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ONSOZ

Insanogluna yasami i¢in gerekli biitiin kosullar1 sunmakla kalmayan Doga, bunlarin
stirdiiriilmesi i¢in gerekli mekanizmayi da bir sistemler biitiinii olarak milyarlarca yildir islete
gelmektedir. Bu akil almaz kusursuzluktaki mekanizmanin kiigiiciik bir halkast olan insan,
ayricaliginin tek nedeni olan aklini bir yandan doganin nimetlerinden yararlanmaya, bir

yandan da ¢ikarlar1 ugruna kendi neslini ve Doga‘y1 yok etmeye kullanmaktadir.

Doga sundugu nimetlerin yani sira insanogluna engeller, hatta ¢ogu zaman iistesinden
gelmesi olanaksiz afetler de vermistir. Insanoglu diinya tizerinde var olmaya basladig giinden
bu yana engellerle bag etmeye ugrasmis; bu ugras milyonlarca yilin imbiginden siiziilerek
nesillere biiyiik tecriibeler kazandirmigtir. Milyarlarca yillik ¢izgisinde sadece bir noktayi
temsil ettigimiz diinyamizi tanimak, ondan daha fazla yararlanmak, onun afetlerinden
korunmak ve onu gelecek nesillere ya da bizden sonraki canlilara atalarimizdan aldigimiz gibi

devretmek i¢in temel kosul olarak goriilmektedir.

Doga‘nin nimetlerinden daha ¢ok ve daha iyi yararlanma, engelleri asma ve afetlerden
korunma c¢abasi Doga‘yr daha iyi tamima gerekliligini dogurmus, boylece insan aklim
kullanmanin en iyi yolu olan bilimi kesfetmistir. Doga bilimlerinin en 6nemli ayaklarindan

biri ise hepimizin bir ferdi olmaktan gurur duydugumuz Jeoloji‘dir.

Giiniimiizde sahit oldugumuz bilimsel ve teknolojik gelismeler aklin ve bilimin insan
ve toplum yararma kullanilmasinin ne denli onemli oldugunu agik bir bi¢imde ortaya
koymaktadir. Bu bakimdan “Jeoloji” insan ve toplum yasaminda son derece dnemli bir yere
sahiptir ve bu 6nem her giin biraz daha iyi anlasilmaktadir. Bu nedenle 64 {iinciisiinii
diizenledigimiz Tiirkiye Jeoloji Kurultayi‘nin bu yilki agirlikli temalarindan birini "Insan ve
Toplum Igin Jeoloji" olarak belirledik. Istedik ki bizlerin yaptig1 islerin insan ve toplum
hayatindaki yeri bir kez daha vurgulansin, insan ve toplum i¢in gelecekte neler yapacagiz

tartisalim.

Bu ¢agrimiz, her yil oldugu gibi bu yi1l da meslekdaslarimiz tarafindan coskulu bir bigimde
karsiland1 ve 64. Jeoloji Kurultayma 612 katilimer tarafindan 227 adet bildiri sunuldu. Bu
bildiriler 17 farkli oturumda sozlii ve poster sunumlar seklinde tartisilacak. Ayrica
diizenledigimiz bir panel ile iilkemizde jeoloji egitiminin baslangicindan bugiine ve gelecege

uzanan gelisimini tartigacagiz.



Jeoloji Kurultaylar: iilkemizin en uzun soluklu "Jeoloji Soleni"dir. Oncelikle bu uzun
zincirin bir halkasii olusturma onurunu bizlere verdigi i¢in Diizenleme Kurulu adina Baskan
Diindar Caglan’in sahsinda Jeoloji Miihendisleri Odasi’na tesekkiir ediyorum. Bu
sorumlulugun getirdigi yiikii paylastigimiz Kurultay II. Bagkani Prof. Dr. Ugur Kagan
Tekin’e, Kurultay Sekreteri Dog. Dr. Ismail Omer Yilmaz’a; Organizasyon Komitesinin

degerli tiyeleri Serap Kurt, Deniz Tiringa ve Ediz Kirman’a tesekkiir ediyorum.

Kurultay’a bildiri gondererek uzun emekler sonucu olusturduklar bilgileri paylagan,
boylece meslegimizin gelisimine 6nemli katkilari olan bildiri sahiplerine, oturumlara katilan
tim meslekdaslarimiza tesekkiir ediyorum. Kurultaya iilkemizden ve iilkemiz disindan
gonderilen tiim bildiriler Oturum Yiriitiiciileri tarafindan degerlendirilmistir. Bu 6nemli
katkilar1 i¢in tiim Oturum Yiiriitiiciileri’ne ve onlara destek veren hakemlere siikranlarimi

sunuyorum.
Nice basarili, verimli ve iiretken kurultaylara. ..
Okan Tiiysiiz
64. Tiirkiye Jeoloji Kurultay:

Diizenleme Kurulu Bagkani
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FOREWORD

Geology has always had a significant impact on human society and the way it has evolved.
As society and technology evolve, global demand for natural resources is becoming increasingly
more important. We as geologists are well aware that discovering, utilizing, quantifying and man-
aging geological resources and natural hazards require significant knowledge about the underly-
ing geological processes. On the other hand, as we consume the natural resources, we affect and
change our surroundings. Managing and sustaining the environment require understanding of
interaction between human actions and Earth’s dynamics. As Earth’s population grows, under-
standing the impact of the Earth’s dynamics on the human life, and the way of interaction between
Earth’s dynamics and human life becomes increasingly important. 64th Geological Congress of
Turkey, one of the long-term scientific activities of the country, will be held between 25 and 29th
of April 2011 in Ankara, Turkey. Main goal of the Congress is to underline importance of different
disciplines of the geology on the human and social life and on the increasing energy demand. We
hope that the congress will bring the universities, public and private sector organizations together
and create a scientific discussion and social sharing platform. 227 papers will be presented in 17
sessions by 612 collegues during the congress. In addition we will discuss past, present and future
of geology education of Turkey in a round-table conference.

Topics of the Congress consist of different aspects of geology, human and society interac-
tion; discovery, exploration and effective use of fossil and renewable energy resources and other
natural resources, environmental issues, water resources, as well as essential issues on geology.
We invite all earth-scientists to attend and contribute to the Congress, which will be held in the
capital city of Turkey.

1 thank to all members of Organizing Commitee for their effords to organizing and run-
ning this congress. On the behalf of Organizing Commitee, I want thank to Chamber of Geological
Engineers, Convenors organizing and directing the sessions, Reviewers, Authors and Attendees.

1 wish a fruithfull congress..

Okan Tiiysiiz

Chairman
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1947 yilindan beri araliksiz her y1l yapilarak iilkemizin en uzun soluklu tek bilimsel
etkinligi ve bir "Jeoloji Soleni" olan Tiirkiye Jeoloji Kurultaylarinin 64 {inciisiine basar ile

ulagsmig bulunuyoruz.

1947 yilinda bir avug Tiirkiye aydinlanmacisi yerbilimcinin baglattigi bu seriiveni
TMMOB Jeoloji Miihendisleri Odasi olarak devam ettirmenin onuru ve gururunu hep birlikte
yastyoruz. 64 yildir kurultaylarimiza emek vererek bugiinlere tasiyan tiim meslektaslarimiza

siikranlarimizi sunuyor, aramizdan ayrilanlart saygiyla antyoruz.

Odamiz, bilginin iiretilmesi ve iiretilen bilginin de paylasilip yayginlastirilarak
toplumun hizmetine sunulmasi gerektigine inanarak; bilimle, emekle ve inatla gerceklestirdigi
Tiirkiye Jeoloji Kurultaylar1 ve benzeri bilimsel platformlari ¢ogaltilma ugragisi iginde

olmaya devam edecektir.

Doga olaylarinin afete doniistiigli, yer alti kaynaklarimizin tam olarak ortaya
konulmadigi, saglikli ve giivenli bir ¢evrede yasama hakkinin tam olarak saglanamadig:
tilkemizde; bu olumsuzluklarin giderilebilmesi igin vazgeg¢ilmez 6nemde olan jeoloji bilim ve
uygulamalarina hala yeteri kadar 6nem verilmemektedir. Bu nedenle, ¢ok genis bir uygulama
alan1 olan ve giderek daha da g¢esitlenerek genisleyen jeolojinin Oneminin kavratilip,
yasamdaki yeri ve gerekliliginin toplumsal bilince ¢ikarilmasi ¢abalarimizin arttirilmasi daha
bir 6nem kazanmaktadir. Bu yaklagima paralel olarak, kurultayimizin ana temalarindan biri de
“Insan ve Toplum I¢in Jeoloji” olarak belirlendi. Jeolojinin essiz derinlikteki alanlarinda
tiretilen bilginin, bilgi olarak kalmayip toplumsal faydaya doniistliriilmesi gerektigini bir kez
daha vurgulamay1 amagladik. Biliyoruz ki, jeolojik ¢evremiz bir yandan deprem, heyelan gibi
yikici etkilerde bulunurken, kimi zamanda maden ve enerji kaynaklari, yeralt1 sular1 gibi
avantajlarla insan yasami lizerinde olumlu etkide bulunmaktadir. Jeoloji bilimi ve bunun
iizerinde gelistirilen uygulamali jeolojinin, jeolojinin verdigi zenginlikleri daha giizel bir
diinya i¢in insanligin hizmetine sunarken, jeolojik tehlikelere kars1 afet giivenligini saglayarak

yasam kalitesinin yiikseltilmesine de hizmet ettigini bir kez daha toplumla paylasalim istedik.

Jeolojinin tanitimi ve Oneminin kavratilmasi igin, iizerinde yasadigimiz yerkiireyi
“tanima ve yorumlama” yetenegini veren ve bes temel bilimden biri olan jeoloji egitiminin
ilk6gretimden baglatilarak verilmesi 6nem tasiyor. Bu yetenegin iiniversite jeoloji egitimi ile
dogay1 “doniistiirme” becerisi ile zenginlestirilerek, jeoloji biliminin jeoloji miihendisleri
eliyle uygulamaya aktarilarak insanhigin kullanimina sunuldugu bir siireci de iilkemizde

egemen kilmak gerekiyor.
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Ancak, bunun kolay olmadigini da biliyoruz. Avrupa“da yerbilimlerinin gelismesi 16.
yiizyilda baslarken iilkemizde ise ancak 19.ylizyildan itibaren jeoloji bilgilerini igeren
yayinlarla karsilasilmaktadir. Jeoloji egitiminin gelisimine yonelik olarak 19. yy da hangi
engellerle karsilasildiysa ayni nedenlere dayali engeller giiniimiizde farkli bir boyutta
gelismekte; akla, gozleme, deneye ve sorgulamaya dayali bilimsel diisiince yerine dogmatik
diistincenin sistemli olarak egitim basta olmak {izere yasamin her alanina yerlestirilmesi
devam etmektedir. Jeoloji egitimi de bu zarardan giderek daha fazla etkilenerek geriye

gitmektedir.

Bu olumsuzluga ilave olarak, jeoloji gibi saha ¢alismalarinin son derece gerekli oldugu
bir alanda pratikten, gozlem ve yorumlamadan uzak, gercek hayat ve uygulamadan kopuk
egitim igerigi de yetersiz 6grencilerin mezun olmasina neden olmaktadir. Politik tercihler ve
yerellerin ticari kaygilarina gore yeni tiniversitelerin kuruldugu; tilke ihtiyaci, olanak, altyap1
ve Ogretim kadrosunun yeterliligi gozetilmeyerek yeni bolimlerin ve ikinci Ogretimlerin
acildigl, ogrenci kontenjanlarinin siirekli arttirildigi bir durumda, nitelikli bir egitimden
bahsetmek de miimkiin olmamaktadir. Ulkenin egitim politikasizliginda jeoloji miihendisligi
egitimi de ciddi sorunludur. Kurultayimiz da yapilacak “Tiirkiye“de Yerbilimlerinin
Gelisimi” paneli i¢inde jeoloji egitiminin diinii bugiiniiniin ele alinarak tartigilmasinin da bu

kapsamda 6nemli sonuglar iiretecegine inaniyoruz.

Degerli meslektaslar, tilke yerbilimine 6nemli bilimsel katkilart sunmasinin yaninda,
tiniversite, kamu ve 6zel sektor kuruluslarini bir araya getirme, yerbilirhcileri bulusturma gibi
onemli bir fonksiyonu da yerine getiren kurultayimizda sunulacak bilimsel arastirmalarin
sonuglarimi yansitan ,,Bildiri Ozleri Kitabi“nin, bilimsel ¢alismalarin meslektaslarimiza ve

topluma ulastirtlmasinda 6nemli bir igleve sahip olduguna inanmaktayiz.

Bilimsel bir s6lenimiz olan 64. Tiirkiye Jeoloji Kurultayimizin gergeklestirilmesine
biiyiik bir zveriyle emek veren Kurultay Baskanimiz Sn. Okan TUYSUZ basta olmak iizere,
Kurultay fkinci Baskanimiz Sn. Ugur Kagan TEKIN’e, sekretaryasini yiiriiten Sn. Ismail
Omer YILMAZ ile Sn. Deniz TIRINGA ve Sn. Ediz KIRMAN’a, c¢agrili konferanslari ile
kurultayimizi zenginlestiren katilimcilara, kurultay oturum koordinatorlerine, bildiri sunan
meslektaglarimiza, yurtdigindan gelen bilim insanlarina, kurultayimizin diizenlenmesinde ve

yiiriitmesinde tiim emegi gegenlere tesekkiir diyoruz
Saygilarimizla.

Bilimle, emekle, inatla, umutla. 23. Donem Yonetim Kurulu
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ARCHAEOGEOLOGY

Oturum Yiiriitiiciileri / Conveners:
Erdin Bozkurt, Erhan Altunel



64. Turkiye Jeoloji Kurultay 25-29 Nisan 2011

KUZEY ANADOLU FAYININ ORTA KOLUNUN BATI UCUNUN EVRIiMI:
AKTIF BABABURNU CEK AYIR HAVZASI VE BiGA SELFI
(KUZEY DOGU EGE DENIZi, TURKIYE)

Cenk Yaltirak', Ekrem Bursin islerz, Ali Engin Aksu’ ve Richard Hiscott
'Jeoloji Miihedisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye, yaltirak@jtu.edu.tr
ZNewfoundland Memorial Universitesi Yer Kaynaklart Arastirma Merkezi, Yerbilimleri Boliimii, St. John's,
Newfoundland, Canada AIB 3X5.

Tirkiye’nin batisinda Kuzey Anadolu Fayr'nin sikigmali dogrultu atimli Kuzey Ege Denizi’nde ise
gerilmeli dogrultu atimlh bir karakterde oldugu varsayilir. Bu tektonik rejimlerin kavsak noktasinda havzalarin
jeolojik evrimleri hala tam olarak anlasilmamistir. Ayni sekilde Kuzey Anadolu Fayi’nin orta ve giiney
kollarinin giineybati uzantisinin olusturdugu tektonik rejimlerle iligkili az bir bilgi bulunmakta ve bazi spekiilatif
kara haritalarinin kullanildig: anlagiimaktadir.

Bu ¢alismada 1600 km tek kanalli sismik profiller ve karot verisi, detayli bir kara haritasi ile kapsamh
bir evrimsel modeli getirilmektedir. Biz ¢aliyjmamizda, Biga Yarimadast ve Kuzeydogu Ege Denizi’nde karada
stkigmali dogrultu atimli, denizde gerilmeli dogrultu atimli kirik dirseklerden olusan asimetrik bir tektonik
sistem Oneriyoruz. Bu sistem doguda (kuzeybati1 Tiirkiye ve dogu Ege Denizi) dikkate deger yanal atim bilesenli
belirgin bir KD-GB yonelimli fay seti ve batida (dogu Yunanistan) KB-GD yonelimli ikinci bir normal fay
setinden olusmaktadir. Bunlara ek olarak KD-GB ve KB-GD yonelimli faylar arasinda rotasyonel kamalardan
olusan bir baglant1 bulunmaktadir. Kara jeolojisiyle baglantili sismik veri ve faylarin detayl haritasi, Kuzey
Anadolu Fayi’nin orta kolunun Behramkale’de Ege Denizi igerisinde bulundugunu, Kuvaterner boyunca sag
yanal sekmeli olarak kuzeydogu Ege Denizi’ndeki Bababurnu ¢ek-ayir havzasi igerisine uzandigini
gostermektedir.

Anahtar Kelimeler: Kuzey Anadolu Fay:1 Orta Kolu, Bababurnu Cek Ayir Havzasi, Kuzeydogu Ege Denizi,
Asimetrik Kirik Dirsek.

EVOLUTION OF THE WESTERN EXTENSION OF THE NORTH ANATOLIAN
FAULT MIDDLE SEGMENT: ACTIVE BABABURNU PULL-APART BASIN AND
BIGA SHELF (NORTHEAST AEGEAN SEA, TURKEY)

Cenk Yaltirak', Ekrem Bursin islerz, Ali Engin Aksu’ and Richard Hiscott*
! Istanbul Technical University, Faculty of Mines, Department of Geological Engineering, Istanbul 34426,
TURKEY yaltirak@jitu.edu.tr
? Memorial University of Newfoundland Centre for Earth Resources Research Department of Earth Sciences, St.
John's, Newfoundland, Canada A1B 3X5

The generally transpressional character of the North Anatolian Fault system in western Turkey assumes
a transtentional character in the Northern Aegean Sea. The geological evolution of the basins situated near the
junction of these tectonic regimes is still poorly understood. Similarly little information exists regarding the
tectonic regimes created by the west-south extension of the middle and southern branches of the North Anatolian
Fault into the Northern Aegean Sea, and is inferred using somewhat speculative maps onland.

This study combines ~1600 km of single channel seismic reflection profiles and piston core data with
detailed land mapping to bring a comprehensive evolutionary model. We suggest that the asymmetric tectonic
system of the Biga Peninsula and the northeast Aegean Sea are characterized by a transpressional broken-slat
onland and a transtensional broken-slat at sea. The system includes a set of prominent NE-SW trending faults
with considerable strike-slip component in the east (northwestern Turkey and east Aegean Sea) and a second set
major NW-SE trending extensional faults in the west (eastern Greece). We further suggest that rotational wedges
form the link between the NE-SW and NW-SE trending faults.

Detailed mapping of the seismic data and fault linkages with the onland geology demonstrate that the
middle branch of the North Anatolian Fault exits into the Aegean Sea at Behramkale and that it extends into the
Bababurnu pull-apart basin in northeast Aegean Sea as a right-lateral stepover during the Quaternary.

Key Words: North Anatolian Fault Middle Segment, Bababurnu Pull Apart Basin, Northeast Aegean Sea
Asymmetric broken slat.
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KUZEY ANADOLU FAY SISTEMIi GUNEY KOLUNUN PALEOSISMOLOJIK
ANLAMI, GD MARMARA BOLGESI, TURKIYE

Biilent Doganl ve Okan Tiiysiiz2
! Jeoloji Miihendisligi Boliimii, Kocaeli Universitesi, 41380, Izmit, Kocaeli, Tiirkiye, bdogan@kocaeli.edu.tr,
2 Avrasya Yer Bilimleri Enstitiisii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye.

Marmara Bolgesi’nde Kuzey Anadolu Fay Sistemi Giiney Kolu’nun (KAFSGK), Geyve — Gemlik
Korfezi arasindaki yaklasik 100 km’lik kesiminde alti ana fay (Sarigazi, Mekece, Dirazali, Giirle, Orhangazi,
Umurbey) haritalanmagtir.

KAFSGK’nu olusturan bu faylar iizerinde toplam onbir hendek ag¢ilmistir. Bu hendeklerden Bh2,
Bh3, Bh6, Bh7, Bh9 ve Bh10 olmak iizere toplam alt1 hendekten fay izi ve yas verileri elde edilmistir. Buna gore
Bh2, Bh3 ve Bh6 hendeklerindeki ilgili stratigrafik seviyelerden elde edilen Milattan Sonra (M.S) 630 — 1020
arasindaki kalibre karbon yaslar1 Sarigazi fayinin en az 22 km’lik kesiminin M.S 1065 depremi ile kirildigim
gosterir. Bu faym batisina dogru Mekece fay1 iizerinde agilan Bh7 hendeginden bulunan M.S 265 — 629 yasi ise
M.S 740 depremine karsilik gelirken, Dirazali faymin en az 27 km uzunlugundaki dogu segmentinin de aym
deprem ile kirildig1 anlasilir. Bh9 ve Bh10 hendeklerindeki fay izi ve bu izin kestigi stratigrafik diizeyde
belirlenen yaslar ise M.S 1486 — 1778 arasinda olup Dirazali faymnin en az 15 km uzunlugundaki bati
segmentinin M.S 1863 depremi ile kirildigini ortaya koyar. KAFSGK iizerinde 6niimiizdeki donemde [znik
Goli'niin bati kesiminde Umurbey fayr ve Giirle fayr iizerinde olabilecek deprem veya depremler ile
KAFSGK’nun Geyve-Gemlik arasindaki kesiminin kirtlmasinin tamamlanabilecegi belirtilebilir.

Anahtar Kelimeler: KAFSGK, Hendek, Fay izi, Kalibre karbon yasi.

PALEOSEISMIC FEATURES OF THE NORTH ANATALIAN FAULT SYSTEM
SOUTHERN STRAND, SE MARMARA REGION, TURKEY

Biilent Dogan' and Okan Tiiysiiz*
!Engineering Faculty, Department of Geological Engineering, 41380 Izmit, Kocaeli, Turkey,
bdogan@ kocaeli.edu.tr,
’Eurasia Institute of Earth Sciences, Istanbul Technical University, 34469, Maslak, Isatanbul, Turkey.

The south strand of the North Anatolian Fault System (NAFSSS) was mapped as six main faults
(Sarigazi, Dirazali, Giirle, Orhangazi, Umurbey) within a 100 km region between Geyve and Gemlik.

A total of 11 trenches were excavated on these faults. Fault trace and dating data were only obtained in
the Bh2, Bh3, Bh6, Bh7, Bh9 and Bh10 trenches. The calibrated carbon dates obtained from the stratigraphic
levels in the Bh2, Bh3 and Bh6 trenches indicate that at least a 22 km section of the Sarigazi fault was ruptured
by the 1065 A.D. earthquake. The 265-629 A.D. date obtained in the Bh7 trench located in west of the Sarigazi
fault corresponds to the 740 A.D. earthquake. It is also understood that at least a 27 km east section of the
Dirazali fault was ruptured by the same earthquake. The fault traces in the Bh9 and Bh10 trenches and the dates
(1486-1778 A.D.) obtained from the stratigraphic level cut by the fault traces indicate that at least a 15 km west
section of the Dirazali fault was ruptured by the 1863 A.D. earthquake. It is expected that the NAFSSS would
complete its rupturing process in the next period from Geyve to Gemlik by rupturing the area in the west of Lake
Iznik, the Umurbey fault and the Giirle fault.

Key Words: NAFSSS, Trench, Fault Trace, Calibrated carbon dates.
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YATAGAN - ESKIiHISAR HAVZASININ TEKTONIGI, BATI ANADOLU, TURKIYE

Burcu Kahraman, Kadir Dirik, Erman Ozsayn ve Alkor Kutluay
Jeoloji Mithendisligi Boliimii, Hacettepe Universitesi, 06800, Beytepe, Ankara, Tiirkiye,
bkahraman@hacettepe.edu.tr.

Mugla’nin kuzeybatisinda bulunan Yatagan - Eskihisar havzasinin temelini Paleozoyik yash
metamorfik sistler ve mermerler olustururken ara seviyelerinde linyitlerin de bulundugu Miyosen ve Pliyosen
vagh golsel ¢okeller ortii kayaglarini meydana getirir. Havzanin gelisimini K-G, D-B ve KB-GD dogrultulu
normal faylar denetlemektedir.

Bolgenin yapisal evrimini ortaya koymak amaciyla fay diizlemlerinden elde edilen fay diizlem
verileriyle yapilan kinematik analizlerin sonucunda bolgedeki yapilarin D-B, K~G ve KD-GB dogrultularinda 3
genisleme evresinin tiriinii oldugu tespit edilmistir. Bunlardan ilki, yaklasik D-B dogrultulu genisleme rejimidir.
Bu agilmaya bagli olarak Yesilbagcilar ve Aldag faylari meydana gelmis ve bu faylar linyit isletmesinin de
icinde bulundugu K-G dogrultulu grabenin olusumunu saglamislardir. K—-G genisleme rejimiyle olusan
Eskihisar ve Kiryaka faylari, Aldag’in giineyindeki, yaklagik D—B dogrultulu grabeni kuzeyden ve giineyden
smurlamaktadir. Sahinler ve Turgut faylari ise KD-GB dogrultulu a¢ilmaya bagh olarak gelismis ve yukarida
belirtilen K—-G dogrultulu grabeni kesmektedir. Taskesik yerlesiminin giineydogusunda giincel aliivyonlart kesen
Sahinler Fayt son tektonik dénemin iriiniidiir. Bu iki fay inceleme alammi ve yakin g¢evresindeki KB-GD
dogrultulu grabenin giineybati kenarim sinirlamaktadir. Onceki galismalara gore bu grabenin giineyinde yeralan
ve yaklagik D-B dogrultulu Gékova Grabeni’nin halen gelismekte oldugu bilinmektedir. Buna gére DB ve KB~
GD dogrultulu normal faylar esyashdir ve giincel tektonik rejimin tirtinleridir.

Anahtar Kelimeler: Yatagan, Bati Anadolu, Yeni tektonik, Fay diizlemlerinin kinematik analizi.

TECTONICS OF THE YATAGAN - ESKiHISAR BASIN, WESTERN
ANATOLIA, TURKEY

Burcu Kahraman, Kadir Dirik, Erman Ozsayn and Alkor Kutluay
Jeoloji Miihendisligi Boliimii, Hacettepe Universitesi, 06800, Beytepe, Ankara, Tiirkiye,
bkahraman@hacettepe.edu.tr.

Base of Yatagan - Eskihisar basin which is located northwest of Mugla compose of Paleozoic
metamorphic schists and marbles and involved lignite layers Miocene and Pliocene lacustrine deposits are cover
rocks. Evolution of the basin is controlled by N-S-, E-W- and NW-SE-trending normal faults.

To reveal the tectonic evolution of the area kinematic analyses are applied. The result of these analyses
is that the structures in the area are products of E-W-, N--S- and NE-SW-trending 3 extension tectonic regimes.
First of these is approximately E—~W-trending extensional regime. Depending on this regime, Yesilbagcilar and
Aldag faults generated and these faults provided to form of involved lignite enterprise N-S-trending graben.
Occurred with N-S-trending extensional regime, Eskihisar and Kiryaka faults bound for north and south of E—
W-trending graben which is located south of Aldag. On the other hand, Sahinler and Turgut faults developed by
NE-SW-trending extensional regime and cut the N—S-trending graben which is mentioned above. Cut the recent
alluvium in southeast of Taskesik settlement, Sahinler Fault is product of last tectonic regime. These two faults
bound the study area and southwest margin of NW-SE-trending graben which located its vicinity. It is known
from previous studies that approximately E—W-trending G6kova Graben which located south of this graben is
still developing. According to this, E-W- and NW-SE-trending normal faults are syn-extensional and products
of recent tectonics regime.

Key Words: Yatagan, Western Anatolia, Neotectonic, Kinematic analysis of fault planes.
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CAMELI, GOLHISAR VE ACIPAYAM HAVZALARININ MIiYOSEN
KUVATERNER JEODINAMIiGI, BURDUR-FETHIYE FAY ZONU, GB TURKIYE

irem Elitez, Cenk Yaltirak ve Remzi Akkok
Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye,
elitezi@itu.edu.tr.

Cameli, Golhisar ve Actpayam havzalari giineybati Anadolu’da, tektonik olarak oldukea aktif bir bolge
olan Burdur-Fethiye Fay Zonu’nun (BFFZ) orta kesiminde bulunmaktadir. Bu bolge BFFZ iizerinde geng yash
¢okellerin en yogun oldugu yerdir.

BFFZ, dogu Ege genisleme rejimi, Helen yayi ve Isparta Agisi arasinda konumlanan aktif bir fay
sistemidir. Bu tektonik hattm uzunlugu yaklasik 310 km’dir. Genisligi kuzeyden giineye degisen bu hat kuzeyde
Afyon-Cay’m batisinda 15 km, giineyde Patara ile Dalaman-iztuzu arasinda 90 km’dir. Caligma alaninda bu
genislik yaklasik 40 kmdir. Orta Miyosen-Kuvaterner yash KD-GB dogrultulu fay ve havzalarla karakterize
edilir. ‘

Cameli, Golhisar ve Acipayam havzalarinda Mesozoyik’ten giiniimiize kadarki yas aralifinda ti¢ adet
birim bulunmaktadir. Likya Naplar1 olarak bilinen Jura-Kretase yash ofiyolit ve rekristalize kiregtaslari ile
bunlarin iizerini uyumsuz olarak rtmiis Eosen yasli ¢akiltagi, resifal kiregtasi, kumtagi, kiltast ve seylden olusan
tirbiditik istif bolgenin temelini olusturmaktadir. Bu temel iizerinde uyumsuz olarak Orta-Ust Miyosen yasl,
orgiilii ve menderesli akarsu ortami iiriinii olan iri taneli konglomera, kumtasi, kiltagi ve silttasindan meydana
gelen Golhisar Formasyonu bulunmaktadir. Golhisar Formasyonu Ust Miyosen- Alt Pliyosen yash Ibecik
Formasyonu ile yatay ve diisey gecis gostermektedir. Ibecik Formasyonu kil, kumlu kiregtasi, bol kirikli marn,
killi kirectasi ve kalin tabakal kiregtaglarindan olugan golsel ortam iiriinii bir birimdir. Ibecik Formasyonu
iizerinde uyumsuzlukla Ust Pliyosen-Alt Kuvaterner yasli, kotii boylanmali konglomera, camurtast, silt ve kilden
olusan aliivyal yelpaze gokelleri bulunmaktadir. Dirmil Formasyonu olarak adlandirilan bu birimin iizerine ise
yine uyumsuzlukla giincel aliivyon ¢okelleri yerlesmistir.

Caligma alaminda KB-GD dogrultulu bityiik 6l¢ekli normal ve sol yanal oblik normal faylar baskindir.
ibecik ve Golhisar formasyonlari ierisindeki kiigiik 6lgekli faylar KD-GB sol yanal oblik normal faylar, bunlara
antitetik sag yanal oblik normal faylar, KD-GB dogrultulu normal faylar, K-G ve D-B dogrultulu faylardir. Ana
kivrim ekseni KD-GB dogrultuludur. Bu durum bolgede var olan KB-GD yonlii bir sikisma ve KD-GB yonli bir
gerilmenin gostergesidir.

Cameli, Golhisar ve Acipayam havzalarinin olusumu Erken Miyosen’de bolgede etkin olan sikisma ile

baslamis, Orta-Geg Miyosen’de sol yanal bir hareketin etkisiyle devam etmistir. Havzalar halen Pliyosen’de
baslayan sol yanal gerilmeli bir sistem hakimiyetindedir.
Cameli, Golhisar ve Acipayam havzalari ve gevresi tarih boyunca birgok yikict depreme maruz kalmustir.
Bunlardan en 6nemli iki tanesi Golhisar ilgesinde bulunan Kibyra antik kentinde M.S. 23 ve 417°de gergeklesen
depremlerdir. Kentin dogu kesimi Golhisar Formasyonu, bati kesimi ise temel lizerine kurulmustur. Kentteki
jeolojik ve antik yapilarin konumlar1 bolgede meydana gelmis yanal bir hareketin varlifina isaret etmektedir. Bu
durum kentin batisindaki Kibyra Fayr’ndan kaynaklanmaktadir ve yikimlar da daha ¢ok insan dolgusu olan
kesimlerde goriilmektedir.

Anahtar Kelimeler: Cameli Havzasi, Golhisar Havzasi, Acipayam Havzasi, Burdur-Fethiye Fay Zonu,
Tektonik, sol yanal makaslanma zonu.

THE MIOCENE-QUATERNARY GEODYNAMICS OF CAMELI, GOLHISAR AND
ACIPAYAM BASINS, BURDUR-FETHIYE FAULT ZONE, SW TURKEY

irem Elitez, Cenk Yaltirak and Remzi Akkok
Jeoloji Miihendisligi Béliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye, elitezi@itu.edu.tr

Cameli, Golhisar and Acipayam basins are located on the middle of the Burdur-Fethiye Fault Zone
(BFFZ) that is tectonically very active region in the southwestern Anatolia. This region is characterized by high
concentration of young sediments.

BFFZ is an active fault system that is located between the eastern Aegean extensional province, the
Hellenic Arc and the Isparta Angle. This tectonic line is about 310 km long from north to south, while its width
ranges from 15 km in the west of Afyon-Cay in the north to 90 km between Patara and Dalaman-Iztuzu in the
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south. The width of the study area is approximately 40 km. It is characterized by the dominance of Middle
Miocene-Quaternary NE-SW-trending faults and basins.

There are three main sedimentary units whose ages range from Mesozoic to Holocene . The sequence of
Jurassic-Cretaceous aged ophiolites and recrystallized limestones which are known as Lycian Nappes and the
Eosen aged turbidites that consist of conglomerate, reefal limestones, sandstone, claystone and shale form the
basement. This unit is unconformably overlained by Middle-Lower Miocene aged Golhisar Formation that
consists of meander and braided river deposits; coarse grained conglomerate, sandstone, claystone and
shalestone. Golhisar Formation shows lateral and vertical transition to Upper Miocene-Lower Pliocene aged
Ibecik Formation. Ibecik Formation that indicates a lacustrine environment consists of clay, sandy limestone,
marl, clayey limestone and thick bedded limestone. Upper Pliocene-Lower Quaternary aged Dirmil Formation
overlies on Ibecik Formation uncomformably. This alluvial fan deposits are composed of poorly sorted
conglomerate, mudstone, silt and clay. On the top of the sequence recent alluvium deposits lays uncomformably.

The large-scale NW-SE normal and left lateral normal oblique faults are dominant in the study area.
The small-scale faults in the Ibecik and Gélhisar formations are NE-SW trending left lateral normal oblique and
antithetic right lateral normal oblique faults, NE-SW trending normal faults, N-S and E-W trending faults. The
main fold axis direction is NE-SW. This indicates the effects of a NW-SE compression and a NE-SW extension.

The development mechanism of Cameli, Gélhisar and Acipayam basins had begun with a
compressional regime in the Early Miocene and followed by a left lateral movement in the Middle-Late
Miocene. The basins are still situated within a Pliocene-Recent aged predominantly left lateral extensional
regime.

Cameli, Golhisar and Acipayam basins and surrounding regions have experienced many devastating
earthquakes during the historical period. The most remarkable ones are the A.D. 23 and 417 earthquakes of the
Cibyra ancient city in the Gélhisar town (Guidoboni et al., 1994). The eastern side of the city is located on the
Golhisar Formation and the western side is on the basement. The positions of the geological and ancient
structures in the city show rotations associated with a lateral movement. This situation is due to Cibyra Fault in
the west of the city and the ravages are generally observed on the handmade filling grounds.

Key Words: Cameli Basin, Gélhisar Basin, Acipayam Basin, Burdur-Fethiye Fault Zone, tectonics, left lateral
shear zone.

ANTAKYA VE CEVRESINDEKI AKTIiF FAYLARIN ARASTIRILMASI VE
HARITALANMASI

Nalan Loml, Okan Tiiysiizl, Can Gen(,'z, Ufuk Tari® ve C)zge Tekesin1
! Avrasya Yerbilimleri Enstitiisii, Istanbul Teknik Universitesi, 34469, Istanbul, Ti iirkiye, lom@jtu.edu.tr,
? Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469, Istanbul, Tiirkiye.

Antakya bolgesi, tektonik agidan sol yanal Olii Deniz Fay Zonunun (ODFZ) en kuzey segmenti ile yine
sol yonlii dogrultu atimli Dogu Anadolu Fay Zonunun (DAFZ) en giiney segmenti arasinda ve Kibris Yaymin
kuzey dogusunda yer almaktadir. Bu ¢aligma kapsaminda, jeolojik ve jeofizik yontemler kullanilarak Antakya ve
¢evresinde etkili olan faylar ve geometrileri aragtirilmg, bu faylarin bolge morfolojisindeki etkileri incelenmistir.
Bu kapsamda oncelikle uydu goriintiileri ve sayisal arazi verileri kullamilarak morfolojik analizler yapilmis
ardindan saha calismalarinda tektonik yapilar gozlemlenerek 6lgiimler alinmis ve haritalanmustir. Belirlenen
faylar yapisal jeoloji agirlikli, jeofizik destekli calismalar ile degerlendirilmis ve aktiviteleri yorumlanmustir.

Calismada, Pliyo-Kuvaterner yash ¢okeller, kirik sistemleri, depremlerle olusan yiizey king ile
morfotektonik elemanlar detayli olarak haritalanmigtir. Ayrica, Antakya ve gevresindeki aktif faylarin Yer
Radari (GPR) metodu kullanilarak incelenip bolgenin aktif tektonigini arastirilmistir. Jeolojik degerlendirmeler,
Hatay Grabeni i¢inde yanal atimli ve diisey atimh iki sistemin egemen oldugunu géstermistir. Diisey atimli
faylar grabeni olusturan faylar olarak nitelendirilirken Pliyosen ve Miyosen birimleri kesen yanal atimh faylar
aktif faylar olarak yorumlanmuglardir. Yer Radart ile alinan 6lgiimlerde aktif oldugu diisiiniilen Cogiirli ve Sutasi
faylarinin bélgedeki uzanimi incelenmistir. Degerlendirmeler sonucunda basamakli bir yapida olan Sutas:
faymnin giineybatisina ait 6lgiimlerde fay izi tespit edilmistir. Cogiirlii fayi tizerinde yapilan arastirmalar ise fayin
Akdeniz kiyisma kadar uzandigim, olasilikla Kibris Yayi ile baglantih oldugunu gostermektedir. Jeolojik ve
jeofizik veriler Hatay Grabeni’'nin DAFZ, ODFZ ve Kibris Yayi etkisinde gelisen bir tclii eklem oldugunu
ortaya koymaktadir.

Anahtar Kelimeler: Antakya, Hatay Grabeni, Uglii Eklem, Yer Radari.
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INVESTIGATION AND MAPPING OF ACTIVE FAULTS IN ANTAKYA
AND ITS SURROUNDINGS

Nalan Lom', Okan Tiiysiiz', Can Geng:z, Ufuk Tari” and Ozge Tekesin1
! Eurasian Institute of Earth Sciences, Istanbul Technical University, 34469, Istanbul, T} urkey, lom@itu.edu.tr,
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Antakya region is tectonically located on the northern part of left lateral Dead Sea Fault Zone (DSFZ),
on the southern part of left lateral East Anatolian Fault Zone (EAFZ) and on the northern east of Cyprus Arc.
This study aims to investigate the geometry, structure and geomorphological effects of faults which are effective
in Antakya and its surroundings. In this context, primarily by using satellite imagery and digital terrain data the
morphological analysis of were prepared, then measurements were taken from the study field by observing
tectonic structures and Plio-Quaternary sediments, fault systems, surface ruptures and morphotectonic elements
were mapped in detail. These faults were evaluated by structural geology with the support of Ground Penetrating
Radar (GPR) studies and their activities were interpreted.

Geological evaluations have shown that there are two dominant systems in the Hatay Graben; lateral
strike-slip and vertical slip. Vertical strike-slip faults are described as forming the graben, whereas lateral strike-
slip faults that cut Pliocene and Miocene units interpreted as active faults. GPR measurements were taken to
identify the extension of Sutagi and Cogiirli faults which are thought to be active. As a result of the
investigations, fault trace is detected on southern west part of Sutast fault. On the other hand the studies have
shown that Cogiirlii fault is likely to extend to the Mediterranean and it can be linked with the Cyprus Arc. In
conclusion geophysical and geological data exhibits that Hatay Graben is a developing triple junction under the
influence of DSFZ-EAFZ-Cyprus Arc.

Key Words: Antakya, Hatay Graben, Triple junction, GPR.

TUZGOLU FAY ZONU'NUN GUNEY BOLUMU’NDEN PALEOSISMOLOJIK ILK
VERILER, ORTA ANADOLU, TURKIYE

AKkin Kiirc;er1 ve Yasar Ergun Gokten’
! Maden Tetkik ve Arama Genel Miidiirliigii Jeoloji Etiitleri Dairesi Bagkanhgi, Ankara, Tiirkiye,
akinkurcer@mta.gov.tr,
2 gnkara Universitesi Miihendislik Fakiiltesi Jeoloji Mithendisligi Boliimii, Tektonik Arastirma Grubu, Ankara,
Tiirkiye.

Tuzgslii Fay Zonu (TFZ), Anadolu mikro plakasinin 6nemli kita ici aktif fay zonlarindan biri olmasina
kargin bu fay zonunun paleosismolojik ozellikleri su ana kadar arastirilmamustir. TFZ, yaklagik 200 km
uzunlugunda, 2 ile 25 km genisliginde, KB gidisli, GD’ya egimli, ¢ok kiigiik oranda sag yanal dogrultu atim
bilesenli, aktif normal bir fay zonudur. KB’da Tuzgélii kuzeyi ile GD’da Kemerhisar (Nigde) arasinda uzanir.

Hava fotografi yorumlamasi ve aktif fay haritalama caligmalarima gore TFZ, uzunluklart 4 ile 28 km
arasinda degisen on ii¢ geometrik fay segmentine ayrilmistir. Jeolojik fay uzunlugu ve morfotektonik ozellikleri
nedeniyle, Akhisar-Kilig Segmenti (AKS) TFZ’nun en onemli segmentidir. AKS yaklagik 25 km uzunlugunda,
K 25°-30° B dogrultulu, ¢ok kiigiik oranda sag yanal dogrultu atim bileseni olan normal bir fay segmenti olup,
Akhisar koyii ile Hasandag arasinda yer alir.

Bu ¢alisma, TFZ iizerinde yiiritilen ilk paleosismolojik ¢alismadir. Bu caligmada TFZ’nun AKS
tizerinde yiiriitiilen paleosismoloji ¢alismalarinimn sonuglari sunulmustur. AKS tizerinde, Baglarkayast hendek
alaninda, aktif faylanma ile iligkili bir topografik eyer (topographic seddle) igerisinde, faya dik dogrultuda bir
hendek kazilmistir. Hendek alant AKS nin orta boliimiinde yer alir. Baglarkayasi hendek alaninda diigey elektrik
sondajlardan iiretilen bir yer elektrik yapi kesiti elde edilmistir. Jeolojik gozlemler, jeofiziksel veri ve
morfotektonik bilgiler 1513inda Baglarkayas: mevkii hendek alani olarak secilmistir. Baglarkayasi hendegi, fay
izine yaklagik dik dogrultuda, 94 metre uzunlugunda, 5 metre genisliginde ve ortalama 5 metre derinliginde
kazilmistir. Hendegin tamaminda el ile hendek loglama yontemi uygulanmustir. Hendegin fay iceren Onemli
kesimleri i¢in fotomozayikler olusturulmustur. Bu ¢alismada paleosismolojik hendek fotograflama teknigi
agisindan bir ilk uygulanmustir. Hendek igerisinde belirlenen 15 noktada (sahne) li¢ boyutlu panoramik
fotograflama yapilmis, daha sonra bu sahnelerin birlestirilmesi sonucunda bir sanal tur elde edilmistir. Elde
edilen sanal tur, hendek doldurulduktan sonra, yorumlama agamasinda kolaylik saglamaktadir.

Baglarkayasi hendeginde dokuz farkl mikrostratigrafik birim tanimlanmistir. Bu birimlerden goreceli
olarak daha yash olan (Geg Pleyisyosen) ilk iki birim Hasandag Volkanizmasi’nin volkanik kiil ve blok akmalari
olarak yorumlanmugtir. Goreceli olarak daha geng olan birimler ise plinian aktivite ve fluviyal siireglerle iligkili
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¢okellerdir. Baglarkayasi hendeginde ana fay, sintetik faylanma ve antitetik faylanma bolgesi olmak iizere tig
farkli deformasyon zonu tanimlanmistir. Baglarkayas: hendegindeki mikrostratigrafik birimler baslica volkan
kiillerinden olustugu igin karbonca zengin malzeme smirhdir. Yaslandirilabilir malzeme bulmak amaciyla,
Baglarkayas1 hendeginin yakinlarinda ilave kazi galismalar1 yapilmustir. Baglarkayasi hendeginin 100 metre
giineybatisinda yapilan bir ilave hendek kazisinda, Baglarkayasi hendeginde de net olarak tanimlanabilen bir
mikroostratigrafik birim igerisinde bazi kemikler bulunmustur. Antropologlara gére bu kemikler bir insana aittir.
Baglarkayasi hendeginden 22, ilave hendekten ise ikisi kemik olmak tizere 4 numune derlenmistir. Tiim 6rnekler
Beta Analitik Laboratuarinda analiz ettirilmistir. Baglarkayasi hendeginde, mikrostratigraik birimlerin iligkisi,
fay kollarmin yukariya dogru sonlanmasi, fay koluviyal kama geometrisi dlgiitleri ve '*C yaglandirma sonuglari
dikkate alindiginda son 13 000 yilda ii¢ paleosismik olay tanimlanmustir.

Anahtar Kelimeler: Paleosismoloji, Hendek, Tuzgolii Fay Zonu, Ug Boyutlu Sanal Fotograflama, '*C Analizi.

THE FIRST PALEOSEISMOLOGICAL DATA FROM SOUTHERN PART OF
TUZGOLU FAULT ZONE, CENTRAL ANTOLIA, TURKEY

Akin Kiircer' and Yasar Ergun Gikten®
'General Directorate of Mineral Research and Exploration, Department of Geology, 06800, Ankara, T: urkey,
akinkurcer@mta.gov.tr,
‘Ankara University, Faculty of Engineering, Department of Geological Engineering, 06100, Ankara, T urkey.

Tuzgolii Fault Zone (TFZ) in central Anatolia is an important intracontinental active structure of the
Anatolian Platelet and in this paper we aim to present first paleoseismological data to decipt the charactersitics
features of this fault zone.

TFZ is an approximately 200 km-long, 2-25-km wide, NW trending, active, normal (with minor right
lateral strike slip component) fault zone. It is located between north of Tuzgdlii to the northwest and the
Kemerhisar (Nigde) town to the southeast.

Based on the air photo interpretation and active fault mapping studies, thirteen geometric fault segment
with differing lenghts (4 to 28 km) have been defined within the TFZ. Akhisar-Kili¢ segment is the most
important segment: it is an about 25 km-long, N25°-30°W-trendin active normal fault segment with minor right
lateral strike-slip component. It runs between Akhisar village to the northwest and Kilig ridge (North of
Hasandagz) to the southeast.

This paper is concerned with the preliminary results of the first trench survey performed on the central
part of Akhisar-Kilig segment at Baglarkayasi. At the trench site, a cross trench was excavated along a
topographic depression, a morphologic feature arise from faulting. Microtopographic map of the trench area at a
scale of 1/500 has been generated and then excavated trench has been plotted on the map. Also, an electric
resistivity profile, using vertical electrical sounding, of the trench site data has been obtained. In the site
selection, geological observations, geophysical data and morphotectonic information are all used collectively. In
this study, we applied a new method for photographing trench site: three-dimensional panoramic photographs
have been taken at the fifteen determined stages. Then, a virtual tour of trench has been obtained with combining
of all these stages. Thus, the resultant virtual tour would provide convenience to interpretation of phases of
trench, even after the trench is filled in.

Nine microstratigraphic units were identified in the Baglarkayasi trench. The first two are relatively
older, and have been interpreted as volcanic ash-block flows from the Hasandag volcanism. The relatively young
units are associated with plinian activity and fluvial processes. Three distinct deformation zones have been
defined: master fault, antithetic fault and syntethic fault zone. Carbon material is limited within the
microstratigraphic units, bacause of the dominance of volcanic ash materials. Additional excavations in the close
vicinity of Baglarkayasi trench site was conducted to find more datable material. Some bones are found in an
excavation about 100 metres SW of Baglarkayas: trench site: the good thing is that we can correlate fossil-
bearing horizon with one of the defined microstratigraphic levels in Baglarkayasi trench. We have consulted
with anthropologists, and they suggest that the bones belong to a mankind. 22 samples from Baglarkayasi Trench
and 4 samples from the additional trench sites (two of the from the horizon with bones) have been collected and
then sent to Beta Analytic Inc. Laboratories for dating. At least three paleoseismic event has been described,
based on stratigraphic relationships among microstratigraphic units, upward terminations of fault strands,
geometry of fault colluvial wedge and radiocarbon dating, in Baglarkayasi trench, during the last 13 000 years
B.P.

Key words: Paleoseismology, Trench, Tuzgolii Fault Zone, Three Dimensional Panoramic Photographing, '*C
Analysis.
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ATATURK BARAJI HAVZASININ DEPR]QMSELLiGi: BARAJ ONCESI VE
SONRASI SISMISITENIN DEGERLENDIRILMESI

Recai Feyiz Kartal, Filiz Tuba Kadirioglu, Cenk Erkmen,

Meltem Tiirkoglu ve Sami Ziinbiil
Afet ve Acil Durum Yénetimi Baskanhigi, Deprem Dairesi Bagkanhigi, Eskisehir Yolu 9. km 06530 Lodumlu-
ANKARA, kartal@deprem.gov.tr.

Yapmuina 1983 yilinda baglanip 1992 yilinda bitirilen, Firat Nehri tizerinde yer alan Atatiirk Baraj,
Tiirkiye’nin en biiyiikk barajlarindan biridir. Tektonik agidan aktif bir bolgede yer alan baraj, deprem iiretme
potansiyeli agisindan biiyiik bir tehlike olusturan Dogu Anadolu Fayina (DAF) ~ 60 km, Bozova Fayina ~ 3 km
uzakliktadir.

Bolgede 3 ve 4 Eyliil 2008 tarihlerinde meydana gelen orta bitytiklikteki iki deprem (M1=4.9, Mi=4.8)
ve art¢1 sarsintilarin episantr dagilimlarinin, baraj havzasi igerisinde yer almasi “bu depremlerin olusmasinda su
yiikiiniin etkisi var m1?” sorusunu akla getirmigtir. S6z konusu soruya cevap bulmak i¢in bolgenin jeolojik ve
tektonik yapisi, meydana gelen depremlerin mekanizmalarimin bolgedeki faylarin  mekanizmalart ile
karsilagtirilmasi yapilmuis, baraj alanimin baraj ingaati éncesindeki ve sonrasindaki sismisitesi; ge¢mis yillardan
giiniimiize s6z konusu bolgedeki deprem kayit istasyonu sayisi, DSI raporlari, Afet ve Acil Durum Yonetimi
Bagkanligi, Deprem Dairesi ve MTA verileri dikkate alinarak incelenmistir. Tiim bu veriler 1518inda bolgedeki
tektonik hareketlenmenin sebebi ortaya konulmaya ¢alisilmigtir.

Anahtar Kelimeler: Baraj ve Deprem, Bozova Fay1, Atatiirk Baraji.

SEISMICITY OF THE ATATURK DAM BASIN: EVALUATION OF THE
SEISMICITY BEFORE AND AFTER FROM DAM

Recai Feyiz Kartal, Filiz Tuba Kadirioglu, Cenk Erkmen,

Meltem Tiirkoglu and Sami Ziinbiil
Disaster and EmergencyManagement Presidency, Earthquake Department, Eskigehir Yolu 9. km 06530
Lodumlu-Ankara-TURKEY , kartal@deprem.gov.tr.

Atatiirk Dam which is on the Firat River is one of the biggset dams of Turkey. Dam construction started
in 1983 and completed in 1992. The Dam that is on the very active region is distance to ~ 60 km East Anatolian
Fault (EAF) and ~ 3 km Bozova Fault. Both of them cause danger in terms of the potential producing
earthquakes.

Distributions of the epicenter and aftershocks of two earthquakes which occurred in 3 and 4 September
2008 are in the Dam basin (M1=4.9, MI=4.8). This situation make think “does it have effect of water weight?”.
For find the answer to this question, geological and tectonic structure of the region were examined and
earthquakes fault mechanism (occured in the region) and faults mechanism of the region were compeared.
Sismicity of the dam region (before and after dam construction) was examined taken into consideration the
number of earthquake record station from the past years to present, General Directorate of State Hydraulic
Works reports, the data which belongs to Disaster and Emergency Management Presidency, Earthquake
Department and General Directorate of Mineral Research and Exploration. By the help of all this data the cause
of tectonic activation has been carried out in the region.

Key Words : Dam and Earthquake, Bozova Fault, Atatiirk Dam

22 SUBAT 2011 MUS-BULANIK DEPREM ETKINLIGi

F. Tuba Kadirioglu, Recai F. Kartal, Hakan Albayrak ve Ulubey Ceken
Basbakanlik, Afet ve Acil Durum Yénetimi Bagkanhigi, Deprem Dairesi, Eskisehir Yolu 10.km
Lodumlu, Ankara, tuba kadirioglu@afet.gov.tr.

22 Subat 2011 giinii yerel saat ile 08:36’da Ml= 4.2 biyiikliigiinde, merkez {issiit Mug’un Bulanik ilgesi
olan bir deprem meydana gelmistir. Depremin hemen ardindan biiyiikliigii 4’iin tizerinde olan dort deprem daha
meydana gelmistir. Bu bes depremin episantr dagilumi yaklasik KD-GB y6nliidiir. S6z konusu depremlerin P
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dalgasi ilk hareketine gore odak mekanizmasi ve moment tensdr ¢oziimleri yapilmis ve bolgedeki aktif faylar ile
uyumlu sonuglar elde edilmistir. Bélgede, 22.02.2011 ve 25.02.2011 tarihleri arasinda bityiikliikleri 2.3 ile 3.8
arasinda degisen 82 art¢i sarsinti, Afet ve Acil Durum Yo6netimi Baskanlhigi, Deprem Dairesi Bagkanlig
tarafindan isletilen Ulusal Sismolojik Gozlem Ag: tarafindan kaydedilmistir. Bolgede sismik aktivite devam
etmekle birlikte art¢i sarsintilarin episantr dagilimlart herhangi bir yonelim gostermeden kiimelenmisgtir.
Depremlerin derinlikleri ¢gogunlukla 5-10 km arasinda degigmektedir. Mus ili Deprem Bolgeleri Haritasinda 1.
derece deprem bolgesinde bulunmakta ve temel olarak Kuzey Anadolu Fayi, Dogu Anadolu Fayi, Mus
Bindirmesi, Malazgirt ve Kavakbasi Faylar1 ile bir ¢ok irili ufakli fay sisteminin etkisi altinda kalmaktadir.
Tarihsel ve aletsel donem kayitlarina bakildiginda Mus ve yoresini etkileyen hasar yapici depremler
goriilmektedir.

Anahtar Kelimeler: Deprem, Mus, Odak Mekanizmasi, Artci Sarsintilar.

FEBRUARY 22, 2011 MUS-BULANIK EARTHQUAKE ACTIVITY

F. Tuba Kadirioglu, Recai F. Kartal, Hakan Albayrak and Ulubey Ceken
Prime Ministry, Disaster and Emergency Management Presidency, Earthqauke Department, Eskigehir Yolu
10.km Lodumlu, Ankara, tuba.kadirioglu@afet.gov.tr.

An earthquake with magnitude of ML=4.2 occurred at local time 08:36 on February, 22, 2011 in Mus-
Bulanik area. Four earthquakes with magnitude >4 occurred afterwards. Epicenteres define an approximately
NE-SW trending lineament. Focal Mechanism (according to P wave first motion) and Moment Tensor Solution
were performed and the results are consistent with active faults of the region. In this region, 82 aftershock with
magnitudes ranging betwen 2.3 and 3.8 were recorded by National Seismological Observation Network,
operated by Disaster and Emergency Management Presidency, Earthquake Department Presidency. The
epicentral distribution of these after shocks are clustered without defining a trend. Focal depths varies between 5-
10 km. Mus is located in the first degree earthquake zone according to Earthquake Zoning Map of Turkey.
Active tectonics of the city and its close vicinity is fashioned by the North Anatolian Fault Zone, East Anatolian
Fault Zone, Mus thurst fault, Kavakbasi fault and many other small fault segments. Both historical and
instrumental period records show that there are many damaging earthquakes in the history of Mus and
surrounding region.

Key Words: Earthqauke, Mus, Focal Mechanism, Aftershocks.

HATAY GRABENI’NIN EVRiMi, GUNEYDOGU TURKIYE: YAPISAL VE
MORFOLOJIK BULGULAR

Ufuk Tar', Okan Tiiysiizz, S. Can Geng', Nalan Lom® ve Ozge Tekesin®
! Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi," 34469, Istanbul, Tiirkiye, ufuktari@gmail.com
dvrasya Yerbilimleri Ensitiisii, Istanbul Teknik Universitesi, 34469, Istanbul, T iirkiye.

Bu caliyjmada Hatay Grabeni’nini olusturan fay sistemi, morfoloji ve jeolojsi incelenmistir. Hatay
(Antakya) ve yakin gevresi, Olii Deniz Fayi, Dogu Anadolu Fayr ve Kibris Yayr arasinda aktif olarak
deformasyon gegiren bir bolgededir. Hatay bolgesinin giineyinde bu deformasyonun etkileri goriilmektedir.
Akdeniz kiyisinda bulunan eski bir yerlesim yeri Samandag (Seleukeia Piereia) ilgesinden Antakya’ya
(Antiokheia) kadar uzanan bolge, kuzeydogu uzanimh bir ¢okiintii alam (Hatay Grabeni) goriiniimiindedir.
Hatay grabeni olarak adlandirilan bu ¢okiintii alani, normal atim bilesenine sahip sol yanal faylarin (Hatay-
Samandag fay sistemi) etkisiyle gelismistir. Yapisal bulgular degerlendirildiginde 6zellikle grabendeki agilma
yonlerinin oldukga birbirine benzer oldugu goriilmiistiir. Grabenin morfolojisi, kuzeybatisinda Amanos Daglar
ile kuzeydogusunda Habib-i Neccar Daglari ile smnirlanir, Asi (Orontes) Nehri bélgenin kuzeyinde Amik
diizliigiinden grabeni katederek Akdeniz’e dokiiliir. Graben asimetrik bir yapiya sahiptir ve giineydoguya dogru
carpilmis oldugu, bunun da Hatay-Samandag fay sisteminin etkisi ile gelismis oldugu diigiiniilmektedir.. Ayrica
bu fay sisteminin, graben icerisindeki Pliyosen-Kuvaterner yasl ¢okeller ile Akdeniz kiyisinda varlig1 bilinen ve
cesitli yiikseltilerde yer alan karasal ve denizel teraslarla iligkisi bulunmaktadir. Hatay bolgesi, tarihsel donemde
birgok yikici depremlerden etkilenmesine ragmen, aletsel donemde kiigiik ve orta biiyiikliikte (M=5.7’¢ ulasan)
depremler meydana gelmistir. Bu depremlerin bazilari olasilikla Hatay-Samandag fay sistemini olusturan faylar
tarafindan iiretilmistir. Boylelikle Hatay Grabeni’ninin evrimi ve bu grabeninin olusumunda etkin olan faylarin
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rolii agikliga kavusturulacaktir. Ayrica bu faylarin bolge morfolojisindeki etkileri ve grabenin Giineydogu
Anadolu’nun neotektonigindeki yerini anlamak bu ¢aligmanin konusunu olusturmaktadir.

Anahtar Kelimeler: Graben, fay sistemi, morfoloji, neotektonik, Oli Deniz Fay1, Dogu Anadolu Fay1, Kibris
Yayi.

EVOLUTION OF THE HATAY GRABEN, SOUTHEASTERN TURKEY:
EVIDENCE FROM MORPHOLOGY AND STRUCTURAL DATA

Ufuk Tar1', Okan Tiiysiizz, S. Can Geng¢', Nalan Lom’ and Ozge Tekesin2
!Department of Geology, Istanbul Technical University, 34469, Istanbul, Tiirkiye, ufuktari@gmail.com,
? Eurasia Institute of Earth Sciences, Istanbul Technical University, 34469, Istanbul, Tiirkiye.

Hatay (Antakya) and its surrounding is in a region which is evolved actively deformation, between the
Dead Sea Fault, the East Anatolian Fault and the Cyprus Arc. It can be seen this deformation influences in the
south of the Hatay region. The area between the Antakya (ancient city of Antiokheia) and the Samandag
(Seleukeia Piereia) in the Mediterranean coast is a NE-trending depression, the Hatay Graben, developed under
the tectonic control of the left lateral and oblique normal Hatay-Samandag fault. Stress inversion results of the
fault planes indicate that extension direction is nearly uniform in the graben and orientated at a high angle to the
graben margins. The Hatay Graben is bounded by the Amanos Mountains in the northwest and by the Habib-i
Neccar mountains in the southeast. The Orontes River drains the Amik Plain to the Mediterranean through the
Hatay Graben. The graben has an asymmetric structure, including a gentle northwestern margin and a fault
bounded steep southeastern margin. This asymmetric structure of the graben caused the southeasternward
shifting of the Orontes River. Detailed mapping of the Hatay Graben showed that the graben started to open
probably during the Pliocene as a result of Hatay-Samandag system, while marine and river terraces within the
graben and theMediterranean coasts indicate that this system is still active. The Hatay region was affected by
many devastating earthquakes during the historical period, while only small and moderate (reaching up to
M=5.7) earthquakes occurred in the region during the instrumental period. Some of these earthquakes were
probably produced by segments of the Hatay-Samandag fault system.The evolution of the Hatay Graben and
fault system will be revealed in this work. Hereby, this study may thus provide the contribution to neotectonic of
the southeastern Anatolia.

Key Words: Graben, Fault system, morphology, Dead Sea Fault, East anatolian Fault, Cyprus Arc.

TUZGOLU FAY ZONU’NUN NEOTEKTONIK (}ZELLiKLERi VE KINEMATIGI,
ORTA ANADOLU, TURKIYE

Akmn Kiircer' ve Y. Ergun Gokten®
'Maden Tetkik ve Arama Genel Miidiirliigii Jeoloji Etiitleri Dairesi Bagskanligi, akinkurcer@mta.gov.tr,
2 Ankara Universitesi Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Tektonik Arastirma Grubu.

TFZ, yaklasik 200 km uzunlugunda, 2 ile 25 km genisliginde, KB-GD dogrultulu, GB’ya egimli aktif
normal (cok kiigiik oranda sag yanal dogrultu atim bilesenli) bir fay zonudur. KB’da Tuzgdli kuzeyi ile
giineydoguda Kemerhisar (Nigde) arasinda uzanir.

Tuzgdli Fay Zonu (TFZ) Anadolu mikro plakasimun onemli kita i¢i kirik zonlarindan biridir.
Morfotektonik dzellikleri ve biiyiikliikleri 5’e ulagan deprem dis merkez dagilimlari bu zonun sismik aktivitesine
isaret eder.

Bu ¢alismada, TFZ nun neotektonik ve kinematik 6zellikleri arastirilmistir. Hava fotografi yorumlamasi
ve aktif fay haritalama galismalarina gére TFZ on ii¢ geometrik fay segmentine ayrilmugtir. Segment uzunluklari
4 ile 28 km arasinda degismektedir.

TFZ iizerinde yapilan yapisal gozlemlere gore, TFZ gok kiigiik oranda sag yanal dogrultu atim
bilesenine sahip (fay diizlemleri iizerinde 6lgillen sapma agis1 75° ile 85° arasinda degismektedir), giineybatiya
egimli yiiksek acili (egim miktar1 65° ile 85° arasinda degismektedir) normal faylardan olusmaktadir. Bu faylarin
dogrultular1 K 25° ile 65° B arasinda degismektedir.

TFZ iizerindeki deformasyon, Sereflikoghisar civarinda detayh ¢aligilmustir. Bu bolgedeki temel kayalar
(Pliyosen dncesi) KD-GB dogrultulu sikigma rejimi altinda kalarak kivrimlanmis ve yatay konumlu Cihanbeyli
formasyonu (Pliyosen) tarafindan agisal uyumsuzlukla értiilmiistiir. Bu jeolojik veri, sikigma tektonik rejiminin
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(paleotektonik rejim) Miyosen sonunda sona erdiginin nemli bir kamitidir. Bu ¢alismada, bolge i¢in Neotektonik
doénemin Pliyosen’den itibaren bagladigi 6nerilmistir.

Fay diizlemlerinin kinematik analizi, bolgenin a¢ilma rejiminin etkisi altinda oldugunu ve genislemenin
KD-GB dogrultusunda gelistigini gostermektedir.

Anahtar Kelimeler: Tuzgélii Fay Zonu, Orta Anadolu, Neotektonik, Kinematik Analiz, Cihanbeyli formasyonu.

NEOTECTONIC CHARCTERISTICS AND KINEMATICS OF THE TUZGOLU
FAULT ZONE, CENTRAL ANATOLIA, TURKEY

Akm Kiircer' and Y. Ergun Gokten®
'General Directorate of Mineral Research and Exploration, Department of Geology, 06800, Ankara, Turkey.
akinkurcer@mta.gov.tr,
’Ankara University, Faculty of Engineering, Department of Geological Engineering, 06100, Ankara, Turkey.

TFZ is an approximately 200 km-long, 2-25-km wide, NW-trending, SW-dipping active, normal (with
minor right-lateral strike slip component) fault zone. It is located between north of Tuzgdlii to the NW and the
Kemerhisar (Nigde) town to the SE.

The Tuzgdli Fault Zone (TFZ) is an important intracontinental structure in the Anatolian Platelet. Both
morphotectonic features and recent earthquake epicenters with magnitude up to 5, strongly suggest that the
Tuzgolii Fault Zone is stil active.

In this study, neotectonic and kinematic features of the TFZ have been investigated. Based on the areal
photo thirteen geometric fault segment have been identified. The length of these fault segments differs from 4 to
28 km. According to the structural observations, the the TFZ consists of high-angle normal faults dipping
southwest (dip angle varies between 65° and 85°) with minor right-lateral strike-slip components (rake angle
ranges from 75° to 85°). Strike of these faults varies from N 25° to 65° W,

Deformation on the TFZ were investigated in detail around Sereflikoghisar town. In this region,
basement rocks (Pre-Pliocene) are folded during a NE-SW directional compressional regime and Cihanbeyli
Formation (Pliocene) overlies these units with angular unconformity. Beds of the Cihanbeyli Formation are
horizontal and this formation is not effected by this compressional regime. Hence, field relations confirm that the
compressional palaeotectonic regime has ended by the end of Miocene. We therefore suggest that the
neotectonic regime in the present study area has began during the Pliocene.

The kinematic analyses of fault-slip data clearly indicate that the area has been experiencing an
extensional deformation in NE-SW direction.

Key Words: Tuzg6lii Fault Zone, Central Anatolia, Neotectonic, Kinematic Analysis, Cihanbeyli formation.

MUSUL FAYDI’NIN ESKi VE GENC TEKTONIGIi VE BOLGE JEOLOJISi
UZERINDEKI ETKISI

Nabeel Al-Azzawi

Paleofasiyes haritalar1 Musul fayi’min orta Jura’dan itibaren hatta dahada eski aktif oldufunu
gostermektedir. Bu fay Tirkiye sinirindan Zap nehrine Tigris nehri boyunca Musul ve Sinjar bloklarini ikiye
bolerek 150 km boyunca uzanir. Fay yer degistirmeleri gostergelerinin tespitinde sedimanter yapilar
kullanilmustir. Sinjar blokunun Kretase’ye kadar yiikseltildigini gostermektedir. Kretase donemi her iki blok icin
nerdeyse ayni yliksekligi gostermektedir. Orta Eosen’e kadar aymi yiikseklikte kaldilar. Bu epok bolgede énemli
degisikliklere isaret etmektedir. Arap ve Avsrasya plakalarinin ¢arpigmast Musul blokunun goreceli olarak
yiikselmesine sebeb olmustur. Bu karasal Gercus Formasyonu’nu iiremistir, fakat Jaddala Formasyonu’nun
havzasal kalin ¢okelleri ¢okmils blok iizerinde tespit edilmistir. Musul bloku Oligosen’in sonuna kadar cok
yiikselmistir. Erken Miyosen yiikselim algalimlarin salimmmlarm gdstermektedir, fakat Sinjar bloku goreceli
olarak yiiksekte kalmistir. Orta Miyosen’de, Jeribi Formasyonu’nun sadece Sinjar bloku iizerinde bulunmasi
Musul blokunun daha yiiksekte kaldigina isaret etmektedir. Injana Formasyonu’nun Geg¢ Miyosen’de bloklar
tizerinde domine etmesi aym yiikseklikte kaldiklarini gosterir. Bakhtiari Formasyonu’nun bulunusu Ssnjar’in
biraz daha yiiksekte kaldigini gosterir. Diigey hareketlere ek olarak, paleostres analizleri fayin Alpin dag
olusumunun gerilme fazinda sol yanal atimli oldugunu fakat sikisma fazinda ve giiniimiizde sag yanal oldugunu
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gostermistir. Gliniimiizde fay hareketlerinin risk olusturdugu goriilmekte ve bazi yapilarin Musul gehrinin 3.
kopriisii iizerinde tespit edilmesi fayin aktif oldugunu gostermektedir.

Anahtar Kelimeler: Eski Tektonik, Geng tektonik, Fay, Musul.

PALEO AND NEOTECTONICS OF MOSUL FAULT AND ITS INFLUENCE ON
THE GEOLOGY OF THE AREA

Nabeel Al-Azzawi

Paleofacies maps proved that Mosul fault was active since middle Jurassic or it might be before. This
fault was extended about 150 km from the Turkish border to the Zab river along Tigris river dividing the area
into Mosul and the Sinjar blocks. The sedimentary facies were used as indicators for fault displacements. They
showed that the Sinjar block was uplifted till the cretaceous period. Cretaceous time showed almost same
elevation of the two blocks. They were remained at same level until middle Eocene. This epoch manifested a
dramatic change in the area. The collision between Arabian and Eurassian plates reflected a sudden uplift of
Mosul block relatively. This produced the continental the Gercus formation. While a thick deposition of the
basinal the Jaddala formation was found on the subsided block. Mosul block continued extremely uplifted till the
end of Oligocene. Early Miocene illustrated fluctuations up and downwards of the blocks but in general Sinjar
block seemed to be uplifted relatively. At middle Miocene, the presence of the Jeribi formation on only Sinjar
block indicated that Mosul block was the higher. The domination of the Injana formation on the blocks at late
Miocene revealed the same elevation. According to the presence of the Bakhtiari formation, the Sinjar seemed to
be slightly higher. In addition to the vertical displacement, paleostress analysis appeared that fault was sinistral
strike- slip at the extension phase of alpine orogeny whereas it was dextral strike-slip during the compression
phase till now. The present day exposed the risk of the fault displacement. Some features was appeared and on
the 3rd bridge of Mosul city indicating its neotectonics.

Key Words: paleotectonic, neotectonic, fault, Mosul.

BOGAZKOY, YENICEKALE TEPE’DEKI HITITLERIN KULLANDIGI DUVAR
TASLARININ MIKROFASIYES ANALIZI VE BiYOSTRATIGRAFISI: KAYNAK
ALANI TESPITI ICIN YAKLASIM

ismail Omer Yilmaz', Demir Altiner' ve Andreas Schachner’
! Jeoloji Miihendisligi Béliimii, Orta Dogu Teknik Universitesi, 06531, Ankara, Tiirkiye,
2 Alman Arkeoloji Enstitiisii, Istanbul Béliimii, 34437 Istanbul, Tiirkiye.

Bogazkdy, Yenicekale’deki Hititler’in bina yapiminda kullandift duvar taslari muhtamel kaynak
alanlarimin ve kokenlerinin tespiti icin sedimantolojik ve paleontolojik yontemlerle Tirkiye’de ilk defa
caligilmistir. Bolgede yiizlek veren Meseozoyik ofiyolit birimi igerisinde iyi korunmus kiregtaglar1 bloklar:
iizerinde Hititlerin binalarimin temellerinde kullandiklari kesme duvar taglari yer almaktadir. Yenicekale
Tepedeki Duvartaslarimin hepsi kiregtast litolojisinden olusmaktadir ve tizerinde insa edildikleri kirectas
anakaya ile dis goriinisleri agisindan gok benzerlik sunmaktadir. Kiregtagi anakayadan ve tizerinde yer alan
duvar taglarindan alinan drnekler birbirlerinden farkli mikrofasiyes tipleri sunmakatdir. Anakaya genellikle s1g
denizel oolitik/foraminiferal tanetasi/vaketasi mikrofasiyeslerinden olugmaktadir. Bu mikrofasiyesler
duvartaglari arasinda da tespit edilmistir. Fakat, ostrakot’lu kire¢ ¢amurtasi, pelajik oolitli tanetasi/vaketasi,
karbonat bresi/resifal detritus, mermer ve bazi biyoklastik fasiyesler anakaya tabakalari igerisinde hig
gozlenmemistir (Akgcar ve dig., 2009).

Dolayis1 ile bu biiyitk fasiyes farklilift en azindan bazi duvar taslarmin ana kayadan kesinlikle
alinmadigini ve civardaki diger anakayalardan tagmmis olduklarimni gostermektedir. Duvartaglarinm hepsinin
kalinliklar1 yaklagik 1m veya daha bityiik ve hacimlerinin 1m’ ten fazla olduklari tespit edilmstir. Duvartaglarinin
iizerinde bulunduklari anakaya tabakalarmim 1m veya tistiinde kalinlik dagilimi gostermedikleri gézlenmistir.

Bu kalinlik dagilimi ve duvartast boyutlarim iligkileri duvartasi kullaniminda rastgele segilmediklerini
ve sans eseri alttaki anakayadan alinmadiklar1 bulgularini desteklemektedir.

Anakayadan olgiilen stratigrafik kesit boyunca yapilan bentik foraminifer analizleri anakaya igin
Kimeridciyen yasim vermektedir. Fakat, duvar taslanmin foraminiferal analizi incelendiginde 2 Ornegin
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Titoniyen-Berriyaziyen yasinda, 1 6rnegin Kolloviyen-Oksfordiyen yasinda ve bir rneginde “Berriyaziyen”
yasinda oldugu ortaya ¢ikmustir,

Bu sonugta bize en azindan Titoniyen-Berriasiyen, Kolloviyen-Oksfordiyen, ve “Berriyaziyen” yaslarinda
olan 4 6rnegin anakayadan olmadigim ve baska biryerden tagmip getirildigini ispatlamaktadir. Bolgedeki kaya
bloklarinin tabaka kalinliklari, mikrofasiyesleri ve yaslar1 incelendiginde muhtamel tasinma mesafesi kusbakisi
1.1 km den daha uzak olabilecegini gostermektedir, ve Yenicekaleye en yakin ve Im’den kalin tabakaya sahip
mermer yiizlegi ise yaklasik Skm uzakta tespit edilmistir.

Anahtar Kelimeler: Hititler, Mikrofasiyes, Biyostratigrafi, Duvartaslari, Kaynak alani, Bogazkdy, Corum.

MIKROFACIES ANALYSIS AND BIOSTRATIGRAPH OF THE WALL BLOCKS
USED BY HITTITES IN YENICEKALE HILL, BOGAZKOY, TURKEY:
APPROACH FOR THE DETERMINATION OF PROVENANCE AREA

Ismail Omer Yllmazl, Demir Altmer' and Andreas Schachner’
'Department of Geological Engineering, Middle East Technical University, 06531, Ankara, Turkey,
? German Archaeological Institute, Istanbul Department, 34437 Istanbul, Turkey.

The wall blocks of a building used by the Hitites on the Yenicekale hill within the Bogazkdy, Turkey
has been studied for the first time to determine the possible provenance area and their origin by sedimentological
and paleontological methods. The samples recovered from limestone bed rock and overlying wall blocks display
different microfacies types. The bed rock was generally dominated by shallow marine oolitic/foraminiferal
grainstone/wackestone microfacies. These microfacies are also observed among the wall blocks. However lime
mudstone with ostracoda, pelagic oolite grainstone/wackestone, carbonate breccia/reefal detritus, marble and
some bioclastic facies were not present within the bed rock succession (Akgar et al., 2009). Therefore, this facies
differences indicate that at least some of the blocks used are not belonging to bed rock. They must have been
transformed from different bed rocks within surrounding region. The dimensions of nearly all wall blocks
observed are greater than lm and the volume > Im’. However, the bed thickness distribution within the
underlying bed rock was not in the order of 1m. The consistent dimensions of the wall blocks also support that
they were not chosen arbitrarily and taken up from the bed rock by coincidence.

According to benthic foraminiferal analysis of the measured stratigraphic section, the Kimmeridgian
age has been assigned for the bed rock. However, 2 samples from wall blocks are in Tithonian-Berriasian, 1
sample is Collovian-Oxfordian, and and 1 sample is in “Berriasian” age.

This indicates that at least 4 samples with Tithonian-Berriasian, Collovian-Oxfordian, and “Berriasian”
ages are transported from outside of the outcrop. The possible transportation distance of samples far from the
exposed limestone blocks can be longer than 1,1 km, and the closest marble bedrocks crop out in 5 km distance
with a succession including more than 1m bed thickness.

Key Words: Hitites, Mikrofacies, Biyostratigraphy, Wall blocks, provenance area, Bogazkdy, Corum.

HITIT UYGARLIGI ALACA HOYUK YERLESIM YERINE
AIT JEOARKEOLOJIK BULGULAR

Evren Atakay Giindogdu’, i. Sonmez Sayili?, Duygu Celik’ ve Aykut Cmnaroglu®
'MTA Genel Miidiirliigii, 06800, Ankara, Tiirkiye, evren@mta.gov.tr,
*Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 06100, Ankara, Tiirkiye,
*Ankara Universitesi, Dil Tarih ve Cografya Fakiiltesi, Arkeoloji Béliimii, Ankara, Tiirkiye.

Alaca Hoyiik, Ankara'nin 250 km kuzeydogusunda, Hititlerin Baskenti Hattusa’nin 34 km kuzeyinde
Corum ili Alaca ilgesi Alaca Hoyiik Koyii sinirlari igerisinde bulunan bir yerlesim yeridir. Bu arkeolojik alan,
ana toprak tizerinde kurulmus dort kiiltiir katinin olusturdugu 16 m yiiksekliginde, 350 m. capinda bir hoyiikten
olusmaktadur. Kiiltiir katlar1 eskiden yeniye dogru, Geg Kalkolitik (IV)?; Eski Tung (III); Hitit (IT) ve Frig (I)
Caglar olarak siralanmistir.

Alaca Hoyiik kazisinda ortaya ¢ikartilan ve ozellikle kapi girislerinde yer alan sfenksler, tapmagin
kutsal odas1 (Adyton) alaninin duvar taglari, surlarin temel taslarinin ve kabartmali temel taslari (ortostad), Alaca
Hoyiik’ tin yakininda yer alan Kalinkaya ve Mahmudiye (KaleTepe), Kargin ve Deniz kéyleri bslgelerindeki
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kayagclarla kargilastirildiklarinda, gorsel olarak ve mikroskobik-petrografik incelemelere gore hornblend andezit
ve riyodasit olarak isimlendirilen kaya¢ ornekleriyle gok bityilk benzerlikler sunduklar belirlenmistir. Ayrica
Mahmudiye kéyii civarda gézlenen diyorit porfir kayaci da bu uygarlik tarafindan kullanilmustir.

Alaca Hoyiik’ te gesitli kiiltiir katlarinda metalik madenlerin elde edildigi yerlerde gesitli goriintimler ile
ve metalik element igerikleri sunan curuflar bulunmustur. Kaz1 alaninda, curuflarin ¢ogu Alaca Hoyiik I11. Kiiltiir
kat1 ve I1. Kiiltiir katinda cevher kazanim alanlari olarak diisiiniilen kesimde bulunmustur. Bu alanda metal elde
etmeye yarayan firinlar da bulunmugtur.

Kaz alanindan alinan curuflardan 8 tanesinin metalik igeriklerini saptamak iizere Kanada’ da kimyasal
analizleri yaptirilmistir. CUR-1, 6, 7 numarali ve demir curufu 6rnekleri III. Kiiltiir katina, diger curuf 6rnekleri
(CUR- 2,3,4,5) ise II. Kiiltiir katina aittir. Bu sonuglara gore III. Kiiltiir katinda bulunan curuflarda Fe, Cu, As,
Sb, Pb, Zn ve Ag yiiksek degerler sunmaktadir. II. Kiiltiir katinda bulunan curuflarda ise Pb, W, Sn, Au ve Ag
yilksek degerler gostermektedir. Sn degerlerinin tung iretmek igin gerekli kalaya isaret edebilecegi
diisiiniilmektedir. Bu metallerin iiretilmesi i¢in kullamilan ham cevherin olasilikla polimetalik bir cevherlesmeye
ait olabilecegi ve kalkopirit ile belki sfaleriti igerebilecegi, ayrica As, Sb, Bi, Hg, T 1, Se, Te ve Au ile Ag
degerlerinin de hidrotermal cevher parajenezi igerigini diistindiirdigii soylenebilir.

Anahtar Kelimeler: Corum, Alaca Hoyiik, jeoarkeoloji, curuf, metal igerikleri.

GEOARCHEOLOGICAL FINDINGS FROM ALACA HOYUK SETTLEMENT OF
HITTITE CIVILIZATION

Evren Atakay Giindogdul, I. Sonmez Saylllz, Duygu Celik® and Aykut Clnaroglu3
'MTA Genel Miidiirliigii, 06800, Ankara, Turkey, evren@mta.gov.tr,
’ Ankara Universitesi, Miihendislik Faiiltesi, Jeoloji Miihendisligi Béliimii, 06100, Ankara, Turkey,
3 Ankara Universitesi, Dil Tarih ve Cografya Fakiiltesi, Arkeoloji Béliimii, Ankara, Turkey.

Alaca Hoyiik is located 34 km north of Hattusa, ancient capital city of Hittite Empire and takes place
within the boundaries of Alaca Hoyiik village, town of Alaca, Corum. It is 250 km away from Ankara. This
archeological site is settled on a soil ground and consists of a mound (Hoyiik) with a 350 m diameter. It contains
four culture level within 16 m elevation. These culture levels can be listed from the oldest to the newest order as:
Late Chalcolithic (IV)?, Old Bronze (111), Hittite (II) and Phrygia (I) Ages.

New discovered heritages during excavation studies at Alaca Hoyiik, especially the rocks of Sphinx
Gate, the wall rocks of Adyton, the basement rocks of city walls and the rocks of the basement of stone reliefs
marked at the entrance look like very similar by visually and due to mineralogical and petrographical
investigations when compared with the rocks exposed at the near vicinity of Kalinkaya, Mahmudiye (Kale
Tepe), Kargin and Deniz villages. In addition, the rocks of diorite porphyry observable around Mahmudiye
village are used by Hittites.

Slags with various qpperances and metallic ore contents have been found at some places of different
culture levels at Alaca Hoyiik. Most of the slags are located at IIL. and II. Culture levels where ore processes
should have been realized. At these places, forges used for metal productions have also been found.

The pulps of 8 slag pieces are sent to Canada for trace element chemical analyses in order to understand
their metallic contents. While CUR-1, 6, 7 and iron slag samples belong to III. Culture level, the others (CUR-2,
3, 4,5) to I1. Culture level. Due to analytical results, the slags of III. Culture level are represented by high Fe, Cu,
As, Sb, Pb, Zn and Ag values. On the other hand, high Pb, W, Sn, Au and Ag contents are determined in the
slags of II. Culture level. High Sn values may indicate tin for bronze production. Raw ore probably from
polymetallic mineralizations should be used for the production of the metals mentioned above. It can be
postulated that this polymetallic mineralization could contain chalcopyrite and sphalerite and hydrothermal ore
paragenesis consisting of Au, Ag, As, Sb, Bi, Hg, T, Se and Te.

Key Words: Corum, Alaca Hoyiik, geoarcheology, slag, metal contents.
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HASANKEYF YUKARI SEHIR SARNICLARI

Eser Deniz Oguz1 ve Vedat Toprak2
"Yerlesim Arkeolojisi, ODTU, 06531, Ankara, Tiirkiye
“Jeoloji Miihendisligi Béliimii, ODTU 06531, Ankara, Tiirkiye, toprak@metu.edu.tr

Hasankeyf Yukari Sehir boliimiinde yeralan sarmiglar, sehre su saglayan ve bes 6geden olusan su
sisteminin en u¢ elemanlaridir. Bu elemanlar, 1) 14 km uzaktaki kaynaktan suyu sehire tagiyan ana kanal, 2)
sehrin giiney smirinda suyu yukari tasiyan sifon, 3) sifonla sehre taginan suyun depolandigi ve sehrin giiney
kisminda yeralan bilyiik bir havuz, 4) havuzdaki suyu sehir iginde dagitan kanal sebekesi ve son olarak 5) sehir
icinde serpistirilmis sarniglardir.

Bu ¢alismada, “ev birimleri” ile iligkili 187 adet sarni¢ incelenmigstir. Bu sarniglar genel olarak
Oligosen yash killi kumlu kiregtaslari igine teraslar halinde oyulmus magara evlerinin avlusunda yer almaktadur.
Biiyiik ¢ogunlugu koni seklinde olmakla birlikte, armut ve silindir seklinde sarniglar da mevcuttur. Yapilan
dlgtimlere, boyut olarak ortalama yiikseklik, cap ve hacim degerleri sirastyla 290 ¢cm, 310 cm ve 10 m3 olarak
belirlenmistir.

Genel olarak her aviuda tek sarnig¢ yer alirken bazi durumlarda yanyana ikili ve iiglii sarniclar da
gbzlenmistir. Sarmiglarm 158’1 havuz seviyesinin altinda olup kanallarla dogrudan beslenebilmektedir. Su
sisteminin devre dist kalmasindan sonra bu sarniglar ikinci bir kullanim olarak, alt teras katindaki magara evleri
ile entegre edilmistir. Odalar ile sarniglar arasindaki ince duvarlar yikilarak, oda, ahir, mutfak, banyo ve benzeri
yeni mekanlar olarak kullanilmustir.

Anahtar Kelimeler: sarnig, su sistemi, Hasankeyf.

HASANKEYF UPPER CITY CISTERNS

Eser Deniz Oguz' and Vedat Toprak®
ISettlement Archaeology, METU, 06531, Ankara, Turkey,
‘Geological Eng. Dept., METU, 06531, Ankara, Turkey, toprak@metu.edu.tr.

Hasankeyf Upper City cisterns are the end-members of a five-component water system that provides
water to the city. These components are 1) the main canal transporting water from the source at a distance of 14
km, 2) a siphon located at the southern margin of the city, 3) a large pool accumulating the water at the southern
part of the city, 4) a network of canal distributing the water from the pool to the city, and lastly 5) the cisterns
scattered in the city.

In this study 187 cisterns asociated with the “house units” are investigated. The cisterns are located in
general in the courtyards of the cave houses carved as terraces within the Oligocene clayey sandy limestones.
Majority of the cisterns have conical shape although some pear-shape and cylindrical cisterns also exist.
According to the measurements, the average height, diameter and volume of the cisterns are determined as 290
cm, 310 cm and 10 m3.

In most cases there is one cistern in one courtyard although in some courtyards double and triple
cisterns are observed. 158 cisterns are below the level of the pool and can be directly fed through the canals. The
cisterns as secondary use are integrated with the houses in the lower terrace houses. The thin walls between the
cisterns and the rooms are removed; and they are re-used as room, stall, kitchen, bath or similar function.

Key Words: cistern, water system, Hasankeyf.
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DIYARBAKIR TARIHIi BINALARDAKI KAYA KOLONLARIN JEOLOJIK
INCELEMESI

Orhan Kavak', Vedat Toprak ve Neslihan Dalkili¢®
! Maden Muhendzslzgz Boliimii, Dicle Umversztesz 2180, Diyarbakir, Tiirkiye, kavakorhan@gmail.com,
? Jeoloji Muhendzslzgz Baéliimii, Ortadogu Teknik Universitesi, 06531, Ankara, Tiirkiye,
7 Mimarlik Béliimii, Dicle Universitesi, 21280, Diyarbakar, Tiirkiye.

Bu c¢alismanin amact “suri¢i” olarak bilinen Diyarbakir eski sehirinde yeralan tarihi binalardaki
kolonlarin kayatiirii 6zelliklerini ve jeolojik kokenini arastirmaktir. Bu kapsamda yaslari iigiincii yiizyildan
yirminci yiizyila degisen toplam 24 adet yapt (7 kilise, 9 cami, 2 han, 4 eski Diyarbakir evi ve 2 sur burcu)
incelenmistir. Bu inceleme sadece silindirik kolonlart igermekte olup, kolonlarin mimarisi, bina igindeki
konumlari ve ytiklendikleri fonksiyon gibi 6zellikleri gézoniinde bulundurulmamustir. Kolon sayis1 en fazla bina
Ulu Cami olup bu yapidan 49 kolon incelenmisgtir.Suri¢i’nde incelenen toplam kolon sayis1 230 dur. Bunlardan
106°s1 basalt, 102’1 kiregtasi, 9’u ise meta-ofiyolit olarak tanimlanmistir. Diger kolonlardan 6’s1 kiregtas: ve
bazalttan olusan almasik, 7’si ise meta-ofiyolit ve kiregtagindan olusan karmasik kolonlardir.

Ulu Cami kolonlarindan alinan 18 adet 6rnegin petrografik analizlerine gore orneklerden 6°si
serpantinlesmis peridotit, 5’1 ntimiilitli neritik kirectasi (Eosen), 5°i resifal kiregtes1 (Miyosen), 2’si ise olivin
bazalt olarak tanimlanmistir. Bolgenin jeolojik haritasi ve eski ¢aligmalar goziiniine alarak kolon kayatiirlerinin
kokenleri ile ilgili su sonuglara varilmistir: 1) Meta-ofiyolitik kayaglar sadece Ulu Cami’nin on kolonunda
kullamlmugtir. Diyarbakir kuzeyindeki bindirme kusaginda gozlenen bu kayatiirlerinin getirildigi ocaklar
simdilik bilinmemektedir, 2) Eosen kirectaslar1 yiiksek gézenekli ve diisiik dayanimli olup sadece Ulu Cami’nin
on kolonunda kullanilmistir. Bu kayaglarin Diyarbakir yakin dolayinda birgok olast ocagi meveuttur, 3) Miyosen
kiregtaslar ile bazaltik kayaglarin fiziksel ozellikleri biribirine benzer degerlere sahip olup, kolon yapiminda en
fazla tercih edilen kayatiirleri olarak binalarin hemen hemen tiimiinde kullanilmistir. Giiniimiizde de Diyarbakir
yoresinde liretim yapilan ocaklarin ¢ogu bu iki kayatiiriine aittir.

Anahtar Kelimeler: Kaya Kolonlar, Kéken, Tarihi Yapilar, Surigi, Diyarbakir.

GEOLOGICAL INVESTIGATION OF ROCK COLUMNS IN THE HISTORICAL
BUILDINGS OF DIYARBAKIR

Orhan Kavak', Vedat T()prak2 and Neslihan Dalkili¢®
'Department of Mlnmg Engineering, Dicle University, Diyarbakir, 21280, Turkey, kavakorhan@gmail.com,
Deparrment of Geological Engineering, METU, 06531, Ankara, Turkey,
Department of Architecture, Dicle University, 21280, Diyarbakir, Turkey.

The purpose of this study is to investigate lithological characteristics and the origin of the columns used
in the historical buildings of Diyarbakir Old City. A total of 24 buildings (7 churches, 9 mosques, 2 hans, 4
traditional Diyarbakir houses and two towers on the city wall) are investigated for this purpose. The study is
focused only on the cylindrical columns and the properties such as their architecture, locations in the building
and their functions are not considered. The most populated building is the Great Mosque with 49 columns.

Total number of columns investigated in the Old City is 230. 106 of these columns belong to basalt, 102
to limestone and 9 to meta-ophiolites. Other 6 columns are made up of limestone-basalt alternating rings; and 7
are mixed columns composed of meta-ophiolites and limestone.

According to the petrographic analyses of 18 samples collected from the Great mosque columns, the
lithologies of 6 columns are serpentinized peridotite, 5 are nummulites-bearing limestone (Eocene), 5 are reefal
limestone (Miocene) and 2 are olivine basalts. Following conclusions are derived for the origin of these columns
considering geological map of the area and the data published in the literature: 1) Meta-ophiolites are used only
in ten columns of the Great Mosque. The source rocks of these columns can be observed along the thrust zone
located to the north of Diyarbakir; the particular quarries of these columns however are not so far known, 2)
Eocene limestones are characterized by high porosity and low strength and are used only in ten columns of the
Great Mosque. There are several probable quarries of this lithology in the close vicinity of Diyarbakir, 3)
Miocene limestones and basaltic rocks have similar physical properties and are the most preferred rock types for
the columns observed almost in all buildings. Most of the present quarries producing building material around
Diyarbakir belong to these two rock types.

Key Words: Rock Columns, Provenance, Historical Buildings, Old City, Diyarbakir.
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KUZEY ANADOLU FAY ZONU’NUN ERKEN MiYOSEN MORFOLOJISININ
BELIRLENMESI: CARPISMA SONRASI GELISEN DOGRULTU ATIMLI FAYLARDA
KUMULATIF ATIMININ TAHMINI iCIN BiR ARAC

Giirsel Sunal' ve Mehmet Korhan Erturac’
Istanbul Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Ayazaga, TR-34469 Istanbul, Tiirkiye,
gsunal@itu.edu.tr,
’Fransiz Anadolu Arastirmalar: Enstitiisii, USR3131, Nur-i Ziya Sok: No:10 Beyoglu, Istanbul, Tiirkiye.

Aktif faylanma kontrolii altinda jeomorfolojik evrimini siirdiiren bélgelerde, morfolojik elemanlarin
geometrik analizi “Geng Tektonik™ disiplininin yaygin bir uygulama alanidir. Bu ¢alismada, ¢ok fazli tektonizma
tarafindan olusturulan ve sonrasinda da deforme edilen bir alanin ilksel, asinma siirecleri 6ncesindeki morfolojisi
giincel topografik veriler kullanilarak modellenmistir. Boylelikle olusumundan giintimiize ge¢irdigi karmagik
evrim basamaklarimin da tanimlanmasi ile olusum sonrasi faylanmanin parametreleri elde edilmeye ¢alistimgtir.
Bu calismada onerilen yaklasim grafik ve matematiksel yontemlerle agiklanacak ve elde edilen verilerin fay
kinematigi ile iligkisi ortaya konulacaktir.

Inceleme alani kuzey Anadolu’nun yiiksek topografyasi olup, 6nemli bir ¢arpigma sonrasi yiikselme
sonucunda olustugu bilinmektedir. Bu paleo-topografya, olusumundan sonra gelisen sag yonlii dogrultu atunl
Kuzey Anadolu Fay Zonu (KAFZ) tarafindan kesilmis ve 6telenmistir. Yeryiiziindeki en 6nemli kitasal
transform faylarindan birisi olan KAFZ, 20.yy ilk yarisindaki kesfinden itibaren ve 6zellikle de 17 Agustos 1999
Izmit depreminden (Ms:7.4) sonra yogun olarak galisilmis ve iizerine 6nemli veri birikimi saglanmistir. Bununla
birlikte fayin toplam atimi, yillik kayma hizi ve segmentasyon karakteristikleri halen tartisilan konulari
olusturmaktadir.

Bu ¢alismada elde edilen veriler, ¢aligma alaninin giiney kesiminin KAFZ tarafindan 290 metre batiya
tiltlendigini ortaya koymaktadir. Tilt diizeltilmis Slgiimlere gore de, KAFZ boyunca ortalama sag yonlii 6telenme
72 km olarak belirlenmistir. Bununla birlikte, fay zonunun batisinda yer alan Almacik blokundan itibaren atim
degerleri dereceli olarak artarak 100 km mertebelerine ulasmaktadir.

Bu ¢alismada, biiyiik 6lgekli morfotektonik yapilarin geometrik analizi tartisilmis ve elde edilen
verilerin KAFZ’nun kinematik ozellikleri ile iliskisi belirlenmeye ¢alisiimigtir. Tanimlanan yontemler, benzer
kosullarda evrimini siirdiiren diger morfotektonik bélgelere de uygulanabilir niteliktedir.

Anahtar Kelimeler: Kuzey Anadolu Fay Zonu, Kuzey Tiirkiye, Erken Miyosen Paleotopografyasi, Yiikselme,
Toplam Atim, Fay Evrimi.

ESTIMATING THE PRE-EARLY MIOCENE MORPHOLOGY ALONG THE
NORTH ANATOLIAN FAULT ZONE: A KEY TO DETERMINE CUMULATIVE
OFFSET OF MAJOR POST-COLLISIONAL STRIKE SLIP FAULTS

Giirsel Sunal' and Mehmet Korhan Ertura(;2
!Istanbul Technical University, Department of Geological Engineering, Ayazaga, TR-34469 Istanbul, Tiirkiye,
gsunal@itu.edu.tr,
?Institut Frangais d'Etudes Anatoliennes, USR3131, Nur-i Ziya Sok: No:10 Beyoglu, Istanbul, Tiirkiye

Geometric analysis of the morphological elements in a fault controlled environment is a widely used
application for active tectonics. In this study, we analyze recent topographical data to reconstruct an un-eroded
relief which is assumed to be formed and then continuously deformed by multiphase tectonics. Retracing the
steps of this complex evolution would help us to deduce the parameters of the kinematics of the faulting. Here
we present a detailed description of the methodology by both graphical and analytical approaches, providing
quantitative data for constraining fault behavior.

The case study we consider is the high-topography of northern Anatolia, which is believed to have
formed during Early Miocene by a significant uplift subsequent to a major collision. This paleo-topography was
later cut and dissected after the initiation of the dextral, North Anatolian Fault Zone (NAFZ), a process that
continues today.

The North Anatolian Fault Zone (NAFZ), northern Turkey, is one of the most active continental
transform faults in the world. Although a great amount of information is gathered after its discovery (and also
especially after the 17" August 1999, Izmit earthquake; Ms. 7.4), the total offset, slip rate and earthquake
recurrence of the NAFZ, still remain the subjects of active investigation.
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Results of our analysis reveal that the southern part of the studied portion of the NAFZ tilted westward with a
maximum uplift of 290 m. Tilting corrected offsets, measured along the NAFZ, show that the average dextral
displacement is 72 km. On the other hand, towards the westernmost portion of the fault zone (western part of the
Almacik Block), measured offsets increase up to 100 km.

In the study, we discuss the possibility of analyzing large scale morphotectonic structures to shed light
on some debated points related to the evolution of the NAFZ. The methods described here can also be applied to
other post collisional strike-slip faults worldwide and in detail small scale morphological structures.

Key Words: The North Anatolian Fault Zone, Northern Turkey, Early Miocene Paleotopography, Total Offset,
Uplift, Fault Evolution.

LAHROOD BOLGESININ CATLAK SiISTEMLERI (ARDEBIL, IRAN)

Reza Saber
Ankara Universitesi, Jeoloji Miihendislik Fakultesi, Tektonik Arastirma Grubu 06100, Tandogan, Ankara,
reza-saber@hotmail.com.

Catlaklar tektonik kuvvetlerin tanimlanmasinda en 6nemli 6zelliklerden biridir. Bu ¢aligma ile fran’mn
kuzeybatisinda yer alan Ardebil bolgesindeki, Lahrood alaninda gelisen ¢atlaklar calistimistir. Catlaklarin genel
karakteristikleri, dolgulanmasi ve agmmasi incelenmistir. Bolgede ¢atlaklar yaygin olarak gériilmekte ve kokeni
tektonik rejimle iliskilendirilmektedir. 6 farkh lokasyondan alman ¢atlak olgiimleri Rockworks programinda
degerlendirilerek Schmidt agr ve giil diyagramlarn elde edilmistir. Bu gatlaklarin egim yonii genel olarak KD ve
GD yonelimlidir. Egim agilar 16°-82° arasinda degisim gostermektedir. Catlaklarin boylar1 1-5 m arasinda olup
catlak acgikliklari 1-15 em araliginda degismektedir. Birbirine paralel olarak gelismis catlaklar, bazen ¢ok az
miktarda ana kaya malzemesi ile dolgulanmig fakat genellikle dolgusuzdur. Calisma alanindaki kayalar ¢ok fazla
dayanima sahip oldugundan asmmaya ugramamistir. Tektonik kuvvetin yonelim analizi i¢in diagonal
¢atlaklardan yararlamlmistir. Olgiilen gatlak diizlemleri degerlendirilerek ana stres yonleri o,: 276"/13°, o,:
12°/20°, o5 :156%/65° olarak bulunmustur. o,’in yaklastk KB-GD konumlu ve diigitk egim acisina sahip olmasi
Ge¢ Eosen donemindeki sikismali tektonik rejimin durumunu ortaya koymaktadir. Bu c¢alisma ile bolgedeki
faylar ve kiriklarin kékeninin uyumlu oldugu anlasilmagtir.

Anahtar Kelimeler: Catlak, sikismali faz, Ardebil, Kuzeybati fran.

JOINT SYSTEMS OF LAHROOD REGION (ARDEBIL, IRAN)

Reza Saber
Ankara Universitesi, Jeoloji Mithendislik Fakultesi, Tektonik Arastirma Grubu 06100, Tandogan, Ankara,
reza-saber@hotmail.com.

Joints are one of important features in determining tectonic forces In this work, studies based on joints
and fractures that exist in Lahrood region, Ardebil province, NW Iran. General characteristics of joints, filling of
joints and erosion condition of joints have investigated. The joints basically has tectonic origins and formed
during orogenic activities and broadly seen in the area. Joints have gathered from 6 different locations and
analysed their schmidt network and rose diagram by using Rockeworks program. Dip direction of these joints are
mainly NE and SE. Dip angle of joints are vary from 16° to 82°, length of joints are between 1-5m and their
openings vary from 1 to 15¢m. Joints seen as being parallel, with no filling and sometimes filled by erosional
materials from host rock. Surface erosion is not common in area and this come from stability of rocks against
erosion processes. Diagonal joints have used to analyse tectonic force directions. By determining joint surfaces,
main directions have found as o,: 276%13° o, 12°20°, o5 : 156"/65" . Low dip angle of o, and it's NW-SE
direction represents compressional tectonic phase of Late Eocene in the area. This study presented accordance of
existent faults and joints in view point of origin.

Key Words: Joint, compressional phase, Ardebil, Northwest Iran.
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ADAKOY FAY ZONU (KIZILCAHAMAM, ANKARA)

Emel Eser, Ayse Caglayan ve Veysel Isik
Ankara Universitesi, Jeoloji Miihendisligi Boliimii, Tektonik Arastirma Grubu, 06100, Tandogan, Ankara,
emel-eser@windowslive.com.

Fay zonlari, jeoloji literatiiriinde farkl anlamlarda kullanilabilmektedir. Genel goriis, birbirine paralel,
yari paralel faylarin olusturdugu zonu fay zonu olarak tanimlar (Davis ve Reynolds 1996). Ankara-Gerede
TEM otoyolu tizerinde ver degistirmenin tipik gozlendigi bir fay dikkat ¢ekicidir. Bu ¢alismada Adakdy fay
zonu olarak tanimladigimiz fay, 20 km’den fazla takip edilebilir fay izine sahiptir. Yol yarmasinda birbirine
paralel, yari paralel 5 cm ile 4 m arasinda yer degistirmeye sahip mezoskopik normal faylar bulunmaktadir
(56018, 58351). Bu faylarin tavan ve taban kayalari bolgede ylizeyleyen Alt-Orta Miyosen yaslt volkanik
birimler (Altun vd. 2002) ile temsil olur. Volkanik birimlerin litolojisi lav karakterinde dasit ile degisen boyutlu
piroklastik kayalardir. Ozellikle piroklastik kaya seviyelerinde yer degistirme belirgin olmasina kargin
kaymanin meydana geldigi fay ylizeyi sinirlt boyutlarda gézlenir. Bu durum fay yiizeyi gelisiminde litoloji
kontroliinii géstermektedir. Olgiilen fay yiizeyleri KB-GD yonelimli normal faylar olup kuzeydoguya egimlidir.
FaX y‘uzeoyi yapisal analiz ¢aligmalarimiz, faylanmayi olusturan olasi paleo-stres durumlarini 6;: 76°, K43'B, o,
137, K64°B ve 63: 04°, K27°D olarak ortaya koyar.

Fay zonlarinin tipik 6zelligi, ¢ekirdek ve hasar zonunun gelisimidir (Orn. Caglayan 2010). inceleme
alaninda, yer degistirmenin en belirgin gozlendigi fayda geligen kayma ylizeyi birkagc mm ile birka¢ on cm
genigliginde degiskenlik gostermektedir. Zonun ¢ekirdek kesimi bir ka¢ cm olup kohesif olmayan kataklasit,
hasar zonu kesimi ise kohesif olmayan bres tiiri fay kayasidir. Bu faya kii¢iik yer degistirmelere sahip pek ¢ok
sin-tektonik mezoskopik normal faylar baglanmaktadir. Adakoy fay zonunun yapisal ozelliklerinden digerleri
kirtklanma ve damar olusumlardir. Damar dolgularini karbonatlarin yanisira epidot ve demir oksit olugturur.
Damarlarin kahinliklart bir kag cm olup mostrada bir ka¢ m boyutta takip edilebilmektedir.

Kesme-kesilme iliskisine gore Adakoy fay zonu Ust Miyosen ve sonrasinda olusmaya baslamustir.
Zonun ozellikleri ve goreceli yasi ise Adakoy fay zonunun Kuzey Anadolu fay zonu ile kokensel iliskide
oldugunu gosterir.

Anahtar Kelimeler: Normal fay, Fay zonu, Fay kayasi, Kuzey Anadolu fayi, Orta Anadolu.
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ADAKOY FAULT ZONE (KIZILCAHAMAM, ANKARA)

Emel Eser, Ayse Caglayan and Veysel Isik
Ankara University, Department of Geological Engineering, Tectonics Research Group, 06100, Tandogan,
Ankara, emel-eser@windowslive.com.

In geology literature, fault zones can be used in different meaning. In general view, the zone which are
formed by parallel and sub-parallel faults are defined as a fault zone (Davis and Reynolds 1996). A spectacular
exposure of the fault development with visible displacement is noticed on the Ankara-Gerede TEM highway.
The fault, called as Adakdy fault zone in this study, has more than 20 km fault trace. In road section, there are
parallel and sub-parallel mesoscopic normal faults which have displacement from 5 cm to 4 m (56018, 58351).
Hanging wall and footwall rocks of these faults consist of Lower-Middle Miocene volcanic units (Altun et al.
2002) exposed in the region. Volcanic units contain dacite which is characterized by lava and pyroclastic rocks
with varying size. Although displacement in the layer of the pyroclastic rocks is obvious, slickenside has
occured in limited areas. This suggests that lithology controls development of the fault surface. Measured fault
surfaces are NW-SE striking normal faults dipping to the northeast. Our structural analysis on fault surfaces
indicates that the orientations of paleo-stresses which caused faulting, o, 0, and o3, are o;: 76°, N43°W, o,y 137
N64W? and o5: 04°, N27°E, respectively.

A characteristic feature of the fault zones is development of core and damage zone (e.g. Caglayan
2010). In the study area, the slickenside occurred on the fault which shows the most clear displacement
represents variability from few millimeters to few tens of centimeters wide. While core portion of this zone is
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few centimeters wide and characterized by non-cohesive cataclasite, the damage zone portion is characterized
by fault rock with non-cohesive breccia. The main fault is connected by several syn-tectonic mesoscopic
normal faults with small displacement. One of the other structural features of the Adakoy fault zone is
fracturing and veins. The veins include carbonate, and epidote and iron oxide as well. The thickness of veins
can be followed to outcrop from few centimeters to few meters dimension.

Based on cross-cutting relationship, the Adakdy fault zone may have initiated after Upper Miocene
time. Fault zone features and relative timing shows that Adakoy fault zone corresponds originally with North
Anatolian fault zone.

Key Words: Normal fault, Fault zone, Fault rock, North Anatolian Fault, Central Anatolia.
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KUZEY IRAK, SPI RES ANTIKLINALI’NDE
GEVREK KIRILMA YAPILARINININ ANALIZI

ibrahim Saad Aljumaily ve Nawal M. O. Abdullah
Jeoloji Boliimii, Bilim Koleji, Musul Universitesi, Musul, Irak, Ibrahim1956z@yahoo.com.

Bu calisma Kuzey Irak oniilke kusaginda yer alan Spi Res antiklinalinde gevrek kirilma yapilarinin
degisik sekillerini igerir. Caligmanin amaci Geg¢ Kretase dag olusumunun kayag istifleri iizerinde meydana
getirdigi kiriklagsma olusumlarini yorumlamaktir. Bunlar ¢alisma alaninda yiizlek vermis Ust Kretase ve Tersiyer
kayag istifleri ile degisik kirk modlarinin karsilastirilmasi ile gerceklestirilmistir. Arazi ve biiro ¢aligmalarina
gore, ¢aligma alaminda nadir basing erime yiizeyleri (sitilolit), kiigiik mesozkopik faylar yaygin eklem ve diiz
damarlar vardir. Eklem ¢oziimlemeleri tabakalanma ve kivrim durumu ile eklemlerin diizenli geometrik
iligkisine bagli olarak iki adet agilma seti (ac ve bc) ve ii¢ adet makaslama sistemi (hko, hol ve okl) oldugunu
gostermistir. Bunula birlikte a ve b sisteminde hko siddetidir ve bu ac ve bc setleri tarafindan takip edilir.
Calisma alaninda gogu eklem setleri damarlarla kaplidir. Bunlar herhengibi bir kinematik belirtge¢ gostermeyen
kalkerli ve silisli ¢okelimleri igerirler, bununla birlikte tek biiylime donemi i¢in damar duvarinda normal
acilmay1 gosteren izler vardir. Spi Res Antklinalinde biitiin Kretase ve Tersiyer kayaglarinda ¢ok az miktarda
cizgisellik igeren mesoskopik faylar vardir. Kaymalar biiyiik 6lgiide ters yonliidir, bununla birlikte digerleri
normal ve dogrultu atim yonliidiir. Kivrimdaki bazi kayag birimlerinde nadir olarak iki sitilolit kiimesi
bulunmustur. Birinci kiime biiyiik 6lgiide tabaka egim yoniine (kivrim ekseniyle normal iliskili) paralel iken,
ikinci kiime tabaka dogrultusuna paralel (kivrim eksenine paralel) yonlenme gosterir. Makaslama eklemeleri ve
mesozkopik faylardaki kinematik analizler stres oranlari ile alakali sikisma ve dogrultu atiml vektor gesitlilikleri
gostermistir. Bu vektorlerin en bilyiik yatay stresi (dmax ) K-G, KB-GB, D-B and KB-GD yonliidiir. Bunlara gore
vektorler birbirini takip eden iki sikisma tektonik rejimini gosteriir. Birincisi orojenik yone gore normal
bilesenler icerir ve K-G ve KD-GB yonliidiir. Bununla birlikte ikincisi orojenik yone paralel bilesen icerir ve D-
B ve KB-GD yénlidiir. Her iki bilesen Arap ve Avrasya plakalarimin ¢arpismasina oblik gelismistir. Bununla
birlikte, tanimlanan iki tektonik rejim Spi Res Antkilanalinin ydniine normal ve paralel olan sitilolit kiimelerin
belirlenmesi ile desteklenmektedir.

Key Words: Spi Res, eklem, damar, stilolit, vekior, fay.

STRUCTURAL ANALYSIS OF BRITTLE FAILURE STRUCTURES IN SPI RES
ANTICLINE, NORTH IRAQ

ibrahim Saad Aljumaily and Nawal M. O. Abdullah
Geology Department, College of Science, Mosul University, Mosul- Iraq, Ibrahiml 956z@yahoo.com.

The present study involves different aspect of brittle failure structures at Spi Res anticline within the
foreland fold belt of north Iraq. It aims to decipher whether the Late Cretaceous orogenic episode has any
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fracturing consequence upon the rock sequence of this period at investigated area. This was accomplished by
comparison of various fracture modes between Upper Cretaceous and Tertiary rock sequence exposed at studied
area. Both field and office analysis techniques demonstrated that the study area is prevailed with widespread
joints and tabular veins, little mesoscopic faults and scarce of pressure solution surfaces (stylolite). Joint analysis
showed two extensional sets (ac and be) and three shear systems (hko, hol and okl), based on regular
geometrical relationship of joints with both bedding and fold attitudes. However, hke acute about a and b system
was prevailed and followed by ac and be sets. Veins occupy the openings of most of joint sets in study area.
They consist of later on calcareous or siliceous precipitations without any kinematic indications, unless little
ones refer extension normal with vein walls and for a single growth episode. A little number of striated
mesoscopic faults were registered throughout both Cretaceous and Tertiary rocks at Spi Res anticline. The sense
of slip of the most is reverse, whereas others show normal and strike slip sense. Further, two sets of stylolite
seams were found scarcely within some rock units of the fold. The peaks of the first set oriented parallel with the
bedding dip (i.e normal to fold axis), whereas those of the second set trended parallel the bedding strike (i.e
parallel with fold axis). The kinematic analysis of mesoscopic faults and shear joints in study area gave a number
of compressive and strike slip stress tensors with substantial varieties according to their respective stress ratios.
The maximum horizontal stress (8max ) of these tensors lie in N-S, NE-SW, E-W and NW-SE general trends.
Accordingly, these tensors were organized into two successive compressive tectonic regimes. The first one
representing the component normal to the orogenic front, acted in N-S and NE-SW directions. Whereas the
second one representing the component parallel with the orogenic front, acted in E-W and NW-SE directions.
Both components were resulted from oblique collision of Arabian and Eurasian plates. However, the recognition
of these two compressive tectonic regimes is supported by identification of a couple sets of stylolites with their
peaks either normal or parallel to the trend of Spi Res anticline.

Key Words: Spi Res, joint, vein, stylolite, tensor, fault.

KUZEY IRAK, ALQOSH OVASI’NDA AZIMUT DIRENCi ARASTIRMASINDA
KIRIK ANIZOTROPi TANIMLAMASI VE YANAL ETKILER

Marwan Mutib Faris ve Yousif Francis Eclimes
Musul Universitesi, Barajlar ve Su Kaynaklar: Merkezi, Irak

Alqosh ovasi Toros antiklinalleri (dogu-bat1 uzaniml) tarafindan gevrelenmis olan Musul Sehri’nin 40
km kuzeyinde yer alir. Antiklinaller genis bir senklinalle ayrilirlar. Fat ha, Injana ve Meqdadya formasyonlari
tarafindan iizerlenen Orta ve Ust Eosen kayaglart bu antiklinallerin ortasinda yiizlek verirler. Bazi jeomorfolojik,
jeolojik ve jeotektonik yapilara baglh olarak ii¢ ¢alisma bélgesinde (Alqosh, Boawzan, Bayban) yiizey 6z direng
olgtimleri i¢in arazi ¢aligmast yapilmistir. Ug azimut yonelimi 15 bosluklu araliklarla offset wenner array (owa)
kullanilarak uygulanmis, owa arastirmasi hesaplanan ortalama yiizdeye gore kartezyen ve graf ile belirlenmistir
ve sonuglar kii¢iik elektrod araliklarinda yanal degisikliklerle psudo elektirik aniztropisini gosterirken, biiyiik
elektrod aralaliklarinda elektiriksel aniztropisi etkisi her zaman vardir. Bu galisma degisik frekanslari, yonleri ve
egimleri olan kiriklarin yanal ve orta egimi olan yapisal eksene dik ve paralel oldugunu géstermistir. Bunun gibi,
kii¢lik ve orta kiriklar degisik araliklarla uzanmaktadir. Bu ¢alisma &zellikle Alqosh, Bawzan’da kivrim eksenine
egimli biiyik frekansh kiriklar oldugunu gostermistir. Bunlara ek olarak, galisma alninda yanal degisimle,
elektiriksel aniztropi frekanslari arasinda ters iliski vardir.

Anahtar Kelimeler: Azimute direnci, Algosh.

FRACTURE ANISOTROPY CHARACTERIZATION AND LATERAL EFFECTS
FROM AZIMUTHAL RESITIVITY SURVEY IN ALQOSH PLAIN, NORTH IRAQ

Marwan Mutib Faris ve Yousif Francis Eclimes
Mosul University, Dams & Water Resources Center, Iraq.

Algosh plain lies about 40 km to the north of Mosul city surrounding by several Taurus anticlines (E-W
direction). The anticlines are separated by a wide syncline underlying the plain. The Middle and Upper Eocene
rocks are exposed in the core of those anticlines which overlain by Fat'ha,injana and Meqdadya formations. The
field survey of the earth resistance measurements was carried out at three locations (Alqosh, Boawzan, Bayban)
in the study area, depending upon some geomorphological, geological and geotectonic features. Three azimuthal
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directions are used applying offset wenner array (owa) with fifteen spacing intervals the owa survey was
represented by cartesian and polar graphs depending on the calculated mean percentage. The results displayed
pseudo electrical anisotropy representing by lateral variations at small electrode spacings, while electrical
anisotropy effects are almost shown in large spacings. The present study indicated varied fractures having
frequencies, directions and dips that are parallel and vertical to the structural axes with vertical and medium dips.
As well, minor and medium fractures extends to several spacings. The current study showed large frequency
fractures that are inclined to the fold axes especially in Alqosh, Bawzan. In additions, an inversely relationship is
appeared between electrical anisotropy frequencies and lateral variations in the study area.

Key Words: Azimuthal resistivity, Alqosh.
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MENDERES MASIFI’NIN GEC NEOPROTEROZOYIK - ERKEN KAMBRIYEN
MAGMATIK-METAMORFIiK EVRIiMi: PAN-AFRIKAN VEYA KADOMIYEN
OLAY?

Osman Candanl, O. Ersin Koralay‘, Roland Oberhansllz, 0. Ozcan Doral,

Ciineyt Akal', Mete Cetinkaplan' ve Fukun Chen’
'Dokuz Eyliil Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii Tinaztepe Kampiisii
Buca — Izmir, Tiirkiye,
? Institut fiir Erd- und Umweltwissenschaften, Universitit Potsdam, Karl Liebknecht Str. 24,
. Potsdam 14476, Almanya.
Chinese Academy of Sciences Key Laboratory of Crust-Mantle Material and Environment, University of
Science and Technology of China, Hefei 230026, Cin.

Menderes Masifi (MM) en ge¢ Neoproterozoyik — Erken Kambriyen yagh temel ve onu uyumsuz olarak
tizerleyen Paleozoyik — Erken Tersiyer yash ortii serisinden olusur. Sade bir stratigrafiye sahip olan temel
paragnays ve onu uyumlu olarak iizerleyen, mika ve/veya kuvars¢a zengin sistlerden yapili metakiritililar ve
bunlar igerisine sokulmus granitoid (ortognays) ve gabroik kayalardan yapilidir. Metakirintililar igerisinde
onemli miktarda Neoproterozoyik bilesen (600 — 1000 My) i¢eren kirint1 zirkon popiilasyonunun varhgi, bu
kayalar i¢in olasilikla Kuzey Afrika / Arap — Nubya kalkanina karsilik gelecek sekilde, Gondwana’ya ait bir
kaynak kayay1 isaret etmektedir. Asidik — bazik kayalarm sokulum yaslart ve kirint1 zirkon yaglarina dayanarak
s0z konusu metakirintililarin ilksel ¢okelim yaslart ge¢ Neoproterozoyik (600 — 580 My araligi; Koralay ve dig.,
2006) olarak verilebilir. Yaygin bir asidik magmatik aktivitenin ayrimlagmis tirtinlerini tanimlayan, farkh birincil
dokusal — mineralojik ozelliklere sahip ortognayslar (lokokratik turmalin ortognays, biotit ortognays, amfibol
ortognays ve bunlarin damar kayalari) birbiri igerisine sokulmus kiitleler olusturmaktadir. Bu S-tipi, kalkalkalin
granitlerin sokulum yagslari en ge¢ Neoproterozoyik — Erken Kambriyen (570 - 520 My; U/Pb ve Pb/Pb zirkon
yaslar1; Loos ve Reischmann 1999, Koralay ve dig., 2011) olarak belirlenmistir. Eklojitik ¢eper zonlan iceren
gabroik sokulumlarin kristalizasyon yaslar1 da benzer sekilde LA-ICPMS yontemiyle 570 — 560 My olarak
saptanmistir. Petrolojik ve jeokronolojik veriler MM nin temelinin, granulit (583.0+5.7 My; Koralay ve dig.,
2006), eklojit (529.9422 My; Oberhinsli ve dig., 2010 ve 539.7+3.2 My) ve iist amfibolit fasiyesi (551+1.4 My;
Hetzel ve dig. 1998) kosullarinda, ¢ok evreli kompleks metamorfik evrimini agik¢a ortaya koymaktadir.

Kadomiyen Orojenezi (750 — 530 My), Gondwana’y1 ¢evreleyen, yaygmn I-tipi yay magmatizmasinin
gdzlendigi, And-tipi bir aktif levha kenarini ifade etmektedir. Bu siiregte belirgin bir kabuk kalinlagmas1 ve
kitasal bir kabuk yitiminin ger¢eklesmemis olmasi nedeniyle, Kadomiyen Orojeneziyle iliskili yiiksek sicaklik
(granulit) ve yiiksek basing (eklojit) fasiyesi kosullarinda bolgesel metamorfik olaylar geligmemistir (Linnemann
ve dig. 2008). Aksine Pan-Afrikan Orojenezi (870 — 550 My) kita — kita ¢arpismalart ve Gondwana’nin
biitiinlesmesiyle iliskilendirilmektedir (Kréner ve Stern 2004). Neoproterozoyik levha diizenlenmesinde, Dogu
ve Bati Gondwana’min Mozambik Okyanusu olarak adlandirilan genis bir okyanusal havza ile ayrildigi kabul
edilmektedir (Dalziel 1991). Bu okyanusun kapanmasi ve bolgesel 6lgekte granulit (610 — 520 My; Paquette ve
dig., 1994) ve daha nadir olarak eklojit (530-500 My; Ring ve dig. 2002) fasiyesi metamorfizmasi ile karakterize
olan Mozambik Kusagi’nin olusumu en ge¢ Neoproterozoyik—Erken Kambriyen’de Gondwana’nin biitiinlesme
siirecinin tamamlanmasima neden olmustur. Anadolu’nun ge¢ Neoproterozoyik — Kambriyen paleocografik
konumu ve MM’den elde edilen petrolojik — jeokronolojik verilere dayanarak, MM nin temelinin magmatik -
metamorfik evrimi Mozambik Okyanusu’nun kapanmasi ve Dogu ve Bati Gondwana kitalarimin en geg
Neoproterozoyik — Erken Kambriyen’de ¢arpigmasi siireciyle iligkilendirilebilir.

Anahtar Kelimeler: Pan-Afrikan, Kadomiyen Metamorfizma.

LATEST NEOPROTEROZOIC - EARLY CAMBRIAN MAGMATIC-
METAMORPHIC EVOLUTION OF THE MENDERES MASSiF: PAN-AFRICAN OR
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Menderes Massif (MM) is made up of a latest Neoproterozoic — Early Cambrian basement and
unconformably overlying Paleozoic — early Tertiary cover series. The basement has a simple stratigraphy and
consists of metaclastics, paragneisses and conformably overlying mica and/or quartz-rich schists, which were
intruded by granitoids (orthogneiss) and gabbroic rocks. The detrital zircon population with a significant
Neoproterozoic component (600-1000 Ma) in these metaclastics indicates Gondwana-derived sources, a possible
provenance from the North Africa - Arabian-Nubian Shield. Based on the intrusion ages of the acidic ~basic
rocks and the detrital zircon ages, the primary deposition age of the metaclastics can be constrained between 600
Ma and 580 Ma (latest Neoproterozoic; Koralay et al., 2006). Different types of orthogneisses, leucocratic
tourmaline orthogneiss, biotite orthogneiss, amphibole orthogneiss and their vein rocks, representing
differentiated products of the same widespread acidic magmatic activity occur as individual bodies intruded into
each others. The intrusion ages of these S-type calcalkaline granites are latest Neoproterozoic to earliest
Cambrian (570 - 520 Ma; U/Pb and Pb/Pb zircon ages; Loos and Reischmann 1999, Koralay et al., 2011).
Similarly, the gabbroic intrusions with eclogitic margin, which were dated by LA-ICPMS yielded latest
Neoproterozoic ages ranging between 560 and 570 Ma. Petrological and geochronological data clearly reveal the
poly-metamorphic evolution of the basement of the Menderes Massif under granulite (583.0+5.7 Ma; Koralay et
al., 2006), eclogite (529.9+22 Ma; Oberhinsli et al. 2010 and 539.7+3.2 Ma) and upper amphibolite facies
(551+1.4 Ma; Hetzel et al., 1998) conditions.

The Cadomian orogeny (750 — 530 Ma) is a peripheral orogeny at the margin of Gondwana and represents an
Andean-type active plate margin with widespread I-type arc magmatism. High-grade (granulite) and high-
pressure (eclogite) regional metamorphic events didn’t develop because a major thickening and subduction of a
continental crust didn’t take place during this orogen (Linnemann et al. 2008). In contrast, Pan-African Orogeny
(870-550 Ma) is related with continent-continent collisions and assembly of Gondwana (Kroner and Stern 2004).
In Neoproterozoic plate configurations, East and West Gondwana were separated by a major oceanic basin, the
‘Mozambique Ocean’ (Dalziel 1991). The closure of this ocean and development of Mozambique belt, which is
characterized by regional scale granulite (610 — 520 Ma; Paquette et al. 1994) and, rarely eclogite (530-500 Ma;
Ring et al. 2002) facies metamorphism led to the final amalgamation of Gondwana during the latest
Neoproterozoic — Early Cambrian time. Based on the late Neoproterozoic / Cambrian palaeogeographic position
of the Anatolia and petrological - geochronological data obtained from the MM, the magmatic-metamorphic
evolution of the basement of the MM can be ascribed to the closure of the Mozambique Ocean and the collision
of East and West Gondwana during the latest Neoproterozoic — Early Cambrian time.

Key Words: Pan-African, Cadomian Metamorphism.

BORNOVA FLI$ ZONU: LITOSFERIK OLCEKTE YANAL-ATIMLI BiR
YIRTILMA FAYI BOYUNCA OLUSAN OLISTOSTROM-MELANJ KUSAGI

Aral Okayl, Ismail Ismtekz, Demir Altmer >, Seving Ozkan-Altmer’ ve Nilgiin Okay1
Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii ve Maden Fakiiltesi, Jeoloji Miih.
Bdliimii, Maslak 34469 Istanbul, Tiirkiye, okay@itu.edu.tr,

’Dokuz Eyliil Universitesi, Jeoloji Miih. Béliimii, Tinaztepe, Buca 35160 Izmir, Tiirkiye,

'Orta Dogu Teknik Universitesi, Jeoloji Miih. Béliimii, 06531 Ankara, Tiirkiye.

Bornova Flis Zonu 225 km uzunlukta ve 60 km genislikte, izmir-Ankara kenedi ile Menderes Masifi
arasinda uzanan bir olistostrom-melanj kusagidir. Zonun biiyiik bir kesimi ¢okeldikten hemen sonra tektonize
olmus kiitle akintilarindan olusur. Kiitle akintilarmdaki bloklar genellikle Mesozoyik kiregtast ve ofiyolitlerden
yapilmistir. Boylar1 kilometrelerce uzunluga ulasabilen bloklar, Ust Kretase-Paleosen yaginda makaslanmig
kumtas1 ve seylden olusan bir hamur i¢inde yer alir. Mesozoyik kiregtasi bloklar: iki tipe ayrilabilir; birinci tip
Triyas ile Geg Kretase yas araligida sig denizel platform tipi karbonatlardan olusur. Ikinci tip bloklarda da Geg
Triyas sig denizel kirectaglar: ile temsil edilir, fakat bu kiregtaslar: tizerine Jura - orta Kretase yas aralifinda
pelajik kiregtaglari yer alir. Bu iki farkli tip blok Anatolid-Torid karbonat platformunu ve onun pasif kita
yamacini temsil eder. Platformun ¢ok pargalanmamus bir kesimi Karaburun yarimadasi ve Sakiz adasinda mostra
vermektedir. Bornova Flis Zonu igerisindeki ofiyolit bloklart ultramafik kaya, serpantinit, gabro, diyabaz, bazalt
ve radyolaryali ¢ortlerden olusur. Bloklar icerisindeki radyolaryali ¢ortlerin yaslart Orta Triyas ile Ge¢ Kretase
arasinda degisir.
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Anatolid-Torid Bloku'nun kuzeye bakan pasif kita yamaci Ge¢ Kretase'de dalma-batmaya ugrayarak yiiksek
basing metamorfizmas: gegirmistir. Bu kitasal dalma-batma sirasinda Anatolid-Torid Bloku iizerine kuzeyde
kalinlig1 80 km'yi bulan bir ofiyolit ve eklenir prizma kiitlesi yerlesmis ve giineye dogru hareket etmistir. Bu
biiyiik allokton kiitlenin kuzeybatida yanal-atimli bir siyrilma fayi ile smirlanmus, Bornova Flis Zonu kayalari bu
yirtilma fay ile daha batidaki Neo-Tetis okyanusu arasinda gelisen dar ve uzun bir havzada ¢okelmis ve deforme
olmustur. Kiitle akintilart giineydogudan Anatolid-Torid Bloku'nu izerleyen ofiyolit ve eklenir prizma
kiitlesinden, ve kuzeybatidan yiikselen karbonat platform pargalarindan gelmistir. Burada sunulan model,
Menderes Masifi'ndeki Ust Kretase istiflerinin 20 km'den daha derinde metamorfizma gecirmis olmalarina
karsin, benzer konumdaki istiflerin Bornova Flis Zonu'nda neden higbir metamorfizma ge¢irmedigini izah
etmektedir. Yirtilma Fayi modeli, Bornova Flis Zonu'nda giineye dogru istiflerin ve deformasyon siirecinin
genglesmesini, zon igerisinde kiitle akimtilarinin neden bu kadar yogun oldugunu, ve Neo-Tetis okyanusu
kuzeybatida olmasina ragmen, ofiyolit bloklarinin daha ¢ok giineydoguda baskin olmasimu da agiklamaktadur.
Karaburun yarimadasi ve Sakiz gibi yirtilma fay: etkisinden uzak kalan kesimler, Ge¢ Kretase-Paleosen'deki
¢okme ve deformasyondan nispeten daha az etkilenmiglerdir.

Anahtar Kelimeler: Olistostrom, melanj, Bornova Flis Zonu, stratigrafi, Mesozoyik

AN OLISTOSTROME- MELANGE BELT FORMED ALONG A
LITHOSPHERIC STRIKE-SLIP TEAR FAULT: BORNOVA FLYSCH ZONE
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The Bornova Flysch Zone in western Turkey is a regional olistostrome-mélange belt with a length of 225 km
and a width of 60 km. It is located between the Izmir-Ankara Tethyan suture in the northwest and the
metamorphic rocks of the Menderes Massif in the southeast. Most of the Bornova Flysch Zone consists of
gravity mass flows, which were tectonized during or soon after their deposition. The blocks are mainly Mesozoic
limestone and ophiolite, which range up to several kilometers in size and are enclosed in an Upper Cretaceous to
Paleocene matrix of sheared sandstone and shale. The Mesozoic limestone blocks are of two types. The first type
consists of shallow marine carbonates, Late Triassic to Late Cretaceous in age. The second type has also an
Upper Triassic shallow marine section, which however is overlain by pelagic marine Jurassic to mid Cretaceous
limestones. These two block types represent a part of the Anatolide-Tauride carbonate platform and its passive
margin, respectively. A semi-intact part of the platform occurs in the Karaburun peninsula west of {zmir and on
the adjacent island of Chios. The ophiolitic blocks in the Bornova Flysch Zone include ultramafic rock, gabbro,
diabase, basalt and radiolarian chert. The ages of radiolaria in the cherts range from Middle Triassic to Late
Cretaceous.

The formation of the Bornova Flysch Zone overlaps in time with the Late Cretaceous subduction and HP/LT
metamorphism of the northern passive continental margin of the Anatolide-Tauride Block. It is here postulated
that this continental subduction zone was bounded in the west by a strike-slip tear fault. The Bornova Flysch
Zone formed in a narrow basin between this tear fault and the Neo-Tethyan ocean. The gravity mass flows came
from the southeast from the overriding ophiolite and accretionary complex and from the northwest from the
uplifted segments of the platform margin. This model provides an explanation as why the Bornova Flysch Zone
is unmetamorphosed, whereas the equivalent strata in the adjoining zones, including the Menderes Massif, were
metamorphosed at depths of over 20 km. The tear fault model also explains the prominence of gravity flows and
the southward younging in the Bornova Flysch Zone, and for the apparently anomalous observation that,
although the Neo-Tethyan ocean lay to the northwest, the ophiolitic blocks are more common on the
southeastern part of the Bornova Flysch Zone. Regions away from the tear fault, such as the Karaburun
peninsula or Chios, were least affected by subsidence and deformation during the Late Cretaceous and
Paleocene.

Key Words: Olistostrome, mélange, Turkey, Bornova Flysch Zone, Stratigraphy, Mesozoic.
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ISTRANCA KRISTALEN KOMPLEKSI’NIN TEKTONOSTRATIGRAFIK
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ON BULGULAR (KB TURKIYE-GD BULGARISTAN)
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? Ortadogu Teknik Universitesi Jeoloji Miihendisligi Boliimii, Ankara, Tiirkiye.

Kuzeybati Anadolu ve giineydogu Bulgaristan’da yer alan Istranca Kristalen Kompleksinde birbirlerinden
farkli metamorfizma, yas, litolojik ozellikler gosteren farkli temellere sahip farkli yapisal istifler (naplar)
bulunmaktadir. Istranca Naplart olarak adlandirilan bu naplar alttan tste dogru; Sarpdere (Subbalkanid tip
Triyas), Mahyadag (Istranca tip Triyas) ve Dogankdy (Sakar tip Triyas) naplaridir. Yapisal olarak en altta yer
alan Sarpdere Napi, tabanda Prekambriyen?-Paleozoyik yasli metakonglomera, asidik metavolkanitler ile
baslar. Uzerine agisal uyumsuzlukla metacamurtasi, metasilttas: araseviyeli arkozik metakumtaslarindan olusan
Erken Triyas yash Harmantepe (=Pitovo) Fm. gelir. Istif iiste dogru uyumlu olarak Orta Triyas yaslt Golyamo
Bukovo Fm. (metakumtasi, metasilttast araseviyeli dolomit ve rekristalize kiregtaslart); Orta Triyas yasli Bosnek
Fm. (dolomit ve dolomitik kiregtaslari); Orta-Geg Triyas yash Caglayik (=Lepen) Fm. (Bosnek Fm.’na ait
olistolitleri kapsayan metasilttagi ve metakumtast ardalanimi), Ge¢ Triyas yash Kurudere (=Troyan) Fm.
(dolomit ve dolomitik kiregtaslari) ve en tistte Ge¢ Triyas yashi Ambaritza Fm. undan (metasilttagi, metakumtasi
araseviyeli kalksist, rekristalize kirectasi ardalanimi) olusur. Ortadaki Mahyadag Napir birimleri yesilsist
fasiyesinde metamorfizma gecirmis olup alttan iiste dogru; Siluriyen-Devoniyen yasl Kalkansogiit (=Stoilovo)
Fm. (silttasi, kirectag: ardalaninmi); Karbonifer-Permiyen yaslt Armutveren (=Zaberska) Fm. (kalksist, kirectasi,
dolomit araseviyeli silttasi, kuvarsit, kuvarssist ardalammi) ve en Ge¢ Permiyen-en Erken Induyen yash
Tiittinliiktepe Fm.’undan (silttasi, kirectas: ve dolomitik kirectas: ardalanimi) olusur. Bu temel kayalar: tizerine
acisal uyumsuzlukla diisiik dereceli metamorfizma gegirmis silttagi, kuvarsit araseviyeli konglomeradan olusan
Erken Triyas yashi Cukurpmar (=Struvnitza) Fm.; Erken-Orta Triyas yash Adatepe (=Gramatikovo) Fm. (altta
kirmntililar, tiste dogru silttas: araseviyeli dolomitik kiregtasi-kiregtast ardalanimi); Geg Triyas yash Kalinachuka
Fm. (kiregtast ve seyl araseviyeli kumtas, silttas1); Ge¢ Triyas yash Kaynakdere (=Yazminski) Fm. u (seyl
araseviyeli kiregtast) gelir. Bu napin en iist seviyelerini olusturan iki formasyon yanal olarak Karlik (=Malko-
Turnovo) Fm. (yer yer silttagi ve kalksist araseviyeleri kapsayan kirectasi) ile gecislidir. Bélgede ilksel olarak en
tist yapisal birimi olugturan Dogankéy Napi ise temelde amfibolit fasiyesinde metamorfizma gegirmis kalksist,
paragnays, amfibolit ve sistlerle temsil olunan ve Geg¢ Karbonifer 6ncesi yasta felsik ve mafik intriizyonlarla
kesilmis Prekambriyen-Paleozoyik yash Tekedere (=Zhaltychal) Grubu kayaclari ile baslar. Bu Grupa ait
kayaclar1 degisik bilesimsel ve dokusal ozellikler gosteren metagranit ve ortognayslar ile temsil edilen Geg
Karbonifer-Erken Permiyen yagli Hamzabeyli graniti ve Kirklareli Grubu kayaglar1 keser. Tiim bu birimler
tizerine agisal uyumsuzlukla temeldeki kaya birimlerinin ¢akillarini iceren tabanda metakonglomera/gnays ile
baslayip, iiste dogru ince metakirintililarla devam eden Erken Triyas yash Evciler (=Paleokastro) Fm. gelir. Istif
Orta Triyas yash Kocayazi Fm. na (=Ustrem) (tabanda kuvarsit ve kalksist araseviyeli granatli mikasistler, {iste
dogru kalksist, kuvarsit, kalksist ve sistler) gecer. Istif Orta Triyas yash Kapakli (=Srem) Fm. (tabanda
dolomitler, tiste dogru rekristalize kiregtasi ve kalksist) ile sonlanir.

Her ii¢ yapisal birim transgresif olarak diisiik dereceli metamorfizma gecirmis Jura yash birimler ile
ortiilmektedir. Bunlar alttan {iste dogru, konglomera ve kuvarsitten olusan Erken Jura yash Yuvarlaktepe
(=Kostina) formasyonu, dolomit ve kiregtasi ardalanimindan olusan Domuzpinartepe (=Ozirovo) formasyonu ile
yanal ve diisey yonde gecisli silttasi, kumtasi ardalanimindan olusan Glimiisalan (=Bliznak) formasyonu,
kumtas1 araseviyeli, radyolarya kapsayan fosfat nodiillii, bitlimlii seyl ve silttasindan olusan ge¢ Bajosiyen-
Batoniyen yash Balaban (=Zvezdets) formasyonu ve en iistte de birbirleriyle yanal yonde gegisli olan, kirectas:
ara seviyeli silisifiye kiregtasi, kumtasi, silttasi ile temsil edilen Kalloviyen? yashi Boztas (=Brashlyan)
formasyonu ile silttasi, camurtasi, kiregtagi ardalanimindan olusan Kalloviyen? yash Balcitepe (=Hranova)
formasyonlaridir. Istranca naplarina ait kaya birimleri ile Jura yash ortii birimleri Senomaniyen-Koniyasiyen
yash Igneada (=Varshilovo/Michurin/Grudovo) Grubu volkanosedimanter kayaglari ile agisal uyumsuzlukla
ortiiltir. Biitin bu birimler degisik bilesimsel ozellikler gosteren Santoniyen-Kampaniyen yash Demirkoy
(Malko-Turnovo/Gramatikovo) plutonik suiti kayaclari ile kesilmektedir.

Anahtar Kelimeler: Istranca Kristalen Kompleksi, Stratigrafi, Naplar.
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COMPLEX AND THEIR CORRELATION WITH BULGARIAN SUCCESSIONS:
PRELIMINARY FINDINGS FROM NW TURKEY AND SE BULGARIA

Yavuz Bedi', Ali Ergenl, Adil Doganl, Cengiz Okuyucul, U. Kagan Tekinz,
Ercan Tuncayl, fsmail Kusgul, Ezgi Ulusoyl, Ozgiir Tiirkmen', Havva Soycanl,
Giilniir Demiray' ve M. Cemal Gonciioglu®
" MTA Genel Miidiirliigii Jeoloji Etiitleri Dairesi, Ankara Turkey, y.bedi@mta.gov.tr,

? Hacettepe Universitesi Jeoloji Miihendisligi Boliimii, Ankara, Turkeye,
3Ortadogu Teknik Universitesi Jeoloji Mithendisligi Boliimii, Ankara, Turkey.

The Istranca Crystalline Complex in NW Anatolia and SE Bulgaria includes several structural units
(nappes) with basements that differ in lithology, metamorphism and age. They are collectively named as the
“Istranca Nappes” and structurally comprise from bottom to the top Sarpdere (with Subbalkanide-type Triassic),
Mahyadag (with Istranca-type Triassic) and Dogankdy (with Sakar-type Triassic) nappes. The basement of the
Sarpdere Nappe, consists of Precambriyen?-Paleozoic metaconglomerates and felsic metavolcanics,
unconformably overlain by Lower Triassic arkosic sandstones (Harmantepe=Pitovo Fm.) with metasiltstone and
slate interlayers. Upwards follows Middle Triassic Golyamo Bukovo Fm. (dolostones and dolomitic limestones
with metasandstone and metasiltstone interlayers), Middle Triassic Bosnek Fm. (dolomites and dolomitic
limestones), Middle-Upper Triassic Caglayik (=Lepen) Fm. (metasandstones and metasiltstone alternation, with
olistoliths of Bosnek Fm.), Upper Triassic Kurudere (=Troyan) Fm. (dolomite and dolomitic limestone) and
finally Upper Triassic Ambaritza Fm. with alternating metasiltstone, calcschist-sandstone and recrystallized
limestone. The Mahyadag Nappe comprises in its basement the Silurian-Devonian Kalkansogiit (=Stoilovo)
Fm. (metasiltstone-metasandstone-recrystallized limestone), Carboniferous-Permian Armutveren (=Zaberska)
Fm. (metasiltstone, quartzschist and quartzite interlayered with calcschist-recrystallized limestone-dolomite and
latest Permian-earliest Induan Tiitiinliikktepe Fm. (alternating metasiltstone, recrystallized limestone and
dolomitic limestone in ascending order. They are unconformably covered by the metasiltstones, quartzschists
and metaconglomerates of the Lower Triassic Cukurpmar (=Struvnitza) Fm. conformably overlain by Lower-
Middle Triassic Adatepe (=Gramatikovo) Fm. (metaclastics followed by dolomitic limestone with metasiltstone
and recrystallized limestone), Upper Triassic Kalinachuka Fm. (recrystallized limestone, metasandstone-
metasiltstone with slate interlayers), Upper Triassic Kaynakdere (=Yazminski) Fm. (recrystallized limestone
with slate intervals). The Karlik (=Malko-Turnovo) Fm. (recrystallized limestone with metasiltstone and
calcschist interlayers) is the lateral equivalent of the latter Upper Triassic formations. The basement of the
uppermost Dogankdy Nappe includes the Precambrian-Paleozoic calcschists, paragneisses, schists and
amphibolites of the Tekedere (=Zhaltychal) Group. They are intruded by pre-Late Carboniferous felsic and mafic
intrusions, which in turn are cut by Late Carboniferous-Early Permian Hamzabeyli Granite and Kirklareli
Intrusive Group, characterized by plutons of metagranites and orthogneisses with variable compositons and
textures. This crystalline basement is disconformably covered by the conglomerates and overlying metaclastics
(with pebbles of the crystalline basement) of the Lower Triassic Evciler (=Paleokastro) Fm. This unit is
conformably followed by the middle Triassic Kocayazi (=Ustrem) Fm., which includes garnet-micaschists with
quartzarenite and calcschist interlayers in its lower part and calcschists, fossiliferous calcschists, quartzites, and
schists in the upper part. The youngest unit of this nappe is represented by the Middle Triassic Kapakli (=Srem)
Fm. that starts with fossiliferous dolomites and ends up with thick recrystallized limestones and calcschists.

All three structural units are transgressively covered by low-grade metamorphic Jurassic sediments.
From bottom to top these are the Lower Jurassic Yuvarlaktepe (=Kostina) Fm. (conglomerates and quartzites);
Domuzpinartepe (=Ozirovo) Fm. (dolomites and limestones) laterally and vertically transitional to the
Guimiisalan (=Bliznak) Fm. (siltstone-sandstone); upper Bajocian-Bathonian Balaban (=Zvezdets) Fm. (black
shales and siltstones with radiolaria-bearing phosphate nodules). The youngest units are the Callovian? Boztag
(=Brashlyan) and Balcitepe (=Hranova) formations, which are laterally transitional to each other and comprise
clastic rocks and silicified carbonates with limestone interlayers, and an alternation of siltstones, mudstones with
limestone alternations, respectively. Rock units of the Istranca Nappes and their Jurassic cover are
unconformably overlain by the volcano-sedimentary successions of the Cenomanian-Coniacian Igneada Group
(=Varshilovo/Michurin/Grudovo formations). All of these units are intruded by Santonian-Campanian Demirkdy
(Malko-Turnovo/Gramatikovo) intrusive suite with different compositions.

Key Words: Istranca Crystalline Complex, Stratigraphy, Nappes.
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KUZEYBATI ANADOLU’DA “PERMIYEN SONU ANOKSIYA” SINA
AIT ILK KANITLAR

M. Cemal Gonciioglu', Cengiz Okuyucu® ve Tatiana Dimitrova®
'ODTU Jeoloji Miihendisligi Béliimii, Ankara, mcgoncu@metu.edu.tr,
‘MTA Jeoloji Etiitleri Dairesi, Ankara,

’Bulgar Bilimler Akademisi, Sofya.

Yenilerde onerilen bir tektonik modelde (Sengér ve Atayman, 2009) Paleozoyik sonunda Paleotetis
okyanusunun okyanusal akintilara kapali bir havzaya doniistiigii ve basende, ozellikle Permiyen sonunda,
anoksik kosullarin hiikiim siirdiigti savunulmaktadir. Yazarlar, bu kosullart yansitan kita kenari ¢okellerinin
Paleotetis’in kuzeybatisinda Dobrucada, giineybatisinda ise Apulya ve Zagroslarda yer aldigini belirtmektedirler.

Kuzeybati Anadolu Paleozoyik istiflerinin arastirildig: bir projede (Gonciioglu ve dig., 2006), Akgakoca
ile Eregli arasinda kalan alanda goriniir kalinhigi bin metreyi asan Geg Permiyen yash bir istif saptanmistir.
Oncel galigmalarda Alt Paleozoyik (Ordovisiyen-Devoniyen) istiflerine katilan bu istif (Alapli Fm.), goriiniir en
alt kisimda ¢ok bol bitki pargali siyah seyl arabantlari igeren yesil renkli silttasi ve kumtasi; ortada siyah renkli
bol konglomera-bres arabantl kiregtasi-siyah seyl ardalanmasi, tist kisminda ise siyah seyl, laminali silttasi ve
seyrek siyak kirectast arabantlart igerir. Formasyonun iistiinde gegisli olarak kirmizi-pembe-mor renkli
kumtaslar1 ve cakiltaslar ile seyrek tiif arabantl silttasi-camurtast ardalanmasi (Eregli Fm.) yer ahr. Bu béliim
Cakraz Formasyonunun alt boliimii ile benzesir. Istifin siyah seylerinden alman 6rneklerde saptanan miyospor
toplulugu Tatariyen (Ge¢ Permiyen) yasi vermektedir. Cakiltaglari ve breslerdeki cakillarda Kurtkdy
(Ordovisiyen), Findikli (Siluriyen) ve fosilli Yilanli Formasyonu’na (Alt Devoniyen-Alt Karbonifer) ait taneler
baskindir. Organik maddece ¢ok zengin olan siyah seyller ve kiregtaslarinda higbir makro veya mikro fosile
rastlanmaz.

KB Anadolu’da ilk kez tanimlanan bu istifin Permiyen sonunda, Paleotetis’in Kuzey’indeki par¢alanan
bir platformda ve s1g denizel kosullarda, anoksik sularin etkisi ile ¢okeldigi sonucuna varimustir.

Anahtar Kelimeler: Anoksiya, Permiyen sonu, KB Anadolu.
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FIRST EVIDENCE FOR THE “END-PERMIAN ANOXIA”
IN NORTHWEST ANATOLIA
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A recent tectonic model (Sengdr and Atayman, 2009) suggests that at the end of Paleozoic the
Paleotethyan basin was closed to oceanic currents and dominated, especially at the end of Permian, by anoxic
conditions. The field data reflecting these conditions were described from the margin sediments; Dobrudja
platform in NW, and Apulia and Zagros in SW Paleotethys.

During our project on the Paleozoic stratigraphy in NW Anatolia (Gonciioglu et al., 2006), we
discovered between Akcakoca and Eregli a >1000m-thick succession (Alapl Formation) of Late Permian age,
which was ascribed to Lower Paleozoic (Ordovician-Devonian) in the previous studies. The lowermost part, so
far observed, includes greenish-gray siltstones and sandstones with thin black mudstones, very rich in plant
remains. The middle part of the formation comprises an alternation of black shales and limestones with thick
intervals of carbonate-cemented conglomerates and breccia. The upper part consists of black shales, laminated
dark gray siltstones and mudstones with black dolomitic interlayers. The Alapli Fm. is transitional to red, pink
and violet sandstones and conglomerates (Eregli Formation, resembling the lower part of the Cakraz Formation)
with rare bands of silt- and mudstone and rare tuffaceous material. The black shales and mudstones yielded a
miospore assemblage of Tatarian (Late Permian) age. The conglomerates in the middie part are dominated by
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pebbles of Kurtkdy (Ordovician), Findikli (Silurian) and fossiliferous Yilanli (Lower Devonian-Lower
Carboniferous) formations. The black shales and limestones are very rich in organic matter but lack any macro
or microfossils.

To conclude, this succession -yet the first outcrop in NW Anatolia- is interpreted as the product of
anoxic waters, and was deposited in an actively dissecting shallow-marine platform in the NW Paleotethyan
margin at the end of Permian.

Key Words: Anoxia, Late Permian, NW Anatolia.
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SAKARYA ZONU’NDA ALT-ORTA DEVONIYEN MAGMATIZMASININ KOKENI{
(BiIGA YARIMADASI): JEOKRONOLOJI, JEOKIMYA VE Sr-Nd iZOTOP
SISTEMATIGI
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Biga yarimadasinda, yan kayaglar ile dokanak iligkisi ve tektonik ortami iyi anlasilmamis Orta
Devoniyen yashi bir metagranitoyidin varhigi (Camlik metagraniti; Okay vd., 1996) uzunca bir siiredir
bilinmektedir. Bu bolgede yaptigimiz ayrintili saha g¢aligmalari, Camlik metagranitine benzer bir dizi
metagranitoyidin yan kayagclar igerisine sokulum yaptigini ve yan kayaglar ile dokanaklar1 boyunca andalusit
hornfels, kalksilikat hornfels, granat-epidot skarn ve wollastonit-diyopsit skarn gibi kontakt metamorfizma
zonlar1 gelistirdigini ortaya koymustur. Metagranitoyidlerin yan kayaglari, 6nceden bolgesel metamorfizmaya
ugramis, meta-serpantinit dilimleri igeren meta-kirintilt bir istif ve bu istifle yer yer arakatkili meta-karbonat,
metagort, metabazit ara seviyelerinden olugsmugtur (Kalabak Formasyonu).

Bu calismada Kalabak Formasyonu ve metagranitoyidler beraberce Havran Birimi olarak
adlandirilmistir. Havran Birimi, Biga yarimadasinda KD-GB dogrultusunda uzanan 20 km genisliginde ve 80 km
uzunlugunda bir kusak boyunca yiizlekler verir. Ge¢ Triyas yash si1g denizel ¢okeller (Halhlar Formasyonu) ile
uyumsuz olarak rtiilen Havran Birimi, Permo-Triyas yash Karakaya Kompleksi ile de tektonik dokanaklidir.

Bu c¢alismada Havran Birimi’ndeki metagranitoyidlerin dort tanesinden ayiklanan zirkonlar tizerinde
SHRIMP-II ve LA-ICP-MS kullamlarak U-Pb yas tayinleri yapilmis ve 389.142.6 My ila 401.5+4.8 My (Alt —
Orta Devoniyen) arasinda kristalizasyon yaslar1 elde edilmistir. Metagranitoyidler jeokimyasal 6zelliklerine gore
Camlik ve Yolindi metagranitoyidleri olmak iizere iki gruba ayrilmistir. Camlik metagranitoyidi S-tipi, Yolindi
metagranitoidi ise I- tipidir. Her iki pliitonik birim de belirgin bir yitim bileseni iceren kalkalkalen karaktere
sahiptir. S6z konusu intriizif birimler, tektonik ayirt diyagramlarinda ¢arpisma ve yitim zonu ile iligkili granit
alanlarinda yer alrlar. ¥’Sr/**Sr.r, degerleri 0.7074 ve 0.7156 arasinda iken “Nd/"**Ndr, degerleri 0.5117 ve
0.5119 arasinda degisir. Oldukga diisik eNdg, (-5.3’ten -9.1°¢) degerleri, Alt Orta Devoniyen yasl
metagranitoyidlerin alt kitasal kabugun ergimesiyle olusmus olabilecegine isaret etmektedir.

Bu calismada elde edilen veriler, alt kitasal kabugun bu denli yaygin ergiyebilecegi jeodinamik siirecin,
delaminasyon ve/veya slab kirilmast gibi litosferik kitle kaybi sonucu gelismis olabilecegini géstermektedir.
Bolgesel jeolojik karsilastirmalar Havran Birimi’nin Sakarya Zonu’nda egzotik bir blok oldugunu, bugiinkii
konumuna Geg Triyas oncesi, Karakaya Kompleksi ile bir araya gelmeden 6nce yerlestigini gostermektedir.

Anahtar Kelimeler: Sakarya Zonu, Havran Birimi, Devoniyen metagranitoyidleri, Carpisma zonu
magmatizmasi, U/Pb zirkon yas tayini, SHRIMP, LA-ICP-MS, Kontak metamorfizma.
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Presence of the Mid Devonian metagranitoid intrusions (e.g. the Camlik metagranite; Okay el al, 1996)
in the Biga Peninsula has long been known but their contact relationships with the country rocks and tectonic
setting are not well-constrained. Our field studies have shown that about a dozen of metagranitoid bodies similar
to the Camhk metagranite intruded into the country rocks and developed contact metamorphic aureoles,
consisting of andalusite and calcsilicate hornfelses, garnet-epidote and diopsite-wollastonite skarns. The country
rocks of the metagranitoids bodies are made up basically of regionally-metamorphosed, metaclastic successions
with subordinate metacarbonate-metachert-metabasites (i.e. the Kalabak Formation), intercalated with tectonic
slices of meta-serpentinites.

The metagranitoids and the Kalabak Formation are collectively termed the Havran Unit in this study.
The Havran Unit forms a NE-SW trending, 20 km wide and 80 km long belt in the Biga Peninsula. It is
unconformably overlain by the Late Triassic shallow marine sediments and is in tectonic contact with the Permo-
Triassic Karakaya Complex.

U-Pb SHRIMP-II and LA-ICP-MS dating of the zircons from four individual plutons yielded
crystallization ages ranging from 389.142.6 to 401.5+4.8 Ma (i.e. Lower to Middle Devonian). Based on their
geochemical characteristics, the metagranitoids are divided into two groups named the Camlik and Yolindi
metagranitoids. The Camhik metagranitoid is classified as S-type whereas the Yolindi metagranitoid is I-type.
Both are calc-alkaline in character with a distinct subduction signature. 87Sr/%Sr(T) values of these intrusions vary
between 0.7074 and 0.7156 while their '“Nd/"*Nd,y, values range from 0.5117 to 0.5119. Very low values of
eNd(p) (from -5.3 to -9.1) imply that the Lower to Mid Devonian metagranitoids in the Havran Unit might have
been generated by partial melting of lower continental crust.

The data obtained in this study has shown that delamination and/or slab-breakoff models are the most
plausible mechanisms for the genesis of these metagranitoids. Regional geological correlations imply that the
Havran Unit may be an exotic terrane in the Sakarya Zone, emplaced into its present location during the Late
Triassic, prior to its amalgamation with the Karakaya Complex.

Key Words: Sakarya Zone, Havran Unit, Devonian metagranitoids, Collisional magmatism, U/Pb zircon dating,
SHRIMP, LA-ICP-MS, Contact metamorphism
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SAKARYA ZONU TEMEL BIRIMLERI VE KARAKAYA
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Plaka tektonigi agisindan 6nemli bir yere sahip olan Sakarya Zonu temel birimlerinin tanimima ynelik
bu caliyma KB Anadolu’yu kapsamaktadir.

Sakarya Zonu temelinde genel olarak Kazdag, Uludag gibi masiflerde yiizeyleyen yiiksek dereceli
metamorfik kayaglar (amfibolit-granulit fasiyesi), bu masiflerle tektonik dokanakli yesilsist-mavisist
metamorfizmasindan etkilenmis Kalabak grubu, bu metamorfik birimleri 6rten Geg Karbonifer-Permiyen yash
arkoz ve karbonatlar, en iistte Ge¢ Permiyen-Triyas yagh Karakaya kompleksi yer almaktadir. Bu birimler,
Sakarya zonu ortiisiinii olugturan Geg Triyas-Eosen yasl litolojiler tarafindan diskordan olarak ortiilmektedir.

Kazdag ve Uludag masifleri tektono-stratigrafik olarak istiflenmis, alttan {iste dogru amfibolit-mermer
ardalanmasi, meta-ofiyolit ve kuvarso-feldspatik gnays-migmatitlerden olugmaktadir. Bu birimlerden alttaki
amfibolitler Erken Triyas (246.9 My, zirkon yas1), iistteki gnayslar Orta-Geg Karbonifer’de (317.6 My zirkon
yast) amfibolit-granulit fasiyesi metamorfizmasi ge¢irmislerdir.

Masifler etrafinda, Oligo-Miyosen dénemde gelisen siyrilma faylari ile ayrilan Kalabak grubu kayaglari,
kitasal (Torasan formasyonu) ve okyanusal (Sazak Formasyonu) kokenli litolojilerin degisik derecede
metamorfizmadan etkilenmis sistlerden olusmaktadir. Birbiriyle yanal ve diisey gegisli ve/veya birbiri icerisinde
tektonik dilimler olusturan Torasan ve Sazak formasyonlarinin tektonik dokanaklarinda yer yer serpantinitler yer
almaktadir. Cogunlugu flisel kokenli litolojilerden olusan Torasan formasyonu icerisinde daha az oranda bazik
ve andezitik kayaclar da yer almaktadir. Torasan formasyonunda fillit, grafit gist, mikasist ve granat-sillimanitli
sistlere kadar degisik derecelerde rejyonal metamorfizmadan etkilenmis litolojiler saptanmustir. Birim Erken
Devoniyen’den (399.6 My zirkon yas1) Dogger’e (170.1 My zirkon yas1) kadar degisik yaslarda granitik kayaglar
tarafindan kesilmektedir. Torasan formasyonu iizerinde Permo-Karbonifer, Triyas ve Jura yash diskordanslar
goriilmektedir. Sazak formasyonu daha ¢ok bazik kokenli litolojiler ve mermer, daha az oranda da pelitik
kayaclarin ardalanmasindan olusur. Birim, metabazit, tremolit-aktinolit sist, glokofan-lavsonit sist ve eklojitlerin
goriildiigii degisik derecelerdeki yiiksek basing metamorfizmasindan etkilenmistir.

Permiyen (Asseliyen-culfiyen) yash arkoz ve platform karbonatlarindan olusan Orhaniye formasyonu,
Torasan formasyonu tizerinde diskordan olarak yer almaktadir.

Sakarya Zonu temelinin en {ist birimini Karakaya kompleksi olugturur. Igerisinde Devoniyen-Permiyen
yagh olistostrom ve olistolitler kapsayan ve yogun deformasyondan etkilenmis, Geg Permiyen-Triyas yasl
Karakaya kompleksi gesitli volkanik ve sedimanter kayaglar toplulugunu kapsar. Karakaya kompleksi
icerisindeki farkli tiirde litolojiler formasyon mertebesinde tammlanmistir. Kompleks igerisindeki yer yer ¢ort
mercekli, yesilimsi kahverenkli grovaklar Orhanlar grovaki, beyaz renkli arkozik kumtaslari ve kiltasi
ardalanmali istif Kendirli formasyonu, kahve-bordo renkli spilitik bazalt, aglomera ve gamurtagi-radyolaritin
yogun oldugu kesimler Cal formasyonu, yesil renkli bazaltik kayaglar Mehmetalan formasyonu ve en {istte
kiregtast seviyeleri de Camialan kiregtas: olarak ayirtlanmigtir. Karakaya kompleksi alttaki birimler iizerinde yer
yer diskordan konumla bulunmakla birlikte, ¢ogunlukla bu birimlerle tektonik dokanak olusturmaktadur.

Kalabak grubu litolojileri Paleozoyik dénemde var olan okyanusun dalma-batma zonundaki eklenir
prizmay1 temsil ederken, Karakaya kompleksi ise bu eklenir prizma {izerinde Ge¢ Permiyen’den itibaren acilan
yeni bir basende ¢okelmistir.

Sakarya Zonu temel birimleri tizerinde diskordan olarak Geg Triyas yash Balya formasyonu ve Liyas
yaslt Baywrkdy formasyonu ile ¢okelmeye baslayan ortii birimleri Eosen’e kadar degisik litolojilerle temsil
edilmektedir.

Anahtar Kelimeler: KB Anadolu, Karakaya, Kazdag, Sakarya Zonu, Triyas.
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This study aims to identify the basement rock units of Sakarya zone which has an important place from
plate tectonic point of view and comprises NW Anatolia

The basement of Sakarya zone consists of high grade metamorphic rock (amphibolite-granulite facies)
croppig out generaly in Kazdag and Uludag massives, Kalabak group which is in tectonic relation with massives
and affected by green schist-blue schist metamorphism, Late Carboniferous-Permian arkoses and carbonates
overlying metamorphic units and Late Permian-Triassic Karakaya complex. All this units are overlain
unconformably by the Late Triassic-Eocene lithologies which are the cover of Sakarya zone.

Kazdag and Uludag massives are the tectono-stratigraphic sequences consisting from bottom to top
amphibolite-marble alternation, meta-ophiolite and quartzo-feldspathic gneiss-migmatites. The basement
amphibolites and the upper level gneisses has been affected by amphibolite-granulite facies metamorphism in
Early Triassic (246.9 Ma, Zircon age) and Middle-Late Carboniferious (317.6 Ma, Zircon age) respectivelly.

The Kalabak group rocks which are seperated from massives by detachment faults in Oligo-Miocene
period, consists of schists which have different degree of metamorphism and origin (Torasan formation is
continental and Sazak formation is oceanic). Torasan and Sazak formations pass to each other leterally and
vertically and they from tectonic slices in each other and sometimes have serpantinites in their contacts. Torasan
formation consists mostly flysch type deposits and sometimes basic and andesitic rocks. In Torasan formation
the lithologies such as phillite, graphite schist, mica schist and garnet-sillimanite schist which are affected by
different degree of regional metamorphism can be observed. The formation is intruded by granitic rocks in age
from Early Devonian (399.6 Ma,Zircon age) to Dogger (171.1 Ma, Zircon age). The unconformities of Permo-
Carboniferous, Triassic and Jurassic ages are observed on Torasan formation. Sazak formation consists of
alternation of mostly basic rock, marble and little pelitic rocks. The formation was affected by high grade
metamorphism and is represented by metabasite, tremolite-actinolite schist, glaucophan-lavsonite schist and
eclogites.

Orhaniye formation consisting Permian (Asselian- Djulfian) arkoses and carbonates is unconformable
on Torasan formation.

The uppermost unit of Sakarya zone basement is Karakaya complex. Late Permian-Triassic Karakaya
complex consisting various volcanic and sedimentary rocks involves Devonian-Permian olisthostromes and
olistoliths and is intensly deformed. Different lithologies in Karakaya complex were defined in the rank of
formation. In the complex, the cherty, greenish brown graywackes are named as Orhanlar graywacke, white
coloured arkosic sandstone, claystone alternation as Kendirli formation, Brown-clared red coloured spilitic
basalts, agglomerates and mudstone-radiolarite as Cal formation, green coloured bazalts as Mehmetalan
formation and the uppermost limestone levels as Camialan limestone. Karakaya complex is mostly in tectonic
relation with underlying units. But sometimes it is unconformable on the basement rock.

The Kalabak group rocks represent the accretionary prism of subduction zone of an ocean existed in
Paleozoic. The Karakaya complex was deposited in a new basin which was opened in the Late Permian on this
accretionary prism.

The unconformable units on Sakarya Zone basement start with Late Triassic Balya formation, Liassic
Bayirkdy formation and continue up to Eocene with different lithologies.

Key Words: NW Anatolia, Sakarya Zone, Kazdag, Karakaya complex, Triassic.
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Tavsanh Zonu ile onun daha giineydeki disiik dereceli esdegeri olan Afyon Zonu’nu igine alan
Anatolid bolgesel tektonik birimi yitime ugramis ve ¢ok hizli bir sekilde yiizeylenmis kita kenarma diinyadaki en
iyl ornektir. Cok iyi tanumlanmig olan Mesozoyik istifine ek olarak, Anatolidlerin en batt ucunda (Dursunbey
kuzeybatisinda) Paleozoyik yasli bir temel ortaya konulmustur. Mavisist fasiyesi yiizeylemeleri (50 km?) giineye
egimli foliasyon ve giineye dalimh mineral lineasyonlar1 ile temsil edilir. Buna karsihik, Tavsanli Zonu nun daha
kuzeydogusunda foliasyonlar kuzeye dogru egimlidirler ve mineral lineasyonlari dogu-bati uzammhdirlar.
Inceleme alanindaki temel birimler ince banth, koyu gri sistlerden (400 m) olusmaktadir. Tabanda grafitik
seviyeler ve {istte metakuvarsit ara seviyeleri (<25 cm) yer alir. “Temel” birimler foliasyonlu bir metagranit
intriizyonu (~1 km) ile kesilir. Metagranitten ayirtlanan zirkonlarin U-Pb iyon prob analizlerinden 445.8+8.0 My
kristalizasyon yas1 elde edilmistir. Temel birimler {istte olasili bir uyumsuzluk diizlemi boyunca altta metabazit
ara katkilarinm gézlendigi daha agik renkli sistlerle {izerlenirler. Uste dogru metariyolitlere (>10 m) gegerler ve
kalin tabakali masif meta-karbonatlara (>1300 m) gegerler. Karbonat platformunun en tist kisimlar1 goreceli daha
ince tabakali (5 cm — 1 m) ve ¢6rtce zengindir. “Temel” ve “Ortii” birimlerin her ikisi de sodik piroksen, sodik
amfibol, lavsonit, kloritoyid, fengit ve kuvars, ayni zamanda az miktarda turmalin, apatit, rutil ve grafit
minerallerini igerir. Nadir rastlanan sodik piroksen, sodik amfibol, kloritoyid, lavsonit ve fengit beraberligi
Anatolid pasif kita kenarmin 79 km derine gomiildiigiine isaret eden 415+65°C sicaklik ve 24+15 kbar basing
kosullarmi temsil eder. Mavisist minerallerinin kivrimh bir yapi (D1 ve D2) iizerine gelistikleri ve ana foliasyon
(D3) diizlemleri ile sarmalandiklari gézlenmistir. Ana foliasyon diizlemleri mavisist metamorfizmasindan sonra,
muhtemelen yiizeylenme ile iligkili olarak gelismis olmalidir. Ofiyolitik bir melanj inceleme alaninin batisinda
karbonat istifini dogrudan iizerlerken, inceleme alanmnin dogusunda diisiik acili bir fay zonu (muhtemelen
yiizeylenme ile iliskili, D4) boyunca “temel” sistlerin lizerinde yer alir.

Anahtar Kelimeler: Tavsanli Zonu, mavisist metamorfizmasi, deformasyon tarihgesi, jeokronoloji, jeokimya,
tektonik evrim.
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DATA FROM THE PALAEOZOIC BASEMENT, MESOZOIC
VOLCANIC-SEDIMENTARY COVER AND EMPLACED OPHIOLITIC
MELANGES IN THE WESTERNMOST TAVSANLI ZONE, W TURKEY

Zeynep (")zbeyl, Timur Ustaiimerl, Alastair H. F. Robertsonz,
Petek Ayda Ustaémer” and John Dixon®
' Jeoloji Miihendisligi Béliimii, Istanbul Universitesi, 34320, Istanbul, Turkey, zeynep.uctas@gmail.com,
*University of Edinburgh, Grant Intitute, School of GeoSciences, Edinburgh, UK,
’Doga Bilimleri Arastrma Merkezi, Yildiz Teknik Universitesi, Besiktas, Istanbul, Turkey.

The Anatolide regional tectonic unit comprising the Tavsanlt Zone and its lower-grade equivalent
further South (Afyon Zone) represents one of the world’s best examples of a subducted, then rapidly exhumed
continental margin. Additional to the well-documented Mesozoic succession, a Palacozoic “basement” has now
been discovered in the westernmost Anatolides (northwest Dursunbey). The blueschist facies exposure (50 km?)
is characterised by a mainly S-dipping foliation and S-plunging mineral stretching lineation on the main foliation
surface. In contrast, further northeast in the Tavsanli Zone the main foliation dips gently northwards and the
mineral lineation trends east-west. The lowest unit in the study area ("basement”) is made up of finely banded,
dark grey schists (400 m-thick). Graphitic layers occur near the base and thin (<25 cm) metaquartzite
intercalations above. The "basement” is cut by a foliated metagranite intrusion (~1 km?). Ion microprobe U-Pb
dating of zircons separated from the metagranite yielded an inferred crystallisation age of 445.8+8.0 Ma. The
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country rock schists are overlain, above a possible unconformity, by paler coloured schists with metabasite
intercalation at the bottom and passes up to metarhyolites flows (<10m), followed by thick-bedded, to massive
meta-carbonates (>1300 m). The uppermost levels of the carbonate platform are relatively thin bedded (5 cm-1
m thick) and chert rich. A HP/LT mineral assemblage in both "basement” and "cover" units includes sodic
pyroxene, sodic amphibole, lawsonite, chloritoid, phengite and quartz, also minor tourmaline, apatite, rutile and
graphite. The rare co-existence of sodic pyroxene, sodic amphibole, chloritoid, lawsonite and phengite imply
temperature of 415+65°C and pressure of 24415 kbar, corresponding to burial depths of about 79 km for the
passive continental magrin of the Anatolides. The blueschist minerals crystallised within an already folded
cleavage (D,&D,), and are enveloped by the main foliation (D;) that formed after peak metamorphism (probably
exhumation related). A melange follows directly above the platform in the west of the area, whereas in the east
the platform is cut out by a low-angle extensional fault (probably also exhumation-related, D,), so that the
melange there lies directly on "basement" schists.

Key Words: Tavsanli Zone, blueschist metamorphism, deformation history, geochronology, geochemistry,
tectonic evolution.

PONTID-iCi KENEDI UZERINDE, GEC KRETASE-ERKEN EOSEN ARALIGIN]}A
GERCEKLESMIS OLAN CARPISMA SONRASI TEKTONIZMAYA DAIR YENi
STRATIGRAFIK VE PALEONTOLOJIK KANITLAR, KUZEYBATI TURKIYE

Kenan Akbayram', Aral Okay"”* ve Ercan Ozcan®
’Avrasya Yer Bilimleri Enstitiisii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye,
akbayram@itu.edu.tr,
% Jeoloji Miihendisligi Béliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye.

Bu g¢alismada Pontid-Igi Kenedi iizerinde gergeklesmis olan ¢arpisma sonrasi tektonizmaya dair
stratigrafik ve paleontolojik kanitlar sunmaktayiz. Paleontolojik veriler, Ge¢ Kretase-Erken Eosen yash
birimlerden elde edilen planktonik ve bentik foraminiferlerden gelmektedir ve bu dénemdeki olaylar iizerine
yitksek ¢oziinirliklii veriler sunmaktadir. Caligma alani kuzeybati Tiirkiye’de, Istanbul ve Sakarya Zonlari
arasinda, Sapanca Golii giineyinde yer alr. Caligma alaninda, Ust Kretase ve Erken Eosen ¢okelleri, daha yash
metamorfik birimleri ve Pontid-i¢i Kenedi’nin melanj birimlerini uyumsuz olarak orter. Bu uyumsuz ¢okel seri,
yaygin tane akintilar1 ve olistostromlar iceren dort formasyona ayrilir. En alttaki formasyon Kampaniyen-
Maastrihtiyen yagsh bir s1g denizel kumtasi, konglomera, neritik kirectas: birimidir ve az oranda tane akintilar1 da
icerir. Bu birim uyumlu olarak metabazit, ¢ort, kuvarsit, fillat, amfibolit, neritik ve pelajik kiregtasi blok,
cakillari iceren bir tane akintisi birimince ortiiliir. Tane akintilar igerisinde bulunan pelajik kiregtas1 ¢akillarinda
Geg¢ Maastrihtiyen-Paleosen yas1 veren planktonik foraminiferler tespit edilmigtir. Dolayisiyla bu tane akintisi
birimi Ge¢ Paleosen yagindadir. Tane akintis1 birimi tiste dogru neritik kirectasi bloklar: igeren pelajik marl
matriksli bir karbonat tane akimtist geger (liglincti formasyon). Karbonat tane akintilarinin pelajik matriksinde
Geg Paleosen-en Erken Eosen pelajik foraminiferleri ve icerdigi neritik kiregtasi bloklarinda Ust Kretase bentik
foraminiferleri bulunur. Karbonat tane akintilar1 yatay ve diisey yonde, dordiincii formasyon olan, Erken Eosen
yasl bir flis istifine geger. Bu flis istifi igerisinde de tane akintilari ve olistostromal seviyeler bulunur. Flig istifi
iginde, Iprezyen yasi veren ¢ok zengin ve gesitli orthophragmenid ve nummulitidler bulunmaktadir. Flisin
olistostromal kesimlerinde mermer, pelajik kiregtagi, amfibolit, gesitli ofiyolitik kékenli bloklar ile ¢ok az oranda
granit bloklart gozlenmistir. Pelajik kirectagt olistolitlerinde Senomaniyen-Ge¢ Mastrihtiyen planktonik
foraminiferleri tanimlanmustir.

Bu veriler Sapanca Goli giineyinde Maastrihtiyen-Erken Eosen aralifinda Gnemli bir yiikselimin
gerceklestigini gostermektedir. Sapanca Golii giineyindeki metamorfik kayalarmn apatit fizyon iz yaslari da
bolgede Alt Eosen’de (51-53 Ma) bir yiikselimin gergeklestigini onaylar (Zattin vd., 2010). Onceki ¢alismalar,
Pontid-Igi Okyanusu’nun kapanmasina neden olan garpismanin Erken Kretase’de oldugunu (Akbayram vd.,
2009) ve bu garpigma sonrasi ilk bolgesel transgresyonun Kampaniyen dncesinde gerceklestigini (Ozgoriis vd.,
2009) gosterir. Dolaysiyla Pontid-Igi Okyanusu’nun kapanmasmin bolgedeki Ust Kretase-Erken Eosen
yiikseliminde bir etkisi olamaz. Ust Kretase-Erken Eosen yiikselimin ve tane akintilari ile olistostromlarin
olusumunun nedeni, Pontid’ler ve Torid’lerin daha giineydeki, Ge¢ Kretase-Paleosen déneminde carpismasi
(Okay ve Ttiystiz, 1999) olabilir.

Anahtar Kelimeler: Geg¢ Kretase, Erken Eosen, Carpisma sonrasi tektonik, Pontid-i¢i kenet kusag:.
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STRATIGRAPHICAL EVIDENCES AND NEW PALEONTOLOGICAL DATA
FOR THE LATE CRETACEOUS-EARLY TERTIARY POST COLLISIONAL
TECTONISM ALONG THE INTRA-PONTIDE SUTURE ZONE,
NORTHWESTERN TURKEY
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Here we present new stratigraphical and paleontological data on post-collisional tectonism along the
Intra-Pontide suture zone. Our paleontological data come from planktonic and benthic foraminifera, which give a
high resolution on the events during Late Cretaceous-Early Eocene. The study area is located south of the
Sapanca Lake between the Istanbul and Sakarya zones in northwest Turkey. In this area, the Upper Cretaceous
and Lower Eocene sediments unconformably overlie the older metamorphic units and mélanges of the Intra-
Pontide suture zone. The sedimentary sequence can be divided into four sub-units and most of these comprise
either debris flows or olistostromal units. The lowest sub-unit is a shallow marine thick sandstone-conglomerate-
limestone unit with some debris flow intercalations and is of Campanian-Maastrichtian age (with Orbitoides sp.,
Siderolites sp.). This is overlain by a debris flow unit with clasts of metabasite, chert, quartzite, phyllite,
amphibolite, neritic and pelagic limestone. Pelagic limestone clasts include Late Maastrichtian and Paleocene
planktonic foraminifera and suggest a Late Paleocene age for the unit. The debris flow passes up into a carbonate
debris flow unit (third unit), which has a Late Paleocene-Earliest Eocene pelagic marl matrix and exotic blocks
of Upper Cretaceous calcarenite and neritic limestone. The carbonate debris flows pass laterally and vertically to
the fourth unit which is a Lower Eocene flysch sequence with olistostromes. The flysch has a rich and diverse
assemblage of orthophragmines and nummulitids of Ypresian age. In the olistostromal part of the flysch,
olistoliths of marble, pelagic limestone, and rare granite, amphibolite, ophiolitic blocks are observed. In the
pelagic limestone olistoliths Cenomanian-Late Maastrichtian planktonic foraminifera assemblages are defined.

These data together show that between Maastrichtian and Early Eocene there was major uplift south of
Sapanca Lake in northwest Turkey. New apatite fission track data from metamorphic rocks cropping out at south
of Sapanca Lake also confirms that Early Eocene uplift (Zattin et al, 2010). Previous studies show that the
collision of the Intra-Pontide Ocean was at Early Cretaceous (Akbayram et al, 2009) and the first regional
transgression also show that the Intra-Pontide Ocean must be closed before Campanian (Ozgbriis et al, 2009). So
the closure of the Intra-Pontide Ocean can not be the responsible mechanism for this tectonism. The Late
Cretaceous-Paleocene collision of Pontides and Taurides in the south (Okay and Tiiysiiz, 1999) generated a
major relief, which formed the source for the debris flows and olistostromes in the Sapanca region.

Key Words: Late Cretaceous, Early Tertiary, Post-collisional tectonics, Intra-Pontide suture zone.
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