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Telesismik P alic1 fonksiyonlari Dogu Anadolu Sismik Deneyi tarafindan kaydedilen sismik verilerden
hesapland1 ve aktif kitasal kenet kusaginin kabuk ve manto yapisimi belirlemek i¢in kullanildi.
Bolgenin kabuk kalmligi, P ve S dalga hizlarmin oran1 (Vp/Vs) kabuksal yansimalar kullanilarak
haritalandi. Sonuglar bélgede kabuk ve litosfer kalinliginin ince, en iist manto hizinin diisiik oldugunu
gostermekte ve platonun sicak astonosfer tarafindan desteklendigi tezini dogrulamaktadir. Vp/Vs
degisimleri, Kuzey Anadolu Fay1 boyunca ve geng volkaniklerin ¢evresinde yer alan bir yiliksek Vp/Vs
koridoru oldugunu gostermekte ve kismi eriyik varligim desteklemektedir. Ilave olarak, iist manto
stireksizlikleri (410 ve 660) negatif topografik korelasyon ve kopmus levha ve litosfer pargalarina
iliskin genligi diisiik belirgin alanlar gostermektedir.

Anahtar Sozciikler: Dogu Anadolu Platosu, alic1 fonksiyon, kabuk, litosfer, kismi eriyik, {ist manto
siireksizlikleri
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Teleseismic P receiver functions are computed using seismic data recorded by the Eastern Turkey
Seismic Experiment to determine the crustal and mantle structure across an active continent-continent
collision zone. Crustal thickness and Vp/Vs variations in the region are mapped by incorporating
crustal multiples. Our results reveal a relatively thin crust and lithosphere and low uppermost mantle
velocities consistent with the plateau supported by hot asthenosphere. Vp/Vs variations show a high
Vp/Vs corridor along the North Anatolian Fault and near the young volcanic units and support the
presence of partial melt. Furthermore, the upper mantle discontinuities (410 and 660) reveal
anticorrelated topography and distinct zones of diminished amplitude associated with a detached slab
and delaminated fragments of lithospheric mantle.

Key Words: East Anatolian Plateau, receiver function, crust, lithosphere, partial melt, upper mantle
discontinuities
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Tiirkiye’nin Dogu Anadolu Platosu (DAP) yaklagik 1700-2000 m yiiksekliginde bir bolgeyi temsil
etmekte ve kuzeydeki Dogu Pontid yay1 ile glineydeki Arap platformu arasinda yer almaktadir. Bu
bolgede, alt kabugu temsil eden Maastrihtiyen Oncesi paleotektonik birimler sadece birka¢ yerde
ylizeylenmektedir. Ciinkii Maastrihtiyen—Kuvaterner yash birimler, paleotektonik birimleri hemen
hemen tiim bolgede 6rtmektedir. Dolayisiyla, paleotektonik birimlerin yapisini ve iligkisini incelemek
glictlir.

Ancak, vyapilan c¢alismada DAP’unda paleotektonik Dbirimlerinin iki diizeyden olustugu
anlagilmaktadir. (1) Alt diizey kitasal kabugu temsil eden platform tiirii karbonatlar ve bu platformun
metamorfik esleniklerinden olugmaktadir. Bu birimler Toros Platformu ve bu platformun metamorfik
eslenikleri olarak kabul edilebilir. (2) Ust diizey, agirhikli olarak okyanus kabugu iiriinii olan ofiyolitli
melanj prizmasindan yapilidir. Bu prizma, ofiyolitlerin, ofiyolitli karisik ve yay onii ¢okellerin
ardisimu ile temsil edilmektedir. Yakinsayan levha kenarlarindaki bir diziyi temsil eden bu diizeyin bir
boliimii kuzeydeki Kuzey Anadolu Kenedi’nden, bir bolimii de gilineydeki Giliney Anadolu
Kenedi’nden tiiremis olabilir.

DAP’nun alt diizeyinin, ofiyolitli melanj prizmalarinin iizerine bindirdigi kitasal bir kabukla temsil
edildigi, ve kitasal kabugun asinmadan dolayr smirli olarak yer yer tektonik pencere bi¢iminde
yiizeylendigi ileri siiriilebilir.

DAP’unun Maastrihtiyen Oncesi paleotektonik birimleri, Maastrihtiyen—Kuvaterner yasli vokano-
tortul birimler tarafindan oOrtiillmektedir. Ardisikli transgresif ve regresif evrelerde olusan bu
sedimenter litofasiyesler paleotektonik birimlerin iizerinde uyumsuzlukla yer almaktadir. Eosen yasl
cokellerde yaygin olarak yer alan olistostromal diizeyler, ofiyolit ve ofiyolitli karisigin yeniden
aktarilmig gereclerinden tiiremistir. Maastrihtiyen—Kuvaterner yasli ortii ise genel olarak carpisma ve
carpisma sonrasi olusmus birimlerden yapilidir.

Giliniimiizde DAP yaklasik olarak K—-G dogrultulu bir sikismanin giidiimiinde ise de bdyle bir sikisma,
bolgede egemen olan dogrultu atimli tektonik rejim nedeniyle yogun bir sekilde kabuk kalinlagsmasina

yol agmamaktadir.

Anahtar Sézciikler: Dogu Anadolu Platosu, kitasal kabuk, ofiyolit, melanj prizmasi
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The Eastern Anatolian Plateau (EAP) of Turkey, with an elevation ranging from 1700 to 2000 m, is
located between the Eastern Pontide Arc to the north and the Arabian Platform to the south. In this
region, the pre-Maastrichtian palaeotectonic units, representing the crust, crop out only in a number of
localities. However, Maastrichtian—Quaternary rock units cover the palaeotectonic units across almost
the whole length of the region. Because of this, it is difficult to study the nature and relationships of
the palaeotectonic units.

Hardly, in the presented study it is understood that the palacotectonic units of the crust in EAP are
made up of two different levels: (1) The lower level is made up of platform-type carbonates and their
metamorphic equivalents and represents continental crust. These units may be representatives of the
Taurus Platform and its metamorphic equivalents. (2) The upper level consists of ophiolitic mélange
prism which is a product of mainly oceanic crust. The prism is mainly represented by an alternating of
ophiolites, ophiolitic mélange, and fore-arc deposits. This upper level, representing a sequence of the
convergent plate boundary, may partly be originated from the North Anatolian Suture to the north, and
partly from the Southeastern Anatolian Suture to the south of the Eastern Anatolian region.

It may be suggested that the lower level of EAP is represented by a common continental crust which
was overthrustby ophiolitic mélange prism, and the continental crust scarcely crop out in the region; in
areas of deep erosion, it exposes in tectonic windows beneath the ophiolitic thrust sheets.

The pre-Maastrichtian palaeotectonic units of the EAP are blanketed by Maastrichtian to Quaternary
volcanic and sedimentary rock units. These sedimentary lithofacies, which occur in successive
transgressive and regressive intervals, overlie palaeotectonic units unconformably. Olistostromal
levels, which are common occurrences in the sedimentary units of Eocene age, have been derived as
reworked materials of the ophiolites and ophiolitic mélange. The Maastrichtian—Quaternary cover is
made up of collisional and post-collisional deposits in the whole region.

Although EAP is under the considerable N—S directional compression in Recent, such a compression
has not led to intensive crustal thickening, because of the strike-slip tectonic regime which is currently

dominant in the region.

Key Words: Eastern Anatolian Plateau, continental crust, ophiolite, mélange prism
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Bu bildiride, Anadolu kenetleri {izerine son yillarda dnerilen modellerin 1s181nda bazi kritik problemler
ve olas1 ¢oziimleri kisaca irdelenecektir. Anadolu’da 4 potansiyel kenet kusagi bulunmaktadir. Bunlar:
(1) Izmir-Ankara-Erzincan; (2) G Neotetis; (3) I¢-Torid; (4) I¢-Pontid kenet kusaklaridir.

(1) numaral1 kenedi (izmir-Ankara-Erzincan), Ge¢ Paleozoyikden orta Eosene kadar ana Tetis kenet
kusag1 olarak yorumluyor ve Paleotetisin, Avrasya altina dogru yitimi ile Torid-Anatolid kitasinin
riftleserek yeni okyanusal kabuk olusturmasi siiregleri sonucunda (arada herhangi bir kitasal ¢carpisma
olmaksizin) Neotetise evrildigini diisliniiyoruz. Mesozoyik okyanusunun 1) de yayilmasi olasilikla
Orta-Triyas doneminde baslamistir. (2) numarali kenedi (G Neotetis) Torid-Anatolid kitasinin
giineyinde yer alan ve Geg Triyas (Karniyen-Noriyen) doneminde agilmaya baglayan bir okyanusal
havza olarak goriiyoruz. 2) deki (G Neotetis) ofiyolitik kayaglarin 1) den (Izmir-Ankara-Erzincan)
yerlesmesi ¢ok zayif bir olasiliktir. G Neotetis ofiyolitlerinin (2) bu giinkii konumlarina, Torid-
Anatolid kitasinin dogu ucu ¢evresinde dalan okyanusal levhanin egim agisinin artmasi sonucunda
yerlestigine iliskin 6nerilen yeni bir model, GD Anadolu ve K Suriye’den elde edilen yapisal veriler
ile uyumlu degildir. GD Anadolu’da ofiyolitler kuzeye dogru, Malatya-Keban (Torid) karbonat
platformunun altina eklenmistir; ayn1 zamanda ofiyolit ve melanjlar giineye dogru Arap platformu
lizerine yerlesmistir (battya dogru bir gdge iliskin veri olmaksizin). (3)’ii (I¢-Torid), bityiik Torid-
Anatolid mikrokitasi ve daha kiiglik Nigde-Kirsehir mikrokitasi arasinda yer alan ve orta—Geg Triyas
sirasinda agilmis, Geg Kretasede kapanmis kiiclik bir okyanusal havza olarak yorumluyoruz. Cogu
yerde Paleojen sedimentleri ile ortiilii olsa da, I¢-Torid kenedi dogu alanlarda yiizeylemektedir
(Binboga ofiyolitik melanj1). (4) (Ig-Pontid) en az sinirlanan kenet kusagidir. Secenekler ofiyolitler ve
iliskili birimlerin riftlesmis kiiciik bir okyanusal havzay1 yansittig1 veya 1) (Izmir-Ankara-Erzincan)’in
parcast oldugu ve Mesozoyik Sakarya kitasi kuzeyine, olasilikla ge¢ Mesozoyik/Paleojen dogrultu
atimi/transpresyonu sonucunda yerlestigidir. Bizim ulastigimiz sonuglar, 4) (i¢-Pontid) icinde Geg
Triyas sirasinda agilan ve olasilikla Kretasede kapanmis kiiglik bir okyanusal havza olarak
yorumladigimiz rift/okyanusal kayaglarmn diisiik acili bindirmeler ile yerlestigini gostermektedir. I¢-
Pontid kenedi, Reik kenedinin dogu uzantisi olan daha eski bir ge¢mise de sahip olabilir. Bu
konusmanin ortaya g¢ikan problemler ve olasi ¢oziimlerine iliskin yeni yorum ve tartigsmalart tesvik
edecegini umuyoruz.

Anahtar Sézciikler: kenetler, Anadolu, Tiirkiye, okyanuslar, Tetis, tektonik, rekonstriiksiyon
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In view of the wide range of recent interpretations of the Anatolian sutures, we present here a short
discussion of some key problems and possible solutions. There are 4 potential suture zones: (1) Izmir-
Ankara-Erzincan; (2) S Neotethyan; (3) Intra- (or Inner-) Tauride; (4) Intra-Pontide.

We interpret (1) (Izmir-Ankara-Erzincan) as the master Tethyan suture zone at least from Late
Palaeozoic to mid-Eocene, and we infer that Palaeotethys evolved to Neotethys by processes that
include subduction beneath Eurasia and rifting of the Tauride-Anatolide continent to form new
oceanic crust (i.e. without intervening continental collision). Spreading of Mesozoic ocean in 1)
probably began in Mid—Late Triassic. We interpret (2) (S Neotethyan) as an oceanic basin to the south
of the Tauride-Anatolian continent that began to open in Late Triassic (Carnian-Norian). Ophiolitic
rocks in 2) (S Neotethyan) are very unlikely to have been emplaced from the 1) (Ankara-izmir-
Erzincan). A recent suggestion that the S Neotethyan ophiolites (2) reached their present position by
subduction roll-back around the eastern end of the Tauride-Anatolide continent is not supported by
structural data from SE Turkey or N Syria. In SE Turkey the ophiolites were emplaced northwards
beneath the over-riding Malatya-Keban (Tauride) carbonate platform; also, ophiolite and mélange
were emplaced southwards over the Arabian platform (without evidence of westward transport). We
interpret (3) (Intra-Tauride) as a small ocean basin between a large Tauride-Anatolide microcontinent
and a smaller Nigde-Kirsehir microcontinent that opened during mid-Late Triassic and closed during
late Cretaceous. Although widely covered by Palacogene sediments, the Intra-Tauride suture is
exposed further east (e.g. Binboga ophiolitic melange). (4) (Intra-Pontide) is the least constrained.
Options are that ophiolites and related units record a rifted small ocean basin, or part of 1) (izmir-
Ankara-Erzincan) that was emplaced to the north of the Mesozoic Sakarya microcontinent, possibly in
response to late Mesozoic/Palaeogene strike-slip/transpression. Our results indicate mainly low-angle
thrust-emplacement of rift/oceanic rocks within 4) (Intra-Pontide), which we interpret as a small ocean
basin that was opening in the Late Triassic and closing probably during Cretaceous. The Intra-Pontide
suture may also have had an earlier history as the eastward extension of the Rheic suture. Hopefully,
the talk will stimulate comment and discussion of outstanding problems and possible solutions.

Key Words: sutures, Anatolia, Turkey, oceans, Tethys, tectonics, reconstructions
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Istanbul ile Sakarya zonlari arasindaki sinirt olusturan Pontid-igi kenedi batiya dogru Trakya
havzasinin Eosen-Oligosen ¢okel kayalari tarafindan ortiilir. Marmara bdlgesinin bat1 kesiminde
Pontid-I¢i kenedinin konumu ve buna bagl olarak Trakya havzasinin temel kayalarmin niteligi
tartigmalidir. Yaptigimiz ¢aligmalar Trakya havzasinin giineyinde Ust Eosen ile baglayan sedimenter
istifin iki farkli temel iizerinde yer aldiginmi teyit etmistir: (1) Saros Korfezi’nin kuzeyinde Mecidiye
bolgesinde Ust Eosen konglomera ve kiregtaslari, sleyt, rekristalize kiregtasi ve fillitten olusan
metamorfik bir temel iizerinde bulunur. Diisiikk dereceli bu metamorfik kayalar, Yunanistan’daki
Rodop Cevresi Kusagi’nin doguya dogru olan devamini teskil eder. (2) Ganos Fay1 giineyinde Sarkoy
¢evresinde ise serpantinit, metadiyabaz ve mavsisistlerden olusan, tektonik olarak yiikselmis bir temel
dilimi iizerinde uyumsuzlukla Ust Eosen kirectaslar1 yer alir. Bu tektonik dilim icerisinde yer alan
okyanusal kokenli mavisistlerden ~86 Ma'lik Ar-Ar ve Rb-Sr yaslarn elde edilmistir. Ganos Fay1
giineyinde acilmis olan petrol kuyulart da Eosen ¢okelleri altinda ofiyolitik bir temel kesmistir. Kuzey
Anadolu Fayr’nin Trakya’daki segmentini teskil eden Ganos Fay1 bu iki farkli temel arasinda bir sinir
olusturur. Ge¢ Paleosen—Erken Eosen’de ofiyolitli melanj kuzeye Rodop Cevresi Kusagi’nin diisiik
dereceli metamorfik kayalar1 {izerine itilmistir. Ofiyolitli melanj {izerinde Ge¢ Eosen’de kiregtaslar1 ve
icinde olistostromlar bulunduran bir flis istifi gelismistir. Flis istifi igindeki ¢akil, blok ve olistolitler
Eosen s1g denizel kiregtasi, Kretase ve Paleosen pelajik kirectasi, serpantinit, bazalt, gabro, grovak,
kuvars-diyorit ve yesilsistten yapilmistir. Baz1 birlesik olistolitler, altta pelajik kiregtas1 veya bazalt ve
onu uyumsuzlukla 6rten Ust Eosen kirectaslarindan olusur. Ge¢ Eosen yasindaki kiitle akintilari
genislemeli bir tektonik ortamda, glineye bakan biiyiikk normal faylarin yamaglarindan
kaynaklanmistir; Giiney Trakya havzasimin olusumu da Geg¢ Eosen’deki bu normal faylanma ile baglar.
Trakya havzasinin Ganos Fay1 giineyinde kalan kesiminin temelinin ofiyolitli melanjdan olusmasina
ragmen, bolgesel tektonostratigrafi Pontid-I¢i kenedinin daha giineyden Biga yarimadasindan gectigini
gostermektedir zira Sakarya Zonu'na ait istifler Biga Yarimadasi orta kesimlerinde sonlanmakta ve
Cetmi ofiyolitli melanjimin batisinda Rodop tipi istifler baslamaktadir.

Anahtar Sozciikler: Pontid-i¢i kenedi, Trakya havzasi, Rodop g¢evresi kusagi, olistostrom, kiitle
akintisi, ofiyolitik melanj
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The Intra-Pontide suture, which separates the Istanbul and Sakarya zones in the west, is covered by the
Eocene-Oligocene sediments of the Thrace Basin in the western part of the Marmara region.
Therefore, the position of the Intra-Pontide suture and its relation to the Thrace basin is poorly
constrained. Our studies in the southern part of the Thrace basin, have shown that the Upper Eocene
basinal sediments rest unconformably over two types of basement: (1) Slate, dark limestone and
phyllite crop out in small inliers under the Upper Eocene (?) conglomerates and Upper Priabonian
limestones in the Mecidiye region north of Saros Bay. These low-grade metamorphic rocks form the
eastern extension of the Circum-Rhodope Belt of Greece. (2) In the Sarkdy region south of the Ganos
Fault a tectonically uplifted basement consisting of serpentinite, metadiabase and Upper Cretaceous
blueschists is unconformably overlain by Upper Eocene (Lower Priabonian) limestones. The
blueschist metamorphism, which has effected oceanic lithologies, has been dated by Ar-Ar and Rb-Sr
methods as ~86 Ma. Hydrocarbon wells south of the Ganos Fault have also encountered a basement of
ophiolitic mélange under the Eocene siliciclastic rocks or limestones. The Ganos Fault, the segment of
the North Anatolian Fault in Thrace, forms the boundary between the two basement types. During the
Late Palacocene—Early Eocene the ophiolitic mélange was tectonically emplaced northward over the
low-grade metamorphic rocks of the Circum-Rhodope belt. The ophiolitic melange is overlain by
Upper Eocene limestones and flysch sequence including debris flows and olistostromes. The clasts in
the flysch sequence include Eocene shallow-marine limestone, Cretaceous and Palaeocene pelagic
limestone, serpentinite, basalt, gabbro, greywacke, quartz-diorite and greenschist. They range in size
from sand grains to olistoliths up to one kilometre wide. Some of the olistoliths are composite and
include pelagic limestone or basalt unconformably overlain by Upper Eocene (Priabonian) limestone.
The Upper Eocene mass flows were formed in an extensional setting and were derived from the south
from the flanks of large normal faults related to the opening of the southern Thrace basin. The main
transgression leading to the development of the southern Thrace basin occurred in the Late Eocene.
Although the basement of the southern margin of the Thrace basin consists of an ophiolitic mélange,
regional tectonostratigraphy indicates that the Intra-Pontide suture passes through the Biga peninsula.
The Sakarya Zone terminates in the centre of the Biga peninsula and sequences to the west of the
Cetmi ophiolitic melange belong to the Rhodopes.

Key Words: Intra-Pontide suture, thrace basin, Circum-Rhodope belt, olistostrome, mass flows,
ophiolitic mélange
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Yunanistan'daki Trakya Havzasi’nin en bat1 kisminin Tersiyer tektonostratigrafisi lizerine yapilan yeni
gozlemler Orta Eosen ve Geg Oligosen arasindaki donem igin pekgok tektonostratigrafik olusumlarin
ayrimini miimkiin kilmstir. Ik 6nemli sonug, Giineyde Soufli Fay Zonu ve kuzeyde Ardas Fay Zonu
olmak iizere iki ayrt KD-GB uzanimli sag yonlii dogrultu atimhi faylarla Trakya Havzasi’nin bati
kesiminin {i¢ ayr1 alt havzaya par¢alanmasidir ki bu havzalar giineyde Alexandroupolis alt havzasi,
ortada Orestias alt havzasi ve kuzeyde Petrota alt havzasidir.

Alexandroupolis alt havzasi agisal uyumsuzluk ile birbirlerinden ayrilmis olan iki stratigrafik istifden
olugmustur. Alt istifi iceren ve kumtasi, seyl ve kirmizimsi konglomeralardan meydana gelen Kirki
Formasyonu 30 m kalinliktaki kumtas1 iiyesi ve kumtasi-pelites ardalanmasindan meydana gelmis olan
Chorafaki formasyonu tarafindan ortiilmiistiir. Yasi Orta—Eosen olarak bulunmustur (nano-fossil
biyozon NP17, 39.8-36.8 Ma). Ust istifi meydana getiren ve neritik kirectaslarindan meydana gelen
Avas formasyonu, marl, kumtagi ve ara ara kiregtagi tabakalarindan olusan Pylaea formasyonu
tarfindan takip edilir. Birimin yas1 Ge¢ Eosene—Erken Oligosen olarak belirlenmistir (NP19/20-NP23,
36.2-30 Ma). Feres ¢evresindeki alanda, Pylaea formasyonu kalin volkanik kayaclar ve proklastikler
ihtiva etmektedir.

Orestias alt havzasi, sirasiyla Alexandroupolis alt havzasina ait Avas ve Pylaea formasyonlarinin
esdegeri olan Metaxades ve Pythion formasyonlarindan olusmus olan yalnizca iist seri ile
vasiflandirilmistir. Karakteristik stratigrafik iiye, Erken Eosen donemi Congeria igeren kirectasilaridir.
Pratikte Orestias alt havzasinda volkanik kayalar bulunmamaktadir.

Gec Eosene donemine ait kumtasi ve konglomeradan meydana gelen kirintili taban olusumuna sahip
Petrota alt havzasi, Oligosen yasli marl tarafindan Ortiilmiistiir.

Bati Trakya’nin {i¢ alt havzasinda, Tersiyer oncesi temel farkilidir. Ge¢ Kretase diyabaz ve filisinden
olugan Melia birimi orta alt havzanin tabaninda goriiliirken, diisiik metamorfizmaya ugramis olan
Makri birimi (Circum Rhodope Biriminin bir pargasi) Alexandroupolis alt havzasinin bati siirmin
tabaninda goriiliir. Buna karsin, orta-yiiksek dereceli matamorfik kayaglar, Orestias alt havzasinin
giiney smirinin tabaninda ve Petrota alt havzasinin bati siniriin tabaninda goriilmiistiir.

Yukarida verilen tektonostratigrafi, Tiirkiye’de Dogu Trakya’nin giiney bdliimiine ait Tekirdag-Kesan
— Kallipolis dolaylarina ait tektonostratigrafi ile korele edilebilir. Boylece, Kirki formasyonu, Ficitepe
formasyonuna; Chorafaki Formasyonu Kesan Formasyonuna; Avas Formasyonu, Sogucak
Formasyonuna; Pylaca Formasyonu, Ceylan and Mezardere formasyonlarma esdegerdir. Congeria
iceren sedimanlar, Yunanistan’in batisinda (6rnegin Didimoticho, Pythion Formasyonu) ve
Turkiye’nin dogusunda (6rnegin Pinarhisar) bulunan Trakya havzasinin kuzey sinirim
tanimlamaktadir.

Anahtar Sézciikler: tectonostratigrafik olusumlar, uyumsuzluklar, havza evrimi, dogrultu atimh fay
zonu
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New observations on the Tertiary tectonostratigraphy of the western part of the Thrace Basin in
Greece enabled the distinction of several tectonostratigraphic formations ranging between Middle
Eocene and Late Oligocene. The first major conclusion was that two NE-SW-trending dextral strike-
slip fault zones — the Soufli FZ in the south and the Ardas FZ in the north- dissect the western part of
Thrace Basin into three sub-basins: the Alexandroupolis SB in the south, the Orestias SB in the middle
and the Petrota SB in the north.

The Alexandroupolis SB consists of two stratigraphic sequences separated by an angular
unconformity. The lower sequence comprises the Kirki Fm, made of sandstones, shales and
conglomerates of reddish colour, overlain by a 30m thick sandstone member and by the Chorafaki Fm
made of alternations of sandstones and pelites. The age has been determined as Middle Eocene
(nannofossil biozone NP17, 39.8-36.8 Ma). The upper sequence comprises the Avas Fm, made of
neritic limestones followed by the Pylaca Fm made of marls, sandstones and some limestone
interbeds. The age has been determined as Late Eocene—Early Oligocene (NP19/20-NP23, 36.2-30
Ma). At the area around Feres the Pylaca Fm contains thick volcanic rocks and pyroclastics.

The Orestias SB is featured only by the upper sequence, comprising the Metaxades Fm —which is
equivalent to the Avas Fm of Alexandroupolis SB- and the Pythion Fm, which is equivalent to the
Pylaeca Fm of Alexandroupolis SB. A characteristic stratigraphic member is the Congeria bearing
limestones of Early Oligocene age. Volcanic rocks are practically absent from Orestias SB.

The Petrota SB has a basal clastic formation of sandstones and conglomerates of Late Eocene age,
overlain by marls of Oligocene age.

The pre-Tertiary basement is different in the three sub-basins of western Thrace. The low
metamorphic grade Makri unit (part of the Circum Rhodope Unit) is observed below the western
margin of Alexandroupolis SB, whereas the Melia Late Cretaceous diabases and flysch are observed
below the central part of the sub-basin. On the contrary, medium-high grade metamorphic rocks are
observed below the southern margin of Orestias SB and also below the western margin of Petrota SB.

The above tectonostratigraphy can be correlated to that of the southern part of Eastern Thrace in
Turkey, around Tekirdag-Kesan - Kallipolis. Thus, Kirki Fm is equivalent to Figitepe Fm, Chorafaki
Fm is equivalent to Kesan Fm, Avas Fm is equivalent to Sogucak Fm, Pylaeca Fm is equivalent to
Ceylan and Mezardere formations. The Congeria bearing sediments are indicating the northern margin
of the Thrace basin both in the western part of Greece (e.g., Didimoticho, Pythion Fm) and the eastern
part of Turkey (e.g., Pmarhisar).

Key Words: tectonostratigraphic formations, unconformities, basin evolution, strike-slip fault zones
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Diinyanin jeolojik tarihindeki etkileyici ve ender olaylardan birisi pek ¢ok kitasal litosferin tek bir
stiper-kita olusturacak sekilde birlesmesidir. En son olusan siiper-kita, Pangea giiniimiizden yaklagik
olarak 320 milyon ile 200 milyon y1l 6ncesindeki zaman araliginda var olmustur. Burada, Pangea’ nin
olusumuna sebep olan kitasal ¢arpismadan sonra, plakalarin yakilagmasinin genis kama sekilli
okyanusal bolgede devam ettigini Ongdérmekteyiz. Siiper-kita cevresindeki yamulmanin, kiiresel
Pangea kitasinin bir diger tarafinda yine kendi kitasal kenar1 altina dalan okyanusla beraber yitim
olusturmus olmasindan kaynaklandigi goriisiindeyiz. Bu senaryo, Pangea kitasi i¢ginde gelisen bir
basing rejimi oldugu sonucuna gotiirmektedir. Bu rejim, Paleotetis Okyanusu’ nun kenar (apex)
noktalarinin yakininda, Bati Avrupa’nin temel kayalarinda halen goézlenen, genis bir oroclinal kivriim
yapist olan Iber-Armonika yay1, yaygin alt kabuk i1smmas1 ve kita cekirdeginde {ist iiste gelismis
magmatizma, buna ilaveten plakalarin pek ¢ok kenar bolgelerinde 1sinsal dizilim gosteren kitasal
riftlerin gelisimini agiklamaktadir.

Litosferic mantonun bu genis 6l¢ekli senaryodaki rolii halen tam olarak agiklanamamistir. Carpisma
orojenezinin merkezinde kitasal litosferin boliimlenmesi (delaminasyonu) kanitlanmis bir islem
olmakla birlikte, buna neden olan mekanizma halen tam olarak anlasilnmus degildir. Iber-Armonika
yayinin (Pangea ¢ekirdegindeki orocline) ortaya gikisi ile Pangea olusumunun (amalgamation) son
evreleri es zamanhdir ve Iberya’da 285 My &ncesi ve sonrasinda gelisen manto kdkenli mafik
kayalarda birbirine zit Sm-Nd izotopik verileri taninabilir. Sm-Nd izotopik verilerinde bu ydndeki
degisim Iberya altindaki kita-alti litosferik mantonun (sub-continental lithospheric mantle - KALM)
erken Permiyen’de degisiklige ugradigini isaret etmektedir. Tarafimizca gelistirilen goriise gore,
oroklinin ¢ekirdeginde bulunan kalinlagmis kita kabugunun béliimlenmesi (delaminasyon) varolan
KALM’nun degisiklige ugramasini ve astenosferdeki yiikselmeyi tetikledi. Bu da yaklasik olarak 285
milyon yil 6nceki ve sonraki mafik kayaglarin Sm-Nd izotopik degerlerindeki tezatlik i¢in bir
aciklayict mekanizma olusturdu. Mantodaki bu degisiklik, Pangeanin kendi altina yitiminin neden
oldugu orocline olusumu ile tetiklenmistir.

Anahtar Sézciikler: Pangea, oroklin, Iber-Armonika yay, lithosferik bliimlenme, manto degisikligi,
Sm-Nd izotoplar1
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One of the most dramatic and rare occurrences in Earth history is the amalgamation of most of the
continental lithosphere into one super-continent. The most recent super-continent, Pangaea, lasted
from ca. 320 to 200 million years ago. Here we hypothesize that after the continental collisions that
led to the amalgamation of Pangaea, plate convergence continued in a large, wedge shaped oceanic
tract. We suggest that plate strain at the periphery of the super-continent would eventually result in
self-subduction of the Pangean global plate, with the ocean margin of the continent subducting
beneath the continental edge at the other end of the same plate. This scenario would result in a stress
regime within Pangaea that explains the development of a large oroclinal fold structure, the Iberian-
Armorican Arc still visible in the crustal rocks of Western Europe, near the apex of the Palacotethys
Ocean, the extensive lower crustal heating and voluminous magmatism at the core of the continent as
well as the development of radially arranged continental rifts in more peripheral regions of the plate.

In this large scale scenario the role of the mantle lithosphere still remains almost unexplored. Although
delamination of continental lithosphere in the core of collisional orogens is a well established process,
the mechanisms responsible for it are still poorly understood. Contemporancous with the waning
stages of Pangea amalgamation and the generation of the Iberian-Armorican Arc (the orocline in the
core of Pangea), in Iberia a contrasting Sm-Nd isotopic signature between pre- and post- ca. 285 Ma
mantle-derived mafic rocks can be recognized. This change in the Sm-Nd isotopic signature suggests
that the sub-continental lithospheric mantle (SCLM) under Iberia was replaced in Early Permian times.
We propose that the delamination of thickened continental lithosphere in the core of the orocline
triggered asthenospheric upwelling and replacement of the ancient SCLM, providing a mechanism and
explanation for the contrasting Sm-Nd isotopic characteristics of pre- and post- ca. 285 Ma mafic
rocks. This replacement was triggered by the orocline formation that in turn resulted from the effects
of the self-subduction of Pangea.

Key Words: Pangea, orocline, Iberian-Armorican arc, lithospheric delamination, mantle replacement,
Sm-Nd isotopes
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Kuzeybati Anadolu’da birbirinden ¢ok farkli tektonik birliklerin bir araya geldigi bilinmektedir. Bu
nedenle Biga Yarimadasi’nin jeolojisi, Tiirkiye jeolojisinin anlagilmasi agisindan oldukc¢a kritik bir
Ooneme sahiptir. Biga Yarimadasi yerli ve yabanci yerbilimciler tarafindan Tiirkiye’nin en ¢ok ¢aligilan
bolgelerinden biri olmasinin yani sira ¢ok sayida jeolojik sorunu da iginde barindirmaktadir.
Bunlardan biri Intra-Pontid okyanusunun dalma-batma melanji olarak gelistigi diisiiniilen ve Erken
Kretase ile Eosen aralifinda genis bir yas aralig1 verilen birimin niteligidir. Cetmi melanji, Ballikaya
formasyonu, Balikkaya formasyonu, Sarkdy karmasigi, Karagol karmasigi, vb isimlerle adlandirilan
bu birim Biga Yarimadasi’nin Cetmi, Karabiga, Biga ve Sarkdy bolgelerinde degisik isimler altinda
adlandirilmakla birlikte ayni jeotektonik anlamda degerlendirilmektedir. Alt Kretase—Paleosen yash
bu birimin topluca bir eklenir prizma 6zelligi gosterdigi belirtilmektedir.

Bu bloklu — karmasgik topluluklarin mostra verdigi alanlarda yapilan saha ¢alismalar1 bunlarin her bir
alanda birbirinden farkli istif ve stratigrafik nitelikler gosterdigini, dolayisiyla her bir mostrada yer
alan birimlerin birbirlerinin devami olarak degerlendirilmemesi gerektigini isaret etmektedir. Nitekim,
Gonen’de metamorfik temel {izerine uyumsuz olarak Jurasik yagh kirintililar gelmekte ve Mesozoyik
yasl karbonat platformuna gecen istif liste dogru bloklu bir karmasik halini almaktadir. Cetmi melanji
olarak tanimlanan bu bloklu karmasik Ge¢ Kretase yashdir. Biga dolaylarinda ise Erken
Kretase—Paleosen yasinda tabani goriilmeyen bloklu birim de Cetmi melanji esdegeri olarak
adlandirilmaktadir. Adlandirildigi tip lokalitesi olan Cetmi dolaylarinda ise ¢okel bir matriks (kumtasi-
seyl) igerisinde kiregtasi, ¢ort, kumtagi bloklarindan olugsan Erken Kretase yagli bloklu birim dogrudan
Kazdag Masifi ilizerinde tektonik olarak yer almaktadir. Aymi birim Karabiga dolaylarinda ise
uyumsuz olarak metamorfik temel iizerine stratigrafik dokanakla oturmaktadir. Sarkdy dolaylarinda
ise tabani goriilmemekle birlikte Paleosen—Eosen yaglh kirintililarin (kumtagi-marn-gakiltasi) i¢inde
serpantinit ve mavisist bloklarinin yer aldig1 goriilmektedir.

Anahtar Sézciikler: melanj, Mesozoyik, Tersiyer, Biga Yarimadasi
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Biga Peninsula in northwestern Anatolia is known as region where different tectonic units meet.
Therefore, the geology of the Biga Peninsula plays an important role on the better understanding of the
geology of Turkey. The Biga Peninsula is not only one of the most studied regions of Turkey by both
native and foreigner geologists; but there are still many important basic geological questions. One of
the contentious issues includes the character of a Lower Cretaceous to Eocene unit, which is
previously considered as a subduction zone mélange of Intra-Pontide ocean. Although this unit is
referred with different names in Cetmi, Karabiga, Biga and Sarkdy regions of the Peninsula (as Cetmi
mélange, Ballikaya formation, Balikkaya formation, Sarkdy complex, and the Karagoél complex), the
unit is considered to imply the same tectonic meaning. It is suggested that this Lower Cretaceous—
Paleocene unit represents a typical accretionary prism character.

Recent field campaign on this blocky-mélange unit in different parts of the Peninsula demonstrates
that the unit is represented by different sequences with diverse stratigraphy and that they cannot be
considered as the continuation of the same unit. Indeed, Jurassic clastics rest unconformably on the
metamorphic basement in Gonen; the sequence passes into Mesozoic carbonates, which then changes
upward into a blocky chaotic complex, considered as equivalent of Cetmi mélange of Late Cretaceous
age. Similarly, an upper Cretaceous—Paleocene blocky unit exposed around Biga is evaluated as the
Cetmi mélange. In its type locality around Cetmi village, the Cetmi mélange is represented by a lower
Cretaceous blocky unit, consisting of limestone, chert, and sandstone blocks within a sedimentary
matrix (sandstone-shale) and directly tectonically overlies the Kazdag Massif. On the other hand,
around Karabiga the same unit unconformably overlies the metamorphic basement. In the Sarkdy
outcrops, serpentinite and blueschist blocks are occurred in a Paleocene—Eocene sedimentary matrix
composed mainly of sandstone, marl, and conglomerate.

Key Words: mélange, Mesozoic, Tertiary, Biga Peninsula

459



62. Tiirkiye Jeoloji Kurultayi, 13—17 Nisan 2009, MTA — Ankara
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Biga Yarimadasi’nin kuzeybatis1 Rodop-Istranca ile Sakarya zonlar arasindaki kenet zonuna karsilik
gelmektedir. Kenet zonu, yliksek basing metamorfitleri, ofiyolitik yi1gisim karmasiklar1 ve ofiyolitler
tarafindan isaretlenmekte ve I¢-Pontid Okyanusu’nun izini tanimlamaktadir. Kemer yoresi (Biga,
Canakkale) yiiksek-basing kayalar1 ve ofiyolitik y1gisim karmagiginin yan yana goriildiigii onemli bir
alandir. Bu tebligin amaci, Kemer Metamorfitleri’nin arazi iligkilerini, bagkalasim kosullarini ve yasini
tanimlamak ve elde edilen veriler 15181nda I¢-Pontid Okyanusu’nun jeolojik evrimini tartismaktir.

Kemer Metamorfitleri baskin olarak mikagist, kalkgist, mermer ile az oranda metabazit ve
metaserpantinitlerden olusmaktadir. Mikasistler granat, fengit (3,30-3,44 c.p.f.u.), paragonit, albit,
epidot, klorit ve titanit minerallerini icermektedir. Metabazitler ise granat, barrosit, epidot, albit, klorit
ve titanit minerallerini kapsamaktadir. Bagkalagim kosullari, 550 + 50 °C sicaklik ve 8—14 kbar basing
olarak sinirlandirilmustir.

Kemer Metamorfitleri giiney simirinda bir okyanusal yigisim karmasasiyla tektonik dokanaklidir. Bu
okyanusal yigisim karmasasi, makaslanmis kayrak nitelikli bir matrikse sahip olup, serpantinit,
kirectasi, kumtasi, radyolarit, bazalt, metabazalt ve mermer bloklar1 icermektedir. Baz1 metabazit
bloklarinda, mavisist fasiyesi kosullarina maruz kaldigimi gosteren Na-amfiboller gozlenmektedir.

Yiiksek basing baskalasimin yasini sinirlandirmak igin, dort granat-mikasist orneginden segilen
fengitler {izerinde Rb-Sr yas tayini yapilmistir. Bu yas tayinleri, 64 ile 84 My arasinda sagilmakta ve
Kemer yoresinde yiiksek basing bagkalasimmmin  Geg Kretase’de gerceklesmis oldugunu
gostermektedir.

Biga Yarimadasi’ndaki ve Giiney Trakya’daki Geg Kretase yash yiiksek basing metamorfitleri, Ust
Kretase doneminde Ig-Pontid okyanusunun agik oldugunu ve kuzeydeki Rodop-Istranca kitasal
alaninin eklenme ile yanal olarak biiylimiis oldugunu belgelemektedir. Yiiksek-basing metamorfitleri
ve yi1gisim karmasasinin Eosen yasl volkanitler ve volkano-klastitler tarafindan ortiilmesi ve Eosen
(~52 My) graniti tarafindan kesilmesi de mevcut okyanusal alanin kapanmasini, Geg Kretase ile Erken
Eosen arasi olarak sinirlandirmaktadir. Bununla birlikte, son calismalar i¢-Pontid Okyanusu’nun daha
doguda (>150 km) Istanbul ile Sakarya zonlarini ayiran kesimi Erken Kretase’de kapanmis oldugunu
gostermektedir. Dolayisiyla, Geg Kretase doneminde I¢-Pontid Okyanusu doguya dogru daralan bir
korfez olugturmaktaydi.

Anahtar Sézciikler: I¢-Pontid okyanusu, jeodinamik, yiiksek-basing metamorfizmasi, y1gisim
karmasigi, jeokronoloji
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Northwestern part of the Biga Peninsula corresponds to the suture zone between the the Rhodope-
Strandja and Sakarya zones, and represents the traces of the so-called Intra-Pontide ocean. This suture
zone is marked by the presence of high-pressure metamorphic rocks, oceanic accretionary complexes
and ophiolites. The Kemer region is one of the main areas where high-pressure rocks and an oceanic
accretionary complex are widely exposed. The main objective of this contribution is to outline the
field relations, metamorphic conditions and the age of the high-pressure metamorphism. All these data
will be discussed in terms of the evolution of the Intra-Pontide ocean.

The Kemer metamorphic rocks comprise predominantly micaschists, calcschists, marble and
subordinately metabasites and metaserpentinites. The micaschists contain garnet, phengite (3.30-3.44
c.p.f.u.), paragonite, albite, epidote, chlorite and titanite. The metabasites consist of garnet, barroisite,
epidote, albite, chlorite and titanite. Metamorphic conditions are constrained as 550 + 50 °C
temperature and 8—14 kbar pressure.

To the south, the Kemer metamorphiscs are in tectonic contact with an oceanic accretionary complex.
This oceanic accretionary complex has a sheared slaty matrix, and includes blocks of serpentinite,
limestone, sandstone, radiolarite, basalt, metabasalt and marble. Some of the metabasalt blocks contain
Na-amphibole, testifying that some blocks underwent blueschist-facies metamorphism.

To constrain the timing of high-pressure metamorphism, Rb-Sr phengite-whole rock dating were
performed on four garnet-micaschist samples. The ages scatter between 64 and 84 Ma and suggest that
the high-pressure metamorphism in the Kemer region occurred during late Cretaceous.

Late Cretaceous high-pressure metamorphism in southern Thrace and northwestern Biga Peninsula
documents that the Intra-Pontide Ocean was still open during the Late Cretaceous time, and the
continental domain of the Rhodope-Strandja grew laterally due to accretion. The fact that both the
high-pressure metamorphics and accretionary complex are uncorformably overlain by Eocene
volcanics and volcano-clastics and crosscut by Early Eocene granite (~52 Ma) constrains the closure
of the Intra-Pontide Ocean between late Cretaceous and early Eocene. On the other hand, the Intra-
Pontide Ocean closed during Early Cretaceous in the east (>150 km), in part separating the Istanbul
and Sakarya zones, as revealed by the recent studies. This suggests that the Intra-Pontide ocean
formed an easterly narrowing embayment.

Keywords: Intra-Pontide ocean, geodynamic, high-pressure metamorphism, accretionary complex,
geochronology
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Istanbul ve Sakarya Zonlarimin Bati Kesiminin Ge¢ Kretase—Eosen'deki Evrimi
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! Istanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisii,
34469 Maslak, Istanbul (E-posta: ozgorusz@itu.edu.tr)
2 [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Maslak 34469, Istanbul

Pontid-I¢i okyanusu ile ayrildig1 farz edilen Istanbul ve Sakarya zonlarmin ne zaman ve nasil biraraya
geldikleri konusunda jeolojik veri kisithidir. Bu konuyu aydinliga kavusturmak amaci ile Karadeniz
sahil seridi (Sile-Kaynarca) ile Bursa arasinda yer alan bolgede ¢ok sayida Ust Kretase—Eosen
stratigrafik kesitleri dl¢lilmiistiir. Kocaeli Yarimadasi’'nda Paleozoyik ve Triyas yagh birimler iizerine
uyumsuz olarak gelen Ust Kretase istifi, yarimadanin kuzey ve giiney kesimlerinde farkliliklar
gostermektedir. Kuzey kesimde Ust Kretase istifi, Santoniyen—Kampaniyen yasl volkanik agirlikli bir
istif olan Yemislicay Formasyonu ile baglamakta ve Kampaniyen-Tanesiyen yasl pelajik
kirectaglarindan olusan Akveren Formasyonu ile devam etmektedir. Giiney kesimde ise Yemislicay
Formasyonu goriilmemekte ve Ust Kretase sadece Akveren Formasyonu ile temsil edilmektedir.
Kocaeli Yarimadasi’nda Paleosen yaslh birimler {izerine tiirbiditik ¢okellerden olusan Erken Kuiziyen
yash Caycuma Formasyonu uyumlu olarak gelmektedir.

Armutlu Yarimadasinda Ust Kretase—Eosen istifi altta Erken Kampaniyen yash konglomera, silttas1 ve
marnlardan ve bunlari lizerleyen Orta Kampaniyen—Tanesiyen yasli Akveren Formasyonu'nun pelajik
kiregtaglarindan olusmaktadir. Armutlu Yarimadasi'nin giineyine dogru Akveren Formasyonu'nun
pelajik kiregtaslar1 kalsitiirbiditlere gegis gostermektedir. Ust Kretase—Paleosen istifleri iizerinde
Armutlu yarimadasinda volkanik arakatkili tiirbiditlerden olusan Caycuma Formasyonu yer
almaktadir.

Iznik golii ile Bursa arasinda kalan kesimde Ust Kretase istifi, Triyas yasli temel iizerine uyumsuz
olarak gelen Orta Turoniyen-Santoniyen yasl pelajik kiregtaslarindan olusan Vezirhan Formasyonu ile
baslamakta ve tipik bir flis istifinden olusan Santoniyen-Maastrihtiyen yasli Golpazari grubu ile
devam etmektedir. Vezirhan Formasyonu igerisinde bol miktarda yer alan Bilecik kiregtasi olistolitleri
¢okelme sirasinda bolgenin tektonik agidan aktif oldugunu géstermektedir. Iznik golii ile Bursa
arasinda kalan kesimde Kampaniyen—Maastrihtiyen yaslhi flis istifi tizerine Erken Kuiziyen yash
akarsu ¢okelleri uyumsuz olarak gelmektedir. Bu bdlgede Erken Kuiziyen’de transgresyonun
baslamasi ile birlikte yeni bir ¢okelme donemi baslamis ve Erken Kuiziyen—Erken Liitesiyen yash
volkanik katkili yer yer karasal s1g denizel bir istif ¢cokelmistir.

Karadeniz sahil seridi (Sile-Kaynarca) ile Bursa arasinda yer alan bdlgede Ust Kretase-Eosen
istiflerinin beraberce incelendiginde Geg Kretase'de kuzeyde pelajik karbonat ¢okeliminden giineye
dogru kalsitiirbiditlere ve silisiklastik flise bir yanal ge¢is oldugu ortaya ¢ikmaktadir. Eosen'de ise
bolgede genelde flis ¢okelimi gozlenmektedir. Ust Kretase—Eosen istiflerinin yanal olarak
denestirilebilmesi Istanbul ve Sakarya zonlarmin Kampaniyen Oncesi biraraya geldigine isaret
etmektedir. Armutlu Yarimadasi'ndan elde edilen son jeokronolojik veriler de (Kenan Akbayram sozlii
goriisme) bu iki tektonik zonun Erken Kretase'de biraraya geldigini gdstermektedir.

Anahtar Sozciikler: Ust Kretase, Paleosen, Eosen, Istanbul Zonu, Sakarya Zonu, Pontid-ici kenedi
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The Istanbul and Sakarya zones of the Pontides are believed to be separated by the Intra-Pontide
suture. However, data on the age of opening and closure of the Intra-Pontide ocean are very scarce. To
constrain this problem several Upper Cretaceous—Eocene stratigraphic sections have been measured in
an area streching from the Black Sea (Sile-Kaynarca) to Bursa encompassing both the Istanbul and
Sakarya zones.

In the Kocaeli Peninsula the Upper Cretaceous series, which lie unconformably over the Palacozoic
and Triassic rocks, show lateral changes. In the north the Cretaceous sequence starts with volcanic
dominated Yemiglicay Formation of Santonian—-Campanian age and passes up into
Campanian—Thanetian pelagic limestones of the Yemislicay Formation. The Yemisligay Formation is
absent in the southern parts of the Kocaeli Peninsula, and the Upper Cretaceous is only represented by
the Akveren Formation. The Akveren Formation is overlain conformably by the siliciclastic turbidites
of the Caycuma Formation of Early Cuisian age.

In the Armutlu Peninsula the Upper Cretaceous—Eocene sequence starts at the base by Lower
Campanian conglomerate, siltstone, marn, which are overlain by the Middle Campanian—Thanetian
pelagic limestones of the Akveren Formation. In the southern part of the Armutlu Peninsula the
pelagic limestones of the Akveren Formation pass into calciturbidites. The Upper
Cretaceous—Paleocene rocks of the Armutlu Peninsula are overlain by the turbidites and volcanic
rocks of the Eocene Caycuma Foation.

In the region between the iznik Lake and Bursa the Upper Cretaceous sequence starts with pelagic
limestones of Middle Turonian—Santonian age (Vezirhan Formation), which lie unconformably over
the Triassic basement. The Vezirhan Formation includes voluminous olistoliths of Jurassic limestone
and passes up into a siliciclastic flysch of Santonian—Maastrichtian age (Golpazar1 Group). Lower
Cuisian fluviatile deposits lie unconformably over the Goélpazart Group. In this region the Early
Cuisian marks the base of a new transgression and the sequence develops into a Lower Cuisian—Lower
Lutetian continental to shallow marine clastic series.

When the Upper Cretaceous—Eocene sequences between the Black Sea and Bursa are considered
together, it is seen that in the Late Cretaceous pelagic limestone deposition in the north gives way
southward into calciturbidites and to siliciclastic flysch deposition. The observation that these
sequences can be laterally correlated indicate that the Istanbul and Sakarya zones were joined before
the Campanian. The latest geochronological results from the Armutlu peninsula (Kenan Akbayram
oral comunication) indiacte that these two zones were joined during the Early Cretaceous.

Key Words: Upper Cretaceous, Paleocene, Eocene, Istanbul Zone, Sakarya Zone, Intra-Pontide suture
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Almacik Mafik-ultramafik Kompleksi: Istanbul Blogu’nun Tabanindaki Cele
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Almacik daginin giiney yamaglarinda agilmis olan yeni yol yarmalarinda, diisiik dereceli metamorfik
bimodal volkanitlerle fayli dokanak iliskisi sunan, ultramafik (harzburjitik ve websteritik) ve mafik
kaya tiirlerinden olusan amfibolit fasiyesinde metamorfik bir kompleksin mostralart goriiliir. Bu
kompleksin dogu kesimini olusturan ada yay1 meta-toleyitleri ile gecis tipinden kalk-alkalene degisen
tiirdeki metabazitler kimyasal olarak Proterozoyik yasgli Cele meta-ofiyolitine ¢ok benzer niteliktedir.
Bu nedenle Almacik kompleksi, dnceki ¢alismalarda, Cele meta-ofiyolitinin Kuzey Anadolu Fay1
boyunca pargalanarak birbirinden ayrilmig bir parcasi olarak degerlendirilmistir. Almacik yol kesitinin
onemli bir kesiminde, yapisal olarak daha alt ve kimyasal olarak farkli mafik ve ultramafik kayalar
mostra verir. Bu nedenle Almacik kompleksi, ters fay dilimleriyle pargalanmis bir dalma-batma iistii
ofiyoliti olarak degerlendirilir.

Cele meta-ofiyolitini kesen granitik kayalardan alinmis olan ge¢ Proterozoik yaslar plajiyogranitlerden
almabilmis degildir. Plajiyogranitlerden elde edilen yaslar, bu kayalarin ge¢ Permiyen’de olustugunu
ve Paleotetis’in kapanmasi esnasinda yiiksek amfibolit fasiyesinde metamorfizmaya ugradigini isaret
etmektedir. Bundan da &te, bu kayalardan elde edilen ve Istanbul blogundakilere benzemeyen bazi
kalint1 yaslar, Avalonian temelden ziyade Armorikan tip bir temelle (bdylece Sakarya zonu ile) alakali
oldugunu isaret etmektedir.

Yol yarmasi boyunca mafik ve ultramafik kayalarin ardalanmasi ve ultramafik kayalarin her bir
mostrasinin batisindaki miinferit yiiksek yamulma zonlarmin varligi, yapisal bir tekrarlanmay1 isaret
eder. Yiksek dereceli metamorfizmanmn varligi ve bunun yanisira ekstriizif lavlar ya da levha
dayklarin bulunmamasi, Almacik kompleksinin bir kesiminin ofiyolit olmayabilecegini, bunun yerine
Istanbul blogu ile ¢arpisip onun altina itilmesiyle metamorfizmaya ugrayan Sakarya blogunun kita alt1
temeli olarak Permiyen’de olusmus olabilecegini isaret eder. Sikismanin son déneminde, Jura’da, bu
kayalar1 iceren bir horst blogu Istanbul blogunun giiney kenarmna kars: yiikselmis olmalidir. istanbul
blogu icinde yiiksek dereceli Jura metamorfizmasmin olmamasi ayrica Istanbul blogunun Sakarya
tizerine bindirmis oldugunu da isaret eder.

Anahtar Sozciikler: ultramafik, metaofiyolit, Istanbul Blogu, Sakarya Blogu, Kuzeybat1 Tiirkiye
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New road cuttings south of the Almacik Mountains expose an amphibolite facies complex consisting
of alternating ultramafic (harzburgitic and websteritic) and mafic rock types in faulted contact with
low grade bimodal volcanics. The eastern part of this complex contains island arc meta-tholeiites and
transitional to calc-alkaline metabasites chemically quite similar to those of the Proterozoic Cele meta-
ophiolite. This led early studies to suggest equivalence, with the Almacik Complex interpreted as a
part of the Proterozoic Cele meta-ophiolite, detached by recent movements along splays of the North
Anatolian Fault. Much of the Almacik section exposes structurally deeper and chemically different
mafic and ultramafic rocks, with no exposed equivalent in the Cele meta-ophiolite, and this led to an
interpretation of the Almacik Complex as a supra-subductional ophiolite, structurally telescoped to
form a series of superimposed thrust sheets.

However, isotopic dating of plagiogranites has not yielded late Proterozoic dates equivalent to those of
granitic rocks which cut the Cele meta-ophiolite. Dates obtained so far instead suggest that these rocks
formed during the late Permian and underwent high amphibolite facies metamorphism at the time of
Palaeotethys closure during the Jurassic. Furthermore, the sparse inherited ages of these rocks, unlike
those from Istanbul Block granitoids, suggest a link with Armorican-type (and hence Sakarya), rather
than Avalonian basement.

Alternating mafic and ultramafic rocks along the road section suggest structural repetition, supported
by the exposure of discrete high-strain zones west of each outcrop of ultramafic rocks. The high grade
of metamorphism, coupled with the lack of evidence for either extrusive lavas or sheeted dyke rocks
suggest the possibility that a part of the Almacik complex was not an ophiolite, but formed instead in
the Permian as subcontinental basement to the Sakarya Block, which was metamorphosed on collision
with, and underthrusting beneath the Istanbul Block. A horst containing these rocks was then uplifted
during a late stage of the compression against the southern margin of the Istanbul Block in the
Jurassic. Lack of high grade Jurassic metamorphism in the adjacent Istanbul Block also suggests that it
was overthrust over the Sakarya margin.

Key Words: ultramafic, metaophiolite, Istanbul Block, Sakarya Block, Northwest Turkey
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Kuzeybat1 Tiirkiye’de Armutlu yarimadasi, Kuzey Anadolu Fayi’nin (KAF) iki ana kolu arasinda
siirlanir.  Armutlu  Yarimadasi, litolojik oOzellikleri ve yaslarn birbirlerinden farkli kayag
topluluklariyla temsil edilirler. Kayag topluluklar1 arasindaki kontak iliskileri genellikle tektoniktir.

Armutlu Yarimadasi giineyinde (Geyve Bogazi — Pamukova) ve daha doguda Almacikdag’1 civarinda
yeralan metamorfik kayaclar genel olarak masif, ince taneli, kaba taneli ve bantli amfibolitik/gnaysik
kayaclar seklinde tanimlanmistir. Amfibolitik kayaclar genel olarak amfibol + plajiyoklaz + piroksen
+ granat + epidot * biyotit + klorit + ilmenit + kuvars minerallerinden olusmakta olup granoblastik,
granonematoblastik ve porfiroblastik dokularla temsil edilirler.

Tiim kaya ana, iz ve nadir toprak elementleri analizlerine gore amfibolitik kayaglarin ada yay1
toleyitleri (IAT), okyanus ortast sirti bazaltlart (MORB) ve okyanus adasi bazaltlar1 (OIB) benzeri
jeokimyasal ozelliklere sahip olduklari belirlenmistir. *’Sr/*Sr ve '*Nd/'*Nd izotop oranlari
metamorfik kayaclarin protolitlerinin bir boliimiiniin ya kitasal kabuktan ya da yitim zonuna katilan
sedimanlardan etkilendikleri fikrini vermistir.

Amfibolitik kayaclardan yapilan mineral kimyas1 ¢alismalarina goére, amfibol mineralleri genel olarak
kalsik amfibol 6zelliginde olup baslica magnezyumlu-hornblend, ¢ermakit, aktinolit-hornblend ve
aktinolitlerle temsil edilirler. Aym kayaglardan plajiyoklaslar albit ve bitovnit aras1 bilesimlere
sahiptir.

Pamukova, Geyve Bogazi ve Almacikdag amfibolitik kayaglarinin mineral bilesimlerine dayali
jeotermobarometre c¢aligmalari, metamorfizma esnasindaki sicakligim 600-720 °C ve basing
degerlerinin yaklasik 5—6 kb civarinda oldugunu gdstermistir.

Amfibolitik kayaglarm amfibollerinden *Ar-*Ar 6l¢iimleri ile kabaca 160 ve 220 Myl yas verileri
elde edilmistir. Belirlenen bu yaslar metamorfik kayaglarin soguma yaslar1 olarak degerlendirilmistir.
Bu yas verilerine gore bolgedeki metamorfik kayaglarin kdken kayaglar iki ayr1 metamorfizmadan

metamorfize olmus olmalidirlar.

Anahtar Sézciikler: Geyve, Pamukova, Karakaya, metamorfizma, jeokimya, izotop, jeokronoloji
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The Armutlu peninsula in NW Turkey is located between two main branches of the Northern
Anatolian Fault. The Armutlu Peninsula is represented by the rock units of which their lithological
properties and age relations are different from each other. The contact relationships between the rock
units are generally tectonic.

The metamorphic rocks located in the southern part of the Armutlu Peninsula (Geyve Gorge —
Pamukova) and the further east around Almacikdag were commonly defined as the massive, fine
grained, coarse grained and banded amphibolitic/gneissic rocks. The amphibolitic rocks consist mainly
of amphibole + plagioclase + garnet + epidote + biotite + chlorite & ilmenite £ quartz minerals. They
are represented by granoblastic, granonematoblastic, porphyroblastic textures.

Whole rock major, trace and REE analyses indicate that the amphibolitic rocks have the island arc
tholeiites (IAT), mid-ocean ridge basalts (MORB) and the ocean island basalts (OIB)-like
geochemistry. *’Sr/*°Sr and '*Nd/'**Nd isotope ratios from protoliths of one part of the metamorphic
rocks suggest that they were affected by either crustal contamination or contribution of sediments into
the subduction zone.

All amphiboles from the amphibolitic rocks have calcic amphibole compositions based on mineral
chemistry studies. They are mainly represented by magnesio-hornblende, tschermakite, actinolite-
hornblende and actinolite. Plagioclase compositions from the same rocks range from albite to
bytovnite.

Geothermobarometric studies based on chemical compositions of minerals in the amphibolitic rocks
from Pamukova, Geyve Gorge and Almacikdag indicate that the metamorphic temperature during the
metamorphism was between 600—720 °C and the pressure was around 5-6 kbar.

“Ar-*? Ar measurements for amphiboles from the amphibolitic rocks yielded roughly 160 and 220 My.
These ages were interpreted as the cooling ages of the metamorphic rocks. According to these age
data, protholiths of the metamorphic rocks in the region should be metamorphosed from the two
different metamorphism.

Key Words: Geyve, Pamukova, Karakaya, metamorphism, geochemistry, isotope, geochronology
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Pontid-Igi kenedi ile ayrilan Istanbul ve Sakarya zonlar1 farkli stratigrafilere, dolayisiyla farkl jeolojik
gecmislere sahiptir. Istanbul Zonu Geg Prekambriyen yasta (570 My) bir kristalen temel ve bu temel
iizerinde yer alan pasif kita kenar1 6zelligi gdsteren bir Paleozoyik istiften olugur. Sakarya Zonu is
Karbonifer’de (330-310 My) yiiksek sicaklik metamorfizmasi gegirmis bir temel igerir, ayrica
Sakarya Zonu’nda, Paleozoyik’te granitik plutonizma goriilmektedir. Calismamiz kapsaminda,
Armutlu Yarimadasi'ndan Pontid-Igi kenet kusaginda yapilan arazi, petrolojik ve jeokronolojik
calismalar Sakarya ve Istanbul zonlarmin Erken Kretase’de ¢arpistiklarina isaret etmektedir.

Armutlu Yarimadast dogu kesiminde Sapanca GOl giineyinde, kuzeybatiya egimli bindirme
diizlemleriyle birbirinden ayrilan ii¢ ana tektonostratigrafik birim bulunmaktadir. Bindirme yi1giminin
en {stlinde amfibolit, metaperidodit, metapiroksenit ve gnaysdan olusan, amfibolit fasiyesinde
metamorfizma gecirmis, Proterozoyik yash bir metaofiyolit yeralir. Bu metaofiyolit Istanbul Zonu’nun
temelinin bir pargasini temsil etmektedir. Metaofiyolit birimi metabazit, metagort, sleyt ve
serpantinitten olugsan Kretase yasli bir eklenir prizmanin iizerine bindirmistir. Bindirme y1gininin en alt
tektonik birimi ise; yesilgist fasiyesinde metamorfizma gecirmis metakumtasi, sleyt, fillit ve
mermerden olugmaktadir.

Yeni U/Pb yaslar1 metaofiyolit igerisindeki gnayslardan ve ¢okelme ve metamorfizma yasi bilinmeyen
metasedimanter birimden elde edilmistir. Metakumtaglarindan elde edilen U/Pb klastik zirkon yaslari
500-317 My araligindadir. Bu verilere gére metasedimanter birimin ¢okelmesi; Karbonifer’den sonra
(316+2,4 My) gergeklesmistir.

Metasedimanter birimin ve ofiyolitik temelin Rb-Sr muskovit ve biyotit yaslari Erken Kretase (138-
111 My) vermektedir. Metakumtaglarindan elde edilen Rb-Sr muskovit yaglart (138£1,5 My) bu
birimin metamorfizma yasini temsil eder. Proterozoyik temelin gnayslarindan alinan biyotitlerin Rb-Sr
Kretase soguma yaslart ise (111,3£1,1 My), temelin bu donemde yeniden 1sinmasina neden olan bir
tektonizma yasadigini gostermektedir. Farkli birimlerden elde edilen Erken Kretase yaslari, Istanbul
ve Sakarya zonlarinin carpismasina bagli olarak gelisen bir metamorfizmanin yas1 olarak
yorumluyoruz.

Anahtar Sozciikler: Pontid-I¢ci kenedi, Istanbul Zonu, Sakarya Zonu, U-Pb zirkon yas1, Rb-Sr mika
yasi
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? Institut fiir Geowissenschaften, Universitt Tiibingen, D-72074 Tiibingen, Germany

We provide new isotopic data from the Intra-Pontide Suture Zone, which indicate Early Cretaceous
collision between the Sakarya and Istanbul terranes following the consumption of the Intra-Pontide
Ocean. The study area is located south of Sapanca Lake between the Istanbul and Sakarya terranes in
northwest Turkey. These two terranes show different geological histories, as reflected in their
stratigraphic record, and are juxtaposed along the Intra-Pontide suture. The new U/Pb zircon and
Rb/Sr mica ages come from south of the Sapanca Lake, south of the North Anatolian Fault in
northwest Turkey. The Istanbul terrane has a late Proterozoic basement overlain by a sedimentary
sequence of Ordovician to Carboniferous age. The Sakarya terrane is characterized by Carboniferous
(330-310 Ma) high temperature metamorphism, Palacozoic granitic plutonism and by the presence of
Palaeo-Tethyan subduction-accretion units.

South of the Sapanca Lake, three main tectonostratigraphic units have been differentiated forming a
northeastward dipping thrust stack. At the top of the thrust stack is an amphibolite-facies metamorphic
unit consisting of an intercalation of amphibolite, metaperidotite, metapyroxenite and gneiss
representing a Proterozoic metaophiolite in the basement of the Istanbul Zone. This old metaophiolite
is underlain by a Cretaceous accretionary complex of metabasite, metachert, slate and serpentinite.
The lowermost tectonic unit in the thrust stack is a metasandstone, slate, phyllite and marble unit
metamorphosed in greenschist facies.

Our U/Pb geochronological data comes from the basement gneisses and the metasedimentary unit. The
age of deposition and metamorphism of this metasedimentary unit were not constrained. The U/Pb
ages of the clastic zircons from metasandstones are between 500-317 Ma. These new clastic zircon
ages from the metasedimentary unit show that deposition of the sandstones must be later than
Carboniferous (316£2.4 Ma).

The Rb-Sr muscovite and biotite ages from metasedimentary unit and the basement gneisses give
Early Cretaceous (138—111 Ma) ages. The muscovite ages of metasandstones are 138+1.5 Ma
represents the metamorphic age of metasedimentary unit and the biotite Cretaceous cooling age of
111.3+1.1 Ma from the reheating of the Proterozoic basement. The new Rb/Sr ages indicate that the
collision between the Istanbul and Sakarya terranes occurred during the Early Cretaceous.

Key Words: Intra-Pontide suture, Istanbul Zone, Sakarya Zone, U-Pb zircon ages, Rb-Sr mica ages
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Dogu Pontidlerin (Artvin Cevresi) Ge¢ Paleozoyik—Erken Senozoyik Tektonik
Gelisimi: Avrasya Giiney Kenar1 Boyunca Tetis’in Kapanma Asamalar

Timur Ustadmer' ve Alastair H.F. Robertson’

! Jeoloji Miihendisligi Béliimii, Istanbul Universitesi, 34850 Avcilar, Istanbul
(E-posta: timur@istanbul.edu.tr)
? School of GeoSciences, University of Edinburgh, W. Mains Road, Edinburgh,
EHY 3JW UK

Artvin ¢evresinde ylizeyleyen Erken KarboniferEosen yasgli birimler, gliney Avrasya aktif kita
kenarinin gelisimini belgeler. Bu alandaki en yash kayaglar, bolgesel olarak sist ve gnayslara sicak
dokanaklar ile sokulan Erken Karbonifer yash granitlerdir. Kita kenari, Erken—Orta Jura déneminde
tiim Pontid kusag1 boyunca riftlesmistir (D—B yo6niinde > 1000 km). Artvin bdlgesinde rift havzasinin
¢okmesi sonucu, havza igine terijen moloz akintilari, tiirbiditler ve derin denizel radyolaryali gamurlar
¢cokelmis, yerel olarak, kimyasal olarak zenginlesmis bazaltlar piiskiirerek istife katilmistir. Rift iginde,
yitim bileseni iceren, bazik, orta¢c ve yerel olarak asidik bilesimli dayk kiimeleri yiiksek dereceli
metamorfik temel i¢ine yerlesmistir. Rift igindeki bir temel yiikselimi (horst) kondanse, ammonit
iceren pelajik fasiyes ile Ortiilmiigtiir. Biiyiik hacimli, yitim bilesenli bazaltlar, gerilmeli havza
gelisiminin ileri asamasinda (Orta Jura) piiskiirmiis, volkaniklastik sedimentasyon volkanizmaya eslik
etmistir. Havza, ge¢ Orta Jura yaghi ‘Neo-Kimmeriyen’ deformasyonlari sonucunda stratigrafik olarak
terslenmistir. Bunun sonucunda havza dolgusu kismen asinmis ve daha sonra yerel olarak,
zenginlesmis (yitim zonundan etkilenmemis) bazaltlarin da eslik ettigi Ust Jura yash karasal ve sig
denizel ¢okeller ile Ortiilmiistiir.

Kita kenar1 Geg Jura—Erken Kretase doneminde ¢okmiis ve pelajik karbonatlar ile terijen, biyojenik ve
volkaniklastik gravite akintisi ¢okelleri havza icine ¢Okelmeye baslamistir. Geg Kretase sirasinda
meydana gelen yitim, dogu Pontid magmatik yaymin ve giliney alanlarda, kalin bir yay Onii
volkaniklastik ¢okel prizmasininin olusumunu saglamistir. Ge¢ Kretase sirasinda giineydeki Neotetis
iginde yitim zonu Ustii tiirli ofiyolitler ve yigisim melanji olusmus ve en ge¢ Kretasede kuzeye dogru
Pontid aktif kita kenar iizerine yerlesmistir. Orta Eosen donemindeki kitasal ¢arpisma, aktif kenarin
distal boliimlerinin kuzeye dogru, dogu Pontid kitasal temeli iizerine yerlesmesine neden olmustur.
Artvin bolgesinin jeolojik evrimi daha bat1 Pontidler ve dogudaki giiney ve kuzey Transkafkaslarin
evrimi ile denestirilebilir. Tercih ettigimiz tektonik model, Tetis’in uzun siireli, asamali, kuzeye
yitimini 6ngdrmektedir. Ayrica, D Pontidlerde Paleotetis ofiyolitlerinin varligina iligkin herhangi bir
bulguya rastlanilmamustir.

Anahtar Sozciikler: Artvin, Dogu Pontitler, Tetis, tektonostratigrafi, magmatik jeokimya, sediment
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Late Palaeozoic—Early Cenozoic Tectonic Development
of the Eastern Pontides, (Artvin Area): Stages of Closure
of Tethys Along the Southern Margin of Eurasia

Timur Ustadmer' & Alastair H.F. Robertson’

! Jeoloji Miihendisligi Béliimii, Istanbul Universitesi, Avcilar,
TR-34850 Istanbul, Tiirkiye (E-mail: timur@istanbul.edu.tr)
?School of GeoSciences, University of Edinburgh, W. Mains Road, Edinburgh,
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Early Carboniferous—Eocene units exposed in the Arvin area document the development of the
southerly, active continental margin of Eurasia. The oldest rocks exposed in the area are Early
Carboniferous granites that regionally intrude schists and gneisses. The continental terrane rifted along
the entire length of the Pontides (>1000 km E—W) during Early—Middle Jurassic. Subsidence of the
rift basin in the Artvin area was accompanied by terrigenous debris flows, turbidites and deep-sea
radiolarian muds, and was associated with local extrusion of chemically ‘enriched’ basalts. Swarms of
subduction-influenced basic, intermediate, to locally silicic dykes, intruded high-grade metamorphic
basement within the rift. A basement horst within the rift was covered by condensed pink ammonite-
bearing pelagic facies. Large volumes of subduction-influenced basalts erupted during the later stages
of extensional basin development (Mid-Jurassic), associated with volcaniclastic sedimentation. The
Artvin Basin is interpreted as a supra-subduction rift associated with incipient arc magmatism. The
basin was stratigraphically inverted in response to Late Middle Jurassic ‘Neo-Cimmerian’
deformation. It was then partially eroded and covered by Upper Jurassic continental, to shallow-
marine sediments, together with localised eruption of ‘enriched’ (non-subduction-influenced) basalts.

The margin collapsed during Late Jurassic—Early Cretaceous, initiating deposition of pelagic
carbonates and mixed terrigenous, biogenic and volcaniclastic gravity flows. Subduction during the
Late Cretaceous then constructed the east Pontide magmatic arc and a thick volcaniclastic fore-arc
apron to the south. Supra-subduction-type ophiolites and accretionary melange formed within
Neotethys to the south during the Late Cretaceous and were emplaced regionally northwards onto the
leading edge of the Pontide active continental margin during the latest Cretaceous. Continental
collision during the Mid-Eocene telescoped the distal part of the active margin which was and
emplaced northwards onto the east Pontide continental basement. The geological evolution of Artvin
area correlates with the Pontides further west and with the southern and northern Transcaucasus to the
east. Our favoured tectonic model involves long-lived, episodic, northward subduction of Tethys.
Finally, there is no evidence of ‘Palacotethyan’ ophiolites in the eastern Pontide region.

Key Words: Artvin, E Pontides, Tethys, tectono-stratigraphy, igneous geochemistry, sediments
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Detritik Zirkon (U-Pb-LA-ICP-MS) Jeokronoloji Verileriyle Istanbul Bloku’nda
Tektonik Konum, Paleocografya ve Kaynak Analizi Calismalar:

UIf Linnemann', Kerstin Drost’, Erdin Bozkurt’, Erding Yigitbas® ve Aral I. Okay’

! Senckenberg Naturhistorische Sammlungen Dresden, Museum fiir Mineralogie und Geologie,
Konigsbriicker Landstrafle 159, Dresden, D-01109, Germany
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? AEON EarthLAB, Department of Geological Sciences, University of Cape Town,
Rondebosch 7701, South Africa
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! Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisigi Béliimii, 17000 Canakkale
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Istanbul Blogu, Gondwana cevresinden tiiremis olan Avalonian afiniteli bir ekzotik kusak olarak
tanimlanir. Tiirkiye’nin diger jeolojik kusaklarinin tersine, bilinen herhangi bir Variskan metamorfik
kayit igermez. Ediacaran kalkalkalen metavolkanikleri igine sokulmus olan Ediacaran plutonik
kayalar1 565-576 My yasindadir. Kalkalkalen metavolkanikler amfibolit fasiyesinde metamorfizmaya
ugramis mafik ve ultramafik kayalar {izerinde yer alir. Paleozoyik yash birimler (Istanbul Paleozoyigi)
Kambro-Ordovisiyen — Karbonifer araliginda gelismis kumtasi, seyl ve karbonat kayalarindan olusan
pasif kita kenari cokelleri ile temsil edilir. Bu calismada, Kambro-Ordovisiyen, Siluriyen ve
Devoniyen istifinin silisiklastik ¢okelleri i¢indeki detritik zirkonlardan LA-ICP-MS teknigi ile U ve Pb
analizleri yapilmustir. Detritik zirkon tanelerinde yapilan U-Pb yaslari; (1) Avalonian temel (2) Baltica
ve (3) muhtemel Gondwana potansiyel kaynak alanlarini isaret etmistir.

Anahtar Sozciikler: Istanbul Blogu, Avalonia, Baltica, Laurasia, Gondwana cevresi, zirkon, LA-ICP-
MS, U-Pb jeokronolojisi
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The Istanbul Block — Provenance, Geotectonic Setting and Palacogeography
Constrained by U-Pb-LA-ICP-MS Geochronology of Detrital Zircon
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The Istanbul Block is interpreted to be an exotic terrane of Avalonian affinity that was derived from
the periphery of Gondwana. Unlike to the other Turkish terranes, a Variscan metamorphic event is not
known. Ediacaran plutonic rocks are about 565-576 Ma old, which intrude Ediacaran calc-alkaline
metavolcanics. The latter ones overlay amphibolite-facies mafic and subordinate ultramafic rocks. The
geological record of Palaeozoic rocks (‘Istanbul Palaeozoic’) represents a passive margin sequence of
conglomerates, sandstones, shales and carbonates in the range from the Cambro-Ordovician to the
Lower Carboniferous. We have analysed detrital zircon grains from siliciclastic sediments of Cambro-
Ordovician, Silurian, and Devonian strata using U and Pb isotopes by LA-ICP-MS (Laser Ablation
combined with Inductive Coupled Mass Spectrometry). U-Pb ages of detrital zircon grains indicate
potential source areas such as (1) the Avalonian Basement, (2) Baltica, and (3) probably Gondwana.

Key Words: istanbul Block, Avalonia, Baltica, Laurasia, peri-Gondwana, zircon, LA-ICP-MS, U-Pb
geochronology
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Pangea’nin Kumlari — Orta Avrupa Triyasik, Jurasik ve Kretase Birimlerinde
Yapilan Bir Ornek Calismada Detritik Zirkon (U-Pb-LA-ICP-MS)
Jeokronolojisiyle Kumlarin Kaynagi ve Tektonik Anlami Uzerine Veriler
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Jena, D-07749, Germany
? Institut fiir Geowissenschaften, Mineralogie, Johann Wolfgang Goethe-Universitit Frankfurt/M.,
Senckenberganlage 28, D-60054 Frankfurt/M., Germany

Triyas donemi siiperkita Pangea’nin parcalanmaya baglamasi ve sonrasindaki dénemi kapsar. Bu
donem; kaynagi tam olarak belirlenemeyen kumlarin kita i¢lerinde olaganiistii miktarlarda biriktigi bir
donemdir. Bu c¢alismada kullanilan oOrnekler Orta Avrupa’nin Triyas yash karasal fasiyesteki
(‘Germanya tipi Triyas’) kumtaslaridir. Buntsandstein (Alt Triyas) ve Keuper (Ust Triyas)
birimlerinden elde edilen zirkon tanelerindeki U ve Pb izotoplart LA-ICP-MS teknigi ile analiz
edilmistir. Buna gore detritik zirkon tanelerindeki U-Pb yaslar su potansiyel kaynak alanlar isaret
etmektedir; (1) yerel Kadomiyen-Avaloniyen ve Variskan temel (2) Baltica ve (3) Gondwana.
Permiyen donemindeki gerilme ve ayrigma ile Triyas donemindeki kuvvetli subsidans (¢cokme)
Germanya tipi Triyas ¢okelleri i¢indeki yiizlerce metre kalin ve yaygin kumtaglarinin olugmasina
neden olmustur. Pangea’nin pargalara ayrilmasi Orta Jura’da baslamistir. Geg Jura’da Orta Atlantik
okyanusu Afrika ve Kuzey Amerika’y1 ayiran dar bir okyanus halindeydi. Kretase’de Kuzey Amerika
hala Avrupa’ya bagli iken Giliney Atlantik okyanusu agilmistir. Orta Avrupa; Avrupa kitasal
levhasinin bir pargastydi. Okyanus ortast sirtin yiikksek yayilma hizi ve okyanus i¢i plato
volkanizmasina bagli olarak epikontinental selfte genis alanlar su altinda kaldi. Triyas 6rneklerinin
yani sira Avrupa’nin gesitli lokasyonlarindaki Orta Jurasik ve Kretase birimlerindeki detritik zirkon
taneleri de LA-ICP-MS U-Pb yaslar1 bakimindan analiz edildi. Avrupa’nin Jurasik ve Kretase
kumlarindaki bu detritik zirkon taneleri su kayitlar1 isaret etmistir; (1) Avrupa’nin Variskan temelinin
yenilenmesini (2) Laurassia’dan detritik malzeme gelimini ve (3) Pangea’nin pargalanmasina bagl
olarak gelisen magmatik aktiviteyi yansitan yaslari.

Anahtar Sozciikler: Pangea, Triyas, Jura, Kretase, zirkon, LA-ICP-MS, U-Pb jeokronolojisi, Orta
Avrupa
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The Sands of Pangea — Provenance and Geotectonic Setting Constrained
by U-Pb-LA-ICP-MS Geochronology of Detrital Zircon in a Case Study
from the Triassic, Jurassic and Cretaceous of Central Europe
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The Triassic period represents the time during and after the initial break-up of supercontinent Pangea.
During that time extreme amounts of sand were accumulated in the continent interior, where the
source areas are not identified completely. Examples are the sandstones in the continental facies of the
Triassic in Central Europe (‘German Triassic’). We have analysed detrital zircon grains from the
Buntsandstein (Lower Triassic) and the Keuper (Upper Triassic) using U and Pb isotopes by LA-ICP-
MS (Laser Ablation combined with Inductive Coupled Mass Spectrometry). U-Pb ages of detrital
zircon grains indicate potential source areas such as (1) the local Cadomian-Avalonian and Variscan
Basement, (2) Baltica, and (3) Gondwana. Tension and weathering during the Permian and strong
subsidence during the Triassic are responsible for the formation of several hundred of metres thick and
widespread distributed sandstone packages in the German Triassic. The dispersal of Pangea started in
the Middle Jurassic. In the Late Jurassic the Central Atlantic Ocean was a narrow ocean separating
Africa from eastern North America. During Cretaceous time the South Atlantic Ocean opened while
North America was still connected to Europe. Central Europe was a part of the European continental
plate. Due to high spreading rates of mid-ocean ridges and intra-oceanic plateau volcanism large areas
of the epicontinental shelf were flooded. In addition to the Triassic samples we analysed detrital zircon
grains from the Middle Jurassic and the Cretaceous of several localities in Europe concerning their
LA-ICP-MS U-Pb ages. These detrital zircon grains from Jurassic and Cretaceous sands of Europe
record (1) the recycling of the Variscan basement of Europe, (2) detrital material from Laurussia, and
(3) ages reflecting magmatic activities due to the dispersal of Pangea.

Key Words: Pangea, Triassic, Jurassic, Cretaceous, zircon, LA-ICP-MS, U-Pb geochronology,
Central Europe
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D Yunanistan ve B Tiirkiye’de Paleotetisin Karbonifer
Yitimi ile iliskili Yigisim Proseslerinin Kamiti

Alastair H.F. Robertson' ve Timur Ustadmer”
! School of GeoSciences, University of Edinburgh, W. Mains Road, Edinburgh

EHY 3JW, UK (E-posta: Alastair.Robertson@ed.ac.uk)
2 Jeoloji Miihendisligi Béliimii, Istanbul Universitesi, Avcilar 34850, Istanbul

Geg Paleozoyik sirasinda, gelecekteki Avrasya ve Afrika (Gondwana) kitalar1 Paleotetis olarak bilinen
genis bir okyanus ile birbirlerinden ayriliyorlardi. Bu okyanus batida Avrupa’da Hersiniyen orojenezi
sirasinda kapanirken daha doguda, Asya’da acik kalmis ve Mesozoyik Tetis okyanusuna evrilmistir.
Bunu, Afrika ve Avrasya kitalarinin Alpin (Geg¢ Kretase—Erken Senozoyik) nihai ¢arpigmasi izlemis
ve Tetis okyanusu kapanmustir. Paleotetis’in yitimi yer yer gozlenen yigisim karmagiklar ve yaygin
yay magmatik kayagclar1 diginda ¢ok az kayit birakmustir.

Ug adet Ust Paleozoyik yash litoloji toplulugu; Tekedere birimi (Likya Naplari, GB Tiirkiye),
Karaburun melanji (bati Ege Tiirkiye) ve Kos melanji (komsu Yunanistan adasi-Sakiz adasi),
Paleotetis okyanusunun kapanmasi ile iligkili sedimanter ve tektonik prosesler hakkinda onemli
ipuclart saglar. Gilineydogudaki Tekedere birimi, seamount (levha ig¢i) tipi volkanik dilimler ile
ayrilmis hendek tipi kumtasi toplulugu ve iizerleyen Ust Karbonifer yash s1§ denizel ve yamag tipi
karbonatlardan olusur. Daha batidaki Karaburun ve Kos birimleri, Siliiriyen—Ust Karbonifer yash
platform karbonat (yamag ve si1g denizel fasiyesler) ve (yas1 bilinmeyen) volkanik kaya bloklar1 igeren
terijen tiirbiditlerden olusur. Kumtaglarimin petrografisi, farkli kaynak alanlardan, olasilikla daha
batidaki Balkan bolgesindeki Hersiniyen kenet kusaginin farkli kesimlerinden malzeme gelimine isaret
eder. Daha fazla tamamlayici bilgi, daha dogudaki Konya Melanjindan gelir (bknz. Robertson ve
Ustadmer, 2009, Tectonophysics).

Her ti¢ birim de esasen, bilesenlerinin birbirinden makaslama zonlar1 ile ayrildigi tektonik dilim
kompleksleridir. Siliiriyen—Alt Karbonifer yash siyah ¢ortler (lidit) ve yamag karbonatlari, tlirbiditik
kumtaslarinin ¢okeldigi bir yitim zonuna eklenmistir. Ancak bazi bloklarin sedimanter dokanak
sergilemesi, gravitasyonel proseslerin de melanj olusumunda rol oynadigini gdstermektedir. Ozellikle
Ust Paleozoyik yasli, s1§ denizel karbonat bloklar1 (6rn. Kos adasinda) ¢ogunlukla, su etkisiyle
asinmig siyah ¢ort bloklar1 igeren konglomeralar ile sarmalanirlar. Karbonat bloklari, bir veya daha
fazla karbonat platformunun aktif kenarla carpistigini ve parcalanarak bloklandigini, bu bloklarinda
daha sonra yitim zonuna aktarildigini diisiindiirmektedir. Bloklar daha sonra bir yitim kompleksine
(y1g1s1m prizmasina) eklenmis, bunun sonucunda makaslama, tabakaya paralel uzama ve tektonik
dilimlenme meydana gelmistir. Yitim, Erken—Geg¢ Karbonifer yash litolojilerin yigisim prizmasinda
bulunmasi nedeniyle en azindan Karbonifer boyunca siirmiis olmalidir.

Paleotetisin kapanma zamanmin farkli oldugu ve yitimin kuzeye, Avrasya altina veya giineye
Gondwana altina veya her iki yone dogru oldugu alternatif sedimanter-tektonik modeller géz 6niine
almabilir. Kos ve Karaburun’dan elde edilen yapisal veriler, Neojen Ege yaymnin biikliimii geri
alindiginda, yitimin giineye dogru olmus olabilecegini diisiindiirmektedir. Yerel jeolojinin en basit
yorumu, Gondwana altina yitim ile her ii¢ birimin (~400 km dogudaki Konya Kompleksi de dahil)
yigismasidir. Bu birimlerin kuzeye, Avrasya altina dogru yitim/yigisimi alternatifi, bolgesel olgekli
blok gociinli gerektirir, ¢linkii Tetis okyanusunun Erken Senozoyik doneminde nihai kapanmasina
kadar Avrasya kita kenarinin bu bolgeye yakin olduguna iligkin herhangi bir veri bulunmamaktadir.
Ancak, Paleotetisin giineye, Gondwana altina yitimi, kuzey kenar boyunca bagimsiz olarak kuzeye,
Avrasya altina yitemeyecegi anlamina gelmez; zaten kuzeye yitim Sakarya zonu ve Pontidler i¢in
onerilmistir (hem K hem de G yoniinde yitim meydana gelmis olabilir).

Anahtar Sozciikler: Paleotetis, Karbonifer, bindirme, melanj, Sakiz Adasi, Karaburun, Tekedere
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During the Late Palacozoic the future Eurasian and African continents (Gondwana) were separated by
a wide ocean known as Palaeotethys. This ocean closed in Europe to the west during the Hercynian
orogeny, whereas in Asia further east it remained open and evolved into the Mesozoic Tethys. This
was followed by final closure during Alpine (L. Cretaceous—Early Cenozoic) collision of Africa and
Eurasia. Palaeotethys has been subducted leaving little record other than occasional accretionary units
and widespread arc magmatic rocks.

Three Upper Palacozoic lithological assemblages, the Tekedere unit (Lycian Nappes, SW Turkey), the
Karaburun melange (westernmost Aegean Turkey) and the Chios melange (on the adjacent Greek
island) provide insights concerning sedimentary and tectonic processes related to closure of
Palaeotethys. The Tekedere unit in the southeast is an assemblage of trench-type sandstones,
intersliced with seamount (within-plate)-type volcanics and overlying Upper Carboniferous shallow-
water to slope-type carbonates. The Karaburun and Chios units further west are mainly terrigenous
turbidites with blocks of Silurian—Upper Carboniferous platform carbonates (slope to shallow-water
facies) and (undated) volcanics. Sandstone petrography implies derivation from diverse sources,
probably different parts of a Hercynian suture zone further west in the Balkan region. Additional
complementary information comes from the Konya Melange further east (see Robertson & Ustadmer,
2009, Tectonophysics).

All three units are mainly tectonic slice complexes in which component units are separated by shear
zones. The Silurian—Lower Carboniferous black cherts (lydites), and slope carbonates were accreted in
a subduction trench where sandstone turbidites accumulated. However, some blocks exhibit
sedimentary contacts, showing that gravitational processes also contributed to formation of the
melange. Specifically, detached blocks of Upper Palaecozoic shallow-water carbonates (e.g. on Chios)
are commonly mantled by conglomerates, which include water-worn clasts of black chert. As an
explanation, the carbonate blocks can be restored as one, or several, carbonate platforms that collided
with an active margin and fragmented into blocks, which then slid into a subduction trench. The
blocks were later accreted into a subduction complex (accretionary prism), resulting in shearing, layer-
parallel extension and tectonic slicing. Subduction persisted at least throughout the Carboniferous as
lithologies of at least Early—Late Carboniferous age are involved.

Alternative sedimentary-tectonic models can be considered in which the timing and extent of closure
of Palacotethys differed, and in which subduction was either northwards beneath Eurasia, or
southwards beneath Gondwana, or both. Structural data from Chios and Karaburun suggest that
subduction could have been southwards, after restoration of the curvature of the Neogene Aegean arc.
The simplest interpretation of the local geology is accretion of all three units (and also the Konya
Complex ~400 km further east) related to subduction beneath Gondwana. Alternative northward
subduction/accretion of these units beneath Eurasia would require regional-scale terrane migration
because there is little or no evidence of proximity of the Eurasian continental margin in this region
until Early Cenozoic final closure of Tethys. However, southward subduction of Palaeotethys beneath
Gondwana does not preclude independent northward subduction of Palacotethys beneath Eurasia, as
inferred from the Sakarya zone and the Pontides (i.e. double subduction N & S could have occurred).

Key Words: Palacotethys, Carboniferous, subduction, melange, Chios, Karaburun, Tekedere
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Karadeniz Bolgesinin Paleozoyik sonrasi evrimi (1) Paleotetisin varlig1 ve pozisyonu, (2) Neotetise
bagli olaylar ile (3) Karadeniz’in ka¢ havzadan olustugu ve bu havzalarin agilma zamanlar1 gibi ii¢
temel sorunu i¢cermektedir. Bu sorunlar kitasal bloklarin ve okyanusal alanlarin sayisina ve buna baglh
olarak rift zonlari, yitim zonlar1 ve kenet kusaklarmin pozisyonlarina ve bunlarin zaman igindeki
polarite degisimlerine baglidir. Bu amaca doniik olarak, Triyastan—Neojen’e kadar siiren tek bir yitim
sistemi Oneren senaryolardan, ¢oklu agilma ve kapanma senaryolarina degisen bir ¢ok evrim modeli
ileri siiriilmiistiir.

En son veriler, daha 6nceden Paleotetise ait oldugu diisiiniilen bir ¢ok ofiyolitik karmasigin Neotetise
ait oldugunu gostermektedir. Ayrica Sakarya Mikrokitasinin Triyasta Gondwanadan kopup Triyas
sonunda Lavrasyaya kenetlendigine dair gii¢lii kanitlar mevcuttur. Neredeyse kesintisiz olan ve hem
Pontidleri hem de Sakarya kusagim oOrten Jurasik o6rtii birimleri bolgede Jura donemine ait her hangi
bir orojenezin olmadigini gostermektedir. Bunlarin yaninda, Bati Kara Deniz Havzasinin iki farkli
riftlesmeye bagli olarak gelistigine dair yeni giicli veriler mevcuttur. Bu kurultay vesilesiyle
amacimiz, yeni veriler 1s18inda, bdlgenin evrimine doniik olusturdugumuz yeni senaryolar tartismaya
agmaktir,

Anahtar Sozciikler: Paleotetis, Neotetis, tektonik evrim, riftlesme, Karadeniz
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Post-Palacozoic evolution of Black Sea region comprises three main problems: (1) presence and
position of Palaeotethys ocean, (2) events related to the neotethys, (3) number of Black Sea basins and
their timing of opening. These problems are related to the number of continental blocks and oceanic
domains which in turn is related to the timing and position of rifting, subduction and suture zones and
their polarities in time. In order to unravel these problems a number of scenarios ranging from single
subduction system that took place from Triassic to Neogene to multiple opening and closing
evolutionary scenarios have been proposed.

Recently accumulated information about the region have indicated that some of the ophiolitic units
which supposed to related to the Palaeotethys are turn out to be related to the Neotethys. There is very
strong new evidence that the so-called Sakarya Continent rifted off from the northern margin of the
Gondwana and sutured to the Laurasia at the end of the Triassic. Near complete Jurassic units which
covers both the Pontide and Sakarya Belt indicate that there is no major Jurassic event in the region.
Additionally, there are new strong evidences for the two-stage rifting of the Western Black Sea Basin.
In this Kurultai, we would like discuss our evolutionary scenarios based on new data.

Key Words: Palacotethys, Neotethys, tectonic evolution, rifting, Black Sea

479



62. Tiirkiye Jeoloji Kurultayi, 13—17 Nisan 2009, MTA — Ankara
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Eski okyanus basenlerinde islemis olan tektonik siireglerin derinlemesine anlagilmasi ¢arpisma-dag
olusumlar1 sirasinda ofiyolit olarak korunmus olan okyanusal litosfer kalintilarinin analizleri ile
miimkiin olmaktadir. Bu ¢alismada bir Neotetis okyanus basenin okyanus i¢i mikrolevha rotasyonu ve
sirt eksenindeki degisimler icin delil saglayan Tiirkiye’deki ge¢ Kretase yasli Hatay (Kizil Dag)
ofiyolitinin paleomanyetik analizleri sunulmaktadir. 46 mevkiden alinmig manyetizasyonlar kdkensel
anlamda deformasyon oOncesi olarak gosterilmis ve ilgili referans yoniinden itibaren rotasyona
ugratilmistir. Veri analizlerine bir net tektonik rotasyon yaklasimi izin verilebilir net rotasyon kutbu ve
agilar tlizerinde bilgi saglamakta ve ele alinacak girdi vektorlerindeki belirsizliklerinin belirlenmesini
miimkiin kilmaktadir. Sonuglar, ofiyolitin tiim seviyelerinin yaklagik dik egimli bir eksen etrafinda
saat yoniiniin tersi yoniinde 90°’yi asan acisal rotasyona ugradigini gostermektedir. Hatay ofiyoliti
Geg Kretase—Erken Eosen doneminde kendisi ile ayni dalma-batma zonu {istii yayilim sisteminde
olugmus olan ve okyanus i¢i bir ortaminda 90° saat yoniiniin tersi yoniinde rotasyona ugradigi bilinen
Troodos ofiyoliti (Kibris) ile ayni1 yayilim sistemi ig¢erisinde olusmustur. Sonuglarimiz, zamanlamasi
bilinen Troodos rotasyonu baglaminda diisiiniiliirse, Hatay ofiyolitinde, genis alan kaplayan ‘Troodos
mikrolevha’sinin bir pargasi olarak, 50-60°’lik rotasyonun meydana geldigi ¢ikarilabilir. Bu rotasyon
fazi, Arabistan kitasal kenarimin Neotetis dalma-batma hendegi ile ilksel ¢arpismasi sonucu tetiklenmis
olup giincel karmasik yaklagsan levha sinirlarindaki okyanusal mikroplaka rotasyonu modelleri ile
uyumludur. Hatay ofiyoliti daha sonra aktif olarak rotasyona ugrayan mikroplakadan ayrilmis ve
Maastrihtiyen’deki bindirmeler esnasinda Oncekine ek olarak 30-40° saat yOniiniin tersi yoOniinde
rotasyona ugrayarak Arabistan kenari {izerine yerlesmistir. Rotasyonlarin geri-diizeltilmesi (back-
stripping) Hatay levha dayklarinin ilksel yonelimine getirilmesine olanak saglamaktadir. Restore
edilmis 020°°1ik dayk gidisleri daha 6nce Troodos yaprak dayklarinkinden farklilik géstermekte olup
Neotetis yayilim ekseninin ydneliminde ilkel bir degisim gdstermektedir. Boylesi bir degiskenlik
kenar basenlerinin giincel yayilim eksen sistemlerinde yaygin olarak gozlenmis ve bu durum bir ¢ok
ofiyolit i¢in ¢ikarilmis olan supra-subdiiksiyon zonu i¢in benzer bir davranis sergilemektedir.

Anahtar Sozciikler: ofiyolit, paleomanyetizma, rotasyon, tektonik, Neotetis, Tiirkiye
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Insights into tectonic processes operating in ancient ocean basins are provided by analyses of
fragments of oceanic lithosphere preserved as ophiolites during collisional orogenesis. Here we
present a palacomagnetic analysis of the Upper Cretaceous Hatay (Kizil Dag) ophiolite of Turkey that
provides evidence for intraoceanic microplate rotation and variations in ridge axis orientation in a
Neotethyan ocean basin. Magnetizations at 46 sites are shown to be pre-deformational in origin and
rotated from the relevant reference direction. A net tectonic rotation approach to the analysis of the
data provides information on permissible net rotation poles and angles and allows uncertainties in
input vectors to be considered. Results demonstrate that all levels of the ophiolite have been rotated
anticlockwise by angles in excess of 90° around steeply inclined axes. The Hatay ophiolite formed in
the same supra-subduction zone spreading system as the Troodos ophiolite (Cyprus), which is known
to have rotated 90° anticlockwise in an intraoceanic setting in the Late Cretaceous to Early Eocene. By
considering our results in the context of the known timing of the Troodos rotation, we infer that 50—
60° of rotation of the Hatay ophiolite took place as part of an areally extensive ‘Troodos microplate’.
This phase of rotation was triggered by initial impingement of the Arabian continental margin with the
Neotethyan subduction trench, consistent with models for modern day oceanic microplate rotation in
complex convergent plate boundaries. The Hatay ophiolite then became detached from the actively
rotating microplate and was emplaced onto the Arabian margin in the Maastrichtian, undergoing a
further 30—40° of anticlockwise rotation during thrusting. Back-stripping of rotations allows correction
of the Hatay sheeted dykes to their initial orientations. The restored dyke trend of 020° differs from
that inferred previously for the Troodos sheeted dyke complex, demonstrating a primary variation in
orientation of Neotethyan spreading axes. Such variability is commonly observed in modern spreading
systems in marginal basins, and which may act as analogues for the supra-subduction zone spreading
inferred for many ophiolites.

Key Words: ophiolite, palacomagnetism, rotation, tectonic, Neotethys, Turkey
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Helenik Yaymin Giiney-Batisindaki Oligosen Yigisim Kama Sistemi
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Helenik Yayi’nin gilineydogu kesimi boyunca Dodekanese Adalari’nda ortaya ¢ikan jeolojik
olusumlarin tektonostratigrafik analizleri melanj formunda ¢esitli boyutlarda olistolit igeren kalin filig
tipi kirintili bir istifinin varhigini gostermistir. Bu kirmtili depolanma Oligosen doneminde gelisen,
kiiciik dlgekte breslesme ve kumlu ya da seylli matriks iginde olistolitler ile oldugu kadar gravite
naplarmi temsil eden kayan birimlere ait biiyiik allokton kiitleler ile de karakterize edilir. Bu allokton
unsurlar, kirmtili istifin ¢esitli seviyelerinde yerlesmislerdir. Bu melanj, Mani birimi ya da Metamorfik
Ionian olarak bilinen giiney Peloponnesus’un and Girit’in taban birimleri ile ayn1 olan goéreli otokton
tektonik birimlerin {izerine yerlesmistir. Hafif metamorfize olmus taban birimi, Dogu Girit
dolaylarindan Kassos Adasina ve Rodos’un orta dogusundaki Lindos’a kadar izlenebilmektedir ve
muhtemelen Kos’un taban birimine kadar da uzanmaktadir. Melanj icinde olusan allokton
formasyonlar, Helenik yayin digindaki karbonat platformundan gelen, Yunan kitasinin lonian ve
Gavrovo-Tripolis tektonik birimlerine benzeyen, ve ayni zamanda Pindos biriminin pelajik olusumlu
Pindos-Cyclades okyanusal havzasindan ve Girit’deki {ist tektonik birimler olarak da bilinen ofiyolitik
kayaclardan gelen iiyelerden olusmaktadir.

Melanjin esas yiizeylenmesi, Kos’da Laerma Birimi, Karpathos’da Dogu Kos Birimi olarak bilinen
istiflerin goriildiigli yer olan ve giiney ve orta bdlgelerinde pekgok kisimda boylu boyunca melanjin
uzanim gosterdigi yer olan Rodos’da ortaya ¢ikmaktadir. Kefalos Yarimadasindaki Bati Kos’un taban
birimi orten ve Tripolis klipini igeren, Alt Miyosen, kirintili istif accretionary kamanim marjinal
kismina karsilik gelebilir.

Bu melanj i¢inde yiizen tektonik birimlerin dnemli 6zelligi temel olarak Rodos’da acik¢a goriildiigii
gibi, yatay olarak genis yayilimh tekil tektonik naplar seklinde olugmasidir. Bu geometri, Girit ve
Yunan kitasinda goriilen diisey tektonosratigrafik istiflerle ters diismektedir.

Miyosen doneminde sol yonlii dogrultu atimli fay sistemlerinin gelismesi ki bu sistemler giiniimiize
kadar asamali1 olarak KD—GB uzanimli Pliny ve Strabo hendeklerini gelistirmistir. Erken Tersiyer’deki
yakinsak sinirlarin giiney kesimleri haline gelmistir ve Miyosen—Kuvaterner boyunca gegici havzalar
ve sirtlar olusturmustur. Bdylece, Erken Tersiyer kama yapisinin i¢ kisimlarn bugiin Girit’de, orta
kisim Dodekanese’de ve dis kisim ise Tiirkiye’de Bey Daglarinda ortaya ¢ikmaktadir.

Anahtar Sézciikler: Ege Denizi, Dodekanese Adasi, melanj, olistolit, gravite naplar
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Tectonostratigraphic analysis of the geological formations cropping out in the Dodekanese Islands
along the southeast part of the Hellenic Arc has shown the existence of a thick flysch-type clastic
sequence including olistholites of various sizes in a mélange form. These clastic deposits demonstrate
the occurrence of an accretionary wedge system, developed during Oligocene times, characterized by
small scale breccia and olistholites within a sandy or shally matrix as well as huge allochthonous
masses of sliding units representing gravity nappes. These allochthonous elements were emplaced at
various levels of the clastic sequence. The mélange is resting on top of the relative autochthon tectonic
unit, which is identical to the basal unit of southern Peloponnesus and Crete, known as Mani Unit or
Metamorphic lonian. This slightly metamorphosed basal unit can be followed from easternmost Crete
to Kassos Island and to Lindos at the central eastern part of Rhodos, possibly extending also to the
basal unit of Kos. The allochthonous formations occurring within the mélange comprise members
from the external carbonate platform of the Hellenides, resembling to the Ionian and to the Gavrovo-
Tripolis tectonic units of continental Greece, and also from the Pindos-Cyclades oceanic basin with
pelagic formations of Pindos Unit and ophiolitic rocks known also from the upper tectonic units in
Crete.

The main outcrops of the mélange occur in Rhodos, known as Laerma Unit, in Kos, known as Eastern
Kos Unit and in Karpathos, where the mélange extends over most of its southern and central part. The
lower Miocene clastic sequence of Western Kos in Kefalos peninsula, which overlies the basal unit
and contains Tripolis klippen, may correspond to a marginal segment of the accretionary wedge.

A major feature of the floating tectonic units within the mélange is that they occur as individual
tectonic nappes, laterally spread over the horizontal dimension as this is manifested mainly in Rhodos.
This geometry contrasts the vertical tectono-stratigraphic succession observed in Crete or continental
Greece.

The development of a sinistral strike-slip fault system during Miocene, which has been gradually
evolved to the present-day NE-SW-trending trenches of Pliny and Strabo, has transformed the
southeast part of the early Tertiary convergent boundary and produced temporary basins and ridges
throughout the Miocene—Quaternary. Thus, internal parts of the early Tertiary wedge structure occur
today at Crete, medial parts at the Dodekanese and external parts at Bey Daglar1 in Turkey.

Key Words: Aegean Sea, Dodekanese Islands, mélange, olistholites, gravity nappes
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KB Anadolu’da Sakarya Zonu altinda yer alan ve Hersiniyen temel olarak adlandirilan yiiksek dereceli
metamorfitler Kazdagi, Uludag ve Saricakaya civarinda ylizeylemektedir. Genel olarak amfibolit-
granulit fasiyesinde metamorfizmadan etkilenmis gnays, migmatit, metaofiyolit ve mermerlerden
olugsan bu metamorfik kiitlelerin birbiriyle korele edilebilen tektono-stratigrafik istiflerden olustugu
saptanmuistir.

Edremit Korfezi kuzeyinde bir antiklinoryum seklinde yiizeyleyen Kazdagi metamorfitleri, altta
amfibollii gnays ve mermer ardalanmali Findikli formasyonu ile temsil edilmektedir. Findikli
formasyonu iizerinde metaofiyolitlerden olusan Tozlu formasyonu tektonik dokanakla yer almaktadir.
Tozlu formasyonunu, Sarikiz mermeri diskordan olarak Ortmektedir. Bu birimleri tektonik olarak
tizerleyen Sutiiven formasyonu, paragnays, ortognays ve migmatitlerden olusmaktadir. Oligo-Miyosen
yaslt granitik kayaclar tarafindan kesilen Kazdag metamorfitleri gevredeki diger kayag topluluklariyla
(Paleozoyik-Miyosen yasli) tektonik dokanak (dogrultu atiml1 ve styrilma fay1) olusturmaktadir. Ilksel
kayaclarinin yasi hakkinda yeterli veri bulunmayan Kazdag metamorfitleri gnayslarinda Pb-Pb
buharlagtirma yontemiyle olgiilen Zr yas tayininde en alttaki Findikli formasyonu Erken Triyas (246
my), Ustteki Sutiiven formasyonu Orta Karbonifer’de (317 my) yiiksek dereceli metamorfizmadan
etkilenmigtir.

Bursa giineyinde ylizeyleyen Uludag metamorfitleri litolojik 6zellikleri, metamorfizmasi ve tektono-
stratigrafik ~ yapisi, Kazdag metamorfitlerine benzer Ozellikler gostermektedir. Uludag
metamorfitlerinin tabaninda yeralan metaofiyolitleri mermerler diskordan dokanakla értmektedir. Bu
birimleri, paragnays, ortognays ve mermerden olusan Sutiiven formasyonu tektonik olarak
tizerlemektedir. Oligo—Miyosen yasl granitik kayaclar tarafindan kesilen Uludag metamorfitleri gevre
kayac topluluklartyla (Paleozoyik—Oligosen yasl) tektonik dokanak (dogrultu atimli ve styrilma fay1)
olusturmaktadir.

Yiiksek dereceli metamorfizmadan etkilenmis paragnays ve ortognayslardan olusan Saricakaya
metamorfitleri, Eskisehir kuzeyinde ylizeylemektedir. Saricakaya metamorfitleri litolojik 6zellikleri ve
metamorfizma derecesiyle Kazdagi ve Uludag metamorfitlerinin {ist tektonik dilimindeki Sutiiven
formasyonuna benzerlik gostermektedir. Karbonifer—Triyas yasli granitik kayaglar tarafindan kesilen
Saricakaya metamorfitlerini Liyas yagh karasal-sig denizel litolojiler diskordan olarak ortmektedir.
Ayrica, Saricakaya metamorfitleri Paleozoyik—Miyosen yasli ¢evre kayaclar1 iizerinde bindirmeli
dokanakla yeralmaktadir.

Bu ¢aligmada birbirleriyle korele edilebilen, Kazdag, Uludag ve Saricakaya metamorfik kiitlelerinde
saptanan napli i¢ yapilarin ilerde yapilacak bolge jeodinamik evrim modellemelerine 6nemli katkilar

saglayacaktir.
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In NW Anatolia, high grade metamorphites taking place beneath the Sakarya zone and called and
Hercynian basement crop out around Kazdagi, Uludag and Saricakaya. These metamorphic masses are
formed from tectono-stratigraphic sequences which can be correlated with each other and consist of
gneiss, migmatite, metaophiolite and marble affected by amphibolite-granulite facies metamorphism.

Kazdagi metamorphites cropping out as an anticlinorium north of Edremit Bay is represented by
Findikli formation consisting of amphibole gneiss and marble alternation at the bottom. Above Tozlu
formation formed of metaophiolites takes place with a tectonic boundry. Tozlu formation is overlain
by Sarikiz marble uncorformably. Sutiiven formation which overlies these units tectonically consists
of paragneiss, orthogneiss and migmatite.Kazdagi metamorphites which are intruded by Oligo-
—Miocene granites have tectonic boundries (strike slip and detachment fault) with rock associatious
(Paleozoic—Miocene) around them, Although there is no data for the age of orginal rocks of Kazdagi
metamorphites the Zircon ages found by Pb-Pb evaporation method show that Findikli formation and
Sutiiven formation affected by high grade metamorphism in Triassic (246 Ma) and Middle
Carboniferous (317 Ma) respectively.

Uludag metamorphite cropping out south of Bursa shows similaritres with Kazdagi metamorphites in
lithologic characteristics, metamorphism and tectono-stratigraphic structure. Metaophiolites taking
place in the basement of Uludag metamorphites are overlain by marbles unconformably. These units
are overlian tectonically by Sutiiven formation consisting of paragneiss, orthogneiss and marble.
Uludag metamorphites which are intruded by Oligo—Miocene granitic rocks have tectonic boundries
(strikeslip and detachmant fault) with the rock associations (Palacozoic—Oligocene) around them.

Saricakaya metamorphites consist of paragneiss and orthogeniss affected by high grade metamorphites
crop out north of Eskisehir. Saricakaya metamorphites are similar to the Sutiiven formation which is
the upper tectonic slice of the Kazdagi metamorphites and Uludag metamorphites. Saricakaya
metamorphites are intruded by Carboniferous—Triassic granitic rocks and overlain by Liassic
continental-shallow marine litologies unconformably. And also, Saricakaya metamorphites are
overthrusted over the Palacozoic—Miocene rocks around.

The nappe intra-structure found in this study within the correlable Kazdagi, Uludag and Saricakaya
metamorphites can contribute to regional geodynamic evolution modelling in the future.

Key Words: Sakarya Zone, Kazdagi, metaophiolite, metamorphism, tectono-stratigraphy
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Kazdag Masifi’ nin (KB Anadolu) metamorfik istifi alt boliimlerinde diizenli i¢ yap1 sunan
metaultramafik kayalar ve bantli metagabrolardan yapilidir. Metagabrolarin ana ve iz element
jeokimyasi ve nadir toprak element bilesimi bunlarin okyanusal kabuk kdkenli oldugunu gdsterir.

Alttaki okyanusal kabuk parcasini metaofiyolitlerden tiiremis ve yanal devamlilik gosteren taban
cakiltaglart ile baslayan bir platform istifi uyumsuz olarak iistler. Taban cakiltaslarindan iiste dogru
kalin beyaz mermerlere ve metakirintili kayalara dereceli dokanaklar boyunca gecilir. Platform
mermerlerin iist kesimlerinde ve metakirintili istifin i¢inde farkli diizeylerde mafik metalav ve metatiif
arakatkilart bulunur. Platform istifi igerisindeki mermerlerin iist dokanagi boyunca gézlenen mafik
metavolkanitler kalkalkali bazaltik bilesimlidir ve nadir toprak element igerikleri okyanus ortasi sirt
bazaltlar1 ve ilksel manto kokenine ait ozellikler sunar. Metakirintili istifin iginde farkli diizeyler
boyunca bulunan metavolkanitler ise kalkalkali andezitik bilesimlidir ve hafif nadir toprak
elementlerce zenginlesme gosterir. Bu 6zellik daha iist seviyelerde yer alan volkanitlerin kabuksal
kaynakli bir zenginlesme gegiren magmadan tiiredigini belirtir.

Kazdag Masifi’ nde genis yayilim sunan bu platform istifi, altindaki metaofiyolitlerle birlikte,
migmatitlesmeye varan yiiksek sicaklik metamorfizmasi gegirmistir. Migmatitlesmenin ileri derecede
oldugu alanlarda, kismi ergime ile metagranitler olusmustur. Migmatitler ve metagranitler ortak ana, iz
ve nadir toprak element 6zelliklerine sahiptir ve bu 6zellikleri kitasal kabuktan tiireme bir ortak kokeni
belirtir.

Bu ¢alismada, Kazdag Grubu platform istifinin en {istlindeki metakirintili kayalardan, migmatitlerden
ve migmatitlerin tiirevi olan matagranitlerden bir seri 6rnek toplanilmig ve zirkonlarindan U-Pb ve
*7pb/*Pb yontemleriyle yas tayinleri yapilmustir. Metagranitlerden iki farkli ornekten yapilan yas
tayinlerinde migmatitlesmenin ve onun iiriinii metagranitlerin yas1 28.2 + 4.1 My, 27.6 = 6.8 My ve
26.0 = 5.6 My olarak elde edilmsitir. Metakirintililar ve migmatitlesmis boliimlerden ise 421.9 + 4.1
My, 409.4 £ 6.2 My, 327.1 + 7.4 My, 301.4 + 2.8 My, 290.8 £ 3.4 My, 274.9 + 3.1 My, 169.3 £ 3.5
My gibi sagilmis degerler elde edilmistir. Metakirintililar, migmatitler ve metagranitlerin yaslari
kalint1 yaslar tizerine Alpin migmatitlesmenin izini belirtir.

Platform istifi Sakarya Kitasi” nin Mezozoyik platform istifine benzer. En iistteki metakirmtililarin
sacilmis ve geng sayilabilecek yaslar igermesi bu goriisii gliglendirmektedir. Alttaki ultramafik kayalar
bu durumda, Paleotetis Okyanusuna ait bir parca olmalidir.

Kazdag Grubu metamorfik istifi, migmatitik metamorfizma sonrasi (yaklasik 29 My) giineye dogru
itilmeyle dilimlenmistir. Bunlarin da {izerine Triyas yashh Karakaya Kompleksi ve Kretase—Erken
Tersiyer yashi Cetmi ofiyolitik melanjina ait naplar gelmistir. Kazdag grubu ve {izerine gelen nap
paketi deformasyon gostermeyen Oligo—Miyosen (yaklasik 21 My) granitleri tarafindan verev olarak
keskin bir dokanak boyunca kesilir.

Anahtar Sézciikler: Kazdag Masifi, metamagmatik kayalar, petroloji, jeokronoloji
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Kazdag Massif (NW Anatolia) consists of high-grade metamorphic succession of the Kazdag Group.
In the lower part of this group there is an internally regular succession of metaultramafic rocks and
overlaying banded metagabbroes. They resemble to a part of an oceanic crust. The major, trace and
rare earth element compositions (REE) of the metagabbroes also indicate oceanic crustal origin.

A platform succession, along a basal conglomerate unconformably overlays this oceanic crustal slice.
The particles of the conglomerates were derived from the underlying ultramafic rocks. The basal
conglomerates pass upward into thick, white marble sequence and the marbles are overlain by a thick
metaclastic sequence. Along the boundary zone between marbles and metaclastics, and within
different levels of the metaclastics mafic metalava and metatuff intervals are found. The metavolcanics
along in the uppermost parts of the marbles are calc-alkaline basalts and their REE content suggests a
mid-oceanic and primary mantle origin. The metavolcanics in the metadetrital unit, on the other hand,
are calc-alkaline andesites and they are enriched in light rare earth elements indicating a crustal
contamination.

The platform sequence and the underlying metaophiolites had been metamorphosed under very high
conditions reaching to migmatization stage. In the highest grade of the migmatization, metagranites
were also formed and emplaced syn-tectonically into the metadetrital sequence. The migmatites and
metagranites display a similar major, trace and REE composition indicating a coeval origin.

A series of samples were collected from the metadetrital unit starting from the country rocks,
continuing into the migmatitic phases and finally from the metagranites. Their isotopic ages were
determined by U-Pb and **’Pb/*°Pb methods on zircons. Two samples from metagranites have yielded
28.2 + 4.1 Ma, 27.6 + 6.8 Ma and 26.0 + 5.6 Ma ages indicating the age of migmatization and granite
emplacement. Three samples, one from metaphyillites of the country rocks and two from migmatites
showed scattering ages of 421.9 + 4.1 Ma, 409.4 + 6.2 Ma, 327.1 +£ 7.4 Ma, 301.4 = 2.8 Ma, 290.8 +
3.4 Ma, 274.9 £ 3.1 Ma, 169.3 £ 3.5 Ma. This scatter is probably due to inherited ages of the detrital
country rocks that later strongly affected by the Alpine metamorphism.

The platform sequence resembles to the Mesozoic platform of the Sakarya Continent. The scattered
and relatively young inherited ages of the metaclastic rocks further strengthen this suggestion. The
underlying ultramafic rocks, therefore, might belong to the Paleotethys oceanic crust.

The Kazdag Group metamorphic sequence had been imbricated by southward thrusting after the
migmatitic metamorphism of approximately 29 Ma. The nappes of the Early Permian-Triassic
Karakaya Complex and Cretaceous—Early Tertiary Cetmi ophiolitic melange were successively thrust
on the Kazdag Massif from the north. These nappe packages including the underlying Kazdag
metamorphics were later intruded by Oligo—Miocene (ca. 21 Ma) non-deformed young granites.

Key Words: Kazdag Massif, metamagmatic rocks, petrology, geochronology
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Kuzeybat1 Anadolu’da Izmir-Ankara Siitur Zonu boyunca Sakarya Kitasi ile Menderes Masifi arasinda
Kazdag ve Uludag Masifleri dogu—bati uzanimli bir kusak olusturur. Bu iki metamorfik masifin i¢
stratigrafileri degisik tiir mikagistler, kuvars mikagistleri, gnayslar, amfibolitler, metaofiyolitler ve
mermerlerden olusmus kompleks olarak aciklanmistir. Bu kompleks Sakarya Kitasi’nin temeli olarak
nitelendirilmistir. Onceki ¢alismalarda Kazdag Masifi’nin 6nce Karbonifer daha sonra Erken Triyas ve
en son Tersiyer’de olmak {izere ii¢ farkli metamorfizma gegirdigi ileri slirilmiistiir

Bu ¢alismamizda Kazdag Masifi 1/25 000 6l¢eginde yeniden haritalanmus, i¢ stratigrafisi ve yapisal
Ozellikleri ortaya konulmustur. Ayrica Kazdag grubuna ait degisik meta-magmatik kayalarda
petrolojik ve radyojenik izotop (U-Pb ve *"Pb/Pb evaporasyon) yontemleriyle yas tayinleri
yapilmistir.

Stratigrafik olarak Kazdag metamorfik istifinin altinda okyanusal kabuga ait olan, i¢yapist diizenli
metaultramafikler ve bantli metagabrolar bulunur. Bu kiimiilatli metagabrolar jeokimyasal olarak
okyanusal kabuk kdkenlidir. Bu okyanusal kabuk bir platform istifi tarafindan uyumsuz olarak ortiiliir.
Platform istifi altindaki okyanusal kabuktan tliremis bir taban ¢akiltasi ile baglar, liste dogru kalin
beyaz mermerlere geger ve en lstte metakirintili kayalarla devam eder. Mermerlerle metakirmtil
kayalar arasinda ve metakiritililarin igerisinde mafik metavolkanik ara katkilar1 bulunur. Taban
cakiltaglarindan mermerlere ve iistteki metakirintililara gegen platform istifi migmatitlesmeye varan
metamorfizma gegirmistir ve i¢lerine sintektonik granitler yerlesmistir. Bu metamorfik platform istifi
Sakarya Kitasi’nin Mesozoyik istifine benzer. Alttaki okyanusal kabuk ise Paleotetis’e ait bir parga
olmalidir.

Kazdag Grubu igerisinde yer alan metagranitlerden U-Pb seyreltme ve **’Pb/*”°Pb zirkon evaporasyon
yontemi ile yaslar elde edilmistir. U-Pb seyreltme yontemi zirkon yaslar1 27.6 £ 6.8 My olarak
saptanmis ve “'Pb/**°Pb zirkon evaporasyon ydntemi ile 28.2 + 4.1 My ve 26.0 + 5.6 My yaslar1 elde
edilmistir. Mermer istifi lizerindeki metakirintili kayalardan (301.4 + 2.8 My, 274.9 + 3.1My, 169.3 £
3.5 My) ve bu kayalarin hemen ¢evresindeki migmatitlesmis kesimlerinden (409.4 £ 6.2 My, 327.1 +
7.4 My, 421.9 + 4.1 My, 290.83 + 3.4 My) elde edilen *’Pb/*”°Pb evaporasyon yaslari oldukga
sagcinmis yas degerleri vermistir. Bu genis araliklarda degisim sunan yaslar metakirintililara ait kalinti
yaslarin Alpin migmatitlesmeden siddetli etkilendigini gosterir. Onceki ¢alismalarda bu sacilmis
yaslar ¢ok fazli metamorfizma olarak yorumlanmistir. Alpin metamorfizmasinin ardindan Kazdag
metamorfikleri giiney yonli sikistirma etkisi ile kendi iginde dilimlenmis ve tabaninda
metaultramafiklerle baslayan bir dilim platform iizerinde tekrarlanmistir. Bu giiney yonlii itilmelerin
devam eden agamalarinda kuzeyden, once Karakaya Kompleksi ve iizerine Cetmi ofiyolitik melanj
naplar1 yerlesmistir. Nap paketleri ve kendi iginde ekaylanmig Kazdag metamorfikleri geng granitler
tarafindan kesilmistir. Bu gen¢ granitlerin yas1 Okay ve Satir tarafindan yaklasik 21 My olarak
bulunmustur. Kazdag metamorfiklerinin yilizeylemesi (exhumation) giineye dogru itilme ile olusmus
bindirmeler sonucu meydana gelmistir ve bu olay migmatitlesme ve ona eslik eden sintektonik
metagranitlerin yerlesiminden (~29 My) sonra ve geng granitlerin intruzyonundan (~21 My) Once
meydana gelmistir.

Anahtar Sézciikler: jeoloji, Kazdag, metaultramafik, migmatit, jeokronoloji, KB Anadolu
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In the northwestern part of Anatolia along the Izmir-Ankara Suture Zone, the Kazdag and Uludag
metamorphic massifs form an E-W-trending belt between the Sakarya Continent in the north and the
Menderes Massif in the south. Internal succession of these two massifs has been described as
metamorphic complexes consisting of various kinds of micaschists, quartz mica schist, gneisses,
amphibolites, metaophiolites and marbles. This metamorphic complex was considered to be the
basement of the Sakarya Continent. In the literature, it has been suggested that the Kazdag Massif had
experienced polyphase metamorphism, first during Carboniferous time, second during Early Triassic
and third during Tertiary.

In this study, we remapped the Kazdag Massif on 1/25000 scale, studied its internal stratigraphy and
structures and performed some petrologic analyses and radiogenic age determinations.

Stratigraphically in the lower part of the Kazdag metamorphic sequence, there is a part of an oceanic
crust represented by metaultramafic rocks and gabbroic metacumulates. Geochemistry of these banded
metagabbros show a mid-oceanic affinity. This oceanic crust is overlain, along an unconformity, by a
platform succession. At the base of this succession there is a basal conglomerate which passes upward
into white marbles. The marbles are overlain along a gradational boundary with a metadetrital
succession which includes mafic metavolcanic lenses. The platform sequence resembles to the
Mesozoic platform of the Sakarya continent and the underlying oceanic crust might be a part of a
Paleotethys Ocean.

The Kazdag succession had been subjected to high-grade migmatitic metamorphism accompanied by
syntectonic granite emplacements. Zircons of these metagranites have yielded U-Pb ages of 27.6 + 6.8
Ma and *"Pb/**Pb evaporation ages of 28.2 + 4.1 Ma and 26.0 + 5.6 Ma. The metadetrital sequences
and migmatites show scattered “*’Pb/**® Pb zircon evaporation ages ranging from 301.4 + 2.8 Ma,
274.9 £ 3.1 Ma, 169.3 + 3.5 Ma in metasandstones and 409.4 + 6.2 Ma, 327.1 =+ 7.4 Ma, 421.9 £ 4.1
Ma, 290.8 + 3.4 Ma in migmatites. The migmatitization and syntectonic granite emplacement were
coeval and Alpine in age (~29 Ma) and the scattered ages indicate inherit age for the metadetritals with
strong Alpine imprints. These scattered ages on the other hand were interpreted in the literature as an
indication of poliphase metamorphism

After metamorphism the Kazdag metamorphic sequence was internally imbricated by southward
compression and the ultramafic sequence thrust on the top of the platform sequence. Following this
southward imbrication, the nappes of tha Karakaya Complex and the Cetmi Melange were emplaced
on top of the Kazdag metamorphics from the north. These nappe packages including the internally
imbricated Kazdag metamorphics are cut by undeformed young granites (21 Ma).

Exhumation of the Kazdag metamorphics was a result of the southerly imbrication which occurred
after the emplacement of the syntectonic metagranites (~29 Ma) and before the intrusion of the cross

cutting young granites (~21 Ma).

Key Words: geology, Kazdag, metaultramafic, migmatite, geochronology, NW Anatolia
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Anatolid-Torid platformunun kuzey boéliimii, Ge¢ Oligosen—Miyosen sirasinda olugsmus, yaklasik D-B
uzaniml felsik karakterli magmatik aktiviteyle tanimir. Genis yayilim sunan bu magmatik kayalar,
giineyde Anotolid-Torid blogunu, kuzeyde ise Sakarya Kitasin1 ve bu ikisinin ¢arpigma zonuna ait
farkli dilimlerini keserek yerlesmistir.

Magmatik kayalara ait yeni jeokronolojik ve Sr-Nd izotop verileri bu ¢aligmada iki kaya toplulugu
altinda incelenmistir: Birinci grup, Anatolid-Torid platformunun kristalen boliimiinii olusturan,
Menderes Masifi’ne ait gnayslar1 ve daha geng metagranitleri kapsar. ikinci grup ise, kuzey Menderes
Masifi’'nin deforme olmamis geng granitik kiitlelerine ait olup, Alacam, Egrigéz ve Koyunoba
granitlerinden olugmaktadir.

Menderes Masifi’nin gnayslarindan elde edilen **’Pb/***Pb evaporasyon yaslar1 607-551 My araligina
isaret etmektedir. Menderes metamorfikleri igerisinde yer alan metagranitlerden elde edilen U-Pb
zirkon yast ise 30.04 £ 0.56 My’dir. Alacam, Egrigéz ve Koyunoba granitlerinin U-Pb zirkon
kristalizasyon yaslar1 ise sirasiyla, 20.7 £ 1.1 My, 19.4 £ 44 My ve 21.7 £ 1.0 My’dir. Arazi
verilerinin yanisira, jeokronolojik bulgular da, Menderes Masifi’ne ait metagranitlerle, Miyosen yaslh
deforme olamamis granitoyid kusagi arasindaki belirgin yas farkin1 (11-10 Ma) agikca
gostermektedir. Oysa Onceki c¢aligmalarda, bu iki magmatik etkinligin birlikte ve kitasal Slgekli
styrilma faylari (detachment) boyunca olustugu ileri siiriilmiistiir.

Deforme olmamus granitoyidlerin *’Sr/**Sr degerleri 0.70805-0.710546, eNd(t) degerleri ise —5.8 ve
—6.0 arasindadir. Carpismaya bagli Miyosen granitlerinin Nd-Sr analitik degerleri, iz ve nadir toprak
element bilesimleri, bu kayalarin Menderes Masifi’nin kabuksal kdkenli protolitlerinden tiiredigini ve
benzer izotopik bilesimler sundugunu gosterir. Menderes Masifi’nin kuzeyinde yer alan Erken
Miyosen granitlerinin jeokronolojik bulgular1 ve izotop karakterleri, Bati Anadolu’da ylizlek veren
diger Oligo—Miyosen granitoyidleri ile ¢arpici benzerlikler sunarlar. Bu granitoyidlerden elde edilen
tiim veriler, granitlerin yaklasik KB—GD dogrultulu bolgesel bir magmatik kusak boyunca ¢arpisma
rejimine bagh gelistigini gdstermektedir.

Anahtar Sozciikler: Menderes Masifi, Miyosen magmatizmasi, Alagam, Egrigdz, Koyunoba, U-Pb
zirkon, Nd-Sr izotop
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The northern part of the Anatolide-Tauride platform developed at a site of pronounced E-W trending
felsic magmatic activity during the late Oligocene—Miocene. These widespread magmatic rocks
intruded into the Anatolide-Tauride Block in the south, the Sakarya Continent in the north, and
different slices of this collision zone.

New geochronological and Sr-Nd isotopic data from the magmatic rocks reveal two groups of
associations. The first group represents gneisses and younger metagranites of the Menderes Massif
that form the crystalline part of the Anatolide-Tauride Block in western Anatolia. The second group
comprises the undeformed Alacam, Egrigbz and Koyunoba granites representing young granitic
bodies of the northern Menderes Massif.

27pp/*%Ph evaporation ages between 607-551 Ma and a U-Pb zircon age of 30.04 £ 0.56 Ma were
obtained from the Menderes gneisses and metagranites, respectively. U-Pb zircon ages yield
crystallization ages of 20.7 = 1.1 Ma for Alagcam granite, 19.4 + 4.4 Ma for the Egrigéz granite and
21.7 £ 1.0 Ma for the Koyunoba granite. In addition to the field observations, the geochronological
data clearly show a significant age difference (11-10 Ma) between the metagranites of the Menderes
Massif and the Miocene undeformed granitoid belt. The metagranites have been previously described
as the tectonic equivalents of the undeformed granitoids emplaced along a crustal-scale detachment
zone.

The undeformed granitoids give ¥'Sr/*Sr ratios in the range 0.70805-0.710546 and eNd(t) values
between —5.8 and —6.0. According to the Nd-Sr systematics, trace and rare earth compositions, the
Miocene granites of this collisional belt derived from crustal protoliths of the northern Menderes
Massif and display similiar isotopic characteristics. Besides, geochronological data, isotopic
characteristics of the early Miocene granites in the northern Menderes Massif show close similarities
with other Oligo—Miocene granitoids in northwestern Anatolia. All data from these granitoids indicate
that they were formed along a NW—-SE-trending regional magmatic belt in a compressional regime
rather than being individual bodies related to local, north-dipping, low angle detachment faults.

Key Words: Menderes Massif, Miocene magmatism, Alacam, Egrigdz, Koyunoba, U-Pb zircon ages,
Nd-Sr isotopes
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Lazer Ablasyon — Manyetik Sektoralan ICP-MS Kullanilarak
Perovskit Kursun Oran Diizeltilmis U-Pb ile Yaslandirilmasi

Dirk Freil, Mark T. Hutchison' ve Axel Gerdes®

! Geological Survey of Denmark and Greenland, Oster Voldgade 10,
DK-1350 Copenhagen K, Denmark (E-posta: dfi@geus.dk)
? Johann Wolfgang Goethe Universitit, Institut fiir Geowissenschaften,
Altenhéferallee 1, D-60438 Frankfurt am Main, Germany

Perovskit kimberlit yerlesme yasi ve iligkili kayalarin yerlesme yasi i¢in ¢ok kullanigh bir mineraldir.
Genellikle, perovskitin U-Pb kullanilarak yaslandirmasi izotop seyreltmesi (ID-TIMS) veya zaman ve
fiyat bakimindan daha yogun olan iyon ayristirma (SHRIMP) teknikleri ile yapilir. Giinlimiizde hizl
ve ucuz lazer ablasyon ICP-MS teknigi perovskitin U-Pb kullanilarak yaslandirmasini olanak
saglamaktadir. ICP-MS ekipmanlarina dayali olan lazer ablasyon teknigi kullanilarak perovskitten
hata pay1 en diisiik ve kesin U-Pb yaslar1 elde etmek i¢in baslica engel biiyilik oranda kursun igerigidir.
Perovskit igindeki bu kursun ve diger bununla ilgili zorluk LA-ICP-MS da kullanilan bazi1 gazlarin
(i.e. Ar and He) yiiksek civa bosluklar1 nedeniyle yapilan diizeltmelerden kaynaklanmaktadir.

Bu nedenle, laser ablasyon ile perovskitin U-Pb methodu kulanilarak yaslandirilmasi i¢in, tek toplayict
manyetik sectoralanina sahip ICP-MS (SF-ICP-MS) ekipmanlarinin sagladig1 yararlarin (¢cok yiiksek
duyarlilik, diistik giiriiltii ve biiyiik bir dogrusal dinamik aralik) arastirdik. Bunun i¢in Garnet Golii, B
Gronland, ve Pyramidefjeld, GB Grénland dan gelen iki kimberlitten perovskit ayristirilmistir. Heriki
perovskitten alinan ¢oklu taneli o6rnekler ID-TIMS tarafindan U-Pb kullanilarak yaslandrilmistir.
Sonug olarak yerlesme yas1 Garnet Golii kimberlit 6rmegi i¢in 568+11 My ve Pyramidefjeld kimberliti
icin ise 151£2 My dir. Katistirma, taglama ve parlatmadan sonra, iki 6rnekten gelen ¢oklu perovskit
taneleri NewWave UP 213 lazer sistemi ile eslestirilmis yiiksek uzaysal ¢oziiniirliiklii (spot analiz i¢i
kullanilan 30 pm parlama c¢apli)) ThermoFinnigan Element2 SF-ICP-MS lazer ablasyon ile
yaslandirilmistir. Kursun diizeltmesi ***Pb yogunlugunun [6l¢iilmiis **(Pb+Hg) gaz boslugu igin
diizeltme sonrasi] Ol¢lilmesine dayali olarak uygulanir. Ice River Kompleksi (Kolombiya) dan alinan
perovskit kalite kontrol amacli ikincil standart olarak kullanilir. Buradaki perovskitin ¢oklu ‘in-situ’
Olgtimleri 2 farkli analitik sonus verir, bunlar 35943 My ve 35743 My dir ve ID-TIMS tarafindan elde
edilen 356 Ma yas ile tam bir uyumluluk gosterir. Garnet Gol kimberlitelerinden alinan ondokuz
perovskit tanelerinin analizinden elde edilen yas 566+5 My olup bu yaslar ID-TIMS ile elde edilen
sonuglarla biiyiilk uyumluluk igerisindedir. Pyramidefjeld (1 ppm civarinda) den gelen perovskitteki
disitk Pb igerigi ve kursundaki diizeltme hakkindaki onemli belirsizlikler nedeni ile herhangibir
‘concordia’ yas1 bulunamamistir. Fakat, ‘in-situ’ lazer ablasyon analizine gore diizeltilmis ortalama
yas “°Pb/**U igin 15243 My dir. Bu sonugta ID-TIMS den elde edilen yas ile 152+3 My uyumludur.
Sonug olarak, laser ablasyon SF-ICP-MS yontemi hizli ve pahali olmayan bir method olmasi yaninda
perovskitin kursun orani diizeltismis U-Pb yaslandirmasi iginde tam ve kesin sonuglar vermektedir.
Ayrica bu yontem elmas aramalarinda da kullanilir.

Anahtar Sozciikler: U-Pb jeokronoljisi, lazer ablasyon, in-situ yaslandirma, perovskit, kimberlit,
yerlesme yasi, elmas arama
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Common-lead Corrected U-Pb Age Dating of Perovskite
by Laser Ablation — Magnetic Sectorfield ICP-MS
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Perovskite is a very useful mineral for dating the age of emplacement of kimberlites and associated
rocks. Conventionally, U-Pb dating of perovskite is achieved using isotope dilution (ID-TIMS) or ion-
probe (SHRIMP) techniques, which are time- and cost-intensive. The potential of the rapid and
inexpensive laser ablation ICP-MS technique for U-Pb dating of perovskite has been demonstrated
recently. The main obstacle for obtaining accurate and precise U-Pb age dates from perovskite by laser
ablation techniques based on quadrupole ICP-MS instruments is the large amount of common lead that
is incorporated into perovskite and the associated difficulty to perform accurate common lead
corrections due to the high mercury blanks of the gases (i.e. Ar and He) used in LA-ICP-MS.

We therefore investigated the benefits (very high sensitivity, very low dark noise and a large linear
dynamic range) of single collector magnetic sectorfield ICP-MS (SF-ICP-MS) instruments for U-Pb
dating of perovskite by laser ablation. To this end perovskites from two kimberlites from Garnet Lake,
W Greenland, and Pyramidefjeld, SW Greenland, have been separated. Multigrain aliquots of both
perovskite separates were U-Pb dated by ID-TIMS, yielding emplacement ages of 568+11 Ma for the
Garnet Lake kimberlite and 15142 Ma for the Pyramidefjeld kimberlite. After embedding in epoxy,
grinding and polishing, multiple perovskite grains from both samples have been dated in-situ with
high spatial resolution (spot analyses using a 30 um beam diameter) by laser ablation employing a
ThermoFinnigan Element2 SF-ICP-MS coupled to a NewWave UP 213 laser system. A common lead
correction was applied based on the measured **Pb intensity [after correction for the measured
2%(Pb+Hg) gas blank]. Perovskite from the Ice River Complex, British Columbia, was used as a
secondary standard for quality control purposes. Multiple in-situ measurements of the Ice River
perovskite in two different analytical sessions yielded concordia ages of 359 £3 Ma and 357 £3 Ma, in
excellent agreement with the age of 356 Ma determined by ID-TIMS (Heaman, pers. comm.).
Nineteen in-situ analyses of perovskite grains extracted from the Garnet Lake kimberlite yielded a
concordia age of 566+5 Ma, also in excellent agreement with the age obtained by ID-TIMS. Because
of the very low Pb contents in perovskites from the Pyramidefjeld (around 1 ppm) and the associated
large uncertainties of the common lead correction, no concordia age could be obtained. However, the
in-situ laser ablation analysis yielded a common lead corrected weighted average **°Pb/**U age of
15243 Ma which is again in excellent agreement with the weighted average **Pb/***U age of 152+2
Ma obtained by ID-TIMS. We therefore conclude that laser ablation SF-ICP-MS is a fast and
inexpensive method for precise and accurate common lead corrected U-Pb dating of perovskite, and
hence diamond exploration.

Key Words: U-Pb geochronology, laser-ablation, in-situ dating, perovskite, kimberlites, emplacement
ages, diamond exploration
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Istanbul Zonu’nun Yapisal Evrimine Dair Bir On Cahsma

Pinar Gutsuz', H. Serdar Akyiiz* ve Giirsel Sunal’
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Istanbul Zonu’nun stratigrafisi ile ilgili birgok c¢alisma bulunmasima ragmen gecirdigi deformasyon
evreleri konusunda yeterli ¢alisma bulunmamaktadir. Istanbul Zonu’nun yapisal evrimi ile ilgili
bilinen en 6nemli deformasyon evrelerinden birisi Eosen yash ‘Sile Sariyaji’ ile belirlenmis K-G
yonlii sikismadir. Ancak bu evre Oncesi ve sonrasma dair yapisal veriler genellikle detayl
calistimamis ya da net olarak ayirtlanmamustir. Istanbul Zonu’nun bugiine kadar gecirdigi yapisal
evrelerin daha iyi anlasilabilmesi i¢in Istanbul’un dogusunda Maltepe-Kartal arasinda detayl arazi
caligmasi yapilmis, birimler haritalanmis ve yapisal veriler derlenmistir. Calisma alaninda, Istanbul
Paleozoyik istifine ait Ordovisiyen—Erken Karbonifer yash ¢okel birimler, Ge¢ Kretase yash
magmatik sokulumlar ve Miyosen ve Kuvaterner yash birimler bulunmaktadir. Paleozoyik istife ait
birimlerde ve Miyosen ¢okellerinde Olgiilen faylar, kivrimlar, catlak sistemleri, tabaka yonleri ve
sokulumlar ile bunlarin birbirleriyle olan iliskileri ayrintili olarak caligilmistir. Derlenen veriler
degerlendirilerek, yapilarin birbirini kesme-kesilme iligkileri goz oniine alinmis ve 5 deformasyon
evresi belirlenmistir. Deformasyon evresi 1 (D), KB—GD yonlii sikismay1 gosteren, inceleme alaninda
mostra Olgeginde gozlenebilen KD-GB gidisli kivrimlar ve bu kivrim eksenlerine paralel gelisen
bindirme ve oblik ters faylar ile tanimlanmigtir. Deformasyon evresi 1 (D;), KB—GD y6nlii sikismanin
devam etmesiyle birlikte ilksel olusan kivrim eksen ve kanatlar1 ve faylarin progresif olarak yeniden
kivrilmasi ile sonuglanmistir. Deformasyon evresi 2 (D,), KD-GB yonlii gerilmeyi isaret eden ve D,
evresine ait yapilart kesen normal faylarla temsil olunur. Deformasyon evresi 3 (D;), DKD-BGB
yonli sikisma ve KKB-GGD yonlii agilmay1 gosteren Erken Kretase yash dayklar, dayk sinirlarina
paralel gelismis dogrultu atimli faylar, dayklar1 kesen ve dayklar tarafindan kesilen faylardan
olugmaktadir. Deformasyon evresi 4 (D), K—G yonli sikisma ile ifade edilir. Bu evre, caligma
alaninda biiylik 6l¢ekli, D-B eksenli kivrimlar ile belirlenmistir. Bu déneme ait biiyiik 6lgekli D-B
uzaniml saryajlar 6zellikle Istanbul kuzeyinde (Karadeniz kiy1 ¢izgisine paralel) uzun mesafeler
boyunca izlenebilmektedir. Deformasyon evresi 5 (Ds), KD-GB yonli agilmayi gosteren ve Miyosen
yaslt Cukurgesme Formasyonu’nu kesen normal faylarla tanimlanmistir. Bu yapisal iligkilere ve
litoloji-yapr iligkilerine dayanarak, D; evresinin Karbonifer sonrasi Triyas oncesinde, D, evresinin
Triyas sonrast Ge¢ Kretase Oncesinde, Ds evresinin Geg Kretase doneminde gelismis dayklarla es
zamanli olarak, D, evresinin Eosen sonrasi—-Miyosen oncesinde ve Ds evresinin Miyosen sonrasinda
gelismis oldugu diisliniilmektedir. Bu sonuglar belirli bir bolgeden elde edilmis olup, farkli
bolgelerden elde edilecek verilerin birlestirilmesiyle Istanbul Zonu’nun yapisal evrimi iizerine daha
ayrintili sonuglar elde edilebilecektir.

Anahtar Sozciikler: Istanbul Zonu, deformasyon evreleri, Istanbul Paleozoyik Istifi
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Preliminary Study on the Structural Evolution of the Istanbul Zone, Turkey
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Although the stratigraphy of the Istanbul Zone is well known, there are only a few studies on the
structural evolution of this zone. One of the most important deformation episodes is Eocene ‘Sile
Thrust” which shows N-S compression. However, structural data about pre- or post-Eocene
deformation phases is not studied or clearly identified. To have a better understanding on the structural
evolution of the Istanbul Zone, an area between Maltepe and Kartal (eastern Istanbul) has been
mapped in detail and structural data has been collected. In the study area, outcrops of Ordovician—
Lower Carboniferous sedimentary units of the Palaeozoic sequence, Upper Cretaceous dikes, Miocene
and Quaternary units are exposed. Faults, folds, joints, beddings and dikes from the Paleozoic—
Miocene units are analyzed in terms of their structural relations. Totally five deformation phases have
been determined based on cross-cutting relationships of structural elements. The D, deformation is
consistent with NW—SE compression as expressed by NE-SW-oriented folds, thrust and fold axes-
parallel oblique-slip reverse faults. This phase is attributed to a progressive folding of pre-existing
fault planes and fold axes during a NW—SE compression. The D, deformation is represented by
normal faults, which cut structural elements of D,. This deformation phases was the result of a NE—
SW extension. Upper Cretaceous dikes, strike-slip faults developed along the boundaries of dikes, and
other faults, which cut these dikes, were formed during ENE-WSW compression and accompanying
NNW-SSE extension. There are also faults which are were cut by dikes as well and this complex
structure is evolved during the D; deformation. The D4 deformation is characterized by N-S
compression; many E-W-trending thrust faults oriented parallel to Black Sea coast occur to the north
of Istanbul. The structures of this phase are are represented by large scale E-W-trending folds. The Ds
deformation is expressed by normal faults, which cut Miocene Cukurgesme Formation, and developed
during NE-SW extension. According to explained structural and lithological relationships, the age of
deformation phases can be expressed as: D;, post-Carboniferous but pre- Triassic; D,, post-Triassic
but pre-Late Cretaceous; D; to be at the same with the Late Cretaceous age of dikes; D,, post-Eocene
but pre-Miocene, and Ds, post-Miocene. These results should be correlated and combined with future
studies to understand the full frame of the structural evolution of the istanbul Zone.

Key Words: Istanbul Zone, deformation episodes, Istanbul Palaeozoic sequence
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U-Pb Zirkon Jeokronolijisi Kullamlarak i¢c Hellenid’lerin
Paleotektonik Ortami ve Potansiyel Kaynak Alam

Guido Meinhold' ve Dirk Frei’
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DK-1350 Copenhagen, Denmark

Son yillarda, lazer ablasyon indiikleyici-¢ift plazma kiitle spektrometresinin (LA-ICP-MS) baskalagim,
metamorfik kayalarda ve dokiintii zirkonlarin Pb-Pb ve U-Pb yas tayini i¢in hizli, nispeten daha ucuz
ve yeterince hizli bir teknik oldugu kanitlanmistir. Burada yiiksek uzaysal c¢oziiniirlik U-Pb
yaslandirmasi lazer ablasyon sektoralanl indiikleyici-¢ift plazma kiitle spektrometresini (LA-SF-ICP-
MS) sunmaktayiz. Paleozoyik ve Mezozoyik boyunca eski dnemli magmatik olaylarinin ve potansiyel
kaynak alanlarmin degerlendirilmesi i¢in Heleniklerin i¢ kismindaki (Yunanistan) farkli sedimanter
istiften gelen dokiintii zirkon taneleri incelenmistir. Taneli sedimater kayalardaki caligmalar
paleotektonik arastirmalarda ¢ok onemlidir ¢ilinkii bunlar kaynak alandaki kaya litolojileri hakkinda
bilgi verebilirler. Kaynak alan levha tektoniginin gelisimi sirasinda tamamen ortadan kaybolmus ya da
baska bir ortama doniismiis olabilir. Ayrica, fosil ve diger stratigrafik verilerin bulunmamasi
durumunda, sediman i¢indeki en geg tane (zirkon vb) depolanma yas1 i¢in en iist sinir1 gosterebilir.

Bu caligmada, zirkonun ‘in-situ’ U-Pb yas tayini i¢in basit bir yontem uyguladik. Bu Danimarka ve
Gronland Jeoloji Kurumu’nda (Frei & Gerdes 2008, Chem. Geol.) ThermoFinnigan Element2
manyetik sectoralanli ICP-MS ile eslestirilen ve frekansi 5 kat artirilmis Nd-YAG (213 nm) lazer
ablasyon sistemi ile uygulanmigtir. Bu yontem, manyetik sectoralanli ICP-MS yiiksek hassasiyetin
avantajindan yararlanir ve 4 kutuplu ICP-MS yontemi ile karsilastirildiginda daha iyi bir ¢oziintirliikle
(silindir ¢ap1 30 mm ve az ve derinlik ¢oziniirligi 15 to 20 mm) zirkonun U-Pb yaglandirilmasina
imkan saglar.

Anahtar Sozciikler: LA-ICP-MS, jeokronoloji, zirkon, kaynak, Yunanistan
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Constraints on Provenance and Palaeotectonic Setting
of the Internal Hellenides from U-Pb Zircon Geochronology
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In recent years, laser ablation inductively-coupled plasma mass spectrometry (LA-ICP-MS) has
proven to be a rapid, comparably inexpensive and sufficiently precise technique for in-situ Pb—Pb and
U-Pb age determinations of igneous, metamorphic and detrital zircons. Here, we present high-spatial
resolution U-Pb dating by laser ablation sector-field inductively-coupled plasma mass spectrometry
(LA-SF-ICP-MS) of detrital zircon grains from various clastic sedimentary successions of the internal
Hellenides of Greece to evaluate potential source regions and ancient major magmatic events during
Palacozoic and Mesozoic times. The study of clastic sedimentary rocks is crucial for palacotectonic
reconstructions because they can provide information about rock lithologies in the source area which
have often been destroyed and recycled during ancient plate tectonic processes. Furthermore, in the
absence of fossil and other stratigraphic data, the youngest grain (e.g. zircon) in a sedimentary rock
can indicate a maximum limit for the age of deposition.

In this study, we applied a simple method for in-situ U-Pb age determinations of zircons using a
ThermoFinnigan Element2 magnetic sectorfield ICP-MS coupled to a frequency quintupled Nd-YAG
(213 nm) laser ablation system at the Geological Survey of Denmark and Greenland (Frei & Gerdes
2008, Chem. Geol.). This method takes advantage of the very high sensitivity of the magnetic
sectorfied ICP-MS and allows U-Pb age dating of zircons with significantly better spatial resolution
(i.e. spot diameters of 30 micrometers and below and a depth resolution of 15 to 20 micrometers)
compared to quadrupole ICP-MS based methods.

Key Words: LA-ICP-MS, geochronology, zircon, provenance, Greece
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Yaslarinin Jeodinamik Cikarimlari: Piitiirge HP Biriminin
Ust Kretase Dalma-Batma ve Eosen Yiikseliminin Kanmiti

Yann Rollandl, Marc Sossonl, Dogan Peringekz,
Nuretdin Kaymak013 ve Eric Barrier*

I Université de Nice Sophia Antipolis, CNRS, UMR GéoAzur, 250 rue A. Einstein,
Valbonne, France (E-posta: Yann.Rolland@unice.fr)
2 Canakkale Onsekiz Mart Universitesi, Miihendislik ve Mimarhik Fakiiltesi,
Jeoloji Miihendisligi Béliimii, Terzioglu Yerleskesi, 17020 Canakkale
? Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 06531 Ankara
* Université Pierre et Marie Curie - Paris VI, Laboratoire de T ectonique - CNRS UMR 7072,
4 Place Jussieu F-75252 Paris Cedex 05 France, France

GD Tiirkiye Anadolu blogu ve Arabistan levhasmin olusturdugu sinirda ana metamorfik birimler
iizerinde “’Ar/*’Ar yaslandirmasi yapilmistir. Genel yas araligi Kampanien’den Liitesiyen’e kadar
cesitlilik gosterir ve iyi tanimlanmus plato yaslarini igerir(> 70% **Ar) :

(1) Malatya metamorfik kompleksinin giineyinden alinan bir gabro 6rneginin jeokimyasal 6zellikleri
beklenmedik sekilde geng bir yasi isaret etmektedir: 79+1.0 My olarak amfibolde saptanan bu yas,
yakinlagma ile es zamanl olarak bir yay-ardi havzasinin alt Kampaniyen’de a¢ilmasinin sonucu olarak
yorumlanabilir ve bu agilan havza muhtemelen iist Kampaniyen’de kapanmustir.

(2) Kuzey kisimlarda: Malatya metamorfik kompleksindeki yiiksek sicaklik metamorfizmasina
ugramig florit iceren beyaz mermer tabakalar1 73.8+0.3 My muskovit yasina isaret etmektedir ki bu
durumda Kampaniyen ile alakal yiiksek sicaklik jeotermal gradyantina isatet etmektedir.

(3) Bu okyanussal suturun giineyi, Piitiirge mikasistlerindeki fenjitlerde 71£0.3 My ile {ist
Kampaniyen yasi gézlenmekedir. Bu durum yiiksek basing metamorfismasina ve Piitlirge biriminin
Malatya kompleksinin altina dalmasi olayina isaret etmektedir.

(4) Piitiirge biriminin tabaninda, taban metamorfiklerinden alinan amfibolit 6rnekleri ¢ok daha geng
yaslara isaret etmektedir: 47+1.2 My, bu donem Piitiirgenin Arabistan marjini {lizerine tasindigi ve

Piitiirge-Bitlis birimlerinin Liitesiyende (Eosen) yiikseldigi doneme karsilik gelmektedir.

Anahtar Sozciikler: “Ar/*’Ar yaglandirmasi, ofiyolitler, Neotetis, lizerleme, ¢arpisma, metamorfizma
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“Ar/°Ar dating has been performed on the main metamorphic units at the boundary of SE Turkey
Anatolian Block and the Arabian plate. Most dates range from Campanian to Lutetian and comprise
well-defined plateaux ages (> 70% *Ar) :

(1) South of the Malatya metamorphic complex a gabbro sample displaying back-arc geochemical
features provided an unexpected young age: 79+1.0 Ma on amphibole (duplicated), which is
interpreted as resulting from the opening of a syn-convergence back-arc basin in the Lower
Campanian, which likely closed in the Upper Campanian.

(2) In the northern part: In the Malatya metamorphic complex high-temperature metamorphosed
fluorite-bearing white marble layer provided a Muscovite age of 73.8+£0.3 Ma, which indicates a high
geothermal gradient related in the Campanian.

(3) South of this oceanic suture, Puturge micaschists exhibit an Upper Campanian age of 71+£0.3 Ma
on phengite, which indicates that HP metamorphism and thus subduction of the Puturge unit below the
Malatya complex occurred at this time.

(4) At the base of the Puturge unit, amphibolites sampled in frontal metamorphic sole exhibit much
younger ages: 47+1.2 Ma, they thus provide the time for the tectonic transport of the Piitiirge onto the

Arabian margin, and thus exhumation of the Piitiirge-Bitlis units, in the Lutetian (Eocene) times.

Key Words: *’Ar/*° Ar dating, ophiolites, Neotethys, obduction, collision, metamorphism
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Agvanis metamorfikleri, Ankara-Erzincan Kenet Kusagi’nin kuzeyinde yer alan yesilsist fasiyesinde
metamorfizmaya ugramis bir kaya toplulugudur. Bu kaya toplulugu kuzey ve giineyden neotektonik
Kuzey Anadolu Fay Zonuna ait faylar ile sinirlanmistir. Metamorfik kayaglarn Orta—Geg¢ Eosen yash
s1g denizel kirintili ve karbonath kayaglar uyumsuz olarak orter. Metamorfik kayaclar, onceki
incelemelerde Triyas yash Karakaya Kompleksi ve Tokat Masifi ile denestirilmistir.

Agvanis metamorfikleri egemen olarak metabazitler ile daha az oranda metakarbonat, metacort ve
metapelitik kayaclardan olusur. Bu kaya toplulugu i¢ine sokulmus meta-asidik kayaglar Agvanis
metamorfiklerinin 6nemli bilesenleridir. Meta-asidik kayaclar, dasitik bilesimli dayk ve siller ile ~10
km® lik bir yiizeyleme alam kaplayan Gokseki metatronjemitinden olusur. Gokseki metatronjemiti
ince-orta taneli olup, biiyiik bir sil sekilli kiitledir. Intriizyonun ana kayag yapici mineralleri plajioklas
(% 32-60), kuvars (% 30-53), biyotit (< %10), K-feldspat (< %10) ve yerel olarak amfibol (< % 1)
diir. Tali mineral olarak sfen, zirkon ve apatite rastlanilmistir. Klorit, kalsit ve serizit alterasyon iiriinii
olarak gelismis ikincil minerallerdir.

Gokseki metatronjemitinden alinan bir numuneden elde edilen magmatik zirkonlarin LA-SF-ICP-MS
ile yapilan U-Pb analizlerinden, ¢ok hassas 47.7+0.4 My (MSWD= 1.0) yas1 elde edilmistir. Bu yas
verisi, Gokseki metatrojemitinin Erken Lutesiyen doneminde bolgeye yerlestigini, bunu izleyen
donemde ise cevre kayalar ile birlikte deformasyon ve metamorfizma gegirdigini ortaya koymaktadir.

Gokseki metatronjemitinin jeokimyasal Ozellikleri, intriizyonun kalk-alkalen bilesimli, I-tipi bir
granitoid oldugunu ve mafik bir kaynak alanin kismi ergimesi sonucu olustugunu gostermistir.
Biyotitlerin mineral kimyasi ise kalk-alkalen, orojenik pliitonlara ait biyotitlerin kimyasi ile uyum
icindedir. Bolgesel denestirmeler ve stratigrafi, Erken Liitesiyen magmatizmasinin, litosferik gerilme
ortamina yerlestigini diigiindiirmektedir.

Anahtar Sozciikler: Agvanis, D Pontidler, metatronjemit, U/Pb jeokronolojisi, I-tipi, Lutesyen
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The Agvanis metamorphics are greenschist facies metamorphic rocks, exposed to the N of the Ankara-
Erzincan Suture Belt. This rock assemblage is bounded by faults related to the neotectonic North
Anatolian Fault Zone. The metamorphic rocks are unconformably overlain by Mid-Upper Eocene
shallow-marine clastics and carbonates. Previous studies correlated these metamorphic rocks with the
Triassic Karakaya Complex and the Tokat Massif.

The Agvanis Metamorphics comprise dominantly metabasites with subordinate metacarbonates-
metacherts and metapelitic rocks. Meta-acidic rocks intruding this rock assemblage are important
components of the Agvanis Metamorphics. The meta-acidic rocks comprise dacitic dykes and sills,
together with Gokseki metatrondjhemite, covering an area of ~10 km®. The Gokseki metatrondjhemite
is fine to medium grained and forms a large sill-like body. Rock forming minerals are plagioclase
(32-60%), quartz (30-53%), K-feldspar (< 10%) and locally amphibole (< 1%). Minor minerals are
sphene, zircon and apatite. Chlorite, calcite and serizite are the secondary minerals formed during
alteration.

Laser ablation U-Pb dating by magnetic sector field ICP-MS of magmatic zircons in the Gokseki
metatrondjhemite have yielded a well-constrained concordia age of 47.7+0.4 Ma (MSWD= 1.0). The
age data indicate that the Gokseki metatrondjhemite was intruded during the Early Lutetian and
subsequently underwent deformation and metamorphism together with the surrounding rock units.

The geochemical characteristics of the Gokseki metatrondjhemites suggest that it is calc-alkaline, I-
type granitoid, formed by partial melting of mafic source rocks. Mineral chemistry of biotites is
comparable to that of calc-alkaline, orogenic plutons. Regional comparisons and stratigraphy suggest

that Early Lutetian magmatism was related to lithospheric extension.

Key Words: Agvanis, E Pontides, metatronjhemite, U/Pb geochronology, I-type, Lutetian
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