geriye-sariimm neden
oldugu kisa-siireli gerilme donemidir. Bati Pasifik’teki detayh ¢alismalar, 5 My ik bir yitim baslangig
doneminde boninitler dahil farkli kompozisyonda kompleks kayaglarin olustugunu gostermektedir. Bu
farkli ortamlarin jeolojik ve petrolojik dzellikleri bazi ofiyolitlerin arazi dzelliklerine bakarak giincel
orncklerini olusturmakla birlikte, genellikle jeokimyasal ¢alismalar tam bir yorum yapmak igin
gereklidir. Bu sunum, ofiyolitik kayaclann incelenmesinde kullanilan en yeni jeokimyasal metodlan
(kahnti mantodaki Cr-spineller, gabrolardaki feldspatlar ve klinopiroksenler, tiim kayag¢ dayklar, lavlar
ve sedimanlar) gozden gegirecektir.

Anahtar Sozeiikler: ofiyolit, okyanus ortast surt, manto sorgucu, yitim zonu, jeokimya, petroloji
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Ophiolite Complexes: Identifying Their Modern Analogues Using Field,
Petrological and Geochemical Criteria

Julian A. Pearce

School of Earth and Ocean Sciences, Cardiff University, Cardiff CF'10 3YE, UK
(E-mail: PearceJA@cardiff.ac.uk)

Ophiolite complexes have many possible modern analogues. It is uscful to subdivide these into mid-
ocean ridge (MOR), supra-subduction zone (SSZ) and plume-related (P1.M) complexes. Of the MOR-
type, oceanic lithosphere formed at mid-occan ridges make up only a small fraction of ophiolites,
though the lavas are abundant in accreted subduction complexes. Instead, lithosphere formed at
icipient ridges associated with continental break-up is a much more common analogue. [.ithosphere
created during, or just before, ridge subduction is also common around, for example, the present
Pacific Rim. PLLM complexes are transitional with MOR ophiolites in regions of plume-ridge
interaction. However, ‘pure’ PLM complexes may also be represented by the edges of oceanic
plateaus that have accreted to continental margins. SSZ ophiolites most obviously originate in back-
arc basins, but most back arc basins have a range of compositions from MORB to island arc tholeiite
and, like normal oceanic crust, tend to be preserved mainly in subduction complexes. The back-arc
lithosphere most likely to be preserved as ophiolites is that created at back-arc trench intersections.
The most common ophiolite setting is now believed to be subduction initiation, where rapid roll-back
following subduction initiation gives a short-lived period of extension. Detailed studies of the Western
Pacific have revealed a complex, but distinctive range of compositions (including bonimites) in rocks
formed within 5 Ma of subduction initiation. The geological and petrological features of these
different settings would enable the modern analogues for some ophiolites to be inferred simply from
field studies, but usually geochemistry is neceded for a full interpretation. This presentation will
cxamine some of the latest methods of fingerprinting ophiolitic materials geochenically, using Cr-
spinels in residual mantle, feldspars and clinopyroxenes in gabbros, and whole-rock dykes, lavas and
sediments.

Key Words: ophiolite, mid-occan ridge. mantle plume, subduction zone, geochemistry, petrology
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Giiney Sivrihisar Masifi’'ndeki Mavisist ve Barroviyen Kusaklarmin
Metamorfik ve Tektonik Evrimi

Donna L. Whitney', Nicholas C. Scaton', Christian Teyssier',

- | . 2
Erkan Toraman ve Matthew Heizler

"Geology & Geophysics, University of Minnesota, Minneapolis, Minnesota 55455, USA
(E-posta: dwhitney(@umn.edu)
’New Mexico Bureau of Geology and Mineral Resources, Socorro, New Mexico 87801, USA

Bircok orojenik kusak birbirleriyle belirgin bir yapisal devamlilik gésteren Mavisist ve Barroviyen
kusaklar icermektedir. Yunanistan’dan Naxos ve Tirkiye’den Sivrihisar bolgeleri bunlara iki ornek
olarak verilebilir. Tiirkiye’nin bati kesiminde yer alan Sivrihisar Masifi’nin giney kisimlarinda,
benzer sedimanter ve bazaltik koken kayalarindan tiremis. dalma-batma ve bunu izleyen kitasal
carpisma ile iligkili metamorfik birimler yiizeylemektedir. Dalma-batma zonunda olusan yiiksek
basing — diisitk sicaklik (YB-DS) kayalari, aragonitten donisme 1smsal kalsit kristalleri igeren
mermerler ve kuvars-fengit sist ara katmanlar i¢eren, eklojit bloklu mavisistlerden (>15 kbar, 550 °C)
yapihidir. Orta basing¢ — orta sicaklik (OB-OS) birimleri ise ilerleyen bir metamorfizmay: tanimlayan
kloritoid, granat, stavrolit, disten <sillimanit i¢eren sist ve meta-kuvarsitlerden olusmaktadir.
Kloritoid’den sillimanite kadar olan tiim Barroviyen serisi 1 km.’den daha az bir yapisal kalinliga
sahiptir, dolayisiyla essicaklik egrileri birbirlerine oldukg¢a yakin konumdadir. Ar/Ar yaslandirma
yontemi mavigist birimleri i¢cindeki fengit minerallerinin 87-81 My arasi plato yasina sahip oldugunu
gosterir. OB-OS birimleri i¢indeki muskovitler gorece daha geng plato yast (63-57 My) verirken,
geeis zonu icindeki beyaz mikalar tam bir plato olusturmamakla birlikte 83—72 My arasi birlestirilmis
bir yas verirler. YB-DS ve OB-0S kusaklari ayni s1¢ denizel / kita kenart birimlerinin farkl tektonik
dilimlerinden meydana gelmistir. YB-DS tektonik diliminin yitim ve yiizeylemesi Geg Kretase’de
gerceklesirken, OB-OS dilimi Paleosen—Eosen yasl ¢carpisma stirecinde gémiilmiis, metamorfizmaya
ugramis ve tekrar ylizeylemistir. Kugsaklar arasindaki dokanak, her iki birime ait mermerlerin birbiriyle
dokanak yapmasi nedeniyle arazi dl¢eginde belirgin degildir. Her iki birim de ayni yonelime sahip, iyi
gelismis bir ¢izgisellik gosterir. YB-DS birimlerinde sodik amfibol ve fengit, OB-OS birimlerinde isc
kloritoid, disten, sillimanit ve muskovit sz konusu ¢izgiselligi olusturur. Buna karsin mermerler
icindeki iz elementlerinin  miktanndaki degisim ve kalsit dokusundaki farkliliklar dokanagmn
belirlenmesini miimkiin kilar. YB-DS kusagi i¢cinde yer alan, yaklasik 200 m kalimhigmdaki yapisal
gegis zonu mermerler igerisinde kismen yeniden kristallesmis 1sinsal kalsitlerin varhgiyla karakterize
olmaktadir. Bu mermerlerin yeniden kristallesmeleri, OB-OS diliminin yiizeylemesi sirasinda YB-DS
kusaginin taban kesimlerinde sil etkiye neden olmalarindan kaynaklanmaktadir. OB-OS kusagmim
dokanaga yakm kesimlerinde ise EBSD analizi ile tespit edilen, kristallografik tercihli yonelime sahip,
yeniden kristallesmis kalsit kristalleri gdzlenmektedir. Barroviyen kusagimin geri kalaninda ise kalsit
kristalleri herhangi bir yonelim gostermezler.

Anahtar Sozciikler: Ar yaslar, Barroviyen serileri, mavigist, metamortfizma, Sivrihisar
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Metamorphic and Tectonic Evolution of Juxtaposed Blueschist Facies and
Barrovian Rocks, Southern Sivrihisar Massif

Donna I.. Whitney', Nicholas C. Seaton', Christian Teyssier',
Erkan Toraman' & Matthew Heizler”

"Geology & Geophysics, University of Minnesota, Minneapolis, Minnesota 55455, USA
(E-mail: dwhitney@umn.edu)
’New Mexico Burea of Geology and Mineral Resources, Socorro, New Mexico 87801, USA

Metamorphic terrains containing juxtaposed blueschist facies and Barrovian rocks in apparent
structural continuity occur in orogenic belts worldwide. Two examples in the Aegean/Anatolian region
are Naxos (Greece) and Sivrihisar (Turkey). The southern part of the Sivrihisar Massit, west-central
Turkey, contains metamorphic rocks that formed from similar sedimentary and basaltic protoliths and
record a transition from subduction to collision-related metamorphism. High-P—-low-T (HP-LT)
subduction zone rocks are dominated by marble characterized by rod-shaped calcite pscudomorphs
after aragonite and quartz-phengite schist interlayered with blueschist (> 15 kbar, 500-550 C)
containing eclogite pods. Medium-P—medium-T (MP-MT) rocks arc in a progressive sequence of
chloritoid-, garnet-, staurolite, and kyanite + sillimanite-bearing schist and quartzite. Isograds are very
closely spaced; the entire Barrovian sequence from chloritoid zone to sillimanite zone comprises < 1
km of structural thickness. Phengite in blueschist yields Late Cretaceous *"Ar/*’Ar platcau ages (87-81
Ma). Muscovite in the MP-MT rocks yields younger "Ar/* Ar ages (63—57 Ma), and white mica in the
transition zone yields disturbed Ar spectra with 83—72 Ma integrated ages. The HP-LT and MP-MT
domains are different tectonic slices of the same shallow marine/continental margin sequence: the HP-
LT slice was subducted and exhumed in the Late Cretaceous and the MP-MT slice was buried.
metamorphosed and exhumed during Paleocene—~Eocene collision. The tectonic contact between
domains involves marble emplaced on marble and is not obvious in the field. A well-defined mineral
lineation has the same orientation in both domains and is defined by HP minerals (Na-amphibole,
phengite) in the north and Barrovian minerals (chloritoid, kyanite, sillimanite, muscovite) in the south.
The contact is, however, detectable in a difference in trace element abundance in the marbles and by a
change in calcite texture. A narrow (200 m thick) structural transition zone in the HP domain is
characterized by partially recrystallized rod-shaped calcite; thermal effects from the exhuming MP-
MT domain resulted in partial recrystallization of HP-LT minerals and textures near the base of the
structurally overlying HP-L'T complex. In the MP-MT domain near the contact. recrystallized calcite
contains a crystallographic-preferred orientation that is detected by electron backscattered diffraction
analysis; calcite in the Barrovian zone is randomly oriented.

Key Words: Arages, Barrovian sequence, blueschist. metamorphism, Sivrihisar
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Camhica Metamortitleri’nde Yeralan Yiiksek-Basing Metabazit Diliminin
(Eklojit/Mavisist) Petrografisi, Tektonik Ortam ve Rodop Masifi ile Iliskisi, Biga
Yarimadasi, Kuzeybati Anadolu

Firat Sengiin, Erding Yigitbas ve Ismail Onur Tung

Canakkale Onsekiz Mart Universitesi, Mithendislik-Mimarlik Fakiiltesi
Jeoloji Miihendisligi Boliimii, 17020 Canakkale (E-posta: firatsengun(@comu.edu.ir)

Yiiksek-basing metamorfik kayaglarn Alpin orojenik sistemi icerisinde son derece yaygindir ve cski
dalma-batma zonlarin1 gostermesi agisindan son derece dnemlidir. Biga Yarnmadasi'nin kuzeybati
bolimiinde yeralan Camlica metamorfik toplulugu aittan tste dogru diisiik dereceli orta-basing
kosullarinda baskalasima ugramis metalav ve metatiifden yapili Andiktagt formasyonu, granat-mika
sist, albit-epidot-klorit sist, kalksist ve mermer ardalanmasindan olusan Dedetepe formasyonu ve fillit-
mermer ardalanmasindan  yapili Salihler formasyonu’ndan olugmaktadir. Dedetepe formasyonu
icerisinde ~2 km uzunlugunda ve 500 m genisliginde metabazit tektonik dilimi yiizlek vermektedir.
Bu metabazit tektonik dilimi bashica metagort, amfibolit, eklojit, mavisist, talk sist ve tremolit/aktinolit
sistten olugmaktadir. Eklojitlerin genel mineral bilesimleri omfasit + granat + epidot + kuvars 4
glokofan + fengit + rutilden olusmaktadir. Buna karsin ge¢ evre makaslama zonlart boyunca
cklojitlerden déntismiis mavisistlerin genel mineral bilesimleri ise glokofan + granat -+ epidot + klorit
+ fengit + kuvars + sfendir. Bu parajenez yiksek basing mavisistlerini isaret etmektedir.
Eklojit/mavisistlerin etrafinda yaygin olarak granat iceren kuvarsca zengin sistler (metagort)
bulunmaktadir. Bu gistlerin genel mineral bilesimleri kuvars + fengit + granat + klorit + piyemontitten
olugmaktadir. Alpin yash yiiksek basing metamorfizmasina ugrayan kayaglar daha sonra albit, klorit
mineralleri ve glokofan mineralinin etrafinda gelisen tremolit/aktinolit replasmanimin gelismesine
neden olan yesilsist fasiyesinde retrograd metamorfizmaya ugrammslardir. Eklojit ve mavisistlerde
meydana gelen yesilsist fasiyesi metamorfizmast yitkselme sirasinda, akiskanlarin kayalarin icerisinde
dolagmasiyla kontrol edilmektedir.

Biga Yarimadasi’nin en bati ucunda yeralan Camlica metamorfitleri i¢erisindeki eklojit/mavigistler
bolgesel olarak kuzey Ege’de daha buiyik alanlarda yiizlek veren Rodop Masifi igerisinde bulunan
cklojitlerin tektonik ortami ile kargilastirtldiginda metamorfizma kosullart bakumindan  farkhilik
sunmaktadir. Rodop Masifi’ndeki cklojitler kita-kita ¢arpismast tirtinii kabuk kalinlasmas: tektonik
ortamint tanimlayan yiiksek dereceli kitasal kabuk malzemesi igerisinde bulunan orta sicaklik
eklojitleridir.  Buna karsm Cambica metamorfitlerindeki  cklojivmavisistler ise  yitim  ortamim
tanimlayan tipik diisitk sicaklik eklojitleridir. Sonugta cklojit/mavigitler, 6nceden distintldigi givi
diizenli bir pasif kita kenart istifi icerisindeki, ¢evre kaya ile birlikte YB ca ugramis kayalar olmayip
Camlica metamorfitleri igerisinde tektonik bir dilim olarak bulunmaktadir. Bu 6zellikleri, Rodop
metamorfik kusagin igerisinde yer almasina karsin Camlica cklojitlerinin dogrudan Rodop cklojitler
ile iliskilendirilmesini problemli hale getirmektedir.

Anahtar Sozciikler: cklojit/mavisist, YB metamorfizmasi, Camlica metamorfik toplulugu, Biga
Yarimadasi
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Petrography, Tectonic Setting of High-Pressure Metabasite (Eclogite/Blueschist)
Slices in the Camlica Metamorphics and Relationship with the Rhodope Massif,
Biga Peninsula, Northwest Anatolia

Firat Sengiin, Erding Yigitbas & Ismail Onur Tung

Canakkale Onsekiz Mart Universitesi, Miihendislik-Mimarlik Fakiiltesi.
Jeoloji Miihendisligi Boliimii, TR--17020 Canakkale, Tiirkive (E-mail: firatsengun@comu. edu.tr)

High-pressure metamorphic rocks in Alpine orogenic system are widely common and very important
for representing old subduction zones. The Camlica metamorphic association located on the
northwestern part of the Biga Peninsula is represented by the Andiktasi formation experienced
metamorphism at medium-pressure conditions consisting of metalava, metatuff and metapelite. the
Dedetepe formation including garnet-mica schist, albite-epidote-chlorite schist, caleschist and marble,
and the Salihler formation consisting of phyllite-marble intercalation, from bottom to top. Metabasites
oceur as tectonic slices within schist-marble intercalation of the Dedetepe formation, which are about
2 km long and 500 m wide. These metabasite tectonic slices chiefly compose of metachert,
amphibolite, eclogite/blueschist and tremolite/actinolite schist and tale schist. The mineral assemblage
in the eclogites consists predominantly of omphacite + garnet + epidote + quartz + glaucophane +
phengite + rutile. However, blueschist retrograded from eclogites during late <tage shear zones
comprises garnet -+ glaucophane -+ epidote + chlorite + phengite + quartz - sphene, which shows P
blueschist-facies metamorphism. These rocks are surrounded by quartz-rich schist including quartz 4
phengite + garnet + chlorite + piemontite. Alpine high-pressure metamorphic rocks are overprinted by
retrograde  metamorphism in  greenschist facies with development of albite, chlorite, and
tremolite/actinolite  replacement  around  glaucophane.  Greenschist  facies metamorphism  of
cclogite/blueschist is controlled by the incoming of fluid phase into metamorphic rocks during
exhumation.

From a tectonic setting point of view. when cclogite/blueschist within the Camlica metamorphics
located on westernmost edge of the Biga Peninsula is regionally compared to eclogites within the
Rhodope Massif outcropped on widespread regions in the north Aegean. Eclogite from the Rhodope
Massif is high-temperature eclogites within medium-grade continental crust material defining tectonic
setting of crustal thickening that is a product of continent-continent collision. On the other hand.,
cclogite/blueschist within the Camlhica metamorphics is typically low-temperature cclogites defining
subduction zone. Finally, eclogite/blueschist occurs as a tectonic slice within the Camlica
metamorphics and, as previously thought, did not experience HP metamorphism with the Camlica
metamorphics within the sequence of ordered passive continental margin. Though suchlike rocks
occur in the Rhodope metamorphic belt, the Camlica metamorphics are questionable to evaluate
dircctly as a part of the Rhodope Massif.

Key Words: eclogite/blueschist, HP metamorphism, Camhca metamorphics, Biga Peninsula
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Menderes Masifi 6nemli bir Ege metamorfik ¢ekirdek kompleksi olup, granata dayali termobarometri
bolgenin evrimine yonelik modelleri gelisirmek igin sik¢a kullanilmaktadir. Masif, biikiilme,
yizeyleme ve/veya gerilme vyollariyla bir¢ok naplara ayrilmistir. Cine napr bliyiik oranda
metabazitlerle ardalanan amphibolite-granulit fasiyesindeki orto- ve para-gnayslardan olusmaktadir.
Cine ve Bozdag naplari terslenmis bir metamorfik gradyan gostermektedir. Cine napindaki granat
iceren topluluklarin basing-sicaklik kosullarinin 670-730 °C ve 6.2—6.3 kbar, Bozdag kayac¢larmin isc
480~-540 °C ve 6.1-7.6 kbar oldugu baska bir ¢calismada belirtilmistir.

Bu c¢alismada Giiney Menderes Masifi’ndeki Cine napinda bulunan granat iceren kayacglarin Th-Pb
iyon mikroprob monazit yaslari, X-1sint clement haritalari, yitksek kontrastli geri sagilmis elektron
(BSE) ve kathod 1sildamasi (CL) sekilleri sunulmaktadir. Cine napt kayaglarindan biri (grt + bt -+ ms
chl + pl -+ ilm + zr + gtz + mnz + aln + ap) coklu-evre granat gelisimi gostermektedir. Bu kayagtaki
granatlar 3 degisik bolge gosteren biiylik (mm 6lgekli) yarigekilli tanelerden olusmaktadir: (1) ytiksek
Y igerikli, kapanim-dolgulu 6zsekilli ¢ekirdekler (500-700 um ¢apinda), (2) ¢ekirdekten birkag yiiz
mikron dteye uzanan ¢eper-ortast alanlar, (3) kapanmim igermeyen (10—-100pum kalinlikta) dis ¢eperler.
Di1s ¢eperler, granatlarin orta-¢eper ve ¢ekirdek bolgelerine gore BSE de daha ag¢ik goriinmekte ve
daha az kirik igermektedir. Granat kapanimlan ¢ogunlukla qtz + ilm + ap + zr’ dan olugmaktadir. BSE
gorintiileme kullanilarak ayrica granatlarin dis ¢eperlerinden orta ¢eperlerine dogru uzanan, daha hatif
materyalin izlerine rastlanmistir ve bunlar muhtemelen gerileyen akiskanlarin gegis yollarninm
kalintilarint temsil etmektedir. Bu izler granatta mevceut kiriklan kesmekte ve sadece yiiksek kontrasth
BSE gortintilemede farkedilebilmektedir. Buna ek olarak, CIL teknikleri kullanilarak kayagtaki
plajioklaz 3 bolgeye ayrilmistir: kirmizi-kahverengi ¢ekirdekler, mor ve agik mor orta ¢eperler, ve
beyaz dis ¢eperler. Plajioklaz taneleri arasinda kalan simirlar beyaz olarak se¢ilmektedir.

Cine napt kayaclart igerisindeki monazit tancleri, hidrotermal alterasyon ile uyumlu olarak, apatit
ve/veya allanit ile reaksiyon gostermekte, ve lifsi dokudadir. Bu taneleri Th-Pb iyon mikroprob
metodu ile dlgiilmesine dair denemeler yapilmis, fakat yiksek orandaki olagan Pb (97-62%) anlambh
sonuclarm ¢tkmasmi engellemistir. Buna karsilik, Cine kayac¢larindan biri 5S01+18 Ma yasinda
monazite kapamimlarmma ve ortalama 4245 Ma yas veren matriks tanclerine sahip granatlar
icermektedir.

Burada belirtilen granat iceren kayaglardan elde edilen goériintiiler ve monazit yaslari, Cine napinin tek
bir Barrovian-tipt metamorfizmadan ctkilendigi ve Menderes Masifi’ndeki granatlarin tek bir zamanda
olustugu distincesiyle ¢elismektedir. Biz burada Cine ve Bozdag naplari arasindaki terslenmis
metamorfizmanin nedeninin ¢oklu evre metamorfizma gegiren birimlerin kiimelenmesi oldugunu
distinmekteyiz.

Anahtar Sozciikler: Menderes Masifi, jeokronoloji, monazit, gerilme tektonidi, Tirk Ege bolgesi
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The Menderes Massif is an important Aegean metamorphic core complex and garnet-based
thermobarometry is often used to develop models for the evolution of the region. The massif has been
subdivided into a series of nappes, exposed via warping, exhumation, and/or extension. The Cine
nappe is largely comprised of amphibolite to granulite facies ortho- and paragneisses intercalated with
metabasite. Underlying this nappe is the Bozdag nappe, characterized by amphibolite-facies garnet-
mica schists. The Cine and Bozdag nappes show an inverted metamorphic gradient. Garnet-bearing
assemblages in the Cine nappe have been reported clsewhere to record peak P-T conditions of
670-730 °C and 6.2-6.3 kbar, whereas Bozdag rocks yield 480-540 °C and 6.1—7.6 kbar.

Here we present Th-Pb ion microprobe monazite ages, X-ray element maps, high-contrast
backscattered electron (BSE) and cathodoluminescence (CL) images of garnet-bearing rocks of the
Cine nappe located in the southern Menderes Massif. One Cine nappe rock (grt + bt + ms + chl + pl +
tlm + zr - qtz 4 mnz + aln + ap) documents multiple stages of garnet growth. Garnets in the rock are
large (mm-sized) subhedral grains that show 3 distinct regions: (1) inclusion-filled cuhedral cores
(500-700 wm in diameter) that are high in Y, (2) mid-rim arcas that extend several hundred microns
from the core and (3) inclusion-free (10-100 um thick) outer rims. The outer rim areas are brighter in
BSE and contain fewer cracks than the mid-rim and core regions of the garnets. Garnet inclusions are
mainly qtz + ilm + ap + zr. Using BSE imagery, we also identity tracks of lighter material that extend
from the garnets™ outer rims to mid-rims, and are likely remnants of pathways for regressive fluids.
These tracks crosscut existing cracks in the garnet and are only visible using high-contrast BSE
imaging. Using CL techniques, plagioclase in the rock also document three zones: red-brown cores,
purple and light purple mid-rims, and white outer rims. Boundaries between the plagioclase grains are
outlined in white.

Monazite grains in several Cine nappe rocks we collected are present in reaction with apatite and/or
allanite, and have fibrous texture, consistent hydrothermal alteration. Attempts were made to date
these grains using the Th-Pb ion microprobe method, but high amounts of common Pb (97-62%)
precluded meaningful results. However, one Cine nappe rock contains garnets with inclusions of
monazite that are 501418 Ma and matrix grains that average 42+5 Ma.

Images and monazite ages from garnet-bearing rocks reported here challenge the view that the Cine
nappe experienced a single Barrovian-type metamorphism and that garnets in the Menderes Massif
formed during a single time. Inverted metamorphism between the Cine and Bozdag nappes is likely
more apparent than real, and we speculate that it is an outcome of the stacking of rock units that
experienced multiple stages of metamorphism.

Key Words: Menderes Massif, geochronology, monazite, extension tectonics. Turkish Aegean region
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Agvanis Massifi, GGD-KKB yoniinde uzanan, ~20 km uzunlugunda, ~6 km genisliginde kabaca
dortgen bigcimli metamortik bir kiitle olup, paralel iki kenar boyunca Kuzey Anadolu Fayina bagh
faylarla smirlandiriimaktadir. Bu metamortik kiitle, Dogu Pontidler’in Liyas-oncesi temel birimlerinin
bir parcasi olarak goriilmektedir. Bu ¢alisma, Agvanis metamorfitlerinin baskalagim kosullarini ve
yasini ele almakta ve elde edilen verileri Dogu Pontidler’in Liyas 6ncesi jeodinamik gelisimi acisidan
tartigmaktadir.

Agvanis metamorfitleri, baslica metabazit, fillit ve mermerden, tali oranda da metagort ve
serpantinitlerden olusmaktadir. Bu metamorfik kayalar, Erken Eosen (~52 Ma) yash kuvars-diyorit,
dasit-porfir ve yasi bilinmeyen tonalit tarafindan kesilmektedir. Bu kayaclarin yerlesimleri ¢evreleyen
kayaglarda, dokanak bagkalasima neden olmustur. Gerek sokulum kayalari gerekse dokanak
baskalasim halelerindeki kayaglar, iyi gelismis yapraklanma sunmaktadir. Bu durum, Erken EBosen
doneminde sokulumlarin yerlesimi sirasinda ve sonrasinda masifin tektonik gerilme altinda olduguna
isaret etmektedir. lyi gelismis yapraklanmadan otirii, sokulum kayalarinm  bazilart  6nceki
calismalarda bolgesel metamortfitlere dahil edilmistir.

Metabazitler, hornblend/#aktinolit, albit, klorit, epidot, titanit, magnetit, kuvars ve -tbiyotit
icermektedir. Fillitler ise kuvars, muskovit, klorit, albit, +-granat, ilmenit, rutil, apatit, turmalin kapsar.
Mineral parajenezleri, masifin yesilsist ve albit-epidot amfibolit fasiyesi kosullarinda baskalagima
ugramis oldugunu gostermektedir. Dokanak bagkalasimina maruz kalmis kayalarda, bolca biyotit ve
plajiyoklas bilesimleri genis araliklarda (Ang.o) sagilma géstermektedir. Bolgesel baskalagimin
kosullari, granat-fengit termometresi ile ~500 °C ve basing kosgullari ise >6 kbar sinrlandiriimastir.

Diisiik dereceli metamorfizmanin yasini belirlemek i¢in, ti¢ drnekten segilen muskovitler iizerinde
asamali “"Ar/""Ar yas tayini yapilmistir. Bu orneklerden ikisi ilk gazsizlastirma adimindan son
gazsizlastirma adimina kadar siirekli artan rahatsiz edilmis yas tayflart sunmaktadir: En son
gazsizlastirma asamasindan elde edilen yas degeri 197.3 + 6 ve 207 + 2 My (20)’dir. Ugiincii 6rek,
dokanak baskalasimindan bariz olarak etkilenmis olup, hem muskovit ve biyotitlerden hata paylan
icinde uyusan yas degerleri (51 + | & 50 + 1 My, 20) elde edilmistir. Bu yas degerlerine gore,
yesilsist-albit-epidot amfibolit fasiyesli bagkalasim, ~205 My (Ge¢ 'Triyas) veya daha once
gereeklesmis olmalidir. Ar-Ar yas tayflarinin rahatsiz edilmesine neden olan olay ise Erken Eosen’de
kuvars diyorit ve dasit porfirlerin yerlesimidir.

Agvanis Masifi, kaya¢ birlikteligi, bagskalasim kosullart bakimindan bir yigisim karmasasma
benzemekte olup, Bati Pontidler’deki Karakaya Karmagasr’nin Niliifer Birimi ve Pulur Masifi’deki
digiik-dereceli tektono-metamortik birimle denestirilebilir niteliktedir.

e - . . , a0 Ay .
Anahtar Sozciikler: diisiik dereceli metamorfizma, jeotermobarometri, “'Ar/*’Ar mika yaslandirmast,
jeodinamik evrim, Agvanis (Golova), Dogu Pontidler



Metamorphic evolution of the Agvanis Massif (Goilova, Eastern Pontides):
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The Agvanis Massif. is a SSE-NNW-trending lodzenge-shaped exposure, ~20 km long and ~6 km
accross, and is constraind by the subsidary faults of the North Anatolian Fault. The massif is regarded
as part of the pre-Liassic basement of the Eastern Pontides. This study deals with metamorphic
conditions and age of the Agvanis Massif, and discuss these date in terms of the geodynamic evolution
of the pre-Liassic basement of the Eastern Pontides.

The Agvanis metamorphics comprise predominantly metabasite, phyllite and marble, subordinately
metachert and serpentinite. These metamorphis rocks were intruded by Barly Focene (~52 Ma) quartz
diorite, dacite porphyre, and undated tonalite. The emplacement of these rocks led to the development
of contact metamorphism in the country rocks. Both the contact metamorphic rocks and the intruding
rocks display well-developed folitions. suggesting that the massit were under tectonic stress during the
emplacement of the intrusions and thereafter. Due to the well-developed foliations, the intruding rocks
were assigned to the regional metamorphism.

The metabasites comprise hornblende/+actinolith, albite. chlorite, epidote, titanite, +magnetite. quartz
and #biotite. The phyllites contain quartz, muscovite. chlorite, albite, +garnet, ilmenite, rutile, apatite
and turmaline. The mineral paragenesis suggests that the massit underwent greenschist-albite-cpidote-
amphibolite-facies metamorphism. In samples subjected to contact metamorphism, abundant biotite
occur and plagioclases display large compositional scattering (Ang.). Conditions of metamorphism
are constrained as ~500 °C and >6 kbar.

In order to constrain the timing of the low-grade metamorphism, incremental *’Ar/*’Ar dating were
performed on three muscovite and one biotite separates from three samples. Two moscovite separaes
yielded a disturbed agespectra. steadily increasing age spectra fron the first to the last degasing steps.
The age values from the last degasing step are 197.3 + 6 and 207 + 2 Ma (25). The third sample is
obviously affected from the contact-metamorphism. yielding consistent muscovite and biotite ages
within the range of error (51 + 1 & 50 + 1 Ma, 26). Accordingly, greenschist to albite-epidote
amphibolite facies metamorphism occurred at ~205 Ma (Late Triassic) or earlier. Event which led to
the disturbance of Ar-Ar age spectra is emplacement of Early Eocene quartz-diorite and dacite
porphyres.

The Agvanis Massif resembles an accretionary complex in terms of rock assemblage and metamorphic
conditions, and can be correlated with the Niliifer unit of the Karakaya Complex in the western
Pontides and low-grade tectonometamorphic unit in the Pulur Complex.

. 4 39 . . .
Key Words: low-grade metamorphism, geothermobarometry, " Ar/Ar mica dating. geodynamic
evolution, Agvanis (Golova), Eastern Pontides
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Kirsehir Masifi’ndeki Kaman Siyrilma Fayr ve Makaslama Kinematigi,
Orta Anadolu Kristalen Kompleksi, Tiirkiye

Come Lefebvre, Reinoud Vissers ve Douwe Van Hinsbergen
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Orta Anadolu Kristalen Kompleksi’nin (OAKK) metamorfik kayalarmm ylizeylemesini saglayan
mekanizma giiniimiizde yogun bir sekilde tartisiimaktadir. Komsu havzalardaki stratigrafik veriler
Orta Anadolu metamorfitlerinde Palcosen’den bu yana devan eden, tortullagmayla es yash bir
yiizeylemeyi isarct eder. Oysa apatit fizyon izi verileri giiney (Nigde: 8-30 °C/My, 9-12 My’a kadar)
ve kuzey (Kirsehir-Akdag: 3 °C/My 37-42 My’a kadar) masifler arasinda belirgin bir mekanizma
farkliliginin mevcut oldugunu gostermektedir. Bu durum, yiizeylemenin Nigde Masifi’nde siyrilma
faylar1 boyunca tektonik tasmma, Kirsehir-Akdag Masifi’'nde ise erozyonla gerceklestigi seklinde
yorumlanmaktadir.

Burada kuzey Kirsehir Masifi’nin ortiisiinden kurtulmasi sirasinda gelisen ana yapilara iliskin veriler
sunulmaktadir. Masifteki uzama linecasyonlarina dayali olarak ¢ekirdek ve kenar arasinda belirgin bir
ayrim yapilabilmektedir. Masif’in ¢ekirdeginde giineye dogru bir hareket gozlenirken batida bu
hareket BKB yontindedir.

Kaman yakinindaki giiney smirinda, Kirsehir bloguna ait, baskin olarak mermerlerden yapili st
amfibolit fasiyesindeki metasedimentler ana bir fay zonuyla tstte bulunan ve sadece disiik dereceli
okyanus taban1 metamorfizmasindan etkilenmis Ankara Melanjina ait ofiyolitik kayalardan ayrilirlar.
Baranadag graniti yakinlarinda, tabakali ve ¢ok iri kristalli mermerlerin gozlendigi bu dokanakta iyi
gelismis, stintimliden kirilgan kosullara dogru kesiksiz bir evrim gozlenmektedir. Deformasyonun
lokalize oldugu, yaklasik 200 m genisligindeki bu zonda milonitler ve iri taneliden ince tancliye kadar
degisen kataklazitler gdozlenmektedir.

Kaman deformasyon zonunda kiigiik 0lgekli tipik yapilar yaygm olarak goézlenmektedir.
Protomilonitik mermerlerde oblik ikizlenmeler gosteren asimetrik kalsit porfiroklastlart bu yapilara
ornek verilebilir. Milonitik kayalardaki hareket wverileri, iizerleyen kirilgan yapilar ve dokanak
boyunca iist kesimlere dogru metamorfizma kogullarmmdaki belirgin distis Kaman fay zonunun
genlesmeli bir siyrilmayr tamimladigim gostermektedir. Kirgehir Masifi’nin kuzeybati kesimi bu
styrilma boyunca, tavan blogunu olusturan ‘metamorfik olmayan’ ofiyolitlerin altindan yiizeylemigtir.
Bu veriler kuzey OAKK da tektonik yiizeylemenin énemli oldugunu gostermekte ve bu olaym basit
bir erozyonun tiriinii olmadigini belgelemektedir.

Anahtar Sézciikler: OAKK, Kirgsehir Masifi, yiizeyleme, makaslama, siyrilma fayi, kalsit
mikroyapisi



Shearing Kinematics and Kaman Detachment Fault in the
Kirsehir Massif, Central Anatolian Crystalline Complex, Turkey
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The mechanism allowing exhumation of the metamorphic rocks of the Central Anatolian Crystalline
Complex (CACC) is currently subject to debate. Published stratigraphic records from neighbouring
basins suggest synsedimentary unroofing of the Central Anatolian metamorphics since Paleocene
times. However, apatite fission-track data show an important contrast between the southern (Nigde:
8-30 °C/Ma until 9—-12 Ma) and northern massifs (Kirsehir and Akdag: 3 °C/Ma until 37-42 Ma)
explained by different mechanisms of exhumation: tectonic denudation via detachment faults in Nigde
and erosion in Kirschir and Akdag.

Here we report major structures that developed during the unroofing of the northerly Kirsehir massif.
From the stretching lineation pattern of the massif, a clear distinction can be made between the core
and edges presenting top-to-S shearing in the core of the massif, and top-to-WNW direction of shear
in the west.

At the western border, near Kaman, a major fault zone separates the upper amphibolite-facies, marble-
dominated metasediments of the Kirsehir block from the overlying ophiolitic rocks of the Ankara
M¢lange only affected by low-grade ocean-floor metamorphism. This contact presents an evolution,
from layered and very coarse-grained marbles near the Baranadag granite. overprinted in a 200m wide
localized zone along the contact by well-developed ductile-to-brittle structures including mylonites
and coarse-then-fine cataclasites.

The Kaman deformation zone shows typical small-scale features such as protomylonitic marble
inclosing asymmetric calcite porphyroclasts with dominant oblique twin sets. The sense of motion in
the mylonitic rocks, the progressive overprint by brittle structures, and the marked decrease of the
peak metamorphic conditions upward across the contact all indicate that the Kaman fault zone
represents an extensional detachment. The northwestern part of the Kirsehir massif was exhumed
along this detachment from underneath the ‘unmetamorphosed’ ophiolitic hanging wall. This stresses
the importance of tectonic unroofing of the northern CACC and documents that exhumation was not
simply the result of erosion.

Key Words: CACC, Kirgchir Massif, exhumation, shearing, detachment fault, calcite microstructure
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Orta Toroslar’in giineyinde yer alan Alanya Masifi, tektonik bir dokanakla Antalya Birligini Gizerler.
Paleosen—Eosen yash tortullar tarafindan uyumsuz olarak ortiilen Masit, kuzeyde Hadim Napi
tarafindan tektonik olarak tizerlenir. Masifin polimetamorfik evrimini ortaya ¢ikarmak amaciyla batida
Gundogmus, orta kesimde Alanya-Demirtash ve doguda Anamur kuzeyinde {i¢ bolge c¢ahisiimistr.
Gindogmus bolgesi tipik nap yiginit yapisi sunar. Bu tektonik istif alttan tiste dogru; (1) Ust Permiyen
yash mermerler, (2) Mavisist melanji, (3) Yesilsist fasiyesindeki fillitce baskin, ince karbonat ve
kuvarsit diizeyleri i¢eren diizenli seri ve (4) Ust Permiyen yash mermerlerden olusmaktadir. Mavisist
melanji glaukofan-fengit sist ve kalksistten olusan matriks igerisine gomilu yiksek-basing bloklari
(epidot glaukofanit, omfasit epidotit, glaukofan-kuvars sist), neritik mermer ve serpantinit
bloklarindan olusur. Alanya-Demirtash arasinda kalan bélge napli bir yapiya sahiptir. Tektonik olarak
en altta Antalya Birligi yer alir. Bunun Gzerinde sirasiyla Gokketir, Kargicak, Sugozii ve Yumrudag
Naplarindan olusan Alanya Masifi gei'r. Alanya Masifi’ne ait metamorfitler olasili Bolkardag:
Birligine ait, Jura yash dolomitlerden olusan Kusyuvasi Napi tarafindan itizerlenir. Gokketir Napi
olasili Triyas yash mermer, sist ve kalksist ardalanmasindan olusur. Bunun tzerinde yesilimsi-sarimsi
renkli klorit sist, kirli sar1 renkli kuvarsit ve kahverengi dolomit ardalanmali, kivrimli ve budinaj
yapisi gosteren Infrakambriyen yas konaginda inceledigimiz Kargicak Napi yer alir. Bu nap igerisinde
kloritten granat zonuna kadar degisen ilerieyen orta-basing metamorfizmasi gdzlenir. Gokketir Napini
tektonik olarak lizerleyen Sugozii Napi baskin olarak granat-glaukofan-fengit sistlerden yapilidir.
Bunlar igerisinde yer alan eklojitlerde, granath glaukofanitlerden yesilsist metabazitlerine dogru
gelisen bir geri donlisiim gozlenir. Yesilsist fasiyesinde baskalasima ugramis olan Yumrudag Napi;
tabanda metaklastikler ve bunlari gegisli bir dokanakla tizerleyen kalin katmanli ve metaboksit icerikli
Ust Permiyen platformuna ait dolomitik mermerlerden olusmaktadir. Anamur’un kuzeyindeki ti¢iinci
bolgede orta-basing metamorfizmasinin farkli kosullarinda baskalasima ugramis, Infrakambriyen yasli
ti¢ tektonik dilim ayirtlanmistir. Istifsel olarak en altta diisiik dereceli yesilsist fasiyesi kosullarin
tanimlayan fillit, kuvarsit ve dolomit ardisigindan olusan tektonik dilim yer alir. Bu dilim, orta-basing
metamorfizmasinin Ust-amfibolit fasiyesi kosullarini tanimlayan kayalar tarafindan {izerlenir. Bu
yiiksek dereceli metamorfitler, sillimanit, disten, staurolit ve granat igeren sist yapisinda olup, asidik /
bazik bilesimli, damar karakterli meta-magmatik katkiiar igerir. Alanya Masifine ait en st tektonik
dilim ise yine yesilsist fasiyesindeki dustik-dereceli metamorfiklerden olugmaktadir. Bolgede yer alan
metamorfik kayaglar Paleosen—Eosen yash c¢akiltagi, kumtasi ve kiregtagindan yapili Anamur
Formasyonu tarafindan uyumsuz olarak tizerlenir. Aladag Birligine ait metamorfik olmayan Hadim
Napt bolgedeki en ust tektonik dilimi olusturur. Alanya Masifi’nin polimetamorfik evrimi icerisinde,
Gindogmus melanjindaki mavisist metamorfizmasi, Sugézii Napi’nin  mavisist-eklojit fasiyesi
metamorfizmasi ve bunlar {izerleyen yesilsist fasiyesi kosullarindaki Barrow tiirii orta-basing
metamorfizmast Neotetis Okyanusunun giiney kolunun Geg¢ Kretase—Erken Tersiyer (?) yash yitim ve
yiizeyleme stiregleriyle iliskilidir. Buna karsin Anamur’un kuzeyindeki ist-amfibolit fasiyesindeki
metamorfizma bu sliregten ayrt dustintlmelidir.  Bu metamorfizma, Gondwana’nin  Geg
Proterozoik’teki evrimi ile baglantili Pan-Afrikan orojenezi ile iliskilendirilebilir.

Anahtar Sozciikler: Alanya Masifi, eklojit, mavisist, omfasit, glaukofan, fengit. Anamur
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The Alanya Massif tectonically overlies the Antalya Unit, south of the middle Tauride belt. The
Massif which is unconformabiy covered by Paleocene—Eocene sediments is tectonically overlain by
Hadim Nappe to the north. Three different areas have been studied, from west to east — Giindogmus,
Alanya-Demirtash and Anamur — to reveal the polimetamorphic evolution of the Alanya Massif. The
Giindogmus arca shows a typical nappe pile structure. This nappe pile is composed from bottom to top
by (1) Upper Permian marbles, (2) a blueschist mélange. (3) a coherent greenschist-facics series
consisting of phyllites. carbonates and quartzite intercalations and (4) Upper Permian marbles. The
blueschist mélange is made up of high-pressure blocks (epidote glaucophanites, omphacite epidesites
and glaucophane-quartz schists), neritic marbles and serpentinites embedded in a matrix of
glaucophane-phengite schists and caleschists. A similar nappe structure is also observed in Alanya -
Demirtash arca. The Alanya Massif which comprises the Gokketir, Kargicak, Sugozii and Yumrudag
Nappes overlies the unmetamorphosed Antalya Unit. The Kusyuvas: Nappe comprising Jurassic
dolomites similar to the Bolkardag Unit rests tectonically over the metamorphic rocks of Alanya
Massif. The Gokketir Nappe, probably Triassic in age, consists of schists, caleschists and marble
intercalations. This nappe is overlain by the Infracambrian Kargicak Nappe composed of strongly
folded and boudinaged green-yellow chlorite schists, pale yellow quartzites and brown dolomite
intercalations. In this nappe, a progressive medium-pressure metamorphism ranging from chlorite to
garnet zones 1s observed. The Gokketir Nappe is tectonically overlain by the Sugézii Nappe which
comprises dominantly garnct-glaucophane phengite schists with eclogite lenses. The Eclogites display
a retrograde overprint from garnet glaucophanite to greenschist. The Yumrudag Nappe is composed of
greenschist metaclastics and transitionally overlying metabauxite-bearing Upper Permian platform-
type dolomitic marbles. In a third arca, north of Anamur, three Infracambrian tectonic slices with
different P/T conditions of medium-pressure metamorphism were recognized. The lowermost tectonic
slice consists of phyllites, quartzites and dolomite intercalations, which underwent low-grade
greenschist facies metamorphism. It is overlain by Barrovian-type upper-amphibolite facies rocks.
These high-grade rocks are dominated by mica schists with sillimanite, kyanite, staurolite and garnet
which include acidic to basic meta-igneous rocks as boudinaged lenses and veins. The uppermost
tectonic slice comprises low-grade, greenschist facies rocks. The metamorphic rocks of the Alanya
Massif are unconformably covered by Paleocene~Eocene conglomerates, sandstones and limestones
of the Anamur Formation. The non-metamorphic Hadim Nappe of the Aladag Unit forms the
uppermost tectonic slice of the region. The polimetamorphic evolution of the Alaaya Massif with
blueschist metamorphism in the Giindogmus mélange, cclogite-blueschist facies metamorphism in the
Sugdzii Nappe and their Barrovian-type retrograde overprint under greenschist facies conditions can
be attributed to subduction and exhumation processes of the southern branch of the Neotethys during
Late Cretaccous -Early Tertiary () times. However, the upper-amphibolite facies metamorphism north
of Anamur should be excluded from this process and should be ascribed to Pan-African orogeny
related to the Late Proterozoic evolution of Gondwana.

Key Words: Alanya Massif, cclogite. blueschist, omphacite, glaucophane. phengite, Anamur
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Son on yilda Anadolu’da birgok mavisist olusumu belirlenmis ve bunlarin temel 6zellikleri ayrintils
olarak ortaya konmustur. Yitimle baglantili jeodinamik ortamlarin yorumlanmasi agisindan bu
mavisist bolgelerinin onemli oldugu konusunda genel bir kani meveut olmasina kargin bu kusaklarin
paleocografik a¢idan tanimlanmasinda hentiz bir fikir birligi bulunmamaktadir.

Radyometrik ve petrolojik verilere dayali olarak Tavsanli mavisist zonunun 85-80 My da ve 2443
kbar / 430430 °C kosullarinda metamorfizmaya ugradi@i net olarak ortaya konulmustur. Son
zamanlarda ise Afyon Zonu'na ait mavisist mectasedimentlerinin stratigrafik olarak 65-55 My
arahgma sikistirtlan, 8£2 kbar basing ve 350450 °C sicaklik kosullarinda bagkalasima ugradig
belirlenmistir. Giiniimiize degin bu zonlar Kirschir blogunun giineyi boyunca uzanan ikili bir yapi
olarak degerlendirilmistir. Heniiz radyometrik olarak yaslandirilmamis olmasina karsin, 842 kbar /
420420 °C kosullarinda metamorfizmaya ugramis Likya Naplart ve Menderes Masifi'nin ortl
serilerinde gozlenen, 12 kbar / 440 °C kosullarindaki bagkalagim da bu genel tektonik ¢ati i¢erisinde
degerlendirilmelidir. Bunlara ek olarak Dilek Yarimadasi’nda ve Samos’ta, Menderes Masifi'ni
tektonik olarak tizerleyen ve Likya Naplan tarafindan tizerlenen Kikladik Kompleks’e ait mavisist
kalintilar1 gozlenmektedir. Eosen’de (40 My) 1042 kbar / 450420 °C kosullarinda metamorfizmaya
ugramus  olan  bu kayalar, Afyon-Tavsanli mavisist ¢iftini  Menderes Masifi'nin = YB
metasedimentlerinden ayiran bir tektonik dilim niteligindedir. Birbirinden farkli yas ve kosuldaki bu 5
mavisist kusaginm yani sira giineyde, Alanya mavigistleri Torid platformuna ait nap y1gini tarafindan
tektonik olarak iizerlenmektedir. Bunlar, Bau ve Orta Anadolu’ya ait jeodinamik model igerisinde
degerlendirilmesi gereken, giineye ait diger bir kenet zonunu tanimlamaktadir.

Son zamanlarda Bitlis Kompleksi ve Ermenistan’da Dogu Anadolu’ya ait yeni mavisist kusaklars
belirlenmistir. Ermenistan’daki Amassa-~Stepanovan kenetine ait 95-90 My yasli mavigistlerde 1242
kbar basing ve 55030 °C sicaklik kosullart tanimlanmustir. Bunlar, Dogu Tirkiye’den Bati [ran’a
kadar Tetis’in yitim evrimiyle iliskili olarak yorumlanmaktadir. Fakat bunlarin Dogu ve Orta
Anadolu’daki mavisistler ve kenet kusaklarima ait kalintilarla nasil iligskilendirilebilecegi heniiz tesbit
edilememistir. Bitlis kompleksindeki 73—75 My yash mavisistler metabazit ve metasedimentlerinde
10+2 kbar basing ve 370430 °C sicakhik kosullari belirlenmistir. Bu kosullar Bati Anadolu’daki
mavisist kusaklariyla bir korelasyon olasithgm gii¢lendirmektedir. Su anda kesin bir korelasyon zor
goziikse de Alanya kenetiyle bir korelasyon olasidir.

Mavisist metasedimentleri Ege sahillerinden itibaren baglamakta, Afyon Zonu (Tavsanh YB kusaginin
giiney kesimi) boyunca Orta Anadolu Kristalen Kompleksinin giiney sinir1 boyunca kenet zonunu
izleyerek Dogu Anadolu’da Biinyan/Kayseri’ye ulasmaktadir. Bu kenet zonunun Izmir-Ankara-
Erzincan zonu veya Amanos-Elaz1g-Van kusagmin eslenigi olmadigr distiniilmektedir.

Anahtar Sozciikler: Anadolu, YB metamorfizmasi, mavigist



The Anatolian Blueschist Belt Connection
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Over the past decade plentiful blueschist occurrences have been identified and described in detail
throughout Anatolia. Although consensus on the significance of blueschist terrains regarding their
subduction related geodynamic setting has been reached, a common view on palacogeographic
reconstructions is far from being achicved.

So far the relation of the well dated Tavsanli blueschists with a metamorphic age of 8580 Ma and P-
T conditions around 243 kbar and 430430 °C and the recently investigated blueschist metamorphic
metasediments of the Afyon Zone at conditions of 842 kb at 350+50°C with stratigraphically
constrained ages between 65-55 Ma is established as a dual structure along the southern margin of the
Kirsehir block. The relation of the Lycian nappes, recording metamorphic conditions of &+2 kbar at
420420 °C, as well as the Menderes cover sequence with conditions around 12 kbar at 440 °C, both so
far not dated have to be fitted into this pattern. Additionally the remnants of the Cycladic blueschists,
showing blueschists recording conditions of 1042 kbar at 450420 °C and ages of 40 Ma on the Dilek
Peninsula and Samos rest on top of the Menderes complex and lay below the Lycian nappes. They
represent a tectonic slice separating the fore mentioned Tavsanli-Afyon Blueschist “duplex’ from the
HP relicts in the sediments of the Menderes complex. Far south of these 5 blueschist belts with
varying ages and PT conditions the Alanya blueschist is tectonically overlain by the nappe stack of the
Tauride platform. They document another southernly suture that has to be fit into a geodynamic model
for Western and Central Anatolia.

In eastern Anatolia blueschist belts were recently reported from the Bitlis complex and Armenia. The
blueschists of Amassa-Stepanovan suture in Armenia record 12+2 kbar at 550430 °C and show
metamorphic ages of 95-90 Ma. They are interpreted as to link the Tethys subduction history from E-
Turkey to W-Iran. How they relate to the blueschists and the remnants of suture zones in eastern and
central Anatolia is yet to be established. The blueschists and blueschist facies metasediments of the
Bitlis complex record 1042 kb at 37030 °C with a metamorphic age of 73—75 Ma. These conditions
might encourage a correlation with the blueschist belts from western Anatolia. At present a straight
forward correlation seems difficult, however, a correlation with the Alanya suture scems appealing.

Blueschist facies metasediments have been observed from the Aegean coast through the Afyon Zone
(S of the Tavsanh HP belt) and along the southern margin of the Central Anatolian Crystalline
Complex to Biinyan/Kayseri in castern Anatolia typically tracing a suture, which only recently has
been described. We show that this suture is neither an equivalent of the izmir-Ankara-Erzincan Zone
nor of the Amanos-Elaz13-Vai. Belt.

Key Words: Anatolia, HP metamorphism, blueschist
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Istranca Masifi'nin giiney kism birbirlerinden baskalagim 6ncesi bir uyumsuzlukla ayrilan, cesitli
gnays, mikasist ve nadir olarak da amtfibolitleri iceren bir temel ve metakonglomera ve
metakumtaslarindan olusan bir 6rtiiden olusmaktadir. Bu ¢alismanim amaci, Istranca Masifi’nin bu
kesiminin tektonik sitili, baskalasim kosullarinin ve zamaninin belirlemektir.

Triyas Oncesi temele ait amfibolit ve ortognayslar epidot-amfibolit-fasiyesi kosullarim gosteren
mineral parajenezleri ‘plajiyoklas (Any;_;5) + epidot + hornblend + kuvars’ igrmektedir. Buna karsilik,
kuzeyde Triyas ortiisiine ait orneklerde ise ‘biotit + muskovit + K-feldispat -+ albit -+ kuvars + kalsit’
parajenezini icermekte, bu ise peristerit boslugun kuzeyde asilmadigint goéstermektedir: Baskalasim
derecesi giineyde epidot-amfibolit fasiyesinden kuzeyde albit-epidot amfibolit veya yesilsist fasiyesine
kadar dismektedir. Basing-sicaklik kosullan, epidot-amfibolit fasiyesine ait bolimde 485530 °C ve
0.60-0.80 GPa olarak belirlenmistir. Kuzeyde ise kosullarin biraz daha distik oldugu tahmin
edilmektedir.

Istranca Masifi’nin temel birimleri ¢esitli kalinhklarda ve yapraklanmaya parallel bir ¢ok silinek
makaslama zonu icerir. Ayrica baskalasimin ge¢ asamalarim temsil eden kirilgan deformasyon zonlar
da gelismistir. Sabit giineye efimli yapraklanma ve giineybatidan gilineydoguya dalimli ¢ekme
cizgisellikleri, kuzey yonelimli makaslamalar ve kuzey verjansh siinek ve kirilgan makaslama zonlar
gibi yapisal unsurlar, kuzey yonlii sikismali bir deformasyonu ve eslik eden yiikselmeyi isaret
etmektedirler.

Baskalasim yasim ve soguma kosullarimi siirlandirmak i¢in tim calisma alanma yayilmig 21 6rnek
iizerinde Rb-Sr muskovit ve biyotit yaslanirmast yaptlmistir. Muskovit Rb-Sr yaslart giineyden kuzeye
dogru 162 My’dan 142 My’a sistematik olarak azalir. Calisma alaninin en kuzeyinde ise beklenmedik
derecede eski yaslar (279-296 My) elde edilmistir. Biyotit Rb-Sr yaslarida giineyde 153 My dan
kuzeyde 134 My yila sistematik olarak diismektedir. Bu yaslar ve elde edilen sicaklik degerleri, hem
baskalasim hem de yiikselmenin farkli zamanlt olduguna isaret etmektedir. Bununla birlikte ¢alisma
alaninin en kuzeyinde baskalagim esnasinda Rb-Sr muskovit yaslart sifirlanmamuslardir.

Elde edilen veriler, baskalasim ve satha ¢ikisin, bitin Istiranca Masifinde esg-zamanli olmadigini
gostermigtir. Bu farkli zamanh bagkalagim ve takip eden yiikselme tarafimizdan kuzeye ilerleyen ve
kuzey verjanshi bir bindirme dilimiyle iliskililendirilmistir. Istranca Masifi’ndeki sikismalr olaylar
biiyiik ihtimalle giineyde yer alan Rodop Masifinde gelismis es zamanh ve kuzey verjansh dalma
batma / ¢arpisma sistemiyle iliskilidir.

Anahtar Sozciikler: P-T belirlemesi, Rb-Sr yaslandirmasi, ayrik zamanlt baskalasim ve soguma,
stkismali yiikselime, Istranca Masifi
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The Strandja Massif, NW Turkey

Giirsel Sunal’”, Muharrem Satlr‘, Boris A. Natal’in’,
Giiltekin Topuz® & Oliver Vonderschmidt'

"Universitdr Tiibingen, Institut fiir Geowissenschaften, Wilhelmstrasse 56,
D-72074 Tiibingen, Germany (E-mail: gsunal@itu.edu. tr)
 Istanbul Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Maslak, TR--34469 Istanbul, Tiirkive
? Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii, Maslak, TR—34469 Istanbul, Tiirkiye

The southern part of the Strandja Massif comprises a basement of various gneisses, mica schists and
rare amphibolite, and a cover of metaconglomerate and metasandstone, separated from each other by a
pre-metamorphic unconformity. The purpose of this study is to determine tectonic style, metamorphic
conditions and age of the metamorphism.

The metamorphic mineral assemblages in the amphibolites and orthogneisses (pre-Triassic basement)
are characterized by the stable coexistence of ‘plagioclase (Anys.s5) + epidote & hornblende + quartz’,
suggestive of epidote-amphibolite-facies conditions. However, the metasandstone sample (Triassic
cover) comprises the mineral assemblage ‘biotite + muscovite + K-feldspar + albite + quartz +
calcite’, suggesting that the peristerite gap was not crossed. Metamorphic grade decreases from the
epidote-amphibolite facies in the south to the albite-epidote amphibolite or greenschist-facies in the
north. Estimated P-7 conditions are 485-530 °C and 0.60-0.80 GPa in the epidote-amphibolite facies
domain. and slightly lower in transitional domain.

The basement units of the Strandja Massif comprise number of ductile shear zones of various
thicknesses parallel to the main foliation. Furthermore brittle shear zones developed in the later stages
of the metamorphism. Structural features such as (i) consistent south-dipping foliation and southwest
to southeast-plunging stretching lineation, (ii) top to north shear sense, and (iii) north-vergent ductile
shear zones and brittle thrusts suggest a north-vergent compressional deformation coupled with
exhumation.

To constrain the timing and cooling of low to medium-grade metamorphism, Rb-Sr biotite and
muscovite-whole rock dating were performed on 21 samples distributed over the whole area. Rb-Sr
muscovite ages decrease systematically northwards from 162 to 142 Ma, and are extraordinarily old
(279--296 Ma) in the northernmost part. The Rb-Sr biotite ages also decrease systematically from 153
Ma in the south to 134 in the north. These age values in conjunction with the attained temperatures
suggest that both the metamorphism and exhumation occurred diachronously. Furthermore Rb-Sr
muscovite ages were not reset during the metamorphism in the northernmost part.

Obtained data have shown that metamorphism and exhumation in the entire Strandja Massif occurred
diachronously. We tentatively ascribe this diachronous metamorphism and following exhumation to
the northward propagation of a thrust slice. The compressional events in the Strandja Massif were
most probably related to the coeval north-vergent subduction/collision system in the southerly lying
Rhodope Massif.

Key Words: P-T estimates, Rb-Sr dating, diachronous metamorphism and cooling, compressional
exhumation, Strandja Massif, Turkey
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Tiirkiye nin genel tektonik ¢atist igerisinde Izmir-Ankara-Erzincan Kenet Zonu’nun giineyinde kalan
kesim ‘Anatolidler’e ait YB/DS metamorfizmast zonlari® ve ‘Toridler’ olmak {tizere iki liniteye
ayrilmaktadir. Anatolidler’e ait olan ve Tavsanli Zonu ile Menderes Masifi arasma sikismis olan
Afyon Zonu, Bati Anadolu’da Simav’dan baslayarak Kirsehir blogunun giiney ve dogusundan ¢
Anadolu’da Kayseri’ye kadar 600 km den fazla kesiksiz olarak izlenebilen bir kusak olusturmaktadir.
Afyon Zonu sade bir stratigrafiye sahip olup ‘Mesozoik éncesi temel’ ve onu uyumsuz olarak
tizerleyen ‘Trivas-Evken Tersiver ortii serileri’ nden yapilidir. Bu zonda ii¢ farkh karakterde temel
tamimlanmistir. Simav boélgesinde diisitk dereceli metakirintililar ve onlar igerisine sokulmus ¢ok
sayida Alt Devoniyen granitinden yaptlt bir Devoniyen oncesi temel goézlenmektedir. Afyon
cevresinde ise temel, glaukofan igeren metagabro ve ender olarak olasihi Triyas yash lokokratik
metagranitler tarafindan kesilen, Pan-Afrikan yash orta-yiiksek (?) dereceli metapelitlerden yapilidir.
Konya yéresindeki temel, birbirinden bir uyumsuzlukla ayrilan, (i) Siluriyen -Alt Karbonifer yash,
kalin mermerler ve bunu uyumlu olarak iizerleyen, karbonat ve metavolkanit bloklart igeren meta-
silisiklastik tortullardan yapili diizenli seri ve (ii) Erken Permiyen yasl, dom. lav ve kirmth
fasiyeslere sahip meta-trakiandezitlerden yapil iki iiniteden olugmaktadir. Buna karsin ortii serileri
Afyon Zonu'nun genelinde 6zdes bir stratigrafi sunmaktadir. Bunlar tabanda, Gondvana’nin kuzey
kenarinda agilan Neotetis Okyanusu’nun kuzey kolunun riftlesme evresini tanimlayan Alt-Orta Triyas
yashi taban metakonglomeralari ve/veya riyolitik-dasidik metavolkanitlerle baslamaktadir. Bu
konglomeralar karasal-s1g denizel ortamn tanmimlayan kuvarsit, kuvars fillit, fillit ve mermer
ardalanmasi tarafindan dereceli olarak iizerlenmektedir. Bu kimnulilar uyumlu bir dokanakla
paleontolojik olarak Anisiyen-Erken Kretase arahginda yaglandirtinmis, 2000 m kalimhgimmdaki
platform tiirii karbonatlar tarafindan iizerlenmektedir. Karbonatlar, ofiyolit tizerlemesi ve platformun
¢okmesini ifade eden, ‘rozetli mermer’ olarak tammlanan ¢ort dizeyli pelajik mermerlere
gecmektedir. Pelajik mermerler iizerine, ofiyolit, serpantinit, mavisist metabazit, pelajik ve neritik
karbonat bloklart iceren, Ge¢ Maastrihtiyen—Erken Palecosen yasli, filis tirti kumtasi-seyl ardalanmasi
gelmektedir. Tim birimler Ge¢ Paleosen-Eosen yagl, metamorfik olmayan karasal-s1g denizel
tortullar tarafindan uyumsuz olarak ortiilmektedir.

Afyon Zonu'nun Kitahya’dan Kayseri’ye kadar uzanan kesimlerinde, Alt Triyas yash kirntil
metasedimentler igerisinde bolgesel dlgekle Fe-Mg karfolit olusumu belirlenmistir. Bunlara ek olarak
rozetli mermerler icerisinde aragonitten dontisme lifsi karbonat kristallerinin varligr ve metavolkanit /
metagabrolarda glaukofan gelisimi Alpin yagh disiik dereceli bir YB/DS metamortfizmasimi
tanimlamaktadir. Yaklasitk 35050 °C/8—10 kbar kosullarim ifade eden bu topluluklar, Mesozoik pasif
kita kenan cokellerinin Mesozoik oncesi temelle birlikte yaklagik 35 km derinlige gomiildiigiini
gostermektedir. Anatolidler’e ait tektonik zonlarda, genel stratigrafik 6zellikler agisindan Anatolit-
Torid platformunun Triyas-Ge¢ Kretase evrimi ile iligkili biiyiikk benzerlikler mevcuttur. Son
zamanlarda bu zonlar igerisinde genelde karfolitin varligr ile tanmmmlanan yaygm YB/DS
metamorfizmasi verileri elde edilmeye baglanmustir. Jeolojik, petrolojik ve jeokronolojik veriler, bu
zonlarin Ge¢ Kretase-Eosen tektonometamorfik evrimlerinin Neotetis Okyanusu’nun kuzey kolunun
titketilmesi sirasinda gerceklesen yitim, ofiyolit iizerlemesi, platformun i¢ ekaylanmasi ve kitasal
carpisma siireci ile iliskilendirilebilecegini gostermektedir.

Anahtar Sozciikler: Afyon zonu, YB metamorfizmasi, karfolit, Anatolidler
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In the general tectonic framework of Turkey, the southern part of the Izmir-Ankara-Erzincan suture is
divided into “HP / LT tectonic zones of the Anatolides’ and ‘Taurides’. The Afyon Zone, one of the
tectonic zones of the Anatolides, sandwiched between Tavsanli Zone and Menderes Massif can be
traced as a continuous belt from Simav in western Anatolia to Kayseri in central Anatolia. south and
cast of the Kirgehir block for more than 600 km. The Afyon Zone shows a simple stratigraphy
composed of a ‘pre-Mesozoic basement’ and unconformably overlying ‘Triassic to Early Tertiary
cover series’. Three different types of basement have been recognized. A Pre-Devonian basement in
Simav area is dominated by low-grade metaclastics which are intruded by numerous Lower Devonian
metagranites. In the Afyon area, the basement is characterized by medium to high (?)-grade Pan-
African metapelites intruded by glaucophane-bearing gabbros and very rarely Triassic (?) leucocratic
metagranites. In Konya, the basement is made up of two units separated by an unconformity; (i) A
Silurian—-Lower Carboniferous. coherent sequence consisting of thick marbles and conformably
overlying meta-siliciclastic sediments with carbonate and volcanic blocks and (ii) Lower Permian
meta-trachyandesites as domes, veins, lavas and pyroclastics. However the cover sequence displays an
identical stratigraphy throughout the Afyon Zone and starts with Lower to Middle Triassic basal
metaconglomerates and/or rhyolitic to dacidic metavolcanics representing the rifting stage of the
northern branch of Neotethys on the northern margin of Gondwana. These metaconglomerates are
gradually overlain by quartzite, quartz-phyllites. phyllites and marbles indicating a continental to
shallow-marine environment. This clastic sequence is conformably overlain by 2000-m-thick
platform-type metacarbonates dated paleontologically between Anisian and Early Maastrichtian. The
platform-type carbonates pass gradually into rosette-type pelagic marbles with chert layers
representing obduction of the ophiolites and foundering of the platform. The pelagic marbles are
overlain by Upper Maastrichtian—Lower Palcocene (lysch-type mudstone-sandstone intercalation with
pelagic and neritic limestone blocks, blueschist metabasites, ophiolites and serpentinites. Non-
metamorphic Upper Paleocene—Lower Eocene continental to shallow-water sediments unconformably
cover all the units.

Regional occurrence of Fe-Mg carpholite in the Afyon Zone from Kiitahya via Konya to Kayseri is
recognized in the Lower Triassic clastic metasediments of the cover series. Furthermore, fibrous
carbonate crystals psecudomorphosed after aragonite in rosette marbles and glaucophane in
metavolcanites and metagabbros indicate an Alpine low-grade, high-P/low-T metamorphism. These
assemblages represent temperature of about 3504:50 °C and minimum pressure of 810 kbar,
corresponding to a burial depth of about 35 km for the Mesozoic passive continental margin sediments
and the underlying pre-Mesozoic basement units. There are close resemblances on the general
stratigraphical characteristics among the tectonic zones of the Anatolides which can be ascribed to the
Triassic-Late Cretaceous evolution of the Anatolide-Tauride platform. Recently, common HP
evidence characterized by carpholite occurrences has been found out in these zones. C onsidering
geological,  petrological —and  geochronological — evidence, the Late Cretaccous-Focene
tectonometamorphic evolution of these zones can be attributed to continuous processes of subduction,
obduction, internal imbrication of the platform and continental collision during consumption of the
northern branch of the Neotethys.

Key Words: Afyon zone, HP metamorphism, carpholite, Anatolides
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Bati ve Orta Tiirkiye’de Mesozoyik ve Tersiyer boyunca Tetis’e ait okyanusal alanm titkketilmesi
siireci, bircok okyanusal havzanmn kapanmasi ve bunlar arasindaki kitasal bloklarin  birbirie
cklenmesi ile gergeklesmisti. Bu olaylarin Alpin (Kretase—Tersiyer) tarihgesi, Bati Tirkiye'nin
tektonik yapisi ile yakindan iliskilidir. Turkiye mikro kitast; (a) Paleo-Tetis’in Kimmeriyen’de (Geg
Triyas) kapanmasiyla bir araya gelen Pontid blogu, (b) Ge¢ Kretase—Paleosen’de kismen YB-DS
kosullarinda metamorfizmaya ugramis Anatolid-Torid blogu, (¢) Ge¢ Kretase yash yliksek dereceli
metamorfitler ve onlara eslik eden sokulumlardan yapili Orta Anadolu Kristalen Kompleksi ve (d)
Alanya naplarindan yapilidir. Genelde kabul géren bu yapiya karsin s6z konusu tektonik tinitelerin
imbrikasyon mekanizmalari hala tarigma konusudur. Var olduklan diisiiniilen okyanuslarin 6zellikle
sayilart ve konumlar giiniimiizde yaygm bir sekilde sorgulanmaktadir. Ozellikle Orta Anadolu’da,
Anatolid-Torid blogu ile Orta Anadolu Kristalen Kompleksi arasinda Neo-Tetis’c ait boyle bir
okyanusun bulunma olasith@i uzun siireden beri tartisilmaktadir.

Anatolid-Torid Blogu’nun sedimanter értiisiinde gergeklestirilen son ¢aligmalar yitimle iligkili Alpin
yash YB-DS metamorfizmasinin sadece en kuzeydeki Tavsanli Zonu ile sinirh kalmadigini, aksine
biitiin tektonik zonlarda (Tavsanli Zonu, Afyon Zonu, Menderes Masifi ve Likya Naplari) yaygin bir
sekilde gozlendigini ortaya koymustur. Tetis’e ait YB-DS metasedimentlerindeki bu yeni bulgular
nedeniyle soz konusu zonlarm Alpin evrimleri tekrar giincellik kazanmistir. Afyon Zonu’nun orta
kesiminde, Orta Triyas metapelitleri ve metakonglomeralari yaygin bir sekilde Fe-Mg karfolitin
varlig ile tanimlanan YB-DS topluluklari igermektedir. Bu topluluklar 6-9 kbar basing ve yaklagik
350 °C sicaklik kosullarini tanimlamaktadir. Metamorfizmanin yast ise stratigrafik olarak 65-55 My
arasina sikismakta olup Tavsanh Zonu’nun metamorfizmasindan (85-80 My) biyiik farklilik
sunmaktadir.

Yeni gozlemler, Afyon Zonu’nda karfolit igeren kayalarin batida Kiitahya’dan baglayarak Konya ve
Yahyali tizerinden doguda Kayseri’ye kadar kesiksiz bir uzanim sundugunu gostermektedir. Bu durum
s6z konusu YB-DS metamorfizmasi kusaginin Bati Anadolu’da Menderes Masifi’nin kuzeyinden
gecerek doguda Orta Anadolu Kristalen Kompleksi’nin giineyi ve dogusu boyunca uzandigini ortaya
koymaktadir. Bu yeni bulgular Van Der Kaaden (1966) tarafindan belirtilen glaukofan ve/veya
lavsonit igeren bazi kayalarin soz konusu bu YB-DS metamortizmas: ile iligkilendirilebilecegini
gostermektedir. Bu baglamda, Geg Kretase’den Eosen’e kadar uzanan zaman diliminde, Orta Anadolu
Kristalen Kompleksi ile Anatolid-Torid Blogu arasmda uzandig: diisiintilen, Neo-Tetis Okyanusu’na
ait I¢ Toros Okyanusu’nun titketilmesi yaklasik 600 km boyunca takip edilebilen bir yigisim
kamasinin  gelisimine neden olmustur. Ote yandan, Giineybati Turkiye'de, diger bir YB-DS
metamorfizmas! kusagi olan Likya Naplari’min Menderes Masifi’nin kuzeyinden gilineye dogru
ilerleyerek Torid Platformu iizerine yerlestigi konusunda genel bir goriis mevcuttur. Afyon Zonu ile
Likya Naplari’nmin bu farkli tektonik konumlary, s6z konusu YB metamorfizmas: kayalarinin
birbirileriyle  olan iliskilerinin  ve  ylizeyleme mekanizmalarinin  tekrar  sorgulanmasim
gerektirmektedir.

Anahtar Sézciikler: Neotetis diyari, bati-orta Turkiye, Afyon zonu, YB-DS metapelitleri, yigisim
kamasi
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Continuous HP-L'T Metamorphic Belt in the Anatolide-Tauride Block:
Proofs for an Inner Tauride Subduction Zone

~ 2 .. .1
Amaury Pourteau‘, Osman Candan” & Roland Oberhinsli

Universitit Potsdam, Institut fiir Geowissenschaften, Potsdam, DE14476 Golm, Germany
(L-mail: pourteau@geo-uni.potsdam.de)

’ Dolkuz Evliil Universitesi. Miihendislik Fakiiltesi, Jeoloji Mithendisligi Béliimii,
Tinaztepe Kampusii, Buca, TR--35160 Izmir, Tiirkiye

In Western and Central Turkey throughout Mesozoic and Tertiary times, the closure of the Tethys
oceanic realm took place through the consumption of oceanic basins and accretion of continental
blocks. Regarding its Alpine (i.c. Cretaceous—Tertiary) history, the tectonic framework of W-Turkey
is rather clear. The following blocks build up the Turkish microplate: (a) Pontide Block. assembled
during the Cimmerian (late Triassic) closure of the Palaco-Tethys; (b) the Anatolide-Tauride Block.
partly metamorphosed under HP-LT conditions in Late Cretaceous to Palacocene times: (c) the
Central Anatolian Crystalline Complex, made up of Late Cretaceous high grade metamorphics and
intrusions; and (d) the Alanya Nappes. The ways of imbrication of these tectonics units, however, are
often matter of debate. Particularly, the number and position of former oceans is questioned. This is
the case in Central Turkey where the presence of a Neo-Tethyan ocean between Central Anatolian
Crystalline Complex and Anatolide-Tauride Block is very controversial.

Recent studies in sedimentary cover of the Anatolide-Tauride Block show that Alpine subduction-
related HP-L'T metamorphism is not restricted to the northernmost Tavsanli Zone, but is widespread in
all the tectonic units (Tavsanli Zone, Afyon Zone, Menderes Massif and Lycian Nappes). The
widespread occurrence of HP-LT tethyan metasediments sparks the debate on the Alpine evolution of
this area. In the central part of the Afyon Zone, Lower Triassic metapelites and metaconglomerates
contain Fe,Mg-carpholite, and their pressure conditions are estimated at between 6 and 9 kbar for
temperature around 350 °C. Metamorphic age is stratigraphically constrained between 65 and 55 Ma
that strongly differs from the Tavsanh Zone (85-80 Ma).

New observations indicate that these carpholite-bearing rocks of the Afyon Zone are present from
Kiitahya via Konya and Yahyali to Kayseri, depicting a long HP-LT tectonic unit running from north
to the Menderes Massif to south and cast to the Central Anatolian Crystalline Complex. It is
noteworthy that some of these HP-L'T metamorphism occurrences are closely related to glaucophane-
and/or lawsonite-bearing rocks already reported by Van Der Kaaden (1966). Therefore, from Late
Cretaceous to Eocene, the consumption of a Neo-Tethyan Inner Tauride ocean between Anatolide-
Tauride Block and Central Anatolian Crystalline Complex has formed a coherent accretionary wedge
over 600 km. Besides, in Southwestern Turkey, the HP-LT Lycian Nappes emplaced by overthrusting
from north ot the Menderes Massif onto the Tauride Platform. Contrasting tectonic settings between
Afyon Zone and Lycian Nappes raise major questions about their relation together and about the
exhumation processes of the HP rocks in cach arca.

Key Words: Neo-Tethys realm, western-central Turkey, Afyon Zone, HP-L'T metapelites,
accretionary wedge
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Yoncayolu Metamorfitleri’nin (Uziimlii-Erzincan) Mmcralopsn,
Jeokimyasi ve Kiokeni: Yesilsist Fasiyesinin Metamortizma Ozellikleri

Mehmet Ali Giicer' ve Zafer Aslan’

" Giimiishane Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
29000 Giimiishane (E-posta: maligucer@gmail com)
? Balikesir Universitesi, Miihendislilk-Mimarlik Fakiiliesi, Jeoloji Miihendisligi Béliimil,
10145 Balikesir

Ankara-Erzincan Siitur Zonunda bulunan, dusik-cok diisiik dereceli yesilsist fasiyesinde bolgesel
metamorfizma ozellikleri sergileyen Permo—Triyas yash Yoncayolu Metamorfitleri alanin temelini
olusturmaktadir. Arduvaz, fillat, yesilsist, metadasit, metabazik, metagranit, kalksist ve kuvarsit tiirii
kayaglardan olusan birim, Refahiye Ofiyoliti tarafindan tektonik olarak 6rtilmektedir. Taban
kistmlarim daha cok yesilgistlerin olusturdugu metamorfik istif, iiste dogru sirasiyla metabazik,
metagranit ve kalk-gistler seklinde devam etmektedir. Yesilgistlerin mineral parajenezini serizit 4
klorit -+ kuvars -+ kalsit + albit + epidot + illimuskovit, metabazik kayaglarin mineral birlikteligini ise
kuvars + klorit + albit + hornblend + epidot + tremolit olusturmaktadir. Kloritlerin Al-Mg-Fe tiggen
siniflama diyagraminda 6rneklerin tamanu [, tip Mg’ca zengin alana diismekte olup, metapelitlerde
ripidolit, metabaziklerde ise piknoklorit bilesimindedir. Klinopiroksenlerin ayrismasi sonucu olusan
amfiboller ferromagnezyo-hornblend bilesiminde iken, yesilsistlerde bulunan plajiyoklaslar isc
metamorfizmanin etkisi ile tamamen albite (Ang .3) dontsmiistir.

Yoncayolu Metamorfitleri ¢ogunlukla diisiik. yer yer ise orta K’lu kalk-alkalen 6zelligindedir.
Jeokimyasal olarak okyanusal adayayi bazaltlar ile volkanik yay bazaltlari bilesiminde ve dagihmlan
okyanus ortast sirti bazaltlarma benzemektedir. Birimin iist kesimlerinde bulunan metagranitler 1s¢
granodiyorit/tonalit bilesimli granitlerden tiiremis olup, metalimin karakterli ve I tipi ozelliktedir.
Tektonik olarak ise volkanik yay granitoyidlerini temsil eder. Birim genellikle magmatik, yer yer ise
sedimanter kokenli olup, volkano-tortul bir kkene isaret etmektedir.

Metapelitlerde Slgiilen THit Kristalinite degerleri (IC) A°20= 0.124-0.238, Klorit Kristalinite degerleri
(ChC) A°20= 0.146-0.298 ve Arkai Indeksi degerleri (Al) 0.229-0.345 arasinda degismekte olup, KI-
Al ve IC-ChC arasindaki pozitif bir korclasyon (R™= 0.65) gozlenmektedir. Orneklerin tamami
epizonal metamorfik kosullan isaret ctmektedir. Yesilsist fasiyesinde olgiilen klorit ter mometresine
gore birimin metamorfizma sicakligi 321--347 °C, basmer ise yaklagik 4 kbar olarak hesaplannustur.

Anahtar Sozciikler: Yoncayolu metamorfitleri, yesilsist fasiyesi, epizonal metamorfizma, 1llit
kristalinite degerleri, klorit kristalinite degerleri, Arkai indeksi (Al), klorit jeotermometresi




Mineralogy, Geochemistry and Origin of the Yoncayolu Metamorphites
(Uziimlii-Erzincan): Metamorphic Features of Greenschist Facies

Mechmet Ali Giicer' & Zafer Aslan®

Giimiishane Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
TR=29000 Giimiishane, Tiirkive (E-mail: maligucer@gmail.com)

* Balikesir Universitesi, Mithendislik-Mimariik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
TR~10145 Balikesir, Tiirkive

The investigation arca is placed of Ankara-Erzincan Suture Zone and low and very low-grade
metamorphic rocks of Permo-Triassic cropping out in the area formed the basement. Yoncayolu
Mectamorphites consisting of slate, phyllite, greenschist, metadacite, metabasic, metagranite, calcschist
and quartzite is the product of regional metamorphism within the facies of very-low and low-graded
semi-greenschist and greenschist. Refahiye Ophiolite mélange covers this unit tectonically. Schists
largely take place at the base of the metamorphic unit, which is followed upwards by metabasics,
metagranite and cale-schist. Mineral assemblages of greenschist consist of sericite + chlorite | quartz
+ calcite + albite + epidote + illite/K-white mica. Also metabasics are characterized with quartz +
chlorite + albite + hornblende + epidote + tremolite mineral assamblages. Chlorites, which are samples
of Mg-dominant chlorite plot in the appropriate subfields of type-I chlorite on the Al-Mg-Fe triangular
compositional diagram, arc ripidolite in composition from metapelites and pycnochlorite in
composition from metabasic rocks. Amphibole, altered probably former clinopyroxene, is ferri-
magnesio-hornblende in composition, and albite (Any ;) in composition plagioclases are typically in
greenschist facies rocks.

It mostly carries low sometimes medium K calc-alkaline character. It resembles geochemically
oceanic island-arc basalts, compositionally volcanic-arc basalt and in distribution mid-ocean ridge
basalts (MORB). Metagranites located upper part of the Yoncayolu Metamorphites derived from
granodiorite/tonalitic granitoides and has character of metalumine, I-type representing tectonically
volcanic-arc granitoides. This unit is generally magmatic and sometimes sedimentary in origin
therefore pointing possible volcano-sedimentary genes.

[llite Crystallinity values measured in metapelites is varies between (IC) A°206=0.124-0.238, Chlorite
Crystallinity values changes between (ChC) A°20= 0.146—0.298 and Arkai Index values ranges from
(AT) 0.229-0.345. There is positive correlation (R*= 0.65) between index pairs of KI- AT and IC-ChC.
All samples points an environment of epizone metamorphic conditions. When compared to chlorite
thermometer index rocks of greenschist facies is a formed temperature between 321-347 °C and about
4 kbar pressures.

Key Words: Yoncayolu metamorphites, greenschist facies, epizonal metamorphism, illite crystallinity
(I1C), chlorite crystallinity (ChC), Arkai index (Al), chlorite geothermometry
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KB iran’da Ofiyolitlerle iliskili Amfibolitlerin Petrolojisi
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Mohssen Moazzen' ve Roland Oberhansli
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* Institut fiir Geowissenschaften, Universitit Potsdam, Postfach 601553, Potsdam 14415, Germany

KB Iran’daki ofiyolitler kuzeyde Kafkasya Kenet Zonu ile giineyde Zagros Kenet Zonu arasida yer
almaktadir. Bu ofiyolitlerin batiya dogru, Dogu Anadolu’daki jeolojik birimlerle olan denestirilmesi
biiyiik fay sistemleri ve Tersiyer-Kuvaterner volkanik ortii nedeniyle belirsizlesmektedir. KB Iran’da
iki tiir ofiyolit aywrtlannustir. Bunlar, KID’daki Erken Jura yagh metamorfik ofiyolitler ve GB’daki
metamorfik olmayan Ge¢ Kretase yash ofiyolitlerdir. Bu ofiyolitler Neotetis’e ait okyanusal kabuk
kalmtilarini tanimlamaktadir. Bati Iran ve Tirkiye’deki metamorfik olmayan ofiyolitler yas agisindan
benzerdir. Bu ¢alismada metamorfik ofiyolitlere ait amfibolitler arastinlmustir. Bu amfibolitlerin
toplam kaya jeokimyasi bunlarin farkli ilksel magma tiplerinden tiredigini  gostermektedir.
Amfibolitler yaygm bir sekilde toleyitik bazaltlardan tiiremektedir. OIB bilesimi gosteren az sayidaki
ormegin ilksel kayalari ise bir deniz dagr olusumuyla iliskilendirilebilir. Calistlan amfibolit
orneklerinin bityiik cogunlugu MORB 6zelligi sergiler. Granath amfibolitlerdeki granat bilesimleri
bityiik olasilikla amfibolitlerin yiizeylemesi sirasinda gergeklesen biytimelerden kaynaklanan hafif bir
ters zonlanma gostermektedir. Granat gekirdeklerinin bilesimi metamorfizmanin en st kosullarim
ifade etmektedir. Zonlanma profillerinde keskin degisimlerin bulunmayist amfibolitlerin olasilikla tek
bir metamorfik olaya bagh olarak gelistigini gdstermektedir. Hornblend - plajioklas, granat - amfibol
ve hornblend icerisindeki Al miktar1 gibi yari nicel termobarometrik hesaplamalara dayalt
THERMOCALC sonuclart pik metamorfizma kosullari i¢in 10-12 kbar basing ve ~700-800 °C
sicaklik degerleri vermektedir. Pik ve pik sonrasma ait degerler amfibolitler i¢in saat yoniinde bir P-T
evrimini tammlamaktadir. Bu tiir bir evrim amfibolitlerin bir metamorfik taban olma olasihgin
ortadan kaldirmakta ve carpisma ile iliskili bir kokeni desteklemektedir. Bu nedenle amfibolitlerin
ilksel kayalarmin Neotetis Okyanusuna ait okyanus ortasi sirinda olustugu ve okyanusal kabugun
yitimi ve izleyen evrede gergeklesen garpisma sonucu metamorfizmaya ugradig soylenebilir.

Anahtar Sozciikler: amfibolit, MORB. ofiyolit, saat yoniindeki B/S yolu, KB Iran



Petrology of Ophiolite-related Amphibolites from NW Iran
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Ophiolitic rocks in NW Iran are located between Caucasus suture in the north and the Zagros suture in
the south. The direct correlation of these ophiolites towards west and the eastern Turkish geological
units 1s obscured by the major fault systems and Tertiary to Quaternary volcanic covers. Two different
types of ophiolites are recognized in NW Iran, metamorphosed ophiolites to the NE with Early
Jurassic age and non-metmorphosed ophiolites to the SW with Late Cretaccous age. These ophiolites
mark the remnants of the Neo-Tethyan oceanic crust. Non-metamorphic ophiolites are similar to
ophiolites in western Iran and Turkey in age. Amphibolites associated with metamorphosed ophiolites
were studied. Whole rock geochemistry of these amphibolites show that they are produced from
different original magma types. However the main protolith for the amphibolites was tholeiitic basalt.
Jew samples showing OIB nature are attributed to formation of the protoliths as scamounts. Most of
the studied amphibolite samples exhibit MORB nature. Mineral chemistry of garnet in garnet
amphibolites indicates a slight reverse zoning probably formed due to garnet growth during
exhumation of the amphibolites. The garnet core shows the peak metamorphic condition. Since there
is no abrupt changes in the zoning profile, amphibolites are more likely formed during a single
metamorphic  event.  Semi-quantitative thermobarometry of amphiboles, hornblende-plagioclase
thermometry, garnct-amphibole thermometry and Al in  hornblende barometry along with
THERMOCALC results indicate a pressurce range of 10—12 kbar and a temperature range of ~700 to
800 °C for peak of metamorphism. P-T results for peak and post-peak metamorphism indicate a
clockwise P-T path for the studied amphibolites. This path rules out the sole metamorphic nature for
the studied amphibolites and confirms a collision related metamorphism. Therefore the amphibolite
protoliths formed at the mid-oceanic ridge of the Neo-Tcthys oceanic crust and were metamorphosed
due to collision followed by the closure of the subducting oceanic crust.

Key Words: amphibolite, MORB, ophiolite, clockwise P-T path, NW Iran
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Pleistosen’den Beri Marmara Denizi’nin Kuzey Kenarindan Kaynaklanan
Jeolojik Tehlikeler: Giincel Aragtirma Sonug¢larmin Degerlendirilmesi

Naci Goriir ve M. Namik Cagatay

Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Mithendisligi Béliimii,
34469 Maslak, Istanbul (E-posta: naci@stokist.com)

Marmara Denizi Avrasya ile Anadolu levhalari arasindaki Kuzey Anadolu Transform Fayi tizerinde
yer alir. Hizh deformasyon (25 mm/y yatay ve 5-6 mm/y diisey). yiiksek sismik aktivite ve dik havza
yamaglartyla (10°--29°) karakterize edilir. Bu nedenlerden dolayr da deprem, denizalti heyelanlart ve
tsunami gibi jeolojik tehlikelere karsi agiktir. Ayrica, Akdeniz ve Karadeniz arasindaki o6zel
osinografik konumu nedeniyle taban sulari sik sik oksijen kaybina ugrar. Bu makalede Marmara
Denizinin jeolojik ve osinografik evrimi igerisinde gegmiste olmus ve gelecekte de olabilecek bu tir
jeolojik tehlikeler tartisilmaktadir.

Marmara Denizinin kuzey kenarmin morfolojisi ve yapist genellikle eski Hersiniyen yapilari
tarafindan kontrol edilir. Bu kenar olduk¢a egimli bir yamaca sahiptir ve bu nedenle de sik sik
denizalti kiitle harcketleri olusturur. Bu harcketler genellikle deniz seviyesinin diisiik oldugu
donemlerde olmustur. Diinyanin en aktif faylarindan biri olan Kuzey Anadolu Fayr Marmara Denizini
dogu-bati dogrultusunda keser ve burada onemli bir sismik bosluk meydana getirir. Bu sismik
boslugun oniimiizdeki otuz sene icerisinde bilyiikligii yediden fazla bir veya iki deprem ireteceg
tahmin edilmektedir. Dip sularinin oksijence fakirlesmesi ¢ogunlukla Marmara Denizinin Akdeniz’le
birlesmesi sonucu su seviyesinin yiikseldigi zamanlarda goriilmustiir. Biitiin bu jeolojik tehlikeler diin
oldugu gibi bugiin de gerceklesebilir, dolayisiyla Marmara Bolgesindeki niifus, yerlesim alanlari ve
her tiirlii kiy1 ve denizalti yapilar tehdit altindadir.

Anahtar Sozciikler: jeolojik tehlikeler, Marmara Denizi, denizalti heyelani, tsunami
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Geohazards Rooted from the Northern Margin of the Sea of Marmara
Since the Late Pleistocene: A Review of Recent Results

Naci Gortir & M. Nanmik Cagatay

Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii, Maslak,

The Sea of Marmara (SoM) is located on the Northern Anatolian Fault (NAF), a major transform fault
boundary between the Eurasian and the Anatolian plates. It is characterized by fast deformation rates
(25 mm/a Horizontal and 5-6 mm/a vertical), high seismic activity and steep slopes (109-29°). As a
consequence it is prone to high geohazard risks, including earthquakes, submarine landslides and
associated tsunamis. Its oceanographic setting between the Mediterranean and the Black Sea has
caused also bottom-water hypoxia. In this paper, we discuss the past and future geohazards related to
the geological and oceanographic evolution of the SoM.

The morphology and structure of the northern margin of the SoM is controlled mainly by the
reactivated Hercynian structures. The slope of this margin is particularly steep and prone to submarine
landslides. The most active northern branch of the NAF crosses the SoM in the east-west direction and
constitutes a seismic gap that is expected to create one or more large (M>7) earthquakes in the next 30
years. Submarine mass movements were especially common during low sea-level periods. Anoxic-
suboxic events occurred during marine transgressions, following marine connection with the
Mediterranean Sea. All these geohazards affected the Marmara region in the past and may also affect
it in the future, thus threaten populated areas, offshore infrastructures and onshore facilities.

Key Words: geohazard, Sea of Marmara, earthquake, submarine landslide, tsunami
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ESONET Miikemmelliyet Agr ve EMSO Bilim Altyapisi Projeleri
ve Marmara Denizi Dogal Afet Izleme Calismalary I¢in Onemi

M. Namik Cagatay', Giinay Cifei’ ve Cemil Giirbiiz’

"Istanbul Teknik Universitesi, EMCOL (Dogu Akdeniz Osinografi ve Limnoloji Arastirmalari
Merkezi), Maden Fakiiltesi, 34469 Maslak, Istanbul (E-posta: cagatay@itu.edu.tr)
* Dolauz Eyliil Universitesi, Deniz Bilimleri ve Teknolojisi Enstitiisti, 35340 Inciralts, Tzmir
Y Bogazici Universitesi. Kandilli Rasathanesi ve Deprem Arastirma Enstitiisi,
34684 Cengelkoy, Istanbul

ESONET NoE (Avrupa Denizleri Gozlem Evi Mikemmeliyet Agl) ve EMSO (Avrupa Deniztabam
Gozlem Evi) Avrupa Komisyonunun 6. ve 7. Cer¢eve Programlan ile destekledigi projelerdir.
Projelerin ana amact Avrupa dlgeginde Kuzey Buz Denizi'nden Karadeniz’e uzanan denizlerde ¢ok
disiplinli gozlemler yapacak bir gozlem agr olusturmaktir. Bunlardan ESONET NoE projesi bilimsel
ve teknik konularda bilim camiasi icerisinde miikemmelivet agi olusgturmayr, EMSO projesi ise
Avrupa’'da deniz tabani gozlemleri konusunda hukuk, yonetim ve finans sistemiyle donammh gerekh
bir bilim altyapisi kurmayr amaglamaktadir. Uzun siireli deniz gozlemlerinin bilimsel amact Avrupa
denizlerinde kati yerkiire, biyosfer ve hidrosfer arasmdaki etkilesim stireglerini - aragtirmaktir,
Denizlerde bu tiir gozlemlerin yapilmasi dogal afetler (6rnegin; deprem, denizalti heycelanlan ve
bunlarla iliskili tsunami), iklim degisimi, cksistem dinamigi ve biyo-gesitlilik, kiyilarda deniz siiregler:
ile okyanus kabugunda yagam ve akiskanlar gibi konularinda ¢i1gir agacak bilim ve toplum agismdan
hayati éneme sahiptir. ESONET ve EMSO projeleri ile yiiriitiilen gabalar GMES (Global Monitoring
for Environment and Security: Kiiresel Cevre ve Giivenligin Izlenmesi, http://www.gmes.info/)
tarafindan belirtilen ‘yerinde’ ve ‘uydu’ izleme sisteminin deniz ayagini olusturarak, GMES’e 6nemli
bir katkida bulunma amact giitmektedir. Tirkiye EMSO  projesinde ITU-EMCOL  (Eastern
Mediterranean Centre for Occanography and Limnology) ve ESONET projesinde, ITU-EMCOL., BU-
Kandilli Rasathanesi ve DEU-Deniz Bilimleri ve Teknolojisi Enstitiisii tarafindan temsil edilmektedir.

Gerek tektonik konumu ve deprem basta olmak iizere dogal afet riski ve gerekse Akdeniz ve
Karadeniz arasindaki ilgic osinografik konumu nedeniyle Marmara Denizi her iki proje tarafindan da
onemli bir calisma alani olarak sccilmistic. ESONET Marmara Uygulama Projesi Kapsaminda
baslatilan calismalar halihazirda fay boyunca ¢ikan akigkanlar ile sismisite iliskisi, tektonik hizlar,
uzun siireli deprem kayitlan ve derin bentik yasam konusundaki bilgilerimize ¢ok onemli katkilarda
bulunmustur. Bu ¢ahismalarin en énemli amacr; Marmara Denizi’nde depremselligi (fay etkinligini)
uzun siireli izlemek amact ile ilerde olusturulacak siirckli deniz tabant gozlem istasyonlart igin en etkin
parametrelerin ve gozlem yerlerinin saptanmasidir.

Anahtar Sozciikler: ESONET, EMSO. Marmara Denizi, dogal afet, denizalti gozlem istasyonu
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ESONET NoE (European Seas Observatory Network of Excellence) and EMSO (European Seafloor
Observatory) Infrastucture Projects arc funded by Eurupean Commisson’s 6th and 7th Framework
Programmes, respectively, with the principal objective of establishing European-scale network of
multidisciplinary scafloor observatories from the Arctic to the Black Sea. ESONET NoE project is
concerned with scientific and technical aspects, networking and integrating the European scientific
community, whereas EMSO has the objective of constituting an European science infrastructure with
legal, management and financial structures. The scientific objective of long-term real-time monitoring
of processes related to interactions between geosphere, biosphere and hydrosphere. These observations
are of critical scientific and societal importance for marine geohazards (e. g., carthquakes, submarine
landslides and associated tsunamis), climate change, ccosystem dynamics and biodiversity. coastal
ocecan processes, deep sea biology and crustal fluids. These efforts are complimentary to GMES
(Global Monitoring for Environment and Security, http://www.gmes.info/) in developing a marine
segment integrated in the in situ and satellite global monitoring system. Turkey is being represented in
the EMSO project by ITU-EMCOL. (lstanbul Technical University-Eastern Mediterranean Centre for
Oceanography and Limnology) and in the ESONET NoE by ITU-EMCOL, Bogazici Univeristy-
Kandilli Observatory and Dokuz Eyliil University-Institute of Marine Sciences and Technology.

Both the ESONET and EMSO projects have selected the Sea of Marmara as an important node
because of the geohazard risks as well as its interesting occanographic setting between  the
Mediterranean and the Black scas. The studies carried out under the ESONET Marmara
Demonstration Mission project have alrecady contributed immensely to our knowledge about the
relations between fluids and seismic activity, tectonic rates, long-term earthquake records, and deep
benthic life. One of the most important aims of these studics is to determine optimum parameters and
the locations for permanent scafloor observatorics for carthquake monitoring in the Sea of Marmara.

Key Words: ESONET, EMSO, Sea of Marmara, geohazard, seafloor observatory
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Marmara Denizi’nde Kuzey Anadolu Fayr Boyunca Holosen Yash Deprem
Kiriklari: Yasi, Mekansal Boyutu ve Sedimanter Siirecleri
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(E-posta: cmchugh@gc.cuny.edu)
2 Lamont-Doherty Earth Observatory of Columbia University, Seismology Geology and Tectonophysics,
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S University of Missouri, Department of Geological Sciences, 101 Geology Building, Columbia,
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Marmara Denizi'nin tabaninda Kuzey Anadolu Faymm (KAF) yiiksek ¢oztnirlikli multibeam
batimetri, deniz tabani profili ve sediment karotlartyla ¢aligiimistir. Bu ¢alismanin ana amaci karadaki
paleosismik ¢aligmalara benzer dlgekte olan stratigratik kayitlardan faym tektonik ge¢misini ve sismik
etkinligini 6grenmek ve genellikle fay kontrollii havzalara uygulanabilen sualti deprem jeolojist i¢in
yontemler gelistirmektir. Marmara Denizi'nden elde edilen ilk sonuglar: (1) Bolgesel deprem kiriklan
sediment kayitlarindan ve yiiksek ¢oziiniirliiklii jeofizikten, faym izi boyunca goriilen kiglik fay
havzalarinda belgelenebilir. (2) Homojenitler havza tabaninda (‘depocenters’) en derin kisimlarm
sedimantasyonuna hakimdir. Marmara Denizi’ndeki homojenitler mm’den cm’ye kadar degisen
dleekteki birgok kum ve silt laminasyonlarimi takiben keskin taban dokanag ile baslamaktadir. Tim
Jaminalar normal derecelenmis ve 50 ¢m kalinhikhkta, yukan dogru tane boyu incelmesi diginda
homojen ¢okellerdir. Tane boyu analizleri her bir lamina i¢inde ve tiim homojenit icerisinde olmak
iizere normal derecelenmenin iki seviyesini gostermektedir. ('okelme merkezinde havzalarin yiiksek
ortalama sedimantasyon hizlari (1--3.5 mm/y1l) kenar havzalardan taginmast muhtemel olan homojenit
¢okellerinin  sonucudur. (3) Biiyiik tarihsel depremlerle (M=7) kisa omirli radio-izotop ve
radyokarbon tarihlendirmesi yapilan homojenitlerin korelasyonu, homojenitlerin buytk depremlerle
olustugunu desteklemektedir. Cokel karotlarinda 181AD, 740AD, 1063AD, 1343AD, 1509AD,
1766AD, 1894AD ve 1912AD’de meydana gelen tarihsel olaylarla, mekansal ve gegici olarak
karsilastinlan depremlerin kaydir ile bazen gok az sayida bilinen depremlerle iliskilendirilmeyen
gravite akist ve kiitle kaybr olaylarmin izlerini bulduk. Bu kayitlar tarihsel kiritklara yakin olan
havzalardandir. Boylece, aktif tektonik havzalardaki énemli gravite ve kiitle akislarinin kingin hemen
yakiinda meydana geldigi goriilmektedir. KAF boyunca meydana gelen sik depremlerin ¢okelleri dar
bir kararhlik arahginda, yakinsak depremlerde esigin altinda, fakat iraksak deprem ve ani kirilmalar
icin esigin istiinde tuttugunnu oneriyoruz. Deprem etkileri kiriktan uzaklastikca azalan zemin
sarsmtisini iceren yamag ¢okiintilerini ve kingm hemen yakininda yaygim olarak meydana gelen sivi/
yada gaz ¢ikisii ve devrilme gibi deniz tabant deformasyonunu tetikleyebilir. (4) Guney sinir fay
yakinindaki Imrali Fayi boyunca disey tektonik deformasyon paleosinografiden yararlanarak
olciilmiistiir. Marmara Denizi’ndeki golsel ortamdan denizel ortama gegis, yasi ve paleo-yiiksekligi
bilinen paleo-yatay bir seviye olarak bu diizlemi kesen faylarda diigey hareket bilesenini hesaplamak
icin mitkemmel bir firsat saglamaktadir. Bulgularimiz fmrali Faymm yaklagik son 12.000 yilda ~15
metrelik bir atimla yilda ~1mm/yil ortalama diisey kayma hizini géstermektedir. Denizaltt deprem
jeolojisi hala baglangi¢ asamasinda olmasina ragmen, biiylik depremlerin mekansal ve gecici
yaytliminin ¢oziilmesi i¢in umut vermektedir. Ciinkii deprem ¢okelleri havza ¢okel merkezlerinde
egemendir. Bundan baska, ¢okelimi etkileyen stiregleri anlamamiz kara paleosismolojisinden daha
uzun zaman olcegindeki depremin sikhgr ve olusunu yeniden yapilandirmamiza izin verecektir.
Ornegin, Marmara Denizi’ndeki havzalarda bu yeniden yaptlandirmalar havzalarin evrimi konusunda
100 yildan 100,000 yila ve hatta daha uzun siirclere kadar degisen zaman dilimlerinde bilgiler
saglayabilir.

Anahtar Sézciikler: denizalti deprem jeolojisi, homojenitler, Kuzey Anadolu Fayi, Marmara Denizi,
tarihsel depremler, sedimanter siiregler, havza ¢ékel merkezleri
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in the Marmara Sea: Age, Spatial Extent and Sedimentary Processes
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The submerged portions of the North Anatolia Fault system beneath the Marmara Sea were studied with
high-resolution multibeam bathymetry, subbottom profiling and sediment cores. The major objectives were
to learn about the scismic and tectonic history of the fault from the stratigraphic record at a scale similar to
paleoseismic studies on land, and to develop tools for submarine earthquake geology that can be applied to
fault-controlled basins in general. Initial results from the Marmara Seca show that: (1) Local carthquake
ruptures can be documented in small fault basins located along the trace of the fault from both high-
resolution geophysics and sediment sampling. (2) Homogenites dominate the sedimentation of the deepest
parts of the basin floors (‘depocenters’) where the sedimentary record is most likely complete.
Homogenites in Marmara Sea begin with a sharp basal contact followed by numerous mm- to cm- scale
sand and silt laminations. All laminae are normally graded and are contained within a 50 cm thick fining
upward and otherwise homogeneous deposit. Grain size analyses confirm two levels of normal grading, in
the homogenite as a whole and within individual laminac. The high average sedimentation rates (1 to 3.5
mum/year) of the basins depocenters are the results of homogenite deposits that are likely reworked from the
basin margins. (3) Correlation of homogenites to the historical record by radiocarbon and short-lived
radioisotope dating suggests that these homogenites are related to large earthquakes (M>7). We found
evidence of earthquakes that were spatially and temporally correlated with historic cvents in 181AD,
740AD, 1063AD, 1343AD, 1509AD, 1766AD, 1894AD, and 1912AD, and very few, if any, gravity flow
and mass wasting events that could not be associated with known carthquakes. This evidence is primarily
from those basins adjacent to the corresponding historical ruptures. Thus significant gravity flows and mass
wasting in these tectonically active basins scems to occur predominantly in the immediate proximity of a
rupture. We propose that frequent carthquakes along the NAF and their associated failures generally keep
sediment in a narrow stability range, below the threshold for failure from a proximal earthquake, but well
above the threshold for distal earthquakes and spontancous failures. Earthquake effects that could trigger
slope failure include ground shaking, which decays with distance from the rupture, and seafloor
deformation such as tilting, and fluid and/or gas escape, which commonly occur within the immediate
vicinity of the rupture. (4) Vertical tectonic deformation along the Tmrali Fault near the Southern Boundary
Fault was quantified from paleoccanography. In the Marmara Sea the transition from lacustrine to marine
environment offers an ideal paleo-horizontal marker of known age and paleo-elevation, and provides an
excellent opportunity to evaluate the vertical component of motion on faults that intersect that horizon. Our
results show that the Imrali Fault has been vertically offset by ~15 m in the past 12.0 cal ky BP implying an
average slip rate of ~Imm/year. Although submarine carthquake geology is still at the pioneering stage, it
holds promise for successfully unraveling the spatial and temporal distribution of large carthquakes.
Because carthquake deposits dominate the basins depocenters, furthering our understanding of the
processes that lead to their deposition will permit to reconstruct earthquake occurrence and frequency over
much longer time scales than is typical of land palcoscismology. For example in the Marmara basins, thesc
reconstructions can provide information ranging from 100’s to 100,000’s of years and even longer
timescales that cover their entire evolution of the basins.

Key Words: submarine carthquake geology, homogenites, North Anatolia Fault, Marmara Sea, historical
earthquakes, sedimentary processes, basin depocenters
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Kuzey Anadolu Transform Fayr Boyunca Havza Biiyiimesi:
Marmara Denizi’nde Yiiksek Coziiniirlii Cok-Kanalli TAMAMO8 Etiidii
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TAMAM (Tiirk-Amerikan MArmara Multichannel) bir ¢ok ABD ve Tirk kurumlaninin yeraldig
isbirligi yatigi bir projedir. Temmuz 2008°de bu proje kapsaminda Piri Reis gemisi ile ~2700 km
uzunlugunda ¢ok kanalli sismik hatlar (MSC) eclde edilmisti. TAMAM, daha once Marmara
Denizi’nde Kuzey Anadolu Transform Tayr (KAF) boyunca elde edilen sismik ctidlerin bir
devamidir. Onceki etiidler daha derin yapiyr veya ¢ok s1¢ yiiksek ¢ozintrli (HR) kayitlart elde
etmisti. TAMAM ise bunlar1 tamamlayict nitelikte yitksek ¢oziniirli olmast yaninda orta derecede
penetrasyonla havza gelisimi ile ayni yastaki tabaka yapilanmin daha ayrmtili goriintiilenmesine
olanak saglams ve onceki iki tip ctiidd arasindaki boslugu doldurmustur. Bu etiid ilk asamada su
konulara odaklanmistir:

Kararli-hal teknonigi. Bazi ¢aligmactlar ge¢ Kuvaternde havzada gerilmli bir tektonik rejimden levha
hareketine parallel yanal-atmli bir rejime gegis oldugunu savunmustur. Bu  dedisimin yapisal
bitytimeyi tiimiiyle dedisime ugratimasi, ancak ¢ok yakin zamanda olmasi durumunda yeni yapimmn
biiyiimesinin taninmasinda zorluklar olacag beklenmektedir. Cmarcik havzasmda TAMAM . hatlan
acik bir sekilde Holosen iginde havza bityiimesini gostermektedir. Bu bitytimenin alt kisimlara dogru
degismeden devam ettigi de goriilmiistiir. KAF havzamn smir fayidir. Sintektonik tabakalarda goriilen
havza bilyiimesindeki tekdiizelik tayin kinematik konumunda havza biiylimesi sirasinda giinimtize
degin bir degisimin olmadigina igaret ctmektedir.

Derin Sekans Suurlart ve Diisiik Su Diizevi Paleo-Deltalar. Deniz diizeyi degisimleri Marmara
¢ukurluklara olan tarbidit akilarim denctlemektedir. Cokel girdisindeki ani degisimler ve hizh
tektonik egimlenme Marmara havzalart igin tipik olup, ‘Derin Sekans Swirlari” admt verdigimiz agisal
uyumsuzluklar olusturmustur. Sismik veriler aym zamanda imrah Fayinm disen blogu iizerinde
disiik su-diizeyi donemlerinde olusmus dort ayn delta karmasigmin varh@ini gdstermistir. Bu
deltalarin 100 bin yillik diisiik su diizeyi donemlerini temsil ettigi varsayimi dogru ise, deltalar
arasindaki 130 m’lik atimlar yillik 1.33 mm ¢okme hizr vermektedir. Bu hiz da Imrali fayr iizerindeki
diisey atim bilesenine benzerlik gostermektedir.

Gravitasyonal Cékme. TAMAM sismik hatlart Marmara Derin ¢ukurlularinda hizli havza ¢dkmesi ve
egimlenmesinin bazen derin kékenli gravitasyonal hareketlerin nedeni oldugunu gostermistir. Ornegin
KAF boyunca Tekirdag havzasinda kademeli kivrimlar haritalanmstir. Sismik profiler havzanimn sarp
giiney yamaci boyunca bir ¢okme yapist gostermektedir. Bu ¢okme yamacin baglangicmda bir gerilme
ve yamacin tabaninda KAF boyunca sikismali bir kiviimlanma ile iliskilidir. Bu sikisma havza
tabanindan "4 saniye derinlige ulasmaktadir. Daha da derinde fay, gerilmeli bir havza smir fayindan
beklenecegi iizere, normal bir bilesene sahiptir. Gravitasonal ¢okmelerin tabanindaki sikigmali yapilar
yanliglikla tektonik daralma olarak yorumlanabilir.

Anahtar Sozciikler: Marmara Denizi, Kuzey Anadolu Fayi, tektonik, ¢ok-kanallr sismik, disey
kayma



62" Geological Kurultai of Turke

Basin Growth Aleng the North Anatolian Continental Transform:
The TAMAMO8 High-Resolution Multichannel Survey in the Marmara Sea

Lconardo Seeber', Chris Sorlien”, Donna Shillington', Derman Dondurur’, Savas Gt’lrgay",
John Diebold', Camer Imren®, Hiilya Kurt®, Michacl Steckler’, Gilinay (fif‘gi’%,
Emin Demirbag”’ & Scientific Party of TAMAMOS Cruise

" Lamont-Doherty Earth Observatory of Columbia University, Seismology Geology and
Tectonophysics, 227 Seismology, 61 Route 9W - PO Box 1000, Palisades,
NY 10964-8000. USA (E-mail: nano@ldeo.columbia.edu)

" Instinuie of Crustal Studies, University of California, Santa Barbara, CA 93106, USA
 Dokuz Eviiil Universitesi, Deniz Bilimleri ve Teknolojisi Enstitiisii, Inciralt,
TR-35340 Izmir, Tirkiye
! Istanbul Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 34469 Maslak,
TR-34469 Istanbul. Tiirkive

The TAMAM (Turkish-American MArmara Multichannel) Project is a collaboration between several
US and Turkish research institutes. During July 2008, TAMAM collected ~2700 km of multichannel
profiles (MSC) in the Marmara Sca using the R/V K. Piri Reis. TAMAM follows a serics of excellent
seismic surveys of the North Anatolian transform (NAF) in the Marmara Sea. These surveys tended to
strive, either for deep penetration MCS imaging of the large-scale structure of the basin, or for very
high-resolution (HR) imaging of near-surface faulting and other features. TAMAM fills a gap by
achieving HR with intermediate penetration and thus imaging critical details of the structure in the
strata contemporaneous with basin growth. Preliminary analysis has focused on the following:

Steady-State Tectonics. Some authors favor a major late Quaternary shift from transtensional basin
growth to a new purely transcurrent phase on a new plate-motion parallel strand of the fault. Such a
major tectonic transition is likely to alter structural growth pervasively, but the growth of new
structure might be subtle if he change is very recent. In the Cinarcik basin, TAMAM proliles clearly
resolve basin growth in the upper 0.05 s TWTT (two-way travel time) of the sequence, which is
thought to represent only the Holocene. This Holocene growth appears to extend in deeper parts of the
section (=1.5 sec TWTT). The NAF is the border fault of the basin. The uniformity of basin growth
through the syntectonic strata strongly suggests that the position or the kinematics of this fault has
been also uniform during the growth of the basin up to the present.

Bathyal Sequence Boundaries and Low-Stand Paleo-Deltas. Sealevel changes modulate turbidite flux
to the Marmara basins. Drastic changes in sediment flux combined with rapid tectonic tilting create
angular unconformities, which are typical of the Marmara basins and we name “bathyal sequence
boundaries’. The seismic data also reveal a stack of at least four low-stand delta complexes, which are
preserved by subsidence on the downthrown side of the Imrali fault. If these deltas mark the ~100 ky
interval between low stands, their 1304 spacing implics subsidence rates of 1.3 mm/yr and thus a
similar dip-slip component rate on the Imrali fault.

Gravity Collapse. TAMAM profiles show that rapid subsidence and tilting in the Marmara Trough arc
responsible for widespread gravitational collapse, which is deeply rooted in some cases. For example,
en echelon folding has been mapped along the NAF in Tekirdag basin. The profiles reveal a major
collapse structure on the steep south flank of the basin. This collapse is associated with extension at
the head of the slope and with contractional folding at the bottom of the slope along the NAY. This
contraction reaches to about 1/2 second below the basin floor. Deeper still, the fault displays a normal
component, as expected from its role as the transtensional border fault of the basin. Contractional
structures at the toes of gravitational collapsces can be misinterpreted as tectonic shortening,.

Key Words: Marmara Sca, North Anatolian Fault, tectonics, multi-channel seismics, vertical slip
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Kuzey Anadolu Fay Sisteminin onemli noktalarinda elde edilen yiiksek cozinirlikla jeofiziksel ve
jeolojik verilerin (deniz tabaninm yiiksek ¢oziiniirliiklic morfobatimetrik gorintiilert. 3-1) ve pseudo-
3D yitksek ¢oziintrliiklii sismik yansima goriintiistt ve ayrmtih sedimanter ve stratigartik kayitlar)
birlikte yorumu: (1) aktif ve aktif olmayan faylar ayirt ederek haritalamak: (2) faym yapisint ve
geometrisini belirlemek: (3) tek fay kollari boyunca jeolojik zamanda kayma hizlarim tahmin etmek:
(4) sedimanter istif igerisindeki gegmis depremlernt tarihlendirmek ve tanimlamak; (5) 1999 kingmm
denizaltr uzanimini teshis ctmek icin uygulanmustir.

Marmara Deniz havzasinin dogu ve bati tarafindaki giivenilir sonuglar Kuzey Anadolu Fay sisteminin
farkl fay kollarinda jeolojik zaman boyunca (~10" y11) kayma hizinin dogru tahmin edilmesine olanak
saglamistir. Aktit olmayan ve kalin Holosen sedimanter ortityle dolu olan Saros Korfezi ve Tzmit
Korfezi'nde otelenmis sedimanter elemanlar (denizalti kanyonlart ve akarsu kanah) kesfedilmistir.
Son buzul doneminden sonra bu sedimanter elemanlarn  etkinligini  yitirerck  terkedilmesini
tarihlendirebildigimiz i¢in Marmara Havzasinm her iki yanindaki Kuzey Anadolu Tay sisteminin
kuzey kolu boyunca kayma hizinmn dogru tahminlerini gergeklestirebilmekteyiz. Elde ettigimiz hizlar
kabul edilen levha tektonigi modelleri ve jeodetik dlgiimlerin yansmi temsil eden 10 mm/yr
dolaymdadir. Marmara Denizinin giiney selfi tizerinde yeralan Gemlik Korfezi’nin morfobatimetrik
haritalarn deformasyonun karmasik geometrisi ve deniz tabani aktif fay otelenmesinin varhigin
gostermektedir. Son buzul doneminde olusan golsel delta Kuzey Anadolu Fay sisteminin orta kolu
boyunca dogrultu atimh fay tarafindan Gtelenmis goriinmektedir. Jeofizik ve sediment karot verileri
beraber degerlendirildiginde bu fay kolu tizerindeki kayma hizinm toplam sag yanal hareketin en az
Smm/y1l kadarini saglayabilece@i goriillmektedir. Bu veriler Marmara bolgesindeki sismik tehlike ve
fay arayiizeylerini anlamamiz ve Kuzey Anadolu Fay sisteminin deniz altindaki kisiminim neotektonik
yerlesimini analamamiz acisindan énemlidir.

Havza evrimi, stratigrafi, palcoginografi ve bolgesel teknonik gibi ¢ok disiplinli calismalarin fay kolu
dinamiklerinin ince dleekte agikhiga kavusturalmasindaki yaklagimin 6nemini vurgulamak isityoruz.
Bu ¢ok sleekli ve ¢ok disiplinli yaklagim gegmiste bityiik depremlerle (M>7) kirilmis ve muhtemelen
glecekte de kirilacak bir fay kolu etkinliginin izlenmesi icin stratejilerin gelistirilmesine katkida
bulunacaktir, uhtemel yerlerinin tesbitinde ve gegmisteki biyiik depremlerin kirilmug fay kolu i¢in
gozlemleme stratejilerininin tasarlanmasinda dizayn edilmesine onctiliik edebilir. Bu ¢alismalara
dayanarak Istanbulu gelecekte etkilemesi beklenen deprem esnasinda kirilacak olan fay dilimi
iizerinde, Marmara Denizindeki sivi akis cmisyonlarinin sismisite ile birlikte 6 ay izlenmesini
planlamaktayiz.

Anahtar Sozciikler: dogrultu atimli fay, keskin noktalar, kayma hizi, Kuzey Anadolu Fay:
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An integrated interpretation of the high resolution geophysical and geological data (high-resolution
morphobathymetric images of the seafloor, 3-D and pseudo-3D high resolution seismic reflection
imaging and detailed stratigraphic reconstruction of the sedimentary record) acquired in key-arcas of
the NAF fault system has been carried out in order to: (1) map the fault pattern discriminating between
active and inactive faults; (2) address their nature and geometry: (3) estimate slip-rates over geological
time along single fault strands; (4) describe and date the past carthquakes in the sedimentary sequence;
(5) recognize the submarine extent of the 1999 (last) rupture.

Findings of reliable piercing points on both sides of the Sca of Marmara basin enabled us to obtain an
accurate estimate of the slip-rate over a geological time (~10" years) on different fault strands of the
NAF system. We discovered displaced sedimentary features (submarine canyons and a river channel)
in the Gulf of Izmit and Gulf of Saros that are presently inactive and locally filled by a thick Holocene
sedimentary cover. Since we can date the abandoning of these sedimentary [eatures after the Last
Glacial Maximum, we might perform accurate cstimates of the slip-rate along the northern strand of
the NAF system on both sides of the Marmara basin. The rates we obtained are in the order of 10
mm/yr that represents about one half of what expected from geodetic measurements and accepted
plate-tectonic models. Morphobathymetric maps of the Gemlik bay (southern shelf of the Marmara
Sea) show the presence of active fault offsctting the scafloor and producing a complex pattern of
deformation. A Tacustrine delta, which developed during the Last Glacial Maximum (1.GM) appears to
be displaced by a strike-slip fault along the middle strand of the NAF system, and the slip rate we
estimated through the integrated analysis of sediment cores and geophysical data suggests that this
fault branch may accommodate a minimum of 5 mm/yr of right lateral motion. This has important
implications both for reconstructing the neotectonic setting of the submerged portion of the NAF
system and to our understanding of fault interactions and scismic hazard in the Marmara region.

We stress the importance of a multidisciplinary approach that involves the fine scale reconstruction of
single fault strand dynamics with the study of regional tectonics, palacoccanography, stratigraphy and
ultimately basin evolution. This multi-scale, multidisciplinary approach might led to design
monitoring strategies for any given fault strand that ruptured during past large (M > 7) carthquakes
and are possibly places where [uture ruptures will nucleate. Based on these studies we are planning a
6-month monitoring of seismicity a {luid flow emission in the Marmara Sea over the fault segment that
will possibly rupture during the next carthquake that will affect the istanbul area.

Key Words: strike-slip fault, picrcing points, slip rate, North Anatolian Fault
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Son buzul déneminde (2. Deniz Izotop Dénemi), Marmara Deniz’i kiiresel deniz seviyest Canakkale
Bogazi esik derinliginin altina diistiigli i¢in aci-su goliine doniismiistiir. Diinya okyanus sisteminden
aynrildigi zaman, nehir girdisi ile Karadeniz’den gelen akis Marmara ‘Goliine” gelen ana su kaynaklariyd.
Kiiresel okyanusla havzanin yeniden baglantismin tarihi, bin yilhk ¢o6ziniirlikte paleoklimatik ve
paleosinografik olaylan yeniden yapilandirma ve gdlden denize gegisin yitksek ¢oziintirlikli kayitlar:
havzanin sedimentleri i¢erisinde muhafaza edilmistir. Bu amag igin Imrali, Prenses Adalan. Cekmece’deki
kuzey, dogu ve giiney selfleri boyunca 10 adet sediment karotu, yiiksek ¢oziiniirliikli yaritaban profili
(chirp) ve multibeam batimetre verileri  kullamlarak  Marmara  Deniz’inin  cski kiyr  ¢izgilerini
haritalannmustir. Detayh sedimantolojik, biyostratigralik (foraminifer, molusk, diatom), XRF (X-iginlan
flouresan) jeokimyasal tarama, oksijen ve karbon izotop analizlerinin radyokarbon ve kalibre edilmis
kronolojiyle korelasyonu yapilmg ve akustik gortintiilerde yorumlanmuistir.,

En eski sedimentler ( Guintimiizden once (G.0O.) >15.5 cal ka; G.O. >13.5 "C ka) kurak ve soguk kogullarin
ipuclarim vermektedir. Gol sedimentleri laminalanimig, oksijenli kosullari ve sedimantasyon dongiilerini
gostermektedir. Nehirler yakimsal olan karasal sedimentieri ve muhtemel yanginlarla birlikte kurak
kosullarin bol kémiiriinii getirmistir. Goliin eski kiyr ¢izgisi =95 metre ya da daha derindi. Go6l suyu ve
sedimentleri ¢ok az aci-su. tathi-su tiirlerinden Theodoxus fluviatilis ve Dreissena sp. ve tathi-su diatomlan
icermekteydi. G.O. 15.5-15.0 cal ka BP (G.O. 13.1-13.0 "'C ka) tarihlerinde Marmara Goliine Kara
Deniz’den (bu zamanda goldii) ¢ok miktarda tath-su geldiginin verileridir. Bu donemde Dreissena
rostriformis ve T. fluviatilis yogundu ve bu molusklarn Y'Sr/MSr bilesimi Kara Deniz sularmin bilesimine
sahipti. Diinya okyanus sistemininden bagimsiz olan Goliin eski kiy1 ¢izgisi -85 metrede Ege Deniz’me
akan Canakkale Bogazi seviyesinde yeralmaktaydu.

Bolling-Allerod Marmara Géliine muhtemelen evaporative ve sicak kosullart getirmistir. Bu durum oksijen
izotop kayitlar ile desteklenmektedir. Bu ¢ahsmada kamitlanan -95 metre taragast (ckmece havzalari,
Prenses Adalarr ve Imrali boyunca devam cden erozyonal yiizeyi isaret etmektedir. Bu muhtemelen
Akdeniz sulan Marmara Deniz’ine akmadan 6nce gol seviyesinin distigiini ya da goéldeki dalga
hareketinin gol yiizeyinin 10 metre altmda crozyonla 95 m taracasim olusturdugunu géstermektedir.

Bulgular yaklasik 12.000 yil énce (G.O. 10.7 e ]\4) I'nxlx deniz istilasinin oldugunu ve Younger Dryas
soguk interstadial’in 11.5--10.5 cal ka BP (10.5- ‘) 7 "'C ka BP)Yda sedimentleri yeniden isledigine isaru
etmektedir. Giiglii tabakalanma ve besleyici (nutrient) g ndmmn gcligiminin yaklasik 9200 BP’de (8. 6"

ka BP) basladig:1 bentik ve planktik foraminifer loplu]uklan tarafindan belgelenmistir. Bu olaylarm zamani
ve ¢evresel kosullar daha onceki ¢alismalardada tespit edilen, Kara Deniz, Marmara Deniz’i ve Akdeniz’in
yeniden baglantistyla uyumludur. Marmara Deniz’inde sabit ¢evresel kosullar, deniz seviyesinin gliniimiiz
seviyesine yakinlagmast ile yaklagik 6.000 yil (G.O. 5.5 "'C ka) olusmus ve havza tabanlar ¢okellerle
dolmustur

aen¢ Dryas, Kara Deniz, seniz izotop

Anahtar Sézciikler: Marmara Denizi, palcoosinografi. paleokiyt, g
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The Last Reconnection of the Marmara Sea (Turkey) to the World Ocean:
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During the late glacial, marine isotope Stage 2. the Marmara Sea transformed into a brackish lake as global
sea level fell below the sill in the Dardanelles Strait. When isolated from the global ocean, river discharge
and outflow from the Black Sea were the main sources of water to Marmara “lake”. A history of the basin’s
reconnection to the global occan was preserved in its sediments permitting to develop a high-resolution
record of the lacustrine to marine transition, and to reconstruct palcoceanograhic and paleoclimatic events
at a millennial scale. For this purpose, we mapped the paleoshorelines of Marmara Sea along the northern,
castern, and southern shelves at Cckmece, Prince Islands and Imrali, using data from multibeam
bathymetry, high-resolution subbottom profiling (chirp) and ten sediment cores. Detailed sedimentologic,
biostratigraphic (foraminifers, mollusk, diatoms), X-ray fluorescence geochemical scanning and oxygen
and carbon stable isotope analyses were correlated to a radiocarbon, and calibrated chronology and
interpreted within the context of the acoustic images.

The oldest sediments recovered (>15.5 cal ka BP; >13.5 "'C ka BP) provided evidence for cold and dry
conditions. The Lake sediments were laminated, indicative of cyclic sedimentation and oxic conditions.
Rivers were proximal bringing terrigenous sediment and abundant charcoal suggestive of dry conditions
with possible fires. The Lake paloshoreline was at =95 m or decper. Its waters and sediments were nearly
barren of fauna containing few Dreissena sp. and Theodoxus fluviatilis of brackish and freshwater affinity,
and rare brackish and fresh water diatom flora. From 15.5-15.0 cal ka BP (13.1-13.0 '“C ka BP) there is
evidence for an abundant supply of fresh water {rom the Black Sea (a lake at this time) into Marmara Lake.
Dreissena rostriformis and 7. fluviatilis were abundant and the *’Sr/*Sr compositions of these mollusks
have a Black Sea signature. The Lake paleoshorelines lay at the level of its Dardanelles spillway to the
Aegean Sea at -85 m, but isolated from the world’s oceans.

The Bolling-Allerod brought warm and possibly cvaporative conditions to Marmara Lake as evidenced by
the oxygen isotope record. The =95 m terrace documented in this study marks an erosional surface that can
be traced nearly continuously along the Imrali, Prince Islands and Cekmece margins. This raises the
possibility that the levels of the lake dropped momentarily before the Mediterranean waters spilled into
Marmara, or that wave action in the lake beveled the lake floor to form a terrace 10 m below the lake
surface.

Evidence points to a rapid marine incursion at 12 cal ka BP (10.7 "*C ka BP) and a still stand and sediment
reworking during the Younger Dryas cold interstadial at 11.5-10.5 cal ka BP (10.5-9.7 '*C ka BP). The
development of a strong stratification and influx of nutrients is documented by the benthic and planktonic
foraminiferal assemblages at 9.2 cal ka BP (8.6 '"C ka BP). The timing of these events and environmental
conditions are consistent with the reconnection of the Mediterranecan, Marmara and Black Seas as
documented by previous studies. Stable environmental conditions developed in Marmara Sea after 6.0 cal
ka BP (5.5 '"C ka BP) as sea-level reached close to its present shoreline and the basin floors filled with
sediments achieving their present configuration.

Key Words: Marmara Sea, palcoceanography, palcoshoreline, younger dryas, Black Sea. marine isotope
stage 2
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Marmara Denizi’nde Geg¢ Buzul-FHolosen Diénemi Deniz Seviyesi Degisimleri:
Si1g-sismik ve Karot Calismalarimdan Ipuclar:
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(Dogu Akdeniz Osinografi ve Limnoloji Arastirmalart Merkezi),
34469 Avciar, Istanbul (I-posta: keris@itu.edu. tr)

Marmara Denizi kuzey sclfinde Geg Buznl-Holosen yash ¢okel istifi detayli sig-sismik ve karot
stratigrafisi analizleri ile (espit edilmistir. Sismik profiler, self boyunca devamli Q1 ila Q3 uyumsuzluk
yiizeyleri ile ayrilan ve litostratigarifk L4-L1 birimlerinin karsiligi olan S4-S1 dort sismik stratigrafik
birimin varhigmi ortaya koymaktadir. Marmara Denizinin Istanbul Bogazi girisinde yeralan sismik
profillerde yapilan calismalarda, Holosen yash Birim-1.1 yedi alt stratigrafik birime ayrilabilmistir.
Global deniz seviyesinin iigiincti deniz izotopu (MIS-3) baginda Canakkale esik derinligi (83 m)
altina diismesiyle Marmara Denizi golsel bir ortama doniismiistir. MIS-3 ve MIS-2’nin biiyiik bir
kisminda Marmara Denizi’nin Akdeniz ile su gegisinin kesilmesi ve devam eden regresyon ilerlemcl
cokel geometrisi sunan (Birim S4 and S3) birimlerin self kenarinda kalinlagarak olusumuna yol
acmistir. Marmara goliiniin en diisiik su seviyesi donemi nchirlerin 105 m su derinligine kadar
kazimasi ile temsil olunur ve bu derinlifin iizerindeki sclfde devamli aginma yiizeyi olusmustur. Son
Buzul Maksimum doénemindeki (LGM) Akdeniz ile baglanti kesikliginin aksine, Karadeniz’in
seviyesinin Istanbul Bogaz1 esigi tizerine ¢itkmast ile Marmara Denizi’nde G.0O. 15-13.5 bin yillan
arasinda Karadeniz’den bir akis meydana gelmistir. Bu akis ile Marmara Denizi’nde baslayan tatl su
transgresyonu su seviyesini -85 m’ye yiikseltmigtir,

Marmara Denizi’nin Akdeniz ile G.O. 12 bin yilinda baglantinin saglanmasmm ardindan soguk Geng
Buzul Doénemi (YD) G.O. 11.5 bin yil once Karadeniz’in Marmara akigi ile temsil olunur ve bu
bogazm eski kanali igersinde kanal bank kenar ¢kellerinin olugsmasini saglamistir. Gene Buzul
Doénemi (YD) siiresince deniz seviyesi yiikselimi 76 m ve =71 m’lerde olugan duragan su seviyeleri
ile kesiklige ugramistir. Marmara Denizi istanbul Bogazi girisindeki sismik profilllerde yansima
yiizeyi boyunca algli biyoherm gelisimleri, G.O. 8.8 bin yilinda Marmara Denizi’nde yeniden yiiksek
tuzluluga dontst isaret ctmektedir. Orta Holosen donemi, karadan sediman gelim oranmim ¢okelme
alanindan daha fazla olmasi sonucunda Kurbagah Dere oniinde G.O. 6.2 bin yilinda prodelta gelisimi
ile temsil olunmaktadir.

Anahtar Sézciikler: Marmara Denizi, deniz seviyesi, sismik stratigrafi, ge¢ buzul, Holosen
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Late Glacial to Holocene Sealevel changes in the Sea of Marmara:
Evidence from High-resolution Scismic and Core studies

Kiirsad Kadir FErig & M. Namik Cagatay
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(Dogu Akdeniz Osinografi ve Limnoloji Arastirmalar: Merkezi), Avcilar,
TR-34469 [stanbul, Tiirkive (E-mail: keris@itu.edu.tr)

Late Glacial to Holocene sedimentary record of the northern shelf of the Sea of Marmara (SoM) s
documented by detailed stratigraphic analysis of sub-bottorn (Chirp) profiles and sediment cores. The
reflection profiles reveal the presence of four seismic stratigraphic units S4-S1 that are equivalent to
lithostratigraphic units L4-L1. separated from cach other by shelf-crossing unconformitics of Q1 1o
Q3. The seismic profiles from the SoM entrance to the Strait of istanbul (Sol) allow us to divide the
Holocene sediments of Unit S1 into seven sub-units, therefore, we can estimate high-frequency sea-
level fluctuations. The SoM was converted into freshwater lake in the beginning of the marine isotopc
stage 3 (MIS-3) duc to global scalevel fall below the Dardanelles outlet —83 m). During the MIS-3 and
main part of the MIS-2, disconnection with the Mediterranean Sea and the forced regression in the
SoM gave rise to deposition of progradational units (scismic units S4 and S3) as sediment wedges
thickening towards the shelf edge. The maximum lowstand of the ‘Marmara lake’ is associated with
river incisions below to 105 m water depth, above which a prominent erosional surface formed on the
shelf. In contrast to the LGM disconunection with the Mediterranean Sea. the SoM experienced a
period of Black Sea outflow between 15-13.5 "'C ka BP, when the Black Sea level rised above the sill
depth (=35 m) of the Sol. This gave rise to {reshwater transgression in the lake leading to a rise in the
water level at -85 m by 13 ka BP.

Following the reconnection with the Mediterrancan Sca at 12 ka BP. the Younger Dryas (YD) cold
period in the SoM was associated by a Black Sca outflow at 11.5 ka BP leading to tformation of a levee
within the axis of the palaco-Bosphorus shelf valley. During the YD. the sealevel increase was
interrupted by still stands at =76 m and ~71 m. In the seismic profiles from the SoM entrance to the
Sol, the colonization of algal-serpulid bioherms across the reflector surface signal a return to higher
salinity in the SoM at ~8.8 ka BP. The mid-Holocene time is represented by a formation of a
subaqueous prodelta sourced from the Kurbagalhidere River at 6.2 ka BP, when the amount of the
sediment supply was greater than the accommodation space.

Key Words: Sca of Marmara, sca level. seismic stratieraphy, late glacial, Holocene
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Karadeniz Self Kenarmda Depolanmis Buzul ve
Buzularasi Scdimentlerinin Jeokimyasal Ozellikleri
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Bu ¢alismada Sakarya Nehrinin dokiildigii self kenarindan alman 27 m uzunluktaki bir sediment
piston karot; MDO04-2761 incclenmistir. Karot boyu sedimentlerin  litolojik, jeokimyasal ve
paleontolojik ozelliklerine gore 6 farkli birim ayirt edilmistir. Bu birimler degisen deniz seviyesi,
iklim ve depolanma kosullarini yansitmaktadir. Manyetik siiseptibilite, toplam organik karbon, toplam
karbonat, element/Al oranlari, jeokimyasal bir stratigrafi olusturacak sekilde belirgin dagilim
ozellikleri sergilemektedirler. Bu stratigrafiye gore, yukaridan asagrya, Birim 1, 2a, 2b, 2c¢ ve 3 Son
Buzul (Valdai) devrinde, Birim 4, 5 ve 6 isc onccki Buzul arasi (Mikulina—-Karangat) devirde
depolanmustirlar. Birim 4 Buzul arasi devrin bitimini, Birim 5 ve 6 soguk donemleri yansitmaktadir.

Birim 2 ve 3 vyiiksek terijen-diisiik karbonat girdisinin luzli sedimantasyon kosullart altinda
depolandigini gostermektedir. Birim 4 ise yiiksek karbonat igerigi ile ithk bir iklimi ve kimyasal
asinmmin arttgl kosullar altinda ¢okelmistir. Sismik profillerde goriilen Birim 3 ve 4 arasindaki
crozyonel yiizey algalan deniz seviyesini gdstermekte ve jeokimyasal parametreleri dogrulamaktadir.

Paleontolojik veriler, en belirgin ortam degisiminin Birim 4'iin ¢okeldigi zamanda gerceklestigini ve
Karadeniz'in Hazar Denizi ile baglantili oldugunu, ancak Akdeniz ile baglantinin siipheli oldugunu

g0Ostermektedir.

Anahtar Sozciikler: Karadeniz selfi, jeokimya, buzul, buzularasi, sediment, paleosinografi
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Piston sediment core MD04-2761 with a length of 27 m was collected from the Black Sea shelf off the
Sakarya River. Lithological, geochemical and palacontological analyses indicated 6 different
sedimentary units, reflecting changing sca-level, climate and depositional conditions. Magnetic
susceptibility, C,,, total carbonate, clement/Al ratios and certain proxy element ratios, display.ng
distinct distribution patterns allowed to construct a geochemical stratigraphy. Based on this
stratigraphy, from top to bottom along the core, Unit 1, 2a, 2b, 2¢, and 3 were deposited during the last
glaciations (Wirm-Valdai), whereas the others reflects the last interglacial period (Mikulina-
Karangat). Unit 4 was deposited towards the termination of last interglacial. Units 5 and 6 were
deposited at the cold periods of the same interglacial. The sedimentary layers of Units 2 and 3 were
characteristics of fast sedimentation and high terrigencous, low carbonate input, whercas high
carbonate content of Unit 4 reflects warm climate and chemical weathering. Seismic profile indicating
an crosional surface between Units 3 and 4 is in accordance with the lowering of the sea level.

Palacontological data suggests that the most significant environmental change occurring during the
deposition of Unit 4 and indicates that the Black Sea was connected to Caspian Sca, but not with the

Mediterranean Sea.

Key Words: Black Sea shelf, gecochemistry, glacial, interglacial, sediment, palacoceanography
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Bayrampasa (Lykos) Deresi Havzas: ve Agzmdaki Yenikapi (Theodosius)
Limam Kiy1 Alanindaki (Marmara Denizi) Degisim Siirec¢leri

Levent Erel, Kadir Eris, Sena Akger, Demet Biltekin ve M. Namik Cagatay

Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii
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34469 Avcilar, Istanbul (E-posta: akcer@itu.edu.tr)

istanbul Bogazi ¢evresinde bilinen ve uzun siire arastirilan eski yerlesim birimleri batida Yarimburgaz
Magarasi ile Asya bolumiinde Fikirtepe tarih 6ncesi iskan Gniteleridir, [stanbul Arkeoloji Miizeleri
tarafindan Yenikapr’daki *“Metro kazisi” alaninda sur i¢indeki en eski yerlesme olan Neolitik yastaki
magara siginagi ortaya ¢ikarilmistir. Osmanli Yenikapisi olarak bilinen ayni alanda, yani Bizans
Cagin’daki Vlanga veya Langa’da, Bizans Cagi’nin Istanbul’un Marmara kiyisindaki en biiytik limani
olan Theodosius liman1 da yer almaktadir. Bu liman, sur i¢indeki yegane akarsu olan Bayrampasa
(Lykos) Deresi agzinda kurulmustur. Dere sur disinda Maltepe ytiksek alamindaki kiigtik derelerin, sel
sularmim birlesmesiyle olusur. ‘Sulukule Kapisi’ndan sur i¢ine girer, kiigtik kollar ayrilir. Once
dogu-bati yoniinde akar, sonra dirsekle giineye yonelerek Yenikapi’dan Marmara Denizi’ne bosalir.
Derenin ana vadi uzunlugu sadece 3,5 km’dir. Oysa akaglama havzasi sur i¢i yani eski yerlesim
¢ekirdeginin 1/3’nii kapsar. Vadi, ‘eski’ Istanbul’un baslica meydanlarinin ve sosyal yapilarinin
yakinindan geger. Vadi dogal olaylarla, insanlarin miidahalesi ile giderek degismis, nihayet 1960’h
yillarda Istanbul’da goglerle ortaya gikan yogun kentlesme ile tamamen silinmistir. Vadinin agzindaki
Theodosius liman alani Neolitik Cagda bir bataklik ortami iken, deniz seviyesinin yiikelmesi ile
birlikte giiniimiizden 6.000-5000 yil &nce su altinda kalmis ve arkeolojik bulgulara gore M.S.
300—400 yillarindan itibaren bir liman olarak kullanilmaya baglanmistir. Liman dere ve deniz
tarafindan getirilen dogal ¢okeller ve yerlesimin artmasi ile kuzey yerlesim alanindan gelen
antropojenik atiklarla M.S. 1200 yillarinda tiimiiyle dolmustur.

Anahtar Sozciikler: Bayrampasa (Lykos) deresi, Yenikapi (Theodosius) limani, Marmara Denizi,
[stanbul Marmaray kazisi
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Course of Changes in the Drainage Basin of Bayrampasa (Lykos) Stream
and the Yenikapi (Theodosius) Port’s Coastal Area at its Qutlet
(Sea of Marmara)
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Well-known pre-historical settlements around the Istanbul Strait (Bosphorus) area include the
Yarimburgaz Cave in the west and the Fikirtepe on the Asian side of Istanbul. In the Yenikapi Metro
excavation area a new Neolithic cave settlement has been recently discovered by the Istanbul
Archeological Museums. In the same excavated area, which is known as the Yenikapi since the
Ottoman period (Vlanga or Langa of the Byzantium period), the largest port of the Byzantium period
‘Theodosius™ is also located. This port is placed at the mouth of the Bayrampasa (Lykos) Stream,
which is the only channel draining the old ‘fortified Istanbul’ (Constantinople) area. The stream
originates in the high Maltepe Hills area, being fed by the waters of small tributaries. It enters into the
‘fortified Istanbul’ area through the ‘Sulukule Gate’, flows in an east west direction, and then makes a
sharp turn to the south, emptying into the Sea of Marmara at Yenikapt. The width of the main
Bayrampasa valley is 3.5 km, with its drainage area constituting about 1/3 of the “fortified Istanbul”
area that forms the main old settlement. The Valley passes near the main squares and social structures
of the ‘old’ Istanbul. Its morphology has been continuously changed by natural and antropogenic
developments, being terminally erased from the land surface by 1960s, as result of a rapid increase in
population and urbanization in [stanbul. The Theodosius port area at the mouth of the Bayrampasa
Stream was a coastal marsh during the Neolithic period. It was inundated by sea around 6,000-5,000 a
BP with the increase in the global sea level, and used as a Port starting around 300-400 A.D..
according to the archeological records. The port was completely filled in by about 1.200 A.D., with
sediments sourced from the Bayrampasa Stream and the sea, as well as with anthropogenic wastes
from the settlement to the north.

Key Words: Bayrampasa (Lykos) stream, Yenikap:t (Theodosius) port, Marmara Sea, [stanbul
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istanbul Arkeoloji Miizeleri tarafindan Yenikapi'da yariitilen Antik Theodosius Liman kazisinda
ortaya gikan ¢okel istifi yaklasik olarak 8000 yil iginde ¢okelmis olup, bu donemde Marmara Denizi
ve Istanbul Metropoli'nde meydana gelmis ortam degisimlerini ve kiiltiirel tarihgenin kayitlarini
icermektedir. Kaz1 alaninda moloz dolgunun altinda sirastyla akarsu (fliivyal) ve denizel olmak iizere
bashca iki tip ¢okel istifi bulunmaktadir. Moloz dolgu Bizans doneminden kalmtilar, Osmanli donemi
bostan topragi ve ¢ok yakm gegmisin kahntilarim icermektedir. Moloz dolgunun altinda yer alan
flivyal birim yaklasik 1 m kahnhkta olup, 1950 lcrin bagma kadar bugiinkii Vatan Caddesi boyunca
akan Lycos Deresi’nin (Bayrampasa Deresi) getirdigi malzemelerin ¢okelmesi ile olusmustur. Flivyal
birim altindaki acik sari homojen kumlar ile baglayan denizel birimin tizerinde hafif agih olarak yer
alir. Denizel birim yaklasik 4.5 m kalinlikta olup, Mivosen yash birimlerden ve ¢ok yerel muhtemelen
Erken-Holosen yash bataklik ¢okellerinden olusan taban {izerine ¢okelmistir. Denizel  birimin
tabaninda bityiik ¢akil ve bloklar tizerine ¢okelmis kavki kirtklan, kaba kum, kiigiik gakillar ve yerel
yayithmh kavkr banki bulunmaktadir. Istifin ozellikleri bir plaj ile baslayan kiyr ve si1f bir deniz
ortamini temsil etmektedirler.

[stifin tabaninda yer alan bloklu sevivedeki arkeolojik buluntular G.0. 8000-/6000 yillarinda bolgede
varh@r bilinen Neolitik donem Fikirtepe kitltiirime aittir. Bu donem yerlesmesinin izlerinin bulundugu
kot, giiniimiizdeki deniz seviyesinden yaklasik 6 m daha diigiiktiir. Kiyr ve s13 denizel bir fasiyesi
temsil eden birimler bélgenin liman olarak kullamldigr MS 47, yiizyillara kadar ¢okelmeye devam
ctmistir. Liman 6. yizyilda ani ve giigli bir kisa stireli olaydan ctkilenmis (tsunami veya firtina
dalgasn) ve giderck siglasnustir. 11, yiizyildan sonra ise Lycos Deresi'nin tasidigr aliivyonlar ile
tamamen dolmaya baslamis ve kiyi ¢izgisi tekrar deniz yoniinde ilerlemistir,

Anahtar Sézciikler: Marmara Denivi, deniz seviyesi, Yenikapi, jeoarkeoloji, kiyr ¢okelleri
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The sedimentary sequence deposited approximately during the last 8000 y BP was discovered in the
Yenikapr excavation studies conducted by the istanbul Archaeology Muscum. It contains the records
of environmental changes occurred in Marmara Sea and Istanbul Metropolis as well as cultural history
of the region. There are mainly two types of sedimentary sequences below the artificial fillings in the
excavation site; fluvial and marine. Artificial fillings include debris from Byzantium period to recent
and also organic soil of Ottoman period. A {luvial sedimentary sequence below the artificial fillings
has a thickness of about 1 m and deposited from the detritus of the I.ykos Strecam (Bayrampasa
Stream), flowing across the Vatan Street until the carly 1950°s. This fluvial sequence 1nclines to light
colored sands of marine sequence. Marine sequence has a thickness of about 4.5 m. and is underlam
by Miocene aged formations and possibly carly Holocene local marsh deposits. At the base of marine
sequence, a shell hash layer with a local shell bank is found above the houlders and cobbles. Marine
sequence represents the characteristics of coastal to shallow water environment.

The cobbles at the base of the sequence include archacological remnants belonging to Neolithic
Fikirtepe culture that settled in the arca at 8000-6000 y BP and are located at 6 m below the present
sea level. The sediments representing shallow water and coastal environments indicate that the arca
was used as a harbour A.D. 4 to 7" century. The harbour might have witnessed to a short but probably
catastrophic event at about 600 A.D. (such as tsunami or storm) and shoaled afterwards. The coast line
progressed to scaward after 11" century, as a conscquence of filling the harbour by the sediments
derived from Lykos Stream.

Key Words: Marmara Sca, sea level, Yenikapi, gcoarchaeology, coastal sediments
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Akdeniz Sahillerindeki Yalitaslarimin Holosen Deniz Diizeyi
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Tiirkiye’nin Akdeniz kiyisindaki Finike ile Suriye simin arasinda uzanan kiyi seridi, kum ve ¢akil boyutlu
pekismemis sedimanlarm gelgit arasi bolgede bulunan karbonat ¢imento sayesinde ¢ok hizlr bir sekilde
taslasmas1 sonucu olusan ve kahmligi m’yi, yaytlin ise km’ler bulabilen yalitaslarinin (heachrock)
gozlendigi bir bolgedir. Bu ¢aligma kapsaminda ¢esith derinliklerde bulunan yalitaglarindan MO yas
tayinleri elde.edilmis ve gozlenen diger jeomorfik, jeolojik ve arkeolojik veriler aracthgi ile Akdeniz
kiyismin son 5000 senelik deniz seviyesi degisimleri zaman ve mekan boyutunda ortaya konulmustur.

Calisma alan ayni yas gurubuna ait benzer seviyedeki yalitaglarinin ve dalga asindirma diizliklerinin
gruplanmasi temeline dayanan ve birbirinden en azindan son birka¢ bin yildir tektonik olarak farklhihiklar
gosteren 5 bolgeye (I-V) aynlnustir: (I) En batuda bulunan Finike Korfezi'ndeki yalitasi seviyesi ilc
Andriake ve Batiksehir harabelerinin bulundugu boliim Roma dénemi sonrasi meydana gelen depremler
sonucu bugiin ~1.5 m ile =4 m kadar deniz altinda bulunmaktadir. (11) Finike-Antalya-Cimtur arasinda —0.8
m ile =2.2 m deniz altinda bulunan ve 3 ayri nesile ait yalitagi seviyelerinden en distte olant M.S. 4-T yy
arasinda bugiinkit konumuna ulagmustir. (111) Incekum ile Adana’min giineyindeki Karatag-Osmaniye Fay
Zonu arasinda kalan 111 Bolge ise yahtaglarmm genelde bugiinki deniz seviyesi ve biraz tstlinde
bulundugu bir alan olarak diger bolgelerden ayrilir. Ayrica dalga asmdirma diizliiklerinin Incekum’da M.S.
2. yy ile gimiimiizden 1815-1545 yil kadar 6nce +0.5 m ile +1.2 m arasinda yiikseldikleri bilinmektedir.
(IV) iskenderun Korfezi’nin giincy ve kuzeyi ile simirli bu bolgede iki degisik nesile ait yahtaglart (+0.3 m
ile ~0.8 m arast ve —0.7 m ile —1.7 m aras1) bulunmaktadir. Bunlardan iistte bulunanlart M.S. 4-7 yy
arasindaki bir deniz seviyesi sabitlenmesine tanikhk etmektedir. (V) Suriye smnirina kadar olan sahil
seridinde yalitaslari gozlenmemekte ancak 2 ayrn deniz seviyesine ait dalga oyuklart giincel deniz
seviyesinin +2.8 m ve +0.8 m kadar tizerinde bulunmaktadirlar. Bunlardan en iistte olant giintimiizden 2500
+ 100 y1l, daha agagida olani ise M.S. 50 yy“da bugiinki konunlarina yiikselmislerdir. Mekansal anlamda
5 Bolge’ye ayrilan ¢aligma alanma zaman boyutunda bakildiginda ise toplam 4 degisik deniz seviyesi
sabitlenmesi goriilmektedir: (1) En eski deniz seviyesi (?Orta Holosen) -3 m’de (+0.5 m) bulunan
yalitaglan ile temsil edilir. (2) M.O. 5-7 vy arasinda olugan yalitaglar1 da bugiin denizin -2 m (£0.5 m)
kadar altinda bulunmaktadirlar. V. Bolge’de 42 m ile +3 m kadar deniz yiizeyinin iistiinde bulunan dalga
oygu izleri de yine bu zaman araligina aittirler. (3) Uciincti deniz seviyesi sabitlenmesi ve bunun sonucu
olarak bugiin I1I. Bolge'deki Kemer’de oldugu gibi 0.4 m (0.5 m) derinlikte bulunan yalitaglarmin
olusumu M.S. 4-6. yy’lar arasinda gereeklesmigtir. 1V, Bolge’deki Gozeiler’de ayni seviyede bulunan
yalitaglan yine ayni zaman arahiinma aittir. Bugtin deniz altinda kalmms kimi Roma donemi sonrasi
yapilari (1. Bolge) ile 1L Bolge’de +0.5 ile +1.2 m ve V. Bolge’de +0.8 m deniz Gstinde bulunan dalga
agindirma diizliiklerinin de M.S. 4-6 yy’lar arasimda bugiinki konumlarma geldikleri bilinmektedir. (4)
Gozlemlerimiz Tirkiye'nin Akdeniz kiyaridaki deniz seviyesinin bugiinki konumuna en geg Selguklu
(M.S. 12 yy) ve hatta olasihikla Lrken Bizans doneminden sonra (M.S. 4-7 yy) ulagtigim gostermektedir.
Calisma alaninda son 5000 senede deniz seviyesinde meydana gelen degisimlerin nedenleri iklimsel
ve/veya glasyo-ostatik olmayip olasilikla tektonik kaynakhdir.

Anahtar Sézciikler: yalitagi, 14C yas tayini. deniz seviyesi degisimi, tektonik, Holosen. Akdeniz
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Beachrocks are early carbonate cemented scashore sedimentary bodies that can be up to 1 m thick and
several km long. Because the lithification occurs at the intertidal zone and that their formation requires
vertical stabilization of the shoreline they can be used in Holocene sea level change and neotectonic
studies. Up to 3 different generations of beachrocks at different depths between Finike and Syrian
border are 14C dated and a mid-Holocene to recent sea level change history is tentatively proposed.

According to their positions beachrocks and raised shorelines characterized by surf benches and
notches of similar ages are geographically subdivided into five areas: (I) The westernmost beachrock
in Finike Bay and Roman ruins of Andriake and Batikschir are found submerged below —1.5 m to —4
m after post-Roman carthquakes. (I1) 3 different layers of beachrocks are found between Finike-
Antalya and Cimtur. The uppermost beachrock indicates sea level stabilization at c. AD 400-700. (11I)
The third area stretches from Incekum to Karatag-Osmaniye Fault Zone. It is the only arca where the
central axes of the reconstructed intertidal zones are emerged. Besides in Incekum surf benches
between +0.5 m and +1.2 m have been already dated as ¢. AD 200 and 1815 BP — 1545 BP. (IV) The
southern and northern part of iskenderun Bay limits this arca. Two generations of beachrocks.
corresponding to two fossil intertidal zones are distinguished: the first one between +0.3 m and -0.8 m
(c. AD 400-700) and the second one between 0.7 m and —1.7 m. (V) Although no beachrocks arc
present along the Levant coast of Turkey down to the Syrian border, two emerged shorelines with
erosional notches are previsouly dated as 2500 £ 100 BP (+2.8 m) and c. AD 500-600 (-+0.8 m). As
many as 4 relative sea level positions are recognized in the study area: (1) The earliest sea level (?mid-
Holocene) is represented by beachrocks at =3 m (:£0.5 m). (2) The second stabilization of the sea level
occurred ¢. AD 500-700 and is represented by beachrocks at =2 m (0.5 m). The raised shoreline
represented by an erosional notch at +2 m and +3 m near Samandag (Area V) also belongs to this
period. (3) The third stabilization of sea level and the formation of beachrocks at -0.4 m (+0.5 m) as in
Kemer (Area II) dates back to ¢. AD 400-600. The beachrocks developed at similar elevations in
Gozciiler (Area I'V) are also contemporancous. Several Roman ruins (Area I) and surf benches at +0.5
and +1.2 m (Area II) and at +0.8 m (Arca V) are all known to be raised to their actual positions
between c. AD 400-600. (4) The sca level reached its present position latest after Selcukid era (c. AD
1200) and probably after the Early Byzantine period (¢. AD 400-700). Since then a significant sca
level change is not observed. Our data indicate that the major causes of sea level changes observed
along the Turkish Mediterranean coast during the last 5000 years can be attributed to local tectonics
rather than to climate and/or glacio-eustacy.

Key Words: beachrock, 14C dating, sca level changes, tectonics, Holocene, Mediterrancan
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Bozcaada’da Yeni Bir Pleistosen Bulgusu: Bozcaada Eoliniti
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Biga Yanmadasi’min 4 km batisinda yer alan Bozcaada’nm gliney kiyisinda, Zunguma Bumu'nu
olusturan eolinit (taglasmig kumul), Bozcaada jeolojisi ve jeomorfolojist acisindan yeni bir Pleistosen
bulgusu olarak bu yazida sunulmaktadir. Onceki ¢calismalarda Miosen formasyonlar i¢inde gosterilen
eolinit 32120 m” lik alanda yiizeyler ve Miyosen kumtast ve kirectaslarmi érterek denize dogru 220
metrelik bir burun olusturur. Ince kesit analizlerine gore kayag litik arenittir ve egemen minerallerini
kuvars, plajioklaz, ortoklaz ve daha az oranlarda mikroklin, epidot, klorit ve lokoksen olusturur.
Kayacin %401 mineral kirmtilanndan, geri kalan kism ise sist, gnays ve kirectast parcalarindan
olugur ve tiim tane ve kayag kinmtilar sparitik kalsit ve meniskiis ¢imento ile birbirine baglanmistir.
Kuzeydogu ve giineybatiya egimli iki ¢apraz tabaka serisinden olusan eolinitin yast 151k uyarimh
luminesan (Optically Stimulated Luminescence-OSL) verilerine gore 24.21£1.53 bin yil ile
16.18+£1.70 bin yil arasinda degismektedir. Yas verilerine gore tizerinde ¢ahsilan eolinit algak deniz
seviyesi kosullarimda olusan colinitlere tipik bir 6rnek olusturmaktadir. En geng katmandaki yogun
rizolit kalintilarr, kumul kumlarmin ¢imentolanmasi esnasinda bitki kdklerinin bosluklarina kurak
kosullar altinda kalsit birikimini isarct etmcktedir. Eolinitin birikim ortamu ve istif dzelliklert ile
icerdigi rizolitler Bozcada’nin gee Pleistosen paleoiklim  kosullarinin yorumlanmasmda  dneme
sahiptir.

Anahtar Sozciikler: eolinit, rizolit, 1stk uyarimli luminesan, Pleistosen, Zunguma burnu, Bozcaada
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In this study, we present data on the Bozcaada colianite (cemented coastal dune rock) that constitutes
an important new finding for the Pleistocene geology and gcomorphology of the island and that forms
the Cape Zunguma on the south coast of the Bozcaada Island, located 4 km west of the Biga
Peninsula. The eolianite, which was previously included within Miocene formations, crops out in an
area of 32120 m2, protrudes 220 m seaward, and overlics Miocene sandstone and limestone. Thin
section analysis shows that the rock is a lithic arenite in composition with 60% rock fragments and
40% mineral grains. cemented by sparitic and meniscus carbonate cements. The rock fragments
include schist, gneiss and limestone. The mineral grains are composed of a high percentage of quartz.
plagioclase, orthoclase, and a low amount of microcline, epidote, chloride and leucoxene. Optically
Stimulated Luminescence (OSL) dating on the colianite samples from cross-beds dipping northeast
and southwest yield ages ranging between 24.21:4:1.53 ka and 16.18+1.70 ka before present. Based on
the obtained data, the studied rock constitutes a typical example to eolianites that formed during low
sea-level periods. The abundant remnants of rhizoliths observed within the youngest eolianite beds
reveal that the precipitation of calcite within the void spaces of roots during the cementation of the
coastal dunes took place under arid conditions. The depositional environment and sequence
characteristics of the eolianite and its abundant content of rhizolith are significant for the interpretation
of late Pleistocene palacoclimatic conditions in the Bozcaada Island.

Key Words: ecolianite, rhizolith. optically stimulated luminescence, Pleistocene, cape Zunguma,
Bozcaada island
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Ankara Universitesi, Bilimsel Arasturma Projeleri Birimi (20070745007 HPD nolu proje) ve
TUBITAK tarafindan (108Y333 nolu proje) desteklenen bu ¢alismanin esas amact, Kefken-Eregli
arasmdaki plajli kiyilarda sediment birikim ve tagimim siiregleri ile bunlan etkileyen faktorleri,
plajlarda olasi agir mineral plaserleri ve kiyiardi maden-mineral yataklarini tesbit etmektir. Bu
cercevede 2007 ve 2008 yillarinda Kefken-Akcakoca arasindaki kiyr plajlarinda ¢ok sayida yiizeysel
sediment ornekleri toplanmus ve jeomorfolojik arazi gézlemleri yapilmistir. Sediment érnekleri giincel
kiy1 ¢cizgisi-onplaj ve arka plaj ortamlarmi temsil ctmekiedir. Alinan sediment érnekleri tizerinde tane
boyu, agir mineral, multiclement ve mineral tayin analizleri yapilmaktadir. Bu ¢alisma sunumunda 23
sediment drneklerinin tane boyu ve multiclement dagilimlarina ait bazi sonuglar tartisilmaktadir. Tane
boyu analizleri bilinen standart petrografik yontemlere gore yapilmis olup, jeokimyasal analizler XRF
kullanilarak ger¢eklesmistir.

Orta kum tane boyu sedimentlerde tesbit edilen en baskin malzeme tiriidiir (% 25-86) ve bunu
takiben kaba kum (gogunlukla % 10-53) gelmektedir. Ince kum % 1-24 arasinda bulunurken, ¢ok
ince kum oranlart % 1-15 civarindadir. Cok kaba kum sadece birkag 6rnekte ve % 18-70
oranlarindadir. Tane boyu yiizdelerindeki farkliliklar ¢ogunlukla bolgesel morfolojik ve hidrodinamik
degiskenlere bagli olup, diger faktérlerin de ctkisini gostermektedir. Yerkabugu ortalamasi ile
karsilastirildiginda, bu calismaya ait Sakarya plaj sedimentlerinin Si, Co, Sn, Ba ve HI miktarlan
genelde benzer seviyededir. K (%1,0-1,8), Mg (%0,9-1,7), Fe (%1,6-3,2), Ti (%0,17-0,43), P
(%60,03-0,05), Al (%3,8-5,5), Ni (2385 ppm), Th (2,9-5,4 ppm), V (34131 ppm), Zr (87—177 ppm)
ve Mn (443—-833 ppm) miktarlart nisbeten az iken, Cr (46—747 ppm), U (6,4-17,9 ppm) ve W (53143
ppm) miktarlari biraz yiikscktir. Akcakoca’ya yakin tek bir 6rnekte, bir¢ok element miktart oldukc¢a
ylksektir. Bazi elementlerin miktarlart kiyr boyunca azalmakta veya artmakta, bazilarinin oranlari pek
onemli degismemekte ve bazilarimin miktarlan ise 6nemli salinimlar gostermektedir. Sediment tane
boyu, agir mineral ve ¢okluelement analizleri arkaplaj orneklerinde de devam etmekte olup, sonuglar
¢cok boyutlu tartisilmaktadir.

Anahtar Soézciikler: GB Karadeniz, Sakarya Deltast, plaj, sediment, tane boyu, ¢oklu element
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Sedimentological and Geochemical Characteristics of Marine Beaches
from the Sakarya Delta (SW Black Sea)

Mustafa Frgin, Zchra Karakas, Koray Sozeri & AGDEJAM Ogrenci Grubu

Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Mithendisligi Béliimii, I Blok,

The main purpose of this study is to investigate the sediment transportation and erosional processes
along the coastal beaches between Kefken and Fregli and the influencing factors as well as to
determine possible heavy mineral placers and related coastal hinterland mineral-ore deposits. This
study was financially supported by the Scientific Rescarch Projects Foundation of Ankara University
(Project 20070745007 HPD) and by the Turkish Scientific and Technical Research Council-
TUBITAK (Project 108Y333). In this context, in the years 2007 and 2008 large number of surficial
sediment samples were collected on coastal beaches between Kefken and Akgakoca and
geomorphological field observations were carried out. Sediment samples represented modern
shoreline-foreshore and backshore environments. Sediment samples collected were subjected to grain
size, heavy mineral and multielement analysis and mineral determinations. In this presentation, some
results of grain size and multiclement distribution obtained from 23 foreshore sediment samples will
be discussed. Grain size analysis were performed by using known petrographic methods and
geochemical analysis were carried out on a XREF equipment.

Medium sand is the dominant grain size determined in sediments (2586 %) followed by coarse sand
(mostly between 10-53 %). Fine sand is abundant at 1-24 %, and very fine sand is contained 1-15 %.
Very coarse sand is found only in a few samples ranging from 18 to 70 %. Variations in grain size
percentages can be releted to mostly changing regional conditions in hydrodynamics and morphology
but other factors can also be considered. Compared to average composition of Earth’s rocks, Sakarya
beach sediments of this study contained generally similar amounts of Si, Co, Sn, Ba and Hf
Concentrations of K (1.0-1.8%), Mg (0.9-1.7%), ¢ (1.6-3.2%), Ti (0.17-0.43%). P (0.03-0.05%),
Al (3.8-5.5%). Ni (23-85 ppm), Th (2.9-5.4 ppm), V (34—131 ppm), Zr (87—177 ppm) and Mn
(443-833 ppm) are relatively lower while Cr (46747 ppm), U (6.4-17.9 ppm) and W (53—143 ppm)
contents were higher than those of the average rocks. Ixceptionally, in a sample close to Akgakoca,
concentrations of some clements were relatively higher. Concentrations of some clements either with
increasing or decreasing tendencies along the coast and some others with often fluctuations while
some others remain nearly homogenous. Sediment grain size, heavy mineral and multielemnt analysis
are going on also on backshore samples and results obtained will be discussed by considering all the
parameters.

Key Words: SW Black Seca, Sakarya Delta, beach, sediment, grain size, ¢oklu clement
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Dogu Akdeniz’de Sedimentasyon ve Depremler:
Ozellikleri ve Ciokelme Siiregleri

Adina Hakimian'. Cecilia M.Gi. Mcllugh' ve Leonardo Seeber”

"Oueens College, Citv Universitv of New York, 65--30 Kissena Blvd, NY 11367, USA
(E-posta: mrshalkimian(@yahoo.com)
? Lamont-Doherty Earth Observatory of Columbia University, Seismology Geology and
Tectonophysics, 227 Seismology. 61 Route 9W - PO Box 1000, Palisades,
NY 10964-8000, USA

Devam eden bu calismanin kapsamli amaci herhangi bir ortamda deprem sonucu meydana gelen
sedimantasyon olaylarmm ortak ozelliklerini belirlemektir. Boylece, Marmara Denizi’nde yapilan
calismalarla karstlastirmak igin Kalabriya dig yayonii sirttan ahman sedimentleri tizerinde ¢ahsmalar
yaptik. Kalabriya sirti Afrika Avrupa levha sinrmin bir par¢ast olan Kalabriya yayi ile iligkili akuf
yigisim prizmasinin dis kismidir. Hernckadar prizmanm altindaki dalma-batma kiriklariyla iliskili
olmasa da Kalabriya ¢ok biiyiik ve tahrip edici depremleri yasamistir. Kalabriya sirti diiz sirtlarla
ayrilmus, yiizlerce metre derinliginde ve birkag kilometre genisliginde olan gukurluklarla karakterize
edilen engebeli bir topografyaya sahiptir. Cahisilan karotlarda 3500 metreden 3660 metreye kadar
degisen derinliklerdeki iki ¢ukurluk ve her iki sirt drneklenmistir. Cita v.d. (1996), daha 6nce kalin
homojenit ¢okellerini giinimiizden 3500 yil ¢nce meydana gelen Santorini volkan patlamasiyla
iliskilendirmistir. Kastens (1981) Kalabriyan sirtinin diiz olan sirtlarinda ve ¢ukurluklarin kargisindaki
es zamanlt olusan tiirbiditleri tanimlanug ve bunlart depremle iligkilendirmistir. Bu cahsmada
depremle olusan ¢okelleri ve homojenitin dzelliklerini belirlemek i¢in yeniden inceledik. Ug adet
piston karotu 1 cm arabiklarla érnekledik. Kurutulmug orneklerde X-isginlarn fluoresans ve ince
fraksiyonda (< 63 pm) tane boyu analizleri yapildi.

Elde ettigimiz ilk sonuglar, Kalabriya sirtimin sedimantasyonunda Marmara Denizi’nde oldugu gibi
homojenitlerin egemen oldugunu  gostermektedir. Kasten ve Cita’nin (1981) homojenit olarak
tammlacig tiirbiditleri yeniden smiflandirdik ve Cita ve dig.nin (1996) daha once tanimladign 10
metre kalinligindaki homojeniti belirledik. Bu ¢okeller tabanda keskin dokanak tizerine gelen mm’den
em’ye kadar degisen kalmhktaki kum ve silt laminasyonlarm igermektedir. Tam laminalar normal
derecelenmis ve yukart dogru tane boyunda incehme diginda homojen ¢okellerdir. Tane boyu analizleri
hem tiim istifte, hem de her bir lamina icinde, iki diizeyde normal derecelenmeyi gostermektedir.
Element analizleri ve tane boyu ozellikleri ile belirlenen ¢okel kalmhiklart 20 em’den 70 cm’ye kadar
degismektedir. Bu ¢alisma hala siirmektedir. Ancak ilk edilen sonuglar Kalabriya sirti ile Marmara
Deniz’i arasinda ¢okelme sckilleri konusunda kayda deger benzerlikler oldugunu géstermektedir.
Tektonik konumlarinm birbirinden oldukc¢a farkli olmasina karsin, tetikleyen mekanizmalar ve
¢okelme siireglerinin baglantli oldugu gozitkmcktedir. Homojenitlerin ¢okelimi konusunda birgok
model distintilmektedir.

Anahtar Sozciikler: denizaltt deprem  jeolojisi, Dogu Akdeniz, Kalabriya Sirtr, homojenitler,
sedimantasyon siirc¢leri
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Sedimentation and Farthquakes in the Eastern Mediterranean Sea:
Characteristics and Depositional Processes

Adina Hakimian', Cecilia M.G. McHugh' & Leonardo Secber?

"Queens College, City University of New York, 65-30 Kissena Blvd, NY 11367, USA
(E-mail: mrshakimian@yahoo.com)
7 Lamont-Dohertv Earth Observatory of Columbia University, Seismology Geology and
Tectonophysics, 227 Seismology. 61 Route 9W - PO Box 1000, Palisades,
NY 10964-8000, USA

The overarching goal of this ongoing study is to identify common features of earthquake triggered
sedimentation events in any setting. Thus we studied sediments recovered from the Calabrian outer
forearc ridge for comparison with thosc studied in the continental transform basins along the North
Anatolia Fault in the Marmara Sca. The Calabrian Ridge is the outer portion of the active accretionary
wedge associated with the Calabrian arc, a scgment of the African Europe plate boundary. Calabria
has experienced many large and destructive carthquakes, although none have been unequivocally
associated with subduction ruptures below the wedge. The Calabrian Ridge has a rugged ‘cobblestone’
topography characterized by troughs that arc one to several kilometers wide and tens to hundred
meters deep and are separated by flat-topped ridges. The studied cores sampled both the ridges and
two troughs at water depths ranging from 3500 m to 3660 m. Cita es al. (1996), had previously studied
these cores and identified a thick ‘homogenite’ deposit linked to the catastrophic Santorini volcanic
event of 3,500 years BP. Kastens (1984) studied the same cores and identified synchronous turbidites
across the troughs and flat ridges of the Calabrian Ridge and linked them to carthquakes. We re-
examined a subset of the cores from the Calabrian Ridge to identify the characteristics of the
‘homogenite’ and earthquake triggered deposits. Three piston cores were sampled at 1 cm intervals, X-
ray fluorescence analyses were conducted on the dried portion of the sediments, and grain size
analyses of the fine fractions (< 63 um).

Our initial results show that the sedimentation of the Calabria Ridge as in the Marmara Sea is
dominated by ‘homogenites’. We identitied the 10-m-thick ‘homogenite” of Cita er al. (1996) and
have reclassified Kastens and Cita’s (1981) turbidites as ‘homogenites’. These deposits begin with a
sharp basal contact followed by numerous mm- to cm-scale sand and silt laminations. All laminae are
normally graded and are contained within a fining upward and otherwise homogeneous deposit. Grain
size analyses confirm two levels of normal grading, within individual laminae and of the whole
sequence. The thickness of these deposits, determined from the elemental analyses and grain size
characteristics, ranges from 20 to 70 cm. This work is still in progress but the initial results show
remarkable similarities in depositional styles between the Marmara Sea and Calabrian Ridge deposits.
The tectonic settings are quite different bul the triggering mechanisms and depositional processes
seem related. Several models are being considered for the deposition of the ‘homogenites’.

Key Words: submarine carthquake geology, Eastern Mediterranean, Calabrian Ridge, homogenites,
sedimentation processes
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Marmara Denizi’nde Geg¢ Kuvaterner Sismik-Tiirbiditlerin Tayini:
Yiiksek Coziiniiriii Karot ve Sismik Calismalarindan Ipuglar:

Kirsad Kadir Eris', Christian Beck” ve M. Namik Ca{{atay'

" [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii
(Dogu Akdeniz Osinografi ve Limnoloji Arastirmalart Merkezi),
34469 Avcdar, Istanbul (E-posta: keris@itu.edu.tr)
? Savoie Universitesi LGCA, BP 234, 73374 Le Bourget du Lac, Chambery, cedex Fransa

Marmara Denizi sismik olarak aktif bir havza olup, Kuzey Anadolu Fay sistemindcki K~G gerilmeye
bagl olarak dogudan batiya dizilmis derin dogrultu atimh havzalardan olusmaktadir. En doguda
yeralan Cmarctk Cukurlugu'ndan 2001 yilinda Marione Dufresne gemisi ile alman 31 m
uzunlugundaki MDO01-2425 piston karotunda ayrnntih sedimentolojik ¢alismalar yapilmistir. Bu
calismanin amaci ¢oklu parametre yontemleri kullanilarak Marmara Denizi'nde ¢okelmis sismik-
tiirbidit seviyelerin varhgini ortaya koymak ve bunlarmn iklimsel tirbiditler ile farkltliklarini tespit
edebilmektir.

MDO01-2425 karotunda yapilan litostratigratik c¢aligmalar ve tane boyu analizleri sayesinde karot
boyunca kalinliklari 10-85 c¢m arasinda degisen bir gok tirbidit seviyesi tespit edilmistir. Karot
¢okellerinde yapilan ayrmtili sedimentoljik ¢alismalarda, sismik-tiirbiditlerin aginmalh keskin bir taban
iizerinde kumlu ve siltli iri taneli alt boliim ile baslayip iiste dogru yine keskin bir sinirla *homogenite’
olarak adlandirilan homojen kile gegtigi gozlenmistir. Bu homojen kil seviyesi sismik profillerde
seffaf yansima ozelligi  sunarken, havza igerisinde yanal yonde devamhilign kilometrelerce
izlenebilmektedir. Bu ¢alismada hassas sismik ve karot eslesdirilmesi sonucunda Marmara Denizi’nde
¢okelen sismik-tiirbidit seviyelerinden bazilarinin lokal sismik harcketlerden ziyade bolgesel olgekte
depremleri yansittii ortaya ¢ikarilnugtir. MD01-2425 karotunda C" tarihlendirme analizleri ve karot-
sismik eslestirilmesi sayesinde Marmara Deniz’inde bélgesel dlgekte depremler sonucunda ¢okelmis
bes farkli sismik-tiirbidit seviyesi tespit cdilmigtir. Bunlardan en genci Marmara Denizi’nde Geng
Buzul Donemi (YD) sonunda (G.O. ~10.5 bin yih) ¢okelirken, karotda daha alt seviyelerde yeralan iki
tiirbidit istifi Holosen baslarmda (G.O. ~12 bin yilinda) olugsmustur. Holosen oncesinde olugmus diger
iki sismik-tiirbidit biriminin yaslari isc G.O. 12.8 ve 13.2 bin yillarimt vermektedir.

Anahtar Soézciikler: Marmara Denizi, Kuvaterner, sismik-tiirbidit, sedimantoloji, sismik stratigrafi
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Characterization Late Quaternary Seismo-Turbidites in the Sea of Marmara;
Evidence from High-resolution Core and Seismic studies

Kiirsad Kadir Eris', Christian Beck” & M. Namik Cagatay'

"Istanbul Teknik Universitesi, Maden Faliiltesi, Jeoloji Miihendisligi Boliimii
(Dogu Akdeniz Osinografi ve Limnoloji Arasturmalart Merkezi),
Avcilar, TR--34469 Istanbul, Tirkive (E-mail: keris@itu.edu.tr)
* Savoie Universitesi LGCA, BP 234, 73374 Le Bourget du Lac, Chambery, cedex Fransa

The Sea of Marmara is a scismically active basin and has a several strike-slip basins aligned from east
to west that were created by N-S strain of the North Anatolian Fault. Detailed sedimentological study
has been performed on 31-m-long piston core MD01-2425 recovered during the R/V Marione
Dufresne cruise in 2001 from the Crarcik Basin. In this study, our aim is to find out the presence of
seismo-turbidites in the Sea of Marmara by mulli-proxy and try to differentiate them from the climatic
turbidites.

On the basis of detailed lithostratigraphic study and grain size analysis, several seismic-turbidite layers
have been defined with a changing thickness between 10 and 85 cm. According to detailed
sedimentological study, a seismic-turbidite scquence usually begins with a sandy and silty coarse layer
over a sharp erosional base and it follows by a homogenous clay that has been previously termed as a
‘homogenite’. This homogenous layer is associated with transparent reflection characteristics in the
seismic profiles, which shows a wide lateral cxtent for several kilometers along the basin. As a result
of precise core- to -scismic correlation in this study, some turbidite layers can be attributed to regional
carthquakes rather than local cvents in the Sca of Marmara. On the basis of C'* dates from Core
MDO1-2425 together with seismic-to-core correlation, we defined five main seismo-turbidite layers
that deposited by regional scismic events. The youngest one was deposited at the termination of
Younger Dryas (YD), whereas two other turbidite sequences in the lower section were accumulated in
the beginning of the Holocene. The two other scismic-turbidites that deposited prior to Holocene, are
dated at 12.8 and 13.2 ka BP.

Key Words: Sea of Marmara, Qualernary, scismo-turbidite, sedimentology, seismic stratigraph
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Kumbaba (Sile) Plaji'nda Kiymim Evrimi

(Cagdas Coskun

Istanbul Universitesi, Fen Bilimleri Enstitiisii, 34452 Vezneciler, Istanbul
(I-posta: cagdascowgmail.com)

Kumbaba Plaji, Sile (Istanbul) liman bolgesinin bat kisiminda yer almakta ve sehir merkezine yakin
olmasi sebebiyle kiy1 turizmi agisindan onem arz ctmektedir. Bu amagla plajim jeolojik evrimi Kiy:
mithendisligi prensipleri agismdan incelemistir. Plajm evriminde en biiyiik etken olan dalga etkisi. Sile
Meteoroloji Istasyonu'nda 19862006 yillart arasinda toplanmis olan riizgar verileri ve NATO Tu-
Waves Projesi kapsaminda Sile bolgesi dalpa atlasi kullamlarak riizgar/dalga istatistigi yapilnus ve
dalga o6zellikleri belirlenmistir. Bunlara ¢k olarak, Ingiliz Donanmasimin uzun zamanlar boyunca
Karadeniz'de toplamis oldugu deniz mecteorolojisi verilerinden elde edilen analizin diger iki
coziimlemenin degerlendirmesini destekleyerek kiyr boyu katt madde tagmimm tespit edilmistir.
Jeolojik ve jeomorfolojik temel iizerine kurulan plaj evrimi, meteorolojik verilerin analizlerinin Kiy1
Miihendisligi igerisindeki akinti-dalga mekanigi ve katt madde taginimu ile sentezlenmesi ve farkh
zaman dilimleri igerisinde ¢ckilmis uydu goriintiiteri ve hava fotograflarn gibi uzaktan algilama
ogelerinin katkistyla inceleme nihayetine ermistir. Inceleme CERC (SPM) yontemi ile yapilmistir,
Yapilan net kiyt boyu kati madde miktarlari; dalga atlasina gore dogu—bati yoniinde 14,946.249
m’/y1l, meteorolojik verilerle yapilan fe¢ analizi sonucunda ise bati-dogu yéniinde 1,205.722 m’*/y1l
olarak belirlenmistir. Bu farkm olusmasinda kullanilan analiz yontemi, riizgar verilerinin toplandig;
istasyonun ve dalga atlasinin konumu onemli ctkenlerdir.

Anahtar Sozciikler: Sile, evrim, jeoloji, jeomorfoloji, kiyi, sediment, tasinim
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Coastal Evolution of Kumbaba Beach (Sile, Black Sea)
Cagdas Coskun

Istanbul Universitesi, Fen Bilimleri Enstitiisii, Vezneciler, TR-34452 Istanbul, T trkive
(Lo-mail: cagdascotwgmail.com)

Geological evolution of the coastal beaches in the Kumbaba Beach, located west of Sile (Istanbul)
waterfront, has been reviewed in terms of coastal engineering principles. The biggest factor in the
evolution of the beach is wave elfect. Wind/wave statistics were made and wave characteristics
determined by using some wave and wind data to cstimate the wave effect. Wind data collected by the
Sile Weather Station and the data in the Wave Atlas of the Sile region acquired by the NATO Tu-
Waves Project were used. An analysis [rom the long-term Black Sea meteorological data of the British
Navy was used to support the other two solutions to assess the long shore sediment transport.
Geological and geomorphological basis of the beach evolution was concluded using the analysis of
meteorological data for the Coastal Engincering in terms of the stream-wave mechanics and sediment
transport and remote sensing images (satellite images and air photos) for different time periods
Review was done using CERC (SPM) mcthod. According to wave atlas, the amount of long shore
sediment transport is 14,946.24 cubic meters per year in the east to west direction, whereas according
to the wind data the amount from west to cast 1s 1,205.722 cubic meters per year. The main factors
contributing to the difference are use of the different analytical methods and the position of the
meteorological stations used for the collection of wave atlas and the wind data.

Key Words: Sile, evolution, geology, gecomorphology, coastal, sediment, transport
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Orgiilii Deltalara Antalya Kirfezi Batisindan Giincel Bir Ornek
Korhan Ayrancive FErdal Kosun

Akdeniz Universitesi, Jeoloji Miihendisligi Boliimii, 07058 Antalva
(E-posta: korhanavrancii@akdeniz.edu.tr)

Deltalar genellikle baskin tane boyuna gore siiflandirihir. Ince taneli deltalar; akarsu, gel-git ve dalga
baskin olarak smiflandirthirken, kaba tancli deltalar ise yelpaze deltalart ve orgiilit deltalar olarak
sintflandirtlir. Olusumunu devam cttiren giincel Goyniik deltasy, Antalya Korfezinin bati kismindan
Akdeniz’e giris yapan birgok delta sisteminden bir tanesidir ve 6rgiilii akarsu sistemlerince baskindir.
Antalya naplari tizerinde gelisen bu deltaik sistem, batidan doguya dogru 6 km uzunlugundadir ve
500-600 m genislik sunar. Bu ¢aligmadaki esas amaglardan bir tanesi, bu deltaik sistemin hangi delta
tirtine dahil oldugunu belirlemektir. Bunu belirlemek i¢in yer radart (GPR) ¢alismasi, yerin 60 m
altimi analiz edilecek sckilde uygulanmugtic. Tabakalarnn yer altindaki konumlart ve olast alin seti
taramast bu jeofizik uygulamasi sayesinde incelenmistir. Sonu¢ olarak tabakalanmanin, bir yelpaze
deltast karakteristigi olan alin setindeki capraz tabakali ilerleyis yerine, tabakalarin orgiilt delta
sistemlerindeki gibi yiizeye paralel veya ¢ok kiiciik bir aciyla ilerledigi gozlenmistir. Uygulanan
fasiyes analizi sayesinde bolgenin jeolojik evrimi ile zaman-mekan iliskisi de incelenmistir. Goyniik
orguili delta sistemi i¢inde on ayri fasiyes tiirtt belirlenmistir. 3 metre kalinliga ulasabilen ve Goyniik
deltasinda en baskin bulunan kabaca tabakalanmis tance destekli ¢akil (F1), F1 fasiyesi ile ardalanma
gosteren 1yl tabakalanmus, acik ¢atitas: cakili (I'2), kabaca tabakalanmis,matriks destekli ¢cakil (F3). 1-
3cm cakileiktan olusan duzlemsel tabakal ¢cakil (I'4), ince-kaba taneli,¢akil saginimh kum (F5), ince-
orta taneli, laminali kum (F6), orta-kaba tancli, dizlemsel ¢apraz tabakali kum (F7), ince-kaba tancli
ripple markli kum (F8), masit silt-camur (F9), ince laminali silt-gamur (F10), Goyniik bolgesinde
belirlenen fasiyeslerdir.

Yelpaze deltalart ve orgilia deltalar birburlerinden su Gstii ¢okellert ile ayrilirlar. Yelpaze deltalarinda
bir aliiviyal yelpaze bir su kiitlesine tlerlerken, 6reiilii deltalarda ise ¢ukur geometri sunan bir orgili
nehir sistemi su kiitlesine ilerleme gdsteriv. Yapilan fasiyes analizinin yorumu sonrasinda bolgeye
aliiviyal yelpaze yerine uzunlamasina bar ¢ékellerinin baskin oldugu bir 6rgiilii nehir sisteminin hakim
oldugu gézlenmistir.

Goyniik deltasinda olast cevherlesmeleri belirlemek amaciyla agir mineral analizi de uygulamstir. Bu
analiz i¢in deltanin belli bélgelerinden toplam 18 ince kum ornegi toplanmistir. Agir mineraller,
toplanan bu kum &rneklerinden, Sodyum metatungstat ¢ozeltisi (Yogunluk= 2.89 g/cm’) kullanilarak
ayrilmustir. Opak olmayan mineraller, mikroskop altinda ince kesitlerde kantitatif olarak analiz
edilmistir. Opak mineraller ise parlak kesitler yapilarak analiz edilmistir. Titanit, epidot, hipersten,
ojit, serpantin grubu mineraller, diyopsit, pijonit, zoisit, biyotit, hornblend, apatit, rutil, turmalin ve az
miktarda da zirkon, Goyniik bolgesinde kargilagilan opak olmayan minerallerdir.

Sedimantolojik ve jeofizik incelemeler sonucu clde edilen veriler, Goyniik deltasinin bir yelpaze
deltas1 yerine bir orgiilii deltanin bolgeye hakim oldugunu géstermistir. Yapilan agir mineral analizi
i1se bolgenin ofiyolitik kékenli oldugunu ve dnemli bir titanyum minerali olan titanitin bolgede baskin
olarak bulundugunu gostermistir.

Anahtar Sozciikler: Antalya korfezi, orgiilit delta, yer radari, agir mineral
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A Modern Example of Braid-Delta from Western Gulf of Antalya
Korhan Ayranci & Erdal Kosun

Akdeniz Universitv, Department of Geological Engineering, TR-07058 Antalva, Tiirkive
(E=-mail: korhanavranci@akdeniz.edu.tr)

Deltas arc generally classified according to their grain size. While fine grained deltas are classified as
fluvial, tide and wave dominated, coarse grained deltas are classified as fan delta and braid-delta. The
recent Goynik delta in the west of Antalya Gulf is one of the deltaic systems prograding into the
Mediterranean Sea in which braided fluvial systems are dominated. This deltaic system that develops
on Antalya Nappes progresses from west to east with a 6 km long and 500-600 m wide channel that
reaches the recent coastline. One of the aims of the study is to determine whether the Goyniik deltaic
system is a braid-delta or a fan delta. To that end a GPR (Ground Penetrating Radar) survey was
conducted up to 60 m depth. The distribution of the stratigraphic layers and a possible presence of
foresets were investigated. The layers were seen to progress either parallel to the surface or with a
small angle as in braid-delta systems; i.e. the foresets showing a cross bedding which is characteristics
of fan deltas were not met. Process oriented facies analysis shows the time and space relationships of
the deltaic system and its geological evolution. Ten facies were defined within Goynuk braid-delta
system. Crudely bedded, normal graded clast-supported gravel facies (F1) up to 3 m thick is dominant
in the overall deltaic system. Beside this, well stratified open framework, clast supported gravel facies
(F2), crudely bedded matrix supported gravel facies (F3), clast-supported gravel facies consisting of 1-
3 ¢cm pebbles (F4), fine to coarse grained, pebble scattered sand facies (F5), fine to medium grained,
laminated sand facies (F6), medium to coarse grained, planar-cross bedded sand facies(F7), fine to
coarse grained, ripped sand facies (F8), massive silt-mud facies (F9), fine laminated silt-mud facies
(F10) were recognized.

Fan delta and braid-delta are distinguished from each other with subaerial deposits. While an alluvial
fan system is prograding into a standing body of water in fan deltas, braid river system with concave
geometry is prograding into a standing body of water in braid-delta systems. It was determined from
the interpretation of facies analysis that the facies reflected a fluvial system having longitudinal bars,
rather than an alluvial fan.

Heavy mineral analysis was also carried out in order to predict possible ore formations. Sand samples
were collected from 18 different locations of Goyniik braid-delta for heavy mineral analysis. The
heavy minerals were separated from the samples using Sodium metatungstate solution (density 2.89
gr/em’). Non-opaque minerals were examined in thin sections and the opaque minerals were examined
in polished sections. Sphene, epidote, hyperstene, augite, serpantine group minerals, diopside,
pigeonite, zoisite, biotite, hornblende, apatite, rutile, tourmaline and zircon (in small amount) are the
non opaque heavy minerals encountered in Goyniik region.

The sedimentological and geophysical data indicate that the depositional system in Goynuk represents
a braid-delta system rather than a fan delta. It was determined from the heavy mineral analysis that the

provenance is of ophiolitic origin.

Key Words: Gulf of Antalya, braid-delta, ground penetrating radar, heavy mineral
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Karadeniz Selfi’nin istanbul Bogaz1 Cikisinda Sediment
Karotlarindaki Bentik Foraminifer Dagilinm

Elmas Kirci-Elmas', Oya Algan' ve Gilles Lericolais”

! jstanbul Universitesi, Deniz Bilimleri ve [sletmeciligi Enstitiisii.
34470 Vefa, Istanbul (E-posta: kircie@istanbul.edu.tr)
YIFREMER - Centre de Brest Geosciences Marines, BP 70,
F-29280 Plouzane cedex, France

Karadeniz Selfi’nin Istanbul Bogazi ¢ikisinda alinmis olan bir adet gravite karot ve iki adet Ronanberg
karotun i¢ermis oldugu bentik foraminifer topluluklari incelenerek, karotlar boyunca foraminifer tir ve
bolluk degigsimleri belirlenmigtir.

Diinyanin en bityiik anoksik havzasi olma 6zelligine sahip olan Karadeniz, Tirk Bogazlar Sistemi ile
Akdeniz’e bagh yari kapali bir havzadir. Yiizey suyunun disiik tuzluluguna karsin (%o 18-22),
derinlerde Canakkale Bogazi-Marmara Denizi-istanbul Bogazi iizerinden giren %o 38.5 tuzluluklu
Akdeniz suyu yer alir. Farkli yogunluklu bu iki su kiitlest ~150 m derinlikte su kolonu
tabakalanmasina neden olur.

Yaklasitk 63 m su derinliginden alinmis olan 2.20 m uzunluktaki gravite karot, son Akdeniz -
Karadeniz baglantisinin kurulmasi ve alana Akdeniz gé¢meni faunanin yerlesiminin kanitlarini igerir.
Karotun yer yer ince kum bantli gri-yesil ¢amur igeren alt 80 cm’lik kisminda (220-130 cm),
Dreissena ve Akdeniz gd¢meni tiirlerden olusan karma bir mollusk faunasi yer alir. Akdeniz gdé¢meni
faunanin bollugu yukarilara dogru artar iken Dreissena kavkilari azalir. Bu karma fauna tath sudan
tuzlu suya bir gecis zonunu isaret eder. Bentik foraminifer topluluk nispeten yiiksek tir cesitliligine
karsin distik fert sayisia sahiptir ve baslica Ammonia tepida, A. parasovica, Bulimina aculeata,
Lobatula lobatula. Elphidium pauciloculum, Elphidium spp. ve Haynesina anglica tirlerinden olusur.
Bol kavki ve kavki kirkli gri-yesil ¢amurlarin gozlendigi 130 60 c¢m’ler arasinda. toplam bentik
foraminifer (TBF) i¢eriginde belirgin bir artis gozlenir. Fauna temel olarak Ammonia tirlerinin % 907a
ulasan baskinhgi ile karakterize olur. Disiik bollukta Elphidium, Quinqueloculina, Haynesina,
Brizalina ve Porosononion tiirleri icerir. Karotun alt seviyelerinde hi¢ gézlenmeyen ya da nadir sayida
yer alan Ammonia compacta’mn bu seviyede artisi ve baskin tiir haline gelisi, muhtemelen ortamdaki
nispi bir tuzluluk artisina isaret eder. Keskin bir dokanakla siyahimsi-gri laminali ¢amurlara gecilen
iist 60 cm’lik kisim, en diisiik TBF ve en diisiik tir ¢esitliligi gosterir. Ammonia parasovica, A. tepida,
A. compacta, Porosononion subgranosum, Eggerella scabra ve Elphidium spp. baslica bolluk gosteren
tirlerdir. Litolojide keskin degisim ve foraminifer faunasinda keskin azalisin gézlendigi bu sinur,
Karadeniz’de muhtemelen giintimiiz osinografik kosullarina benzer sartlarin baslangicini gosterir.
Daha derinden (—-85 ve 93 m) alinnus olan kisa (0.9 m) karotlarda gézlenen bentik foraminifer
toplulugu. tiir ¢esitligi ve bolluk acisindan nispi degisimler gostermesine karsin, gravite karotun st
kesimlerini bitiinleyici dzelliktedir.

Anahtar Sézeiikler: bentik foraminifer, Istanbul bogazi, Karadeniz, self sedimentleri
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Benthic Foraminiferal Distribution in Sediment Cores from
the Black Sea Shelf near the Exit of the Istanbul Strait
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Benthic foraminiferal assemblages and their downcore distribution were examined in a gravity core
and two Ronanberg cores collected from the Black Sea Shelf near the exit of the Istanbul Strait.

The Black Sea, being the largest anoxic basin of the world. is a semi-enclosed basin connected to the
Mediterranean through the Turkish Strait System. Surface waters of the Black Sea have low salimty
(18-22 %o); whereas Mediterranean waters with 38.5%o salinity inflow through the Canakkale Strait-
Marmara Sea-Istanbul Strait. These two water bodies cause water stratification at a depth of about 150
m.

Gravity core having a length of 2.20 m recovered from the 63 m water depth includes the evidences of
the last connection between the Black and Mediterranean seas and the settlement of the Mediterranean
immigrant fauna. The lowest 80 ¢cm of the core (220-130 ¢m interval) consists of grey-green mud with
finc-grained sand bands and has a mixed mollusk fauna, including Dreissena and Mediterranean
immigrant fauna. The abundance of Mediterranean immigrant fauna increases upwards with rare
Dreissena shells. The mixed fauna suggests a transition zone from fresh water conditions to saline
conditions. Benthic foraminiferal assemblages have a relatively high diversity consisting of mainly
Ammonia tepida, A. parasovica, Bulimina aculeata. Lobatula lobatula, Elphidium pauciloculum.
Elphidium spp. and Haynesina anglica: but low abundance of specimens. The interval between 130
and 60 cm is represented by grey-green mud, including abundant shell and shell fragment. Total
benthic foraminifera (TBF) displays a considerable increase at this interval. The fauna is predominated
by Ammonia species. reaching to 90% and to a lesser amount of Elphidium, Quinqueloculina.,
Haynesina, Brizalina and Porosononion species. Significant increase and dominance of A, compacta
in this interval, compared to basal section of the core. probably indicates a relative increase in the
salinity of the environment. A sharp lithologic variation is observed at 60 c¢m from gray-green mud to
laminated blackish-gray muds, corresponding to the lowest TBE and poor diversity. Ammonia
parasovica, A. tepida, A. compacta, Porosononion subgranosum, Lggerella scabra and Elphidium
spp. are observed in this interval. The boundary characterized by sharp variation at lithology and sharp
decrease in foraminiferal fauna denotes the beginning of present-day oceanographical conditions.
Benthic foraminiferal assemblages observed in two short cores with 0.9 m lengths from the deeper
(-85 and -93 m) water depth complements the upper parts of the gravity core, in spite of some
variations in diversity and abundance.

Key Words: benthic foraminifera, Istanbul strait, Black Sea, shelf sediments
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AGDEJAM ile Ankara Universitesi’nde Kiyr ve Deniz Jeolojisi Aragtirmalar
Mustafa Ergin
Ankara Universitesi, Akarsu Gol ve Denizlerde Jeolojik Arastirma ve Uygulama Merkezi

(AGDEJAM), Fen-Miihendislik Fakiilteleri Kampiisii, F Blok, 06100 Tandogan, Ankara
(E-posta: ergin@eng.ankara.edu.tr)

Kurulusu 23 Agustos 1997 tarihinde Resmi Gazetede yayinlanarak yiiriirlige giren ve Ankara
Universitesi’nde faaliyete gecen Akarsu, Gol ve Denizlerde Jeolojik Arastirma ve Uygulama Merkezi
Tirkiye'yi gevreleyen kiyr ve denizlerde jeolojik, jeofiziksel ve ¢evre arastirmalart yapmakta ve
sonuclarim ulusal ve uluslararasi kurum ve kuruluglarda duyurmakta ve yayinlamaktadir. Ankara
Universitesi, Mihendislik Fakiiltesi, Jeoloji Miihendisligi Binasi’nda bulunan Merkez Jeoloji
Miihendisligi Bolimii’niin egitim-0gretim ve arastirma siireclert i¢inde yer almakta ve bu boliimin
akademik ve idari personelinden destek almakta ve dershane ve laboratuvar gibi fiziki alt yapilarim
kullanmaktadir.

Maden Tetkik ve Arama (MTA) Genel Miidiirliigii, Hacettepe Universitesi, Istanbul Universitesi, Orta
Dogu Teknik Universitesi, istanbul Yildiz Teknik Universitesi, Nigde Universitesi, Eskisehir
Osmangazi Universitesi, Sivas Cumbhuriyet Universitesi, Adana Cukurova Universitesi, Istanbul
Teknik Universitesi, lzmir Dokuz Eylil Universitesi, Dz.K.K. Seyir Hidrografi Osinografi Dairesi gib
kurum veya kuruluslardan bilimsel ve teknik destek alarak ortaklasa calisan Merkez, gelecekte daha
fazla kuruluslarla ve hatta uluslararasi projelerde birlikte ¢alismay1 planlamaktadir.

Merkez bugiine kadar agik deniz arastirmalarinda MTA-Sismik 1, ODTU-Bilim, istanbul Universitesi-
Arar, Dokuz Eyliil Universitesi-Piri Reis Arasirma Gemileri ile giivertede meveut karot ve kepgeleri
ve sismik sitemleri kullanmustir. Kiy1 ve kiyiya yakin ¢alismalarinda ise kiralanan yoresel tekne ve
motorlardan  faydalanilmistir. Cahsmalarda en biiyiik destek dogrudan TUBITAK ve Ankara
Universitesi Bilimsel Arastirma Projeleri Birimi’nden saglanmis olup, dolayh olarak da DPT ve diger
iiniversite-BAP imkanlarindan da faydalanmilmistr. Merkez simrh da olsa, uluslararast [GCP 495, 511
ve 521 nolu projelerle de tiye aragtirict olarak ilgilenmektedir.

Merkez calismalari kiyr ve agik deniz olmak iizere genelde iki alanda toplanmaktadir. Agik deniz
arastirmalart Giineybati Karadeniz selfinde, Marmara Denizi’nin nerede ise self, yama¢ ve derin
diizliik gibi tiim bolgelerinde (Canakkale Bogazi dahil), Ege Denizi’nde Canakkale Bogazi1-Gokgeada-
Bozcaada arasinda, Biiyiik Menderes Delta ilerisinde, Antalya Korfezi'nde gergeklestirilmistir. Agik
deniz arastirmalarinin amaci; genelde sediment tiir ve dagilim ile etkileyen karasal, denizel ve
iklimsel faktorleri tesbit etmek, tektonik veya depremsel siireglere baglh deniz tabanindaki sediment
akmalarini ve tiirbidit olusumlan ile jeoteknik degiskenleri incelemek, son buzul ve buzul arasi deniz
seviyesi degisimlerinin izlerini arastirmak ve inorganik-agir metal deniz kirliligini tesbit etmektir. Kiy:
arastirmalant ise, Tirkiye kiyilarmin biiytik bir kisminda gergeklestirilmis olup, halen de devam
etmekte ve gelecekte de hazirliklar yapilmaktadir. Kiyr ¢aligmalarinin konulart genelde, kiyilarda
sedimenter ilerleme veya gerileme, kiyilarda tektonik al¢alma veya yiikselme, plajlarda olasi agir
mineral plaser birikimleri ve ekonomik degerlendirmeler ve plajlarin taniimi ve jeoturizme
kazandirilmasi olarak tanmimlanabilir. Plajli kiyilarin ubbi jeolojiye agihm da merkezin hedefleri
arasindadir.

Merkezin tim bilimsel faaliyetleri ulusal ve uluslararasi hakemli dergilerde yayinlanmakta, kongre ve
sempozyumlarda sunulmakta ve hazirlanmakta olan web sayfasina da tasinmaktadir. Merkez ulusal ve
uluslar arasi bir kurulus olmay: arzu etmekte ve bu nedenle de gorts ve tavsiyelere ve ilgi duyan

herkese ac¢ik bulunmaktadir.

Anahtar Sozciikler: Ankara Universitesi, arastirma merkezi, kiyt ve deniz jeolojisi
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Coastal and Marine Geology Research with AGDEJAM of the Ankara University
Mustafa Ergin
Ankara University, Geological Research Center for Fluvial Lacustrine and Marine Environments

(AGDEJAM), Science and Engineering Faculties Campus, F Blok, Tandogan,
TR-06100 Ankara, Turkey (E-mail: ergin@eng.ankara.edu.tr)

Fluvial. Lacustrine and Marine Geology Research Center of the Ankara University has been
cstablished in 1997 to promote geological, geophysical and environmental investigations in coastal
and offshore regions surrounding Turkey. The results are being presented at national and international
meetings and conferences. AGDEJAM is located in the Geological Engineering Building and s
intensly participitated at lecturing and research activities of Department of Geological Engineering.
AGDEJAM also receives administrative and scientific support from this department, including use of
lecture rooms and laboratories.

AGDEJAM Works together with other Institutions such as General Directorate of Mineral Research
and Exploration (MTA), Ankara Hacettepe University, Istanbul University, Middle East Technical
University, Istanbul Yildiz Technical University, Nigde University, Eskisehir Osmangazi University,
Stvas Cumhuriyet University, Adana Cukurova University, Istanbul Technical University, [zmir
Dokuz Eylil  University and Istanbul Turkish Navy Dept. Navigation Hydrography and
Oceanography. AGDEJAM intends to keep this scientific and technical cooperation also in future with
more other institutions even with international projects.

For offshore studies, AGDEJAM used Research Vessels ‘MTA-Sismik 1°, *ODTU-Bilim’, *Istanbul
University-Arar’ and ‘Dokuz Eylil University-Piri Reis” together with onboard core and grab
sampling equipments and seismic systems. For shore and nearshore studies, motor boats and small
vessels were rented. Most of the financial support to do coastal and near-coastal studies came from
Turkish Scientific and Technical Research Council of Turkey-TUBITAK and Ankara University
Scientific Research Projects Unit but also supports from Research Foundations of other universities
and Turkish State Planning Officc were available. Even at limited numbers and extend, AGDEJAM
also participitated as associate members within international IGCP projects 495, 511 and 521.

AGDEJAM Research activities can be grouped as coastal and offshore studies. Offshore marine
research was conducted on SW Black Sea shelf, on almost entire shelf, slope and deep-basins of the
Marmara Sea (incl. Canakkale Strait-Dardanelles), Canakkale Strait-Gokgeada Island-Bozcaada Island
triangle at the NE Aegean Sea, off the Biiyiik Menderes River pro-delta and Antalya Gulf. Main
purpose of the offshore studies is to determine; types and modes of sediment distribution and
influencing marine, terrestrial and climatic factors; geotechnical parameter changes. sediment mass
movements and turbidite formations as related to tectonism and earthquakes, traces of last glacial and
interglacial sealevel changes and to investigate heavy metal marine pollution. Coastal studies are
carried out in many regions and are still going on and will continue in future. Subjects of coastal
studies ranged widely, including sedimentary progradation and retrogradation, tectonic uplift and
sinking, probable heavy mineral placers and their economic potential, geotourism of beaches. Medical
geology of beaches is another subject within the areas of interest of AGDEJAM.

Scientific activities of AGDEJAM are published in national and international journals and presented
during meetings and congresses worldwide and also prepared to bring to the web site of the
AGDEJAM. AGDEJAM would like to be international and wishes to cooperate at both national and

international level and all suggestions and are welcome.

Key Words: Ankara University, research center, coastal and marine geology
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Gemlik Korfezi Yiizey Cokellerinde Petrol Aromatik
Hidrokarbonlarm Dagilim ve Kaynaklarimin Tanimi

Selma Unlii ve Bedri Alpar

" Istanbul Universitesi. Deniz Bilimleri ve Isletmeciligi Enstitiisii, Deniz Bivolojisi BD,
34116 Vefa, Istanbul (E-posta: su@istanbul.edu.tr)
*Istanbul Universitesi, Deniz Bilimleri ve [sletmeciligi Enstitiisii, Deniz Jeolojisi ve Jeofizigi ABD,
34116 Vefa, Istanbul

Petrol aromatik hidrokarbon (PAH) bilesikleri bashica dogal yollarla ve orgamik maddelerin
tamamlanmamis yanmalart sonucu olusan antropogenik sirecler ile denizel ortama kaulirlar. Fosil
yakitlarin  sizintisi, evsel-endustriyel atiklarin desarji, atmosferik partikllerin ¢okelmesi, egzoz
gazlarinin yogunlagmasi veya ylizey sulart akist gibi yollarla deniz ortamina giren PAH bilesiklerinin
hafif molekil agirlikli olanlarimin suda emisyon olusturma 6zellikleri azdir ve bunlarin agir molekilli
hidrokarbon bilesiklerine goére buharlasma yetencklert daha fazladir, diger anlamda kolaylikla
biyolojik bozunuma ugrarlar. PAH bilesiklert bazen yerinde olusan biyogenik bozusum nedeniyle
diyagenetik yollarla, bazen de petrogenik olarak olusurlar. Biyo-jeokimyasal ¢ahsmalarda PAH
bilesiklerinin dagihimi yaninda, olasi kaynaklarinin arastirilmasi ve bunlarin degisik ortam sartlarindan
nasil ctkilendiklerinin belirlenmesi de gerekmektedir.

Marmara Denizinin en kirli alanlarindan biri olan Gemlik Koérfezinden toplanan 62 adet yiizey ¢okel
ornegindeki gaz kromatografisi-kiitle spektrometresi ile ol¢ulen 13 adet PAH bilesiklerinin
konsantrasyon artislart genis bir spektrumda dagihim gostermektedir. Bu bilesiklerinin miktar tayinleri
kirletict kaynak ayrimi i¢in yeterli olmayip, bu amagla ¢esitli oran, indis ve istatistiksel analizler
kullanilir. Bu ¢alismada Gemlik Korfezr giineel ¢okellerinde gozlenen PAH’larin temel kaynaklarini
belirlemek ve dogal kaynaklarin insan kaynakh kaynaklarla olan ayriminmi yapabilmek i¢in Varimax
rotasyonu ile ana bilesenler analizi (PCA) uygulanmistir. Aralarinda yiiksek ilgilesim bulunan ¢ok
degiskenli verileri aralarinda ilgilesim olmayan yeni bir koordinat sistemine donistiiren bu yontem,
kaynak tiirlerini 6nceden bilmeden sadece ¢ok degiskenli giris verilerini kullanarak regresyon analizi
yapabilmektedir. Analiz sonucu elde edilen faktor skoru mutlak degerlerinin, ortalamasi ¢ikarilip
standart sapmasina bolinmius toplam PAH degerlerine yapilan ¢oklu dogrusal regresyon analizi ile
kirletici ana kaynaklarin ytizde dagilimlan belirlenmistir.

Gemlik Korfezinde toplam PAH konsantrasyonlar siltvkil yapisi ve organik karbon i¢erigi ile 6nemli
korelasyonlar gostermez (= 0.30 ve 0.18). Ozellikle dogu ve giineydeki yakin-kiyr alanlarinda
yaythm gosteren yiksek deger dagilimlarinin temel kaynaklari, nehir girdileri, gemicilik ve liman
faaliyetler1, yerel ve endistriyel fabrika atugr desarjlar, hizli ckoturizm ve atmosferik girdilerdir.
Korfezin orta ve kuzey kesimlerindeki PAH bilesenlerinin karakteristik dagilimlart daha farkh
bulunmustur. Kortez ortast kesimlerde fluoranthene ve pyrene baskin iken kuzey sahile yakin
sahalarda perylene, Benzo[ghilperylene ve indeno[l,2,3-cd]pyrene daha baskindir. Farkh PAH
bilesiklerinin kaynaklarinmn neler olabilecegi ve bunlarin birbirleriyle olan iliskisini aciklayabilmek
icin baz1 6zel bilesen oranlari degerlendirilmistir. Perylenin penta-aromatik izomerler igindeki yiiksek
oranlarinin ¢zellikle kuzeyde ve korfezin derin kesimlerinde dagilmasi, kirletici kaynagim bu kesimde
kismen diagenctik bir orijine sahip oldugunu gostermektedir. Elde edilen veriler Gemlik Korfezi ve
¢evresindeki  su  havzasimin ¢evre ctki degerlendirilmesine katkida bulunmakta, ayrica PAH
bilesiklerinin yar kapah denizel ortamlarda nasil davrandigimi anlamamiza olanak tanimaktadir.

Anahtar Sozciikler: PAH, Gemlik Korfezi, sediment, istatistiksel analiz, kirlilik, kirletici kaynak

80



