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Granit, insanm ilk ¢aglardan beri tamdig iiyeleri bakimindan ¢ok genis bir yelpaze olusturan bir kaya
grubuna verilen addir. Granitler kita kabugunda yer alan plutonik kayalarmn yaklasik %90’ 1 olusturur. Bu
nedenle de kita kabugunun olusumu ve gelismesinin anlasilmasinda kritik 5nemdedir.

Granit gdvdelerinin gogunda bu toplulugun magmatik kékenli oldugu agiktir; ¢iinkii yliksek sicaklikta magma
eriyifinden katilasarak olustuklarim gosteren bir gok 6zellik sergilerler. Bunlardan bazilarinda plutonik
kayalar yiizeye ulasan volkanik kayalarla gegisler gsterir.

Si1g derinliklere sokulmus granitlerin yanisira, kabukta derinlerde yerlesmis granitler de vardir. Bunlarn
kokeni sorunu yerbilimlerini gok uzun siireler isgal etmis ve énemli bir tartisma konusu olmustur. “Garanit
tartigmasi” olarak bilinen;

° Granit-Zaman
° Granit-Derinlik
o Granit-Mekan

iligkilerini ilgilendiren bu sorunlara, baslica iki kaynaktan saglanan veriler son yillarda énemli derecede 151k
tutmustur. Bunlar;

a) Deneysel ¢aligmalar, ve

b) Levha tektonigi kuramidir.

Deneysel caligmalar, granit sistemini laboratuvarda inceleyen petrografi ¢ahismalar, mineral duraylilik
alanlarini inceleyen minerolojik ¢aligmalar, magma akiskanhgmi, hareketini vs. ilgilendiren reolojik vs.
caligmalan kapsamaktadir.

Levha tektonigi kurami, farkhh magmalarn olusumu, magmalarin farkh bilesimlerde gelismeleri ile levha
hareketleri ve tektonik ortamlar arasinda yakin bir iliski oldugunu géstermistir.

Ozellikle, levha tektonigi gercevesinde granitlerin kimyasal bilesimlerine gore smiflandimimalan yapilms
buradan da bu magmalarin olustugu tektonik ortamin yorumlanmasi ve degerlendirilmelerine gegilmistir.

Bu konusmada gegen asnn bagindan, giiniimiize, granit kavram sorunlan gézden gegirilecek, giiniimiiz bilgi
diizeyinde bu konularm nasil degerlendirildigi tartisilacaktir.
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ABSTRACT

Granite covers a wide spectrum of rocks, and is well known from ancient times. Nearly 90 p.c of plutonic
rocks within the continental crust are made of granites. This signifies critical role of granitic rocks in making
the continental crust and its development.

In many granite bodies their magmatic origin is evident, because the display many aspects in favour of being
magma derivative; some show transition to volcanic associations.

In addition to the shallow level granites there are also deep-seated granites. Their origin have long been
controversial and this problem is known as “the granite controversy” which covers the following major
issues;

- Granite-time relation

- Granite- depth relation

- Granite-tectonic environment relation
lately two lines of evidences have shed light on these problems, which are;

a) The data derived from the experimental studies, and

b) The plate tectonic concept

The experimental studies include petrographical works, mineral stability studies and the works focused on
rheological properties of granitic magmas

The plate tectonics provided clues to understand about relationship between plate motions; plate boundaries
and plate interiors and development of various magmas of distinctly different compositions. In the light of the
knowledge attempts have been made to reclassify the granites and extend this classifications to relate them to
magma generating tectonic environments.

In this talk the granite problems will be reviewed from the past to the present state of knowledge.
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Oz

Marmara Bélgesi yaklagik olarak 26°-31° dogu boylamlan ve 40°-41°.30° kuzey enlemleri ile simirlanan
alandir. Bu alan ¢ok sayida yapisal-tektonik yiikselti ve bu yiikseltiler arasinda kalan fay denetimli havzalar
ile sekillenir. Yiikseltiler arasinda Kocaeli, Istiranja, Rodop, Ganos, Gelibolu yarimadasi, Kapidag, Uludag ve
Armutlu tektonik bloklan; fay denetimli havzalar arasinda ise Izmit-Sapanca, Adapazari, Geyve, Iznik,
Gemlik, inegdl, Bursa, Saros, Ergene ve Marmara denizi ile [stanbul ve Canakkale bogazlar sayilabilir.

Gerek tarihsel, gerekse giincel (aletsel dénem) depremleriyle kamtlanmis oldugu gibi Marmara bélgesinin
depremselligi goreceli olarak ¢ok yiiksektir. Marmara bolgesinde, milattan sonra 29 ve 1894 yillan arasinda
siddeti IX ve X arasinda degisen 18 tarihsel; 1912 ve 1999 yillan arasinda ise biiyiikliigii 6.1 ile 7.4 arasinda
degisen 13 adet giincel yikici deprem yaganmistir. Bu istatiksel veriler, Marmara bolgesinde her yiiz yilda bir
tarihsel ve her yedi yilda bir de giincel yikict depremin olustugunu isaret etmektedir. Bu denli yiiksek sismik
etkinlik, Marmara bolgesindeki deprem tehlikesi igin kritik 6neme sahiptir, giinkii, Tiirkiye niifusunun dérte
biri ve sanayi merkezlerinin ¢ogunlugu Marmara bolgesinde yeralir.

Marmara bolgesindeki yiiksek deprem etkinligi ve deprem tehlikesinden, es zamanli olarak etkinlik gosteren
iki neotektonik rejim ve bu rejimleri karakterize eden faylar sorumludur. Bunlar dogrultu atimh neotektonik
rejim ve genigleme tiirii neotektonik rejimdir. Bu rejimler sirayla, sag yanal dogrultu atimli bir fay sistemi
olan Kuzey Anadolu Fay Sistemi’nin (KAFS) bati kesimi ve verev atimh normal faylarla karakterize edilir.
Marmara bélgesinde, KAFS iki alt fay sistemiyle temsil edilir. Bunlar Giiney Marmara alt fay sistemi
(GMAFS) ve Kuzey Marmara alt fay sistemidir (KMAFS).GMAFS baslica Yenice-Gonen, Sartkoy-Agagi
inova, Edincik-Denizkent ve Geyve-iznik fay zonlarindan; KMAFS ise Ganos, Igiklar, Kuzey Marmara,
Adalar, Hendek-Yigilca, Gélciik-Akyazi ve Karapiirgek-Sapanca fay zonlarmdan olugur. Marmara bolgesinin
Bursa kesimi ¢ogunlukla genisleme tiirii neotektonik jejimin ve bu rejim ile ilgili normal faylarn etkisi
altindadir. Bunlar inonii-Eskisehir ve Bursa fay zonlandir ( IEFZ, BFZ).

Gerek tarihsel, gerekse aletsel donemde, Giiney ve Kuzey Marmara alt fay sistemleri ile Bursa fay zonunu
olusturan cesitli fay segmentleri etkinlik kazanmus ve bilyiik yikici depremler iiretmigtir. Bu aktif fay
segmentlerinin bazilan kisa siireli (39-151 yildir), diger bazilar ise uzun siireli (246-587 yildir) sismik bosluk
ozelligi tagimaktadir. Uzun siireli sismik bosluk 6zelligindeki aktif fay segmentleri arasmda [zmit, Yesilkoy,
Kumburgaz, Orta Marmara, Naimkdy, Isiklar, Evrese, Denizkent, Edincik, Sarkoy-Asagiinova, Bandirma,
Yenice, Bogazkdy, Gengali, Gemlik, Narlica, Camdibi, Mekece-Geyve, Demirtag ve Sogukpmar fay
segmentleri saylabilir. Biitiin bu fay segmentleri yikima yol agan bilyiik deprem yaratma potansiyeline
sahiptir, baska bir deyisle, bu faylar, Marmara bélgesinde yakin gelecekte olacak yikici depremlerin
kaynagidir.

Anahtar Kelimeler: Marmara bélgesi, depremsellik, aktif fay segmenti, sismik bosluk.
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ABSTRACT

The Marmara region is the area delimited by approximately east longitudes of 26° to 31° and north latitudes
of 40° to 41°.30°. It is shaped by a number of structural highlands and basins such as the Kocaeli, Strandja,
Rhodope, Ganos, Gelibolu, Kapidag, Uludag and Armutlu blocks and the intervening fault-controlled basins
to sea ways, namely the Izmit-Sapanca, Adapazari, Geyve, Iznik, Gemlik, Inegol, Bursa, Saros and Ergene
basins, the Sea of Marmara itself, and the Dardanelles to Bosphorus.

Seismicity of the Marmara region is relatively very high as indicated by both the historical and recent
(instrumental period) devastative earthquakes. 18 historical earthquakes with intensities of IX to X in the
period of 29 AD to 1894, and 13 recent earthquakes with magnitudes of 6.1 to 7.4 in the period of 1912 to
1999 occurred in the Marmara region. These statistical values correspond to the occurrence of an
approximately 1/100 years historical and 1/7 years recent destructive earthquakes in the Marmara region.
This high rate of seismicity has a critical importance for the earthquake hazard in the Marmara region,
because approximately [ to fourth of Turkey’s population and most of industrial centers are included in this
region.

Two contemporaneous neotectonic regimes and related structures are responsible from the high seismicity
and earthquake hazard in the Marmara region. These are the strike-slip and extensional neotectonic regimes
characterized by a right lateral strike-slip fault system, namely the western section of the North Anatolian
Fault System (NAFS), and an oblique-slip normal fault zone, respectively. In the Marmara region, the NAFS
consists of two sub-fault systems, the South Marmara sub-fault system (SMSFS) and the North Marmara sub-
Sault system (NMSFS). The SMSFS consists of the Yenice-Génen, Sarikéy-Asagi Inova, Edincik-Denizkent and
Geyve-Iznik right lateral strike-slip fault zones. The NMSFS consists of the Ganos, Isiklar, North Marmara,
Adalar, Hendek-Yigilca, Golciik-Akyazi and Karapiir¢ek-Sapanca fault zones. The Bursa section of the
Marmara region is mostly under the influence of extensional neotectonic regime and related oblique-slip
normal faults comprising the Inonii-Eskisehir and Bursa fault zones (BFZ).

In both historical and instrumental periods, various fault segments comprising both the NMSFS to SMSFS
and the BFZ reactivated and resulted in large devastative earthquakes. Some of these active fault segments
are in the nature of short—term (39-151 years) seismic gaps, while some others in the long-term (246-587
years) seismic gaps. Among the active fault segments with long-term seismic gaps, the Izmit, Yesilkiy,
Kumburgaz, Central Marmara, Naimkdy, Isiklar, Evrese, Denizkent, Edincik, Sarikéy-Asagt Inova, Bandirma,
Yenice, Bogazkoy, Gengali, Gemlik, Narlica, Camdibi, Mekece-Geyve, Demirtas and Sogukpinar fault
segments can be mentioned. All of these fault segments are capable to produce large and ruined earthquakes,
i.e., they will be sources of near future earthquakes in the Marmara region.

Keywords: Marmara region, seismicity, active fault segment, seismic gap.
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Insanlarm yerlesik diizene gegmeleriyle birlikte dogal gevreye etkileri de baslamistir. Daha énceleri aveilikla
geginen insanlar giiniimiizden 12-15.000 yil 6nce Anadolunun da iginde bulundugu yakin doguda yerlesik
diizene gegerek ilk koyleri olusturur. Artik yabani hayvanlar evcillestirilmekte ve tarimla ugrasiimaktadr.
Artan niifusla birlikte giderek tarimsal alana, yeni otlak ve meralara gereksinim artmistir. Giiniimiizden
10.000 y1l kadar once piroteknolojinin uygulanmaya baglamasiyla, madenci kiiltiirler olusur, iiretim ve
tiiketim hizla artmaya baglar. M.0O. 3. binlerden itibaren Anadolu, Mezopotamya, Suriye, Misir ve komsu
bolgelerde endiistrilesme baglar. Isletme merkezlerinde seri iiretim yapilmakta ve tiim yakin doguda
pazarlanmaktadir. Koylerin yamsira surlarla korunan biiyiik kentler ve ticaret merkezleri olusmakta, artan
niifus insanlar bagka bolgelere goge zorlamaktadir. Bu gelismeler hizla artan bir enerji ihtiyacini da birlikte
getirir ve ormanlarin kesilmesine, bitki ortiistiniin degismesine yol agar; gevre sorunlarn basgosterir, liretim
artiklan, sanayilesme, isletme ¢ukurlar, maden ve tas ocaklari, agilan yollar, su kanallari, yapay gélet ve
sulama sistemleri gibi etkenler dogal gevreyi degistirir ve antropojen ortamlar olusur.

insanoglu yerlesecegi bolgeyi secerken, ilk etapda dogal sartlarin uygunluguna bakar. Zira Bélgenin antik
bitki 6rtiisii, iklim sartlar, tabii kaynaklari, arazinin sulak olugu, tarima elverisliligi, cografi konumu 6nemli
etkenleri olusturmaktadir. Bu bakimdan bir bélgenin kiiltiir tarihi arastirthirken, antik ¢evre ortarmmin da
bilinmesi gerekmektedir. Iste burada yerbilimsel metodlar gerekir. Bolgenin jeolojik yapisi, yeralti su
kaynaklari, maden yataklari, erozyonun tesbiti ve dogal ortamdan bugiinkii ortama gegis nedenleri ancak ¢ok
disiplinli projeler kapsaminda ve 6zellikle uygulamali yerbilimsel metodlarla arastirtlabilir. Bu arastirmalar
“Jeoarkeoloji” kavrami altinda toplanir veya Jeoarkeoloji, arkeoloji bilimindeki bigok sorunun yerbilimsel
(jeoloji, mineraloji, jeofizik, cografya) yontemlerle arastirilmasi olarak da tanimlanabilir.

Bildiride Milet antik kentinde yiiriitiilen ¢ahismalar 6rmek verilerek, jeoarkeolojinin ¢alisma yontemleri ve
uygulama alanlan anlatilmaktadir.

ABSTRACT

Man started to change and influence his environment immediately after he settled down. Before the sedentary
way of life he was a hunter and gatherer. Approximately 12 — 15.000 BP he founded first settlements in
Anatolia and the Near East and left nomadic way of life. He began to domesticate animals and cultivate
different wild plants. During this development the human population grew, so grew its need of new pasture
land. About 10.000 BP the knowledge of pyrotechnology advanced; the first “metallurgical cultures”
appeared. Production and consumption started to increase rapidly. In the 3" millennium BC an extensive
manufacturing / let us call it a kind of industrialization appeared in Anatolia, Mesopotamia, Syria and Egypt.
At the some trade centres a kind of mass production started; Products were traded /distributed to the whole
Near East. Big cities with defence walls and trade centres were established besides villages. The increased
populations needed new areas and regions to immigrate. These developments urged the need for new energy
resources. Forests started to be eroded, the vegetation changed. The first environmental problems arised this
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way. Waste products and industry trash, ore pits, quarries, new roads and dams, irrigations systems and
channels changed the natural environment and caused anthropogenic conditions.

Searching suitable areas to settle down human beings first checked the environmental conditions. Vegetation,
climate, natural resources, hydrology and humidity conditions, capability for a good agriculture and
geographic conditions are some of the important aspects for founding new settlements. It is necessary to know
about the environmental conditions for investigating cultural history. Applied geosciences support
archaeology to find the missing links when investigating the past. Geological structure, underground water
systems, ore deposit, stating the grade of the erosion and reasons for the change of the former natural
environment into the present situation can only be investigated with interdisciplinary projects and with the
help of the applied geosciences. These can be subsumed as “geoarchaeology”. Geoarchaeology tries to solve
some specific problems of archaeology with the help of geosciences like geology, mineralogy, geophysics and

geography.

This paper discusses the methods and appliances in geoarchaeology will be discussed with the help of
collected data by the excavations of ancient Miletus.
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Farkli tektonik ortamlarda olusan ofiyolitlerin i¢ yapilan, stratigrafik dizilimleri, ve kimyasal
kompozisyonlari biiyiik degisiklikler gosterir. Ofiyolitleri olusturan fosil okyanus kabugu eskiden varolan
okyanus havzalarmin “Wilson dongiisiiniin” farkli evrelerinde olugan tabanlarini temsil eder; bu fosil okyanus
kabugu kalmtilant kita kenarlarina ¢arpigma veya yigisma tektonigi sonucu yerlesmistir. Okyanus ortasi
sirtlarda veya ada-yayr ardi havzalarda olusan okyanus kabugu dalma-batma zonlarinda tamamen yitilip

mantoya karigirken, ada-yayr ve ada yay: 6nii havzalarda olusan okyanus kabuklan kita-hendek ¢arpismalan
sirasinda kismen korunarak dag silsilelerine eklenmistir.

Dalma-batma zonlarinda gelisen ofiyolitler (SSZ) gegmiste var olan okyanuslarin kapanma evrelerinde, kita-
kita garpismasindan hemen once iiretilen okyanus kabugunu temsil eder. Manto kamasi igindeki kése akim
ve dalma-batma zonunun geriye kaymasi ada-yayr iginde ve ada-yayr &niinde tektonik germeye ve
magmatizmaya sebep olarak, yeni bir okyanusal litosferinin olusmasina yol agar. Ada-yayr 6nii litosferi
igindeki lerzolitik peridotitlerin ve yiiksek-Mg igeren andezitler, ¢ok yiiksek sicakliktaki astenosfer
malzemesinin manto kamasi igine enjeksiyonu ile gelisir. Dogu Akdeniz bolgesindeki Tetis ofiyolitleri
genelde bu sekilde geligsmis dalma-batma zonu ofiyolitleri ve Ligurya-tipi “kita kenari ofiyolitleri” ile temsil
olunur. Hess-tipi okyanus kabugundan olugan kita kenar ofiyolitleri MORB kimyasi gésterir ve genelde ¢ok
geng okyanuslarin ilk gelisme evrelerinde veya kita-i¢i riftlesmeyle olusan ufak denizlerde gozlenir.
Kibris’taki Troodos, Tiirkiye’deki Kizildag, ve Umman’daki Semail ofiyolitleri dalma-batma zonunda
gelismis Tetis ofiyolitlerinin en giizel 6rneklerini temsil eder ve 1972 Penrose Konferansinda tanimlannmus
olan ideal bir ofiyolit i¢ yapisi ve stratigrafisi sergiler. Bu ofiyolitler iginde goriilen levha dayklan ¢ok dar
(~200 m) bir rift zonunda magmatik gerilme sonucu olusmustur. Manto kamasi i¢indeki peridotitlerin asiri
derecede ve tekrarlanarak ergimeleri sonucu meydana gelen magmanm olusturdugu kabuk birimleri
MORB'dan ada-yayr toleitlerine ve yiiksek-Mg'lu boninitlere kadar kimyasal gegis gosterir.  Tetis
ofiyolitlerinin yerlesme mekanizmalan genelde pasif kita kenarlan, mikro-kitalar veya ada-yaylarinm
hendeklerle ¢arpisip, kismen batmasiyla gergeklesir. Bu ofiyolit yerlesmesini takiben meydana gelen kita-
kita carpigmasi orojenik kusaklarm olusmasma yol agar. Bu nedenle, dalma-batma zonunda gelisen
ofiyolitlerin evrimi kita kabugunun yanal olarak biiyiimesinde 6nemli bir rol oynar.

YigZisma-tipi orojenik kusaklarda bulunan Kordiyera ofiyolitleri dalma-batma zonu ve yigisma prizmasi
icinde olusan litolojik birimlerin iistiinde yer alir. Bu ofiyolitlerin aktif kita kenarlarina yerlesmesi y1gisma
prizmas tektonigi veya okyanus ortast sirti — hendek ¢arpigmasi ile gergeklesir. Kordiyera ofiyolitleri daha
onceden deformasyona ugranus, heterojen ve yash bir okyanus kabugu iistiinde gelismis olup, toleitlerden
kalkalkalin ve felsik kimyasal bilesimlere gegen ada-yay: stratigrafisi sergiler. Bu ofiyolitlerin olusmasinda
uzun siireli dalma-batma zonu tektoniginin ve ozellikle degisen dalma-batma zonu y6niiniin rolii biiytktiir.
Farkl yastaki ve degisik kimyasal bilesimler gosteren ofiyolitler yanal ve diisey tedrici gegislerle ayni kusak
icinde bulunabilir, ve hendege paralel yanal-atimh faylarla Gtelenebilirler. Kordiyera-tipi ofiyolitlerin en
giizel omekleri Kaliforniya’daki Sierra Nevada daglarinda, Japonya’da, ve Filipinler’de gdriilir.
Karayibler’de bulunan yigisma-tipi ofiyolitleri de ayni sekilde ¢ok-kdkenli olup, sorgug (plume) tektonigi
ozelligi gosterir. Bu ofiyolitlerin olusmasinda mantonun derin kesimlerinde ve yiiksek sicakhklarda gelismis
magma 6nemli rol oynar. Japonya’da, uzak-dogu Rusya’da, Pontid kusaginda, ve Arkeyan yash yesiltas
kusaklan iginde yigisma tektonigi ile gelismis Karayib-tipi ofiyolitler vardir. Arkeyan yesiltas kusaklar
icinde korunmus dalma-batma zonunda olusan ve sorgug 6zellikli Karayib-tipi ofiyolitlerin varhg Arkeyan
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evreninde levha tektoniginin giincel anlamda var olduguna isaret eder. Orojenik kusaklarda ve dag
silsilelerinde bulunan ofiyolitlerin i¢ yapilarini, kimyasal 6zellik ve tektonik gelismelerini anlamak amaci ile
yapilan ¢alismalar bu kusaklarm (6zellikle Prekambriyan yasli) jeolojik evrimlerini ve zaman i¢inde kita
kabugunun gelismesini anlamada ¢ok énemli bir rol oynar.

ABSTRACT

Ophiolites display a wide range of internal structure, pseudostratigraphy, and chemical compositions
indicating their origin in various tectonic settings. Fossil oceanic crust preserved in ophiolites represents relics
of different stages of the Wilson cycle evolution of ancient ocean basins and has been incorporated into
continental margins through collisional and/or accretionary orogenic events. Oceanic crust developed at mid-
ocean ridges or in back-arc basins in the past may have been consumed entirely, whereas oceanic crust
evolved in arc-forearc regions of subduction zone systems has been entrapped in orogens following collisions
of buoyant crust with trenches.

Suprasubduction zone (SSZ) ophiolites in orogenic belts denote oceanic crust generation in subduction
rollback cycles during the closing stages of basins prior to terminal continental collisions. Collision-induced
mantle flow results in subduction rollback and one or more episodes of arc splitting and basin opening,
producing a collage of ‘forearc oceanic lithosphere’. Unusual occurrence of fertile peridotites and high-Mg
andesites in forearc ophiolites is likely to have resulted from the injection of high-temperature asthenospheric
material into the mantle wedge in these rollback cycles. Tethyan ophiolites in the eastern Mediterranean
region range from Ligurian-type ‘continental margin’ ophiolites to SSZ ophiolites. Continental margin
ophiolites consist of Hess-type oceanic crust with MORB affinities and represent ancient oceanic crust
developed in embryonic seaways and para-rift basins. Tethyan ophiolites (i.e. Troodos, Kizildag, Oman)
generally have Penrose-type oceanic crust and contain well-developed sheeted dyke complexes developed due
to robust magmatic extension beneath narrow rift zones during their seafloor spreading history. Igneous
accretion of typical Tethyan ophiolites involved upper plate extension and advanced melting of previously
depleted asthenosphere, showing a progressive evolution from MORB-like to IAT to boninitic (extremely
refractory) proto-arc assemblages. Tethyan ophiolites structurally overlie passive continental margins,
microcontinents or island arcs, whose collisions with trenches and attempted subduction led to induced
subduction initiation in the region (via subduction jump and/or flip) and/or resulted in the formation of intra-
continental mountain belts (Alps, Himalayas, Anatolian orogenic belts). SSZ ophiolite genesis and
emplacement during the assembly of large continental masses overlap with increased production rates of
juvenile crust and rapid continental growth.

Cordilleran ophiolites in accretionary-type orogenic belts structurally overlie subduction-accretion complexes
and are incorporated into active continental margins via progressive underthrusting of oceanic material and/or
through ridge-trench interactions. Cordilleran-type ophiolites are commonly polygenetic, developed on and
across a deformed, heterogeneous oceanic basement and may include fully developed island arc sequences
having island arc tholeiite (IAT) to calcalkaline affinities, pyroclastic rocks, and felsic differentiates.
Prolonged history of subduction with variable polarity and kinematics may generate nested Cordilleran
ophiolites with different ages and chemical compositions that may have been affected by orogen-parallel
wrench faulting due to oblique convergence. The best examples are seen in the Sierra Nevada Foothills
(California), Japan, and the Philippines. Caribbean ophiolites are composed of dismembered mafic-ultramafic
rock assemblages, including LIP-generated lithologies, and represent fragments of vertically thickened (via
plume activities) oceanic crust with polygenetic histories. LIP ophiolite lithologies reflect high mantle
potential temperatures, suggesting that their first melt may have formed at greater depth than MORB mantle.
These Caribbean-type LIP ophiolites exist in other accretionary-type orogenic belts (Japan, Far East Russia,
Pontides?) and in the Archean record. Archean greenstone belts may in part represent fragments of arc-
forearc-generated oceanic crust and plume-derived, LIP-type oceanic crust, analogous to their Phanerozoic
counterparts, suggesting that mantle heterogeneity and modern plate tectonic-like geodynamic processes may
have existed prior to 2.5 Ma. Recognition of these different types of ophiolites in ancient mountain belts and
in the Precambrian record can be a useful tool to distinguish between accretionary and collisional orogens and
their mode of continental growth.

10
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Birbirlerinden ayri alanlar gibi goriilseler de, arkeoloji ile yerbilimlerinin arasinda, gerek tarihsel siire¢
igindeki gelisimleri, gerekse ilgi alan ve yontemleri bakimindan bir ¢ok ortak nokta bulunmaktadir. Her seyin
otesinde, Bati diigiince sisteminin temel kurgusu arkeoloji ve yerbilimlerine dayanmaktadir; bu iki alan,
“yaratilmig”, duragan-degismeyen bir diinyanm yerini, “degisen” bir diinyanin almasim saglamis, bu degisim
ve evrimi zaman Glgegine baglayarak, “kanitlanabilir bir gegmisin”, Bati diisiince sistemine girmesini
saglamigtir. Bu siirecin baglarinda, arkeoloji, yerbilimlerinden “katmanbilim” ilkelerini almis, yerbilimleri de
arkeolojinin tarihleme yontemlerinden yararlanmustir. Zaman iginde, iki bilim alami arasmdaki bilgi. veri ve
yontem aktarimi giderek artmug, kapsarm da geniglemistir. Arkeolojinin konusu, esas olarak, insanin yarattigi
kiiltiiriin gelisim siirecinin anlagilmasidir; bu nedenle insanin bu kiiltiirii gelistirdigi ortama bagh olarak,
konusu “diinya” olan tiim bilim alanlan arkeolojinin ilgi alani igine girmektedir. Arkeoloji, dogal cevre
ortamint olusturan tiim alanlardan, biodiinyadan jeofizige, jeomorfolojiden klimatolojiye kadar hemen her
alanin verilerinden yararlanmak durumundadir. Ortamin temelini olusturdugu icin tiim jeolojik donemler
arkeolojinin ilgi alani igine girmekte ise de, iki bilim dali arasindaki iligkinin boyutu, insanm var oldugu en
son jeolojik donem igin ¢ok daha farkhidir. Arkeoloji, ortamin ve degisiminin tanim i¢in yerbilimlerinin,
yerbilimleri de tarihleme igin arkeolojinin verilerine gerek duymakta, bir anlamda arkeoloji yerbilimleri igin
“zaman laboratuvan” islevini almaktadir. Bu birliktelik de, giderek iki bilimin ortakhgma dayah
“jeoarkeoloji” ya da “ gevresel arkeoloji” alaninin olugmasina neden olmus, kiiltiir ile dogal ¢evre ortamimi bir
biitiinsellik i¢ginde ele alan bu alan son yillarda hizla gelismistir.

Gerek yerbilimleri, gerekse arkeoloji bize Batilagma siireci iginde ithal olarak gelen alanlardir. Bunlarm
aktariminda, her iki alann da “diisiinsel temelleri” degil, uygulamaya yénelik kismi énplana gikmus, esas
amact kiiltiirel gelisimi ortaya ¢ikartmak olan arkeoloji topluma, sanat tarihi, giizel sanatlar, antikacilik,
deginecilik, koleksiyonculuk olarak yansimis, yerbilimleri de ekonomi ve endiistrinin bir araci olmustur.
Tiirkiye’de jeoarkeolojinin, ayr1 bir uzmanlik alam olarak gelismemis olmasim, bu yénelimin sonucu olarak
gorebiliriz. Oysaki, Tiirkiye, yetiskin beyin giiciiniin yan1 sira, zengin kiiltiirel mirasi, gevre cografyalara gore
yadsinmaz gesitliligi sergileyen dogal ¢evre ortamu ile, her halde jeoarkeolojinin en hizla gelismesi beklenen
yer olabilirdi. Bu, iilkemizde jeoarkeolojinin hi¢ uygulanmadigi seklinde algilanmamalidir; 6zellikle son
yillarda, arkeologlar ile birlikte ¢alisan yerbilimcilerin sayisi hizla artmug, 6zellikle kiyi topografyasi. delta
olusumlan, arkeometallurji alanlarinda 6nemli aragtirmalar gerceklesmistir. Ancak, bu baglamda
“uzmanlagmanin” yetersiz kaldigi da agiktir; geregi gibi jeoarkeolojinin yapilabilmesi, uzmanlasmaya,
arkeologun dogru sorulan soracak kadar yerbilimlerini bilmesine, yerbilimcinin de kiiltiir tarihinin
sorunlarindan anlamasma baglidir. Bu saglanmadan jeoarkeoloji yapilamaz, yapilan her iki bilim alaninin yan
yana, ayni proje iginde bile olsa, kendi yontem ve bakis agilar1 ile ayn ayn yaptiklan gahsmalardir. Kuskusuz,
bunun da, bu alanda uzmanlagmiy laboratuvarlar ile desteklenmesi gerekmektedir.

Konusmada, her iki bilim alaninin burada deginilen tarihsel gelisim siirecinin yam sira, son yillarda Anadolu

arkeolojisinde ¢ok sik giindeme gelen, tarihi depremler, basta obsidyen ve bitum olmak iizere hammadde
yataklar1, karst topografyasi, yerlesme yerlerinin saptanmasi, iklim salimmlan gibi konulara deginilecektir.
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ABSTRACT

Even if archaeology and geosciences stand as distinct academic fields, they share a number of common
points; not only the historic development of both fields have been more or less on similar lines, but there is
also a notable parallelism in the scope and methodologies of both sciences. Besides all, the fundamental set
up of Western thinking is based on archaeology and on geosciencies; both have helped in changing the
overall picture of the past, from a “stable” and “created” past, to “changed” past, and by bringing in a time-
scale to change and evolution, contributed to the introduction of a “testable past” to the Western ideology. In
the early stages, archaeology has borrowed the principles of “stratigraphy” from earth sciences, and earth
sciences used absolute or relative dates of archaeology. In time, the scope of interaction between both fields
steadily increased and also diversified. The primary objective of archaeology is understanding the cultural
process; thus all sciences related to the setting of the natural environment that provided the media for culture,
are, in someways, related to archaeology. The scope of archaeology has considerably extended; any
archaeological theory has to make use of data from a wide range of fields, from climatology to
geomorphology, from biospere to geophysics. In this respect, geology is not an exception, as it defines the
foundations of the lithosphere; however, concerning the latest geological period, Quaternary, the symbiosis
between geology and archaeology is much more apparent. Archaeology, to define and to understand the
changes of the natural habitat of human culture, has to look into geosciences, whereas Quaternary geology
needs archaeology for dating. In another way of phrasing, archaeology acts as the time laboratory of
geosciences. This symbiosis has,in time led to the emergence of a specialized field, known either
geoarchaeology or as environmental archaeology. This new field, developing an integrated approach to
natural environment and culture has became considerably popular in recent years.

Both archaeology and geosciences have been introduced rather latke to Turkey in the process of
“Westernization” . However, in this process, the intellectual back ground of both fields have mostly been
overlooked; archaeology became entangled with art, antiquarianism, treasure hunting, and geosciences were
considered as the prime tools of industry and of economics. It is for this reason alone that geoarchaeology
was not able to take the expected pace in Turkish academic media. However still, with the trained capacity,
exceptionally rich cultural heritage and diverse natural habitats, Turkey could have made significant
achievements in this specific field. Needless to say, this does not mean that there has been no development in
geoarchaeology in Turkey; during the last decade or so, there has been significant projects on coastal
changes, delta formations and archaeometallurgy. The number of environmental scientists collaborating with
archaeologists have steadily increased; but still, it is not yet possible to say that geoarchaeology is
considered as a specialized field in academic programs; unless the archaeologist knows enough of
environmental sciences to ask proper questions and the environmental scientists develops a mutual
understanding of cultural process, the end product is not geoarchaeology, but it is both fields working
together on their own tracts. Moreover, this has to be further supported by necessary, but specialized
laboratory facilities.

The paper, besides noting the historic development of both sciences, will cover also note some of the current

on going research on historic earthquakes, source analysis of certain raw materials, such as obsidian and
bitum, the impact of karstic topography and site recovery.

12
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Menderes Masifi’ nini Ge¢ Eosen-Erken Oligosen sirasinda nap sistemlerinin yiikii altinda olustugu ve Geg
Oligosen-Miyosen siiresince ise agiri kalinlagan bu kabugun kitasal 6l¢ekli siyrilma faylar (detachment fault)
boyunca genlestigi ve c¢ekirdek kompleksi (core-complex) modelinde yiikselerek yiizeyledigi birgok
¢alismada savunulmustur (Bozkurt, 2004; Gassner v.d., 2001; Hetzel v.d., 1995).

Bu siyrilma faylarina 6mek olarak Mugla-Milas yoresinde yiizlek veren gnays-sist dokanagi (Bozkurt, 2004),
daha kuzeyde Aydm ve Salihli yorelerinde goézlenen diisiik agili normal faylar gosterilmistir (Gassner v.d.,
2001; Hetzel v.d., 1995). En kuzeyde ise Izmir-Ankara Zonu melanj karmasigmin dokanagi kuzeye egimli bir
detachment fay1 olarak yorumlanmustir (Seyitoglu v.d., 2004).

Masifin giiney kanadi boyunca gériilen kiviim ve ekaylt yapilar ile Likya naplart smirindaki mezoskopik
Ggeler Ana Menderes Metamorfizmast sirasinda itilmenin kuzeye dogru oldugunu géstermektedir (Boray v.d.,
1973). Bafa Golii-Yatagan arasmdaki gnays-sist dokanagr gerek bolgesel gerekse yerel 6lgekte giineye dogru
cekme ile olugsmus bir siyrilma zonu niteliginde degildir. Bu dokanak ¢ok girintilidir ve sintektonik bir granit
yerlesiminin tiim 6zelliklerini sergiler.

Daha kuzeyde Aydin bolgesinde yiiksek dereceli metamorfizma sunan gnayslar diisiik agih bir fay boyunca
Ust Kretase yas1 verilen fillit-mermer istifi {izerine verev olarak oturur (Candan v.d., 1992; Okay, 2001; Ozer
ve Sozbilir, 2003). Bu dokanak komiir igeren gélsel Miyosen birimleri tarafindan agisal uyumsuz olarak
ortiiliir ve tipik bir bindirme fayidir. Bu fay Miyosen sirasinda aktif degildir.

Salihli yoresindeki diisiik agili fay, Torbahi-Kemalpaga koridoru boyunca Miyosen birimleri tarafindan yine
agisal uyumsuz olarak ortiiliir (Geng, 1973). Miyosen tortul kayalari faym taban blogunu orter ve taban
blogunun Miyosen sirasinda diisiik agili biiyiik 6lgekli hareket gegirmedigini gosterir. Miyosen birimleri gerek
golsel tortullar seklinde ve gerekse yiiksek potasyumlu kalk alkali andezitik-riyolitik volkanitler olarak biitiin
batt Anadolu’ da diisiik ag1li siyrilma faylar olarak yorumlanan yapilan 6rter ve heryerde bu yapilardan sonra
¢okelmislerdir (Geng v.d., 2001). '

Kuzey kanat boyunca yaptigimiz ¢alismalarda dort farkh aginma fazi saptanmustir. Bu agmma fazlan

Menderes Masifi’ nin Oligosen-Miyosen siiresince yiizeylemesini styrilma faylarma gerek birakmadan
agiklayabilir.
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ABSTRACT

Menderes Massif has been considered to be formed under the weight of nappe packages during Late Eocene-
Early Oligocene and exhumed as a core-complex along low angle detachment faults in a period of Late
Oligocene-Miocene (Bozkurt, 2004; Gassner v.d., 2001; Hetzel v.d., 1995).

As examples of these detachment faults the following boundaries have been described:

I~ the boundary of the gneisses and cover schists in the Mugla-Milas region dipping southerly (Bozkurt,
2004),

2- the low angle faults in the Aydin and the Salihli regions, dipping southerly and northerly respectively
(Gassner v.d., 2001; Hetzel v.d., 1995),

3- and the boundary between the melangés of the Izmir-Ankara Zone and the Menderes metamorphics along
the northern border dipping northerly (Seyitoglu v.d., 2004).

The geometry of large scale overturned folds and imbrications along the southern sector of the massif and
mesoscopic structures along the boundary with the Lycian nappes indicate that during the Main Menderes
Metamorphism, the tectonic transport was northerly in this region (Boray v.d., 1973). The so called core
gneisses and the cover-schist boundary both on a regional and a local scale does not resemble geometrically
a shear zone formed by a southward extension. The map pattern of this boundary is irregular dipping
southerly and northerly in places and it displays every characteristics of a syntectonic intrusive boundary.

Farther in the north around Aydin high-grade gneisses sit on the low-grade Upper Cretaceous phillites and
marbles along a low angle fault (Candan v.d., 1992; Okay, 2001; Ozer ve Sézbilir, 2003). It is a typical thrust
Jault. The boundary of the thrust and both the hanging wall and footwall rocks are overlain unconformably by
Miocene coal-bearing lacustrine sedimentary units.

The low-angle fault in the Salihli region and its footwall section are overlain unconformably again by
Miocene units along the N-S trending Torbali-Kemalpasa Neogene corridor (Geng, 1973). The geometry of
the Miocene units sitting over the footwall of this fault precludes its large scale extensional movements during
the same time.

Miocene units represented by lacustrine sedimentary succession intercalated with high potassium cal-alkaline
andesitic volcanic rocks overlay unconformably every boundaries which were considered as detachment
faults in the Western Anatolia. Everywhere they are younger than these boundaries (Geng v.d., 2001). They
can not be detachment faults and the Menderes Massif was not exhumed as core complex.

We have determined in the northern border of the Massif, four different and strong errosional periods in a
time range from Oligocene to present. These successive erosions would uncover the metamorphics without a
need to low angle detachment faults.

Deginilen Belgeler

Boray, A. , Akat,U. , Akdeniz, N. , Ak¢adren, Z. , Caglayan, A. , Giinay, E. , Korkmazer, B. Oztiirk, E. M. and Sav, H.
1973. Menderes Masifinin giiney kenari boyunca bazi énemli sorunlar ve bunlarin muhtemel ¢éziimleri,
Cumhuriyetin 50 yili Yerbilimleri Kongresi, 11-20, Ankara.

Bozkurt, E. 2004 Granitoid rocks of the southern Menderes Massif (southwestern Turkey): field evidence for Tertiary
magmatism in an extensional shear zone. Int J Earth Sci. 93/1, 52-71.

Candan, O., Dora,0.0., Kun, N., Akal,C. and Koralay, E. 1992. Allochthonous metamorphic units at the southern part of
Aydin mountains, Menderes Massif, Turkish Association of Petroleum Geologist Bulletin, 4, 93-110.

Evirgen, M. and Ataman, G.1981. Study of metamorphism of central Menderes Massif: Isograde, pressure and
temperature, Bulletin of Institute of Earth Sciences of Hacettepe University, 7, 15-26.

Geng, C.S., Altunkaynak, S., Karacik, Z., Yazman, M., Yiumaz, M. 2001. The Cubukludag graben, south of Lzmir: its
tectonic significance in the Neogene geological evolution of the western Anatolia: Geodinamica Acta, 14, 45-55.

16



59. Tiirkiye Jeoloji Kurultayt Bildiri Ozleri, 20-24 Mart 2006, Ankara

Geng, M. 1973. Mahmut Dagi ve cevresinin jeolojisi ve petrografisi. Ege Universitesi, Fen Fakiiltesi, Jeoloji Boliimii
Yiiksek Lisans Tezi. 42 sayfa.

Gessner, K., Ring, U., Johnson, C., Hetzel, R., Passchier, C.W. and Giingor, T. 2001. An active bivergent rolling-hinge
detachment system: Central Menderes metamorphic core complex in western Turkey. Geology 29, 611-614.

Hetzel, R., Passchier, C.W., Ring, U. and Dora, O.0. 1995. Bivergent extension in orogenic belts: The Menderes Massif
(Southwestern Turkey), Geology, 23/5, 455-458.

Okay, A.I. 2001. Stratigraphic and metamorphic inversions in the central Menderes Massif: a new structural model. Int.
J. Earth Sci., 89, 709-727.

Ozer, S. and Sozbilir,H. 2003. Presence and Tectonic Significance of Cretaceous Rudist Species in the so-Called Permo-
Carboniferous Géoktepe Formation, Central Menderes Metamorphic Massif, Western Turkey,” International
Journal of Earth Sciences, 92, 3, 397-404

Seyitoglu, G., Isik, V. ve Cemen, 1., 2004. Complete Tertiary exhumation history of the Menderes massif, western Turkey:
an alternative working hypothesis. Terra Nova, 16, 358-364.

17



59. Tiirkiye Jeoloji Kurultayr Bildiri Ozleri, 20-24 Mart 2006, Ankara
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Exhumation Mechanism of Menderes Massif and Related Basin Formation
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(074

Bati Anadolu yeryuvarinda kitasal genisleme alanlarinm incelenmesi i¢in uygun yerlerin baginda gelmekte ve
Ege’nin (Yunanistan, Ege denizi ve Bati Tiirkiye) ge¢ Senozoyik jeolojik evriminin anlagilmasinda anahtar
lokasyonlar bulundurmaktadir. Yakin dénemdeki aragtirmalar Menderes masifini iki asamali simetrik
cekirdek kompleksi olarak (Ring vd. 2003) veya alternatif olarak asimetrik ve izleyen dénemde simetrik
¢ekirdek kompleksi olarak (Seyitoglu vd. 2004) yorumlamiglardir. Bunun yaninda styrilma faylarmim varhgim
red eden ve Menderes masifinin yiizeylemesini diisiik agili dalma batmaya ve erozyona baglayan bir goriis de
ortaya atilmistir (Westaway 2005).

Bu sunumda bolgede devam eden arazi ¢alismalarimizin sonuglart ve yayinlanan aletsel veriler birlestirilerek
Menderes masifinin yiizeyleme mekanizmasi ve havza olusum modelimiz agiklanmaya c¢alisilacaktir
(Seyitoglu vd. 2004).

Geg Paleosen - Erken Eosende Menderes Toros blogu ile Sakarya kitasi arasindaki garpisma izmir-Ankara
kenet zonu boyunca gergeklesmis ve Menderes masifi {izerine Likya naplarinin yerlesimi ile Geg Eosende
“Ana Menderes Metamorfizmasi” meydana gelmistir (Sengor vd. 1984). Menderes masifi iizerine gergeklesen
bu bindirmelerin hemen sonrasinda, Oligosende, K-G yonlii genisleme kuzeye egimli makaslama zonu
boyunca gelismeye baglamistir. Dat¢a - Kale ana siyrilma fayi, denizalti sismik ¢alismalarinda giineye dogru
kalinlagsan kama geometrisine sahip yas verisi bulunmayan Gokova grabeni ¢okelleri ile (Kurt vd. 1999)
Oligosen yash Kale havzasi (Akgiin ve Sézbilir 2001) sedimanlarmin ¢ékelimini kontrol ederken, orta
kabukta bugiin Menderes masifinde baskin olarak gézlenen iist kuzey yonlii mikroyapilar gelismistir. Datga -
Kale siyrilma faymm yiikselen blogundaki izostatik yiikselmenin Likya naplariin giineye dogru son
yerlesmelerini tetikledigi diisiiniilmektedir. Giiney ve kuzey Menderes masifinden elde edilen izotopik yas
verileri (Hetzel ve Reischmann 1996, Lips vd. 2001, Ring vd. 2003, Isik vd. 2004) Datga-Kale siyrilma fayina
bagh olarak kuzeye dogru genglesen bir asimetri sunmaktadir. Bu yas verilerinde giineye dogru olan
genglesme ise Datga — Kale styrilma faymmn yukart dogru biikliimlenmesi ve masifin dom seklini almasr ile
iliskilendirilmistir. Dat¢a — Kale siyrilma fay1 Yatagan kuzeyinde Yatagan - Cine yolunun 6. kilometresinde
yiizeye ¢ikmaktadir ve yer yer iist levhaya ait pargalar birakarak masifin kuzeyinde Simav siyrilma fayr (Istk
ve Tekeli 2001) adimi almaktadir. Termokronolojik veriler (Gessner vd. 2001) Menderes masifinin Miyosen
basinda (~20 My) yiizeye ulagtigim gostermektedir.

Datga - Kale ana siyrilma fayr ve onun kuzeydeki devami Simav siyrilma faymin gelisimi ile dom seklini
almis olan masif iizerinde bolgede devam eden KKD- GGB genisleme sonucu D-B graben sistemi ve K-
gidisli havzalar gelismistir (Seyitoglu et al. 2002). Bunlarin gelisimi masifin Dat¢a - Kale / Simav ana
siyrilma fayr ile Oligosende yiizeylemesinden sonradir (Isik vd. 2003). D-B gidisli Alasehir ve Biiyiik
Menderes grabenleri gelisgimlerini Erken Miyosenden itibaren “rolling hinge” modeline benzer sekilde
siirdiirmiislerdir. Bu gelisim Orta Menderes masifinin simetrik olarak bir kez daha yiizeylemesine neden
olmustur (Seyitoglu ve Sen 1998, Gessner vd. 2001, Seyitoglu vd. 2002). Alasehir ve Biiyiik Menderes
siynlma faylarimin taban bloklarindan elde edilen termokronolojik verilerde Pliyosenden itibaren gdzlenen
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]_11211 .y\'ikselme (Gessner vd. 2001), D-B gidisli graben sisteminin baslangici olmayip, graben olusumundaki
ikinci fay sisteminin devreye girmesini ve birinci fay sisteminin dénerek diisiik agili hale gelmesini temsil
etmektedir (Seyitoglu vd. 2002). Kuvaternerdeki yiiksek agih fay sistemi (dérdiincii fay sistemi: Seyitoglu vd.

2002, Sekil 10) kendinden onceki yapilari pargalayarak Menderes masifinin énceki genislemeli tarihgesini
maskelemektedir.

ABSTRACT

Western Anatolia, Turkey, is one of the important locations on the Earth to study continental extension and it
has key locations for understanding of late Cenozoic geological evolution of the Aegean region. Recently,
Ring et al. (2003) interpreted the Menderes massif as two phased symmetrical core complex. Alternatively,
Seyitoglu et al. (2004) suggest that Menderes massif exhumed as an asymmetrical core complex and then
central Menderes massif is further exhumed as a symmetrical core complex. Apart from these, Westaway
(2005) denies the role of low angle faulting on the exhumation of Menderes massif and instead, flat
subduction and erosion are proposed as exhumation mechanisms.

In this presentation, our tectonic model about the exhumation mechanisms of Menderes massif and related
basin formation are explained which is the combination of the results from continuing field studies and the
previously published data (Seyitoglu et al. 2004).

Late Palaeocene — Early Eocene continental collision occurred between the Menderes Taurus block and the
Sakarya continent along the lzmir-Ankara suture zone and the Lycian nappe emplacement onto Menderes
massif resulted in the main Menderes metamorphism in the Late Eocene (Sengor et al. 1984). After the
cessation of thrusting in the Menderes massif, N-S extension began in the Oligocene along a major N-dipping
extensional shear zone. While Dat¢a — Kale main breakaway fault controls the deposition of Gokova basin fill
having wedge shape geometry clearly shown on the offshore seismic data (Kurt et al. 1999) and the
Oligocene sediments of Kale basin, in the middle crust microstructures showing top to the north sense of
shear are developed that is dominantly observed kinematic sense in the massif. The footwall uplift of the
Datca-Kale main breakaway fault triggered the latest Lycian nappe emplacement towards the south.
Available isotopic age data from the southern and northern Menderes massif show an asymmetry and the
ages become younger northward (Hetzel & Reischmann 1996, Lips et al. 2001, Ring et al. 2003, Isik et al.
2004) related to the Dat¢a-Kale main breakaway fault. Moreover, isotopic ages also decrease towards south
in the southern Menderes massif that is interpreted as being related to the upward bending of the main
breakaway fault. The Dat¢a-Kale main breakaway fault reaches the surface on the Yatagan-Cine road 6 km
north of Yatagan and the remnants of upper plate can be seen on central and northern Menderes massif. The
continuation of main breakaway fault in the northern Menderes massif is known as Simav detachment fault
(Isik & Tekeli 2001). Thermochronological data (Gessner et al. 2001) demonstrate that the massif reach the
surface at the begining of Miocene (~20 Ma).

Due to the continued NNE extension, E-W trending Alasehir and Biiyiik Menderes grabens initiated in the
Early Miocene times together with the N-trending basins (Seyitoglu et al. 2002). The graben development
clearly postdates the Oligocene exhumation of Menderes massif along the main breakaway fault (Isik et al.
2003). Tectonic evolution of the E-W trending grabens occurred along rolling hinges of major normal faults
causing further exhumation of the central Menderes massif (Seyitoglu & Sen 1998, Gessner et al. 2001,
Seyitoglu et al. 2002). The thermochronological data obtained from the footwall of Alasehir and Biiyiik
Menderes grabens shows rapid exhumation following the Pliocene (Gessner et al. 2001). It corresponds to the
second fault system which causes the rotation of first fault system and resulting in present day low angle dip
of graben bounding first fault system. Youngest fault system during the Quaternary (fourth fault system of
Seyitoglu et al. 2002, Fig.10) cut previous structures and mask the earlier extensional history of the Menderes

massif.
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Ege gerilme/genisleme bolgesi ¢ok sayida metamorfik cekirdek kompleks olugumlart bulundurur. Bunlar:
Rodop ¢ekirdek kompleksi, Kazdag gekirdek kompleksi, Kikladik cekirdek kompleksi, Girit ¢ekirdek
kompleksi ve Menderes gekirdek kompleksi (Istk vd. 2004).

Menderes ¢ekirdek kompleksi (MCK) (1) farkli derecelerde metamorfize olmus metamorfik kayalar, (2)
metamorfik olmayan kayalar, (3) geng granitoyid intriizyonlan ve (4) Miyosen-Giincel yash sedimanter
ve/veya volkanik kayalarm olugturdugu havza birimleri icerir. Bu alandaki havza kayalari (6m. Seyitoglu ve
Scott 1991; Seyitoglu et al. 1992) ile kompleksin kristalen kayalarindan alman yaslar (6rn. Hetzel vd. 1995;
Hetzel ve Reischmann 1996; Lips vd. 2001; Ring vd. 2004; Istk vd. 2004) MCK nin Oligosenden itibaren
yiizeylemeye basladigim gostermektedir. Kompleksin yiizeylemesini, siyrilma faylart ve bu faylar ile iligkili
makaslama zonlan denetlemektedir. Bunlar, giineyden kuzeye dogru Kayabiikii makaslama zonu, Biiyiik
Menderes, Alagehir ve Simav siyrilma faylari ve iliskili makaslama zonlandir. Tiim bu styrilma faylan ve
makaslama zonlar Gokova Kérfezinden ve Kale-Tavas havzasmm giiney simirt olarak gecgen ana ayrilma fayi
ile iligkilidir (Seyitoglu vd. 2004).

Kayabiikii makaslama zonu pek gok ¢alismada ayrmtili tanimlanmistir (6m. Bozkurt ve Park 1994; 1997;
Bozkurt 2004). Bu kesimde kompleksin diger alanlarinda oldugu gibi deforme Prekambriyen-Paleozoyik
metamorfik kayalar ile sin-tektonik granitoyid intriizyonu bulunmaktadir. Menderes ¢ekirdek kompleksin
kuzey kesiminde Simav siyrilma fayr ve iligkili makaslama zonu tanimlanmistir (Istk vd. 1997; Isik ve Tekeli
2001; Istk 2004). Simav siyrilma fayr diisiik dereceli metamorfik/metamorfik olmayan kayalar ile ofiyolitli
melanj kayalarint yiiksek dereceli metamorfik ile sin-tektonik granitoyid kayalarmdan ayirir. Biiyiik
Menderes (6. Bozkurt 2000; Gessner vd. 2001) ve Alagehir siyrilma faylar (6. Hetzel vd. 1995; Kogyigit
vd. 1999; Seyitoglu vd. 2002; Istk vd. 2003; Bozkurt ve S6zbilir 2004) Menderes ¢ekirdek kompleksinin orta
kesimini olusturan faylar olup gerilme/genisleme rejiminin daha ilerleyen evresini temsil eder. Her iki faym
tavan blok kayalarinda havza birimleri yer alirken taban blok kayalarmi metamorfik ve sin-tektonik
granitoyidler olusturur. Bu alanlardaki mezoskopik ve mikroskopik incelemelerimiz su sonuglan ortaya
koymaktadir:

(1) Makaslama zonlari hem siiniimlii hem de gevrek deformasyon olusuklarini sunmaktadir. Bu
alanlarda degisen oranlarda milonitlesme (protomilonit, milonit, ultramilonit, blastomilonit),
milonitik foliyasyon/lineasyon, gerilmeye/genislemeye paralel kivrimlar ve budin yapilar,
kataklasitler (bres, kataklasit, plisoydotakilit) diisiik- ve yiiksek-agih faylar yaygindir.

(2) Bu zonlardaki ¢ok sayida stiniimlii kinematik belirtegler belirlenmigstir. Bunlar: (a) asimetrik
porfiroklastlar (6rn. feldispat, mika, disten, stavrolit, kuvars), (b) asimetrik mineral kiimeleri (6rn.
kuvars-feldispat), (c) oblik foliyasyon, (d) S-C, -C' yapilari, (e) minerallerdeki kirtklanma tipi.

(3) MCK’nin bugiinkii geometrisi dom goriiniimdedir Yukarida belirtilen kinematik belirtegler MCK nin
ne tiir metamorfik ¢ekirdek kompleks geometrine sahip oldugu ile ilgili 6nemli sonuglar vermektedir.
Bu belirtegler,, MCK de yapilarm egemen olarak kuzey-yénelimli gelistigini ortaya koymaktadir.
Kuzey-yonelimli bu yapilar Biiyiikk Menderes ve Kayabiikii makaslama zonlarinda giiney-yonelimli
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yapilarca iizerlenmektedir. Bu veriler Menderes ¢ekirdek kompleksi ilksel yiizeylemesinin asimetrik
cekirdek kompleks tipinde, lokal olarak ilerleyen gerilme/genisleme evresinde zit ydnelimli Biiyiik
Menderes ve Alasehir siyrilma faylart ile simetrik gekirdek kompleks tipinde bir gelisim gosterdigini
gostermektedir. Makaslama zonlan igerisindeki mineral 6zellikleri (minerallerin deformasyon
ozellikleri, yeni mineral olusumlari), zonlarin yesilsist ve/veya amfibolit fasiyesi metamorfizmasi
sicaklik kosullarini karakterize eder.

(4) Gevrek deformasyon olugumlar “Kataklastik Zon” olarak tammlanmugtir. Kataklastik zon gevrek
deformasyonu temsil eden kayalar (bres, kataklasit, piisoydotakilit) ve yapilar (gevrek deformasyon
belirtegleri, kiriklanmalar, damarlar, alterasyon) ile karakterize olur. Gevrek deformasyon yapilarmm
siiniimlii kosullarda gelisenlerle kinematik agidan uyumlugunu ayni tektonik rejimin iirlinleri olarak
yorumlamaktayiz. Ozellikle siiniimlii-gevrek gegisi Alasehir ve Simav makaslama zonlarinda tipiktir.
Kompleks buradaki gerilme/genislemenin devamhhgr iginde ¢ok sayida yiiksek-agih normal faylar
icermektedir. Giinlimiizde bu faylarin bazilart aktiftir.

ABSTRACT

Aegean extended region include several metamorphic core complexes. These are: Rhodope core complex,
Kazdag core complex, Cycladic core complex, Crete core complex and Menderes core complex (Isik et al.
2004).

Menderes core complex (MCC) contains (1) metamorphic rocks with different metamorphic-grade, (2) non-
metamorphic rocks, (3) young granitoid intrusions, and (4) basins rocks with sedimentary and/or volcanic
rocks ranging from Miocene to Recent in age. The ages from rocks of basins (e.g. Seyitoglu and Scott 1991;
Seyitoglu et al. 1992) and crystalline rocks of MCC (e.g. Hetzel et al. 1995; Hetzel and Reischmann 1996;
Lips et al. 2001; Ring et al. 2003, Isik et al. 2004) indicate that MCC have been exhumed since Oligocene
time. Exhumation of MCC was controlled by detachment faults and associated with shear zones. These are,
from south to north, Kayabiikii shear zone, Biiyiik Menderes, Alagehir and Simav detachment faults and
associated with shear zones, respectively. All these detachment faults and shear zones bound to main
breakaway fault passing in an area of Gokova Gulf and southern border of the Kale-Tavas basin (Seyitoglu et
al. 2004).

Kayabiikii shear zone has been described with many studies (e.g. Bozkurt and Park 1994; 1997; Bozkurt
2004). The zone includes deformed Precambrian-Paleozoic rocks and young syn-tectonic granitoid intrusions
like other parts of MCC. Simav detachment fault and associated shear zone was mapped in the northern part
of the MCC (Isik et al. 1997, Isitk and Tekeli 2001; Isik 2004). The Simav detachment fault separate high-
grade metamorphic rocks and syn-tectonic young granitoids from low-grade metamorphic/non-metamorphic
rocks and ophiolitic mélange rocks. Biiyiik Menderes (e.g. Bozkurt 2000; Gessner et al. 2001) and Alasehir
detachment faults (e.g. Hetzel et al. 1995; Kogyigit et al. 1999, Seyitoglu et al. 2002; Isik et al. 2003; Bozkurt
ve Sézbilir 2004) are located in central part of MCC and have characterized later progressive stage of
extensional tectonics in the region. The hanging wall of both detachment faults consists of rocks of basin
units, and metamorphic rocks and syn-tectonic granitoids are found in the footwall of these detachments.
Results of our mesoscopic and microscopic studies are summarized as Sfollows:

(1) These shear zones include both ductile and brittle deformation products. The zones extensively
contain mylonitic rocks (protomylonite, mylonite, ultramylonite, blatomylonite), mylonitic foliation
and lineation, extension-parallel folding and boudinage structures, cataclasites (breccia,
cataclasite, pseudotachylyte) low- and high-angle faults.

(2) Shear zones in MCC composed of numerous kinematic indicators. These are (a) asymmetric
porphyroclasts (e.g. Feldspar, mica, kyanite, staurolite, quartz), (b) asymmetric mineral clusters
(e.g. Quartz-feldspar), (c) oblique foliation, (d) S-C, -C" structure, (e) antithetic- and synthetic-
fractures.
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(3)  Geometric shape of MCC has been appeared dome. Kinematic indicators mentioned above give an
important clue about type of metamorphic core complex. These indicators display that north-
trending structures are dominant in MCC, and south-trending structures slightly overprinted these
structures in Kayabiikii and Biiyiik Menderes shear zones. These results indicate that MCC was
exhumed as an asymmetric core complex, and later progressive stage of extensional exhumation has
been formed by Biiyiik Menderes and Alasehir detachment faults with opposite direction locally as
symmetric core complex. Mineral features (deformed minerals, neo-mineralization) in MCC
greenschist and/or amphibolite facies-grade conditions.

(4) Cataclastic zone is defined an area affected by brittle deformation. The zone contains rocks
(breccia, cataclasite, pseudotachylyte), structures (brittle kinematic indicators, fractures, veins) and
alteration products, which was formed by brittle deformation. We suggested that consistent
orientation of structures that was formed by either ductile or brittle deformation in shear zones
have been interpreted as a similar extensional regime. In particular, ductile-brittle transition can be
seen typically in Alagehir and Simav shear zones. High-angle normal faults that are result of
extensional tectonic are prevalent in MCC contains, which some of them still active in present.
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Menderes Masifi kuzey ve kuzeybatida Izmir — Ankara Zonu, giineyde ise Likya Naplar tarafindan tektonik
olarak iizerlenmektedir. Masif’in metamorfik kaya istifi; 1-Pan-Afrikan temel ve 2-Paleozoik — Erken
Tersiyer yagh ortii serileri olmak tizere iki ana liniteye ayrilmaktadir. Kompleks bir nap yigin1 yapisina sahip
Menderes Masifi'nde bu iki unite arasindaki dokanak iligkisi ana hatlanyla, Alpin yash sikisma ve onu
izleyen genlesme tektonigi liriinii bindirme ve normal faylarla tanimlanmaktadir.

Temel ve ortii serileri arasindaki ilksel dokanak iligkisinin bir uyumsuzluk olmasi (Pan-Afrikan sonrasi
uyumsuzlugu) gerekliligi uzun siireden bu yana genelde kabul edilen bir goriistiir (Schuiling 1962, Sengér ve
dig. 1984). Bu problemin ¢6ziimiine yonelik ilk veriler, Yatagan / Mugla kuzeydogusunda Konak ve dig.
(1987) tarafindan saptanmigtir. Bu bolge, ekayli bir i¢ yap1 sunan Pan-Afrikan temel ve ortii serilerinden
yapilidir. Tektonik dilimlerin birinde, temel ile 6rtii arasindaki, son derece iyi korunmus ilksel dokanak
iliskisi net olarak gozlenmektedir. Bu dilimde Pan-Afrikan temel, muskovit sist ve onun igerisine sokulmus
asidik meta-intruzif kayalardan yapilidir. Meta-intruzif kayalar mineralojik bilesim ve yapisal / dokusal
ozelliklerine dayah olarak dort gruba ayrnlabilir: 1-Goézlii gnays, 2-Turmalin I6kokratik ortognays, 3-
Metagranit porfir ve 4-Metaaplit. Bu gnays tiirlerinin ¢evre kayayr olusturan muskovit sistlerle olan ilksel
intruzif dokanak iliskisi son derece iyi korunmugtur. Porfiritik metagranitlerin Pb/Pb zirkon evaporasyon
yontemine dayali sokulum yaglan 551.542.9 my olarak belirlenmistir. Asidik meta-intruzif kayalarin gevre
kayalarmi olusturan muskovit sistler iyi yuvarlaklagmis zirkon igermektedir. Tek zirkon evaporasyon
yéntemiyle, detritik kokenli bu zirkonlarm yaglarmm 641 — 3239 my arasinda degistigi belirlenmistir.
Radyometrik yas bulgulart ve intruzif dokanak iligskilerine dayanarak, Pan-Afrikan temele ait muskovit
sistlerin ilksel tortul kayalarnin 641 — 550 my arasinda (Geg Proterozoik) ¢okelmis oldugu sonucuna
vartlmaktadir.

Pan-Afrikan temel, kanal dolgusu niteliginde metakonglomera diizeyleri igeren, kaba kumtaglarindan tiireme
bir kuvarsit diizeyi tarafindan uyumsuz olarak iizerlenmektedir. 60 m kalinhiga ulagabilen bu kuvarsit diizeyi
Paleozoyik serinin tabaninda yer almakta olup iiste dogru kloritoid — granat fillit, muskovit kuvars sist ve
mermer ardalanmasia gegmektedir. Metakonglomeralar, turmalin igeren lokokratik metagranit, porfiritik
metagranit, metaaplit ve turmalinit gakillarindan yapilidir. Metakonglomeralar igerisinde bulunan ve Pan-
Afrikan temeldekilerle ayni mineralojik bilesim ve dokusal 6zelliklere sahip iki porfiritik metagranit ¢akilmm
tek zirkon evaporasyon yontemine dayal yaslan 550.4+2.6 ve 552.3 + 3.1 my olarak saptanmustir. Ayrica,
Yatagan kuzeyinde yer alan fillitler igerisindeki muskovit kuvars sist diizeyinin 537 ve 563 my yasl detritik
zirkon igerdigi belirlenmistir.
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Arazi bulgulari ile birlikte degerlendirildiginde, radyometrik yas verileri, Pan-Afrikan temel ile Paleozoik ortii
serileri arasindaki ilksel dokanak iliskisinin bir uyumsuzluk oldugunu (Pan-Afrikan sonrasi uyumsuzlugu) ve
Paleozoik serilerin ilksel tortullarimin bu temelden beslendigini gostermektedir. Bu veriler, gnayslarin ilksel
kayalari olan granitlerin olusum ve yerlesim yasmim Eosen — Oligosen oldugu (Bozkurt ve dig. 1995, Erdogan
ve Giingdr 2004) ve Masif’in giiney kesiminde Pan-Afrikan sonrasi uyumsuzlugun varhigma iliskin herhangi
bir verinin bulunmadig: goriisleriyle (Bozkurt ve dig. 1993) uyusmamaktadir.

ABSTRACT

The Menderes Massif is tectonically overlain in the North and Northwest by the nappes of the Izmir-Ankara
Zone, and in the South by the Lycian Nappes. The metamorphic succession of the massif can be divided into
two main units: 1) Pan-African basement and 2) Paleozoic — Early Tertiary cover series. In the Menderes
Massif which has a complex nappe pile structure, the contact relationships of these two units are mainly
characterized by thrusts and normal faults which are the products of Alpine compressional and Sfollowing
extensional tectonics.

For a long time, the primary contact relationship between basement and cover series has been assumed as a
“Supra-Pan-African Unconformity” (Schuiling 1962, Sengor et al. 1984). The first field evidence regarding
this problem was found in NE of Yatagan / Mugla by Konak et al. (1987). This region is characterized by the
internal imbrications of the Pan-African and cover series. In one of the tectonic slices, the well-preserved
primary contact relationship between basement and cover series are observed. There, the Pan-African
basement consists of muscovite schists which are intruded by the acidic meta-igneous rocks. According to the
mineralogical compositions and structural / textural properties, these meta-igneous rocks which are the
products of the same poly-phase Pan-African magmatic activity, can be divided into four types; 1 -Augen
gneiss, 2-Turmaline leucocratic orthogneiss, 3-Porphyritic metagranite and 4-Metaaplite. The original
intrusive relationships between muscovite schists and all types of gneisses are very well preserved. The
intrusion age of the protoliths of the porphyritic metagranite was determined, using the Pb/Pb single zircon
evaporation method, at 551.5+2.9 Ma. The country rocks of the acidic meta-igneous rocks, muscovite schists,
contain well-rounded detrital zircons dated between 641 — 3239 Ma by single zircon evaporation method.
Based on the radiometric ages and intrusive relationships, the deposition age of the protoliths of the
muscovite schists belonging to the Pan-African Basement, can be constrained between 641 and 550 Mu - Late
Proterozoic.

The Pan-African basement is unconformably overlain by a quartzite horizon derived from coarse-grained
sandstones with channel fill metaconglomerates. The quartzite reaching up to 60 m in thicknesses occurs at
the lowest level of the Paleozoic series and continues with chloritoid — garnet phyllites, muscovite quartz
schists and marble intercalations. The metaconglomerates contain pebbles of turmaline bearing leucocratic
metagranite, porphyritic metagranite, metaaplite and tourmalinite. Two porphyritic metagranite pebbles from
metaconglomerates showing identical mineralogical composition and textural features as the porphyritic
metagranites occurring in the Pan-African basement, were dated, using the single zircon method, at
550.4+2.6 and 552.3 + 3.1 Ma. Furthermore, one muscovite quartz schist layer from the phyllites located
North of Yatagan, contains detrital zircons dated at 537 and 563 by single zircon evaporation method. When
combined with the field evidence, the radiometric age data indicate that the primary contact relationship
between the Pan-African basement and the Paleozoic cover series in the Menderes Massif is an unconformity
(Supra-Pan-African unconformity) and the cover series were sourced from the Pan-African basement. These
evidence are not consistent with the views that the generation and emplacement age of the granitic protoliths
of the gneisses are Eocene —Oligocene (Bozkurt et al., 1995, Erdogan and Giingor 2004) and there is yet no
evidence for the existence of the “Supra-Pan-African Unconformity” in the southern sector of the Menderes
Massif (Bozkurt et al., 1993).
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Alpin sikigma tektonigi triinii karmagik nap yigim yapisit sunan Menderes Masifi, Pan-Afrikan temel ve
Paleozoyik-Erken Tersiyer yash ortii serilerinden yapilidir. Pan-Afrikan temel, kismen migmatizasyona
ugramis paragnayslar ve metapelitlerden yapili metasedimentler ve bunlar igerisine sokulmus c¢oklu
metamorfik Prekambriyen gabrolar ve metamorfizmayla es yash ve/veya izleyen evreye ait Pan-Afrikan
metagranitler / ortognayslardan olusmaktadir. Son yillarda, temel igerisinde, granulit ve eklojit fasiyesi
kosullarindaki Pan-Afrikan metamorfik evrimi tammlayan kalnti faz ve topluluklar yaygm olarak
saptanmistir (Candan 1995, Oberhdnsli ve dig., 1997, Candan ve dig., 2001). Kahnti granulit fasiyesi
metamorfizmasi, ¢arnokitler, ortopiroksen iceren gnayslar, pelitik granulitler ve metatonalitlerle temsil
edilmektedir. Pan-Afrikan orojenezinin son asamasinda, yaygin migmatizasyon ve palinjenetik granit
olusumlari ile tanimlanan amfibolit fasiyesi metamorfizmasi, 6nceki yiiksek basing ve yiiksek sicaklik mineral
topluklarinda yaygin geri doniisiimlere neden olmustur.

Yiiksek sicaklik metamorfizmasinin yaginin belirlenmesine yoénelik onceki g¢alismada, Birgi yoresinde
gozlenen, granulit fasiyesine ait ortopiroksenli gozlii gnayslardan EMS yoluyla 6l¢iilen U, Th, ve Pb
konsantrasyonlarina dayali monazit yaslart 660 +61/-63 my’lik Pan-Afrikan yas1 vermistir (Oelsner ve dig.
1997). Bizim ¢alismamizda, Menderes Masifi’nin Pan-Afrikan temelini etkileyen granulit ve iizerleyen
amfibolit fasiyesi metamorfizmalarinm yaglarimin belirlenmesinde zirkon iyon mikroprob (SHRIMP II)
yontemi uygulanmigtir.  Tire’nin  dogusunda gozlenen ortopiroksenli pelitik granulitlerden ayiklanan
zirkonlarin katodoluminesans fotograflari, tanelerin gogunun kalinti ¢ekirdek {izerine zonlanmasiz ve/veya
diizlemsel zonlanmalt 6zellik gosteren metamorfik bliylimeler sundugunu ortaya koymaktadir. Dokusal
iliskiler, granulit fasiyesine ait zonlanmasiz zirkon biiyiimelerinin, anatektik eriyikten kristallesmeye isaret
eden diizlemsel zonlanmalardan 6nce olustugunu gostermektedir. Zonlanmasiz biiyiimelerin U-Pb iyon
mikroprob (SHRIMP 1I) analizleri 583.0+5.7 my da kiimelenmis ve bu yas, granulit fasiyesi metamorfizmasi
sirasinda gergeklesen yeni zirkon biiytimeleri olarak yorumlanmustir. Kristallerin en dig kesiminde gozlenen
diizlemsel zonlu zirkon biiytimeleri ise 560.0£15.0 my’lik yas vermistir. Bu yas, ¢ok fazli Pan-Afrikan
metamorfizmasmin son evresi sirasinda, migmatizasyon ve kismi ergimeye neden olan iist amfibolit fasiyesi
kosullarindaki iizerleyen metamorfizma ile iliskilendirilebilir. Zirkon ¢ekirdeklerinden elde edilen 750 - 2550
my arasinda degisen yaslar, pelitik granulitlerin kaynak kayalarinin Geg¢ Arkeen-Geg Proterozoyik yagh
oldugunu gostermektedir. Bu yaslarin tiimii, Gondvana siiper kitasinin olusumu siireciyle iliskilendirilebilir.
Ayrica, paragnayslardaki en geng¢ kirinti zirkon yasi (610 my; Koralay ve dig., 2003) ve granulit fasiyesi
metamorfizmasi yasina dayanarak, Pan-Afrikan temelin sist ve paragnayslarindan olusan metapsammitik-
pelitik serinin ilksel kayalarimin ¢6kelimlerinin 585 ve 610 my arasinda gergeklestigi soylenebilir.
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ABSTRACT

The Menderes Massif showing a complex nappe structure, as product of Alpine compressional tectonic, is
made up of Pan-African basement and Paleozoic—Early Tertiary cover series. The Pan-African basement
consists of partially migmatized Late Proterozoic metasediments, i.e. paragneisses and metapelites, which
were intruded by numerous poly-metamorphic Precambrian gabbros and syn-to post-metamorphic Pan-
African metagranites / orthogneisses. In recent years, relic phases and assemblages attributed to the Pan-
African metamorphic evolution at granulite- and eclogite-facies conditions have been recognized in the Pan-
African basement (Candan 1995, Oberhinsli et al., 1997, Candan et al., 2001). The relicts of granulite facies
metamorphism are represented by charnockites, orthopyroxene bearing-gneisses, pelitic granulites and
metatonalites. During the late stage of the Pan—African orogeny, amphibolite facies metamorphism which is
characterized by widespread migmatization and palingenetic granite generation caused common retrograde
transformations of the former high-P and high-T mineral assemblages.

In a previous age determination study of the high-temperature metamorphism, monazite ages based on U, Th
and Pb concentrations measured by EMS from granulite-facies orthopyroxene augengneisses occurring in the
Birgi area, yielded a Pan-African age of 660 +61/-63 Ma (Oelsner et al. 1997). In our study, zircon ion
microprobe geochronology (SHRIMP 1I) was applied to provide timing constraints on the granulite and
overprinting amphibolite facies metamorphism that affected the Pan-African basement of the Menderes Massif.
Cathodoluminescence imaging of zircons separated from orthopyroxene-bearing pelitic granulites occurring in
the eastern part of Tire, reveals that many of the grains contain unzoned and/or planar zoned overgrowth
textures representing metamorphic growth on inherited cores. Textural relationships clearly reveal that
granulite facies unzoned zircon overgrowth must have occurred prior to planar zoned overgrowth reflecting
crystallization from anatectic melts. U-Pb ion microprobe (SHRIMP II) analyses of unzoned overgrowths
yield data clustered at 583.0+5.7 Ma which is interpreted to represent the timing of new zircon growth during
granulite facies metamorphism. Whereas, planar zoned zircon overgrowths occurring in the outermost parts
of the crystals give an age of 560.0+15.0 Ma which can be attributed to the upper amphibolite facies
overprint causing partial melting and migmatization in the basement during the last stage of the poly-phase
Pan-African metamorphism. The ages of zircon cores range from 750 to 2550 Ma representing Late Archean
to Late Proterozoic ages of source rocks of the pelitic granulites. All ages coincide with amalgamation
processes resulting in the formation of the Gondwana super continent. Furthermore, based on the youngest
age of detrital zircons of paragneisses (610 Ma; Koralay et al., 2003) and the time of granulite facies
metamorphism, the deposition age of the protoliths of the meta-psammitic to pelitic series, i.e. paragneisses
and schists of the Pan-African basement, can be constrained between 610 and 585 Ma - Late Proterozoic.
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Kuzeybati Anadolu'da yaslart 53 my ile 35 my arasinda degisen Eosen yasta kalk-alkalen sokulumlar bati-
kuzeybati - dogu-giineydogu gidisgli yaklasik 400 km uzunluunda ve 60 km genislikte bir zon olusturur
(Okay ve Satir, 2006). Bu zon iginde yer alan Eosen kirmtili istifleri arasinda asitik tiif arakatkilan yaygin
olarak bulunur. Eosen magmatik kusaginin dogu kesiminde pliitonlar Tavsanh Zonu'na ait mavisistleri keser.
Mavisistler Geg Kretase'de (~80 Ma) yitime ugramis pasif kita kenan g¢okellerini temsil eden mikagist,
mermer ve metabazitlerden yapilmistir (Okay, 1984; Sherlock ve digerleri, 1999). Bu bélgede yer alan
Tepelce granodiyoritinin gevresindeki mavisistler diigiik basing - yiiksek sicaklik kosullarinda ikinci bir
metamorfizma gegirmis ve metapelitik kayalar andalusit-mikagistlere déniigmiistiir. Mikasistlerde bulunan
andalusit + kordiyerit + biyotit + muskovit + kuvars + K-feldspat + plajiyoklas mineral parajenezi
metamorfizmanin zirve basing ve sicaklik degerlerinin 2 + 1 kbar ve 575 + 50° C oldugunu gosterir. Bir
mikasist 6reginde yapilan Rb-Sr muskovit ve biyotit yas tayinleri sirasi ile 46 + 3 my ve 39 + 1 my yaslar
vermigtir. Bu yaslar Tepelce granodiyoritinin 45.0 = 0.2 my olarak 6lgiilen U-Pb zirkon ve Rb-Sr biyotit
yaslan ile uyumludur. Andalusitli mikasistlerde gelisen mavigist metamorfizmasi sonrast yeni foliasyon
diizlemleri ve kivrimlar ikinci metamorfizmanin dokanak metamorfizma degil de rejyonal metamorfizma tipi
olduguna isaret etmektedir. Kuzeybati Anadolu'daki Eosen yasta granitik magmatizma ve buna bagh olarak
gelisen diisiik basing - yiiksek sicaklik metamorfizmasi, muhtemelen Vardar kenedinden kuzeydoguya dogru
dalan bir okyanusal levha tizerinde gelisen magmatik yay i¢inde meydana gelmistir.

ABSTRACT

In northwest Turkey Eocene calc-alkaline intrusions with isotopic ages of 53 Ma to 35 Ma form a WNW-ESE
trending belt, ~400 km long and ~60 km wide (Okay and Satir, 2006). In the east, the plutons intrude
blueschists representing a subducted passive continental margin sequence with Late Cretaceous (~80 Ma)
metamorphic ages (Okay, 1984; Sherlock et al., 1984). In the vicinity of one of these granitoids a low
pressure - high temperature metamorphism has resulted in complete transformation of the blueschist
metapelites into andalusite micaschists. The andalusite + cordierite + biotite + muscovite + quartz + K-
feldspar + plagioclase paragenesis in the micaschists indicates a pressure of 2 + 1 kbar and a temperature of
575 £ 50° C during the metamorphism. Rb-Sr muscovite and biotite ages of a micaschist sample are 46 + 3
and 39 £ 1 Ma, respectively, similar to the 45.0 £ 0.2 Ma U-Pb zircon and Rb-Sr biotite ages from the
neighbouring pluton. Development of folds and a new foliation in the andalusite micaschists suggest regional
rather than contact metamorphism. The Eocene granitic magmatism and associated LP/HT metamorphism in
northwest Turkey have probably formed above a NE directed subduction zone located along the Vardar
suture.
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Kuzeybati Anadolu’ da Tersiyer yash magmatik etkinlik yaklagik B-D uzanimli granitik-granodiyoritik
plutonlarla temsil edilir. Yaklasik esyasl Ezine, Evciler, Kozak, Eybek, Orhaneli, Karakoca, Egrigéz, Baklan
granitik kiitleleri bu magmatik etkinligin plutonik fazlarmi olusturur. Bolgede kuzeyde Sakarya Kitast,
giineyde Menderes Masifi ve ikisinin arasinda yer alan izmir-Ankara Zonu kayalar1 bu granitik kiitleler
tarafindan Kesilir. Granitlerin yerlesimi bu ii¢ tektonik kusagm bir araya gelmesinden sonra olmustur. Bu
granit plutonlarmin hepsi s18 yerlesimlidir ve bazilan subvolkanik ve volkanik fazlar igerir.

Birbirleriyle kokensel olarak iliskili Egrigéz, Karakoca, Osmaniye granitik pliitonlart ve onlarin yan volkanik
ve volkanik fazlarn igeren Simav Magmatik Kompleksi bu ¢galisgmada incelenmigtir. Egrigéz, Karakoca ve
Osmaniye pliitonlar, granit, granodiyorit ve monzonit bilesimli, yiiksek potasyumlu kalk-alkali
karekterlidirler ve metaliimino 6zellik sunarlar (ASI=1). Hafif Nadir Toprak Element (LREE) i¢erigindeki
zenginlesme ve negatif yonelim, belirgin negatif Eu (Eu / Eu*<0,8), Sr ve Nb anomalileri ve Agir Nadir
Toprak Element (HREE) igerigindeki yaklasik yatay gidis Simav Magmatik Kompleksi kayalarmin kabuk
katkisinin fazla oldugu, az ayrimlagmis bir magmadan tiiremis I-tipi granitler oldugunu gosterir.

KB Anadolu’ da Kozak Magmatik Kompleksi (Altunkaynak ve Yilmaz, 1998; 1999), Ezine Pliitonu (Karacik
ve Yilmaz, 1998), Bayrami¢ Magmatik Kompleksi (Geng, 1998), Orhaneli Plittonu (Harris ve dig.., 1994),
Baklan Graniti (Aydogan ve dig., 2005) saha ozellikleri, jeokimyasal bilesimleri, ve yerlesim yasi
bakimindan Simav Magmatik Kompleksi ile benzerlikler gosterirler ve birlikte Sakarya Kitasi ile Menderes
Platformunun ¢arpigsmasini izleyen dénemde kabuk kalinlagmasina bagh olarak olugmus hibrid karekterli
magmanin s13 kabuk kogullarinda post-orojenik ortamda yerlesmis bir magmatik kusagi olustururlar. Bu
plutonlardan ayrintili jeolojik harita yapilmis olanlari tavan ¢okmesiyle yerlesmis s1g granitlerdir ve styrilma
zonuna yerlesmis “gekirdek kompleksi™ tiirii pliitonik kiitleler olamazlar.

ABSTRACT

Tertiary magmatic activity in NW Anatolia is represented by approximetely W-E trending grantic
granodioritic plutons. Ezine, Evciler, Kozak, Eybek, Orhaneli, Karakoca, Egrigoz, Baklan Plutons form the
plutonic phases of this activity. In NW Anatolia, the Sakarya Continent to the north, the Menderes Massif to
the south, and the Izmir-Ankara Melange Zone between them, are cut by the different Oligo-Miocene plutons.
All the granitic plutons in the area are shallow- seated, accompanied by the subvolcanic and volcanic suites,
and postdate the collision between the Sakarya Continent and the Menderes Platform.

The genetically related Egrigoz, Karakoca and Osmaniye plutons and their volcanic and subvolcanic
equivalents form the Simav Magmatic Complex that is located along the northern border of the Menderes
massif. Egrigoz, Karakoca and Osmaniye Plutons are granitic, granodioritic and monzonitic in composition
and high-K calc-alkali, metaluminous in nature (ASI=1). Enrichment in LREEs, significant negative Eu
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anomaly (Eu/Eu*<0,8), negative anomalies in Sr and Nb, flat HREE pattern show that the Simav Magmatic
Complex is I-type granitoids evolved from highly contaminated and less fractionated hybrid type magma.

In NW Anatolia Kozak Magmatic Complex (Altunkaynak and Yilmaz, 1998, 1999), Ezine Pluton (Karacik and
Yilmaz, 1998), Bayramic Magmatic Complex (Genc, 1998), Orhaneli Pluton (Harris et al., 1994), Baklan
Granite (Aydogan et al., 2005) show close similarities to the Simav Magmatic Complex in pint of field
occurences, geochemistry and emplacement age. They all form a W-E trending magmatic belt along the
northern border of the Menderes Massif. Magma was evolved from hybrid source that was formed because of
the crustal thickening following the closure of the Neotethys and emplaced in very shallow crustal
environment.

Deginilen Belgeler

Altunkaynak, S. ve Yilmaz, Y., (1998). The Mount Kozak magmatic complex, Western Anatolia. Journal of Volcanology
and Geothermal Research. 85, 211-231.

Altunkaynak, S. & Yilmaz, Y. (1999). The Kozak Pluton and its emplacement. Geological Journal: 34, 257-274.

Geng, S.C., (1998). Evolution of the Bayrami¢ magmatic complex. J. Volcanol. Geoth. Res. 85 (1-4), 233-249.

Aydogan, M.S, Akinci, O. ve Bozcu, M, (2005). Geochemical constraints on the petrogenesis of Baklan Granite (Usak,
Muratdag Region) Western Turkey: A High-K calc-alkaline metaluminous, I-type pluton-a prelimenary study-
International Symposiim on the geodynamics of the Eastern Mediterranean, Abstracts, 260.

Harris, N. B. W., Kelley, S., Okay, A.. I, (1994). Post-collison magmatism and tectonics in northwest Anatolia. Contrb.
Mineral. Petr. 117, 241-252.

Karacik, Z., Yilmaz, Y., (1998). Geology of the ignimbrites and the associatedvolcano-plutonic complex of the Ezine are,
northwestern Anatolia. J. Volcanol. Geoth. Res. 85 (1-4), 251-264

33



59. Tiirkiye Jeoloji Kurultay: Bildiri Ozleri, 20-24 Mart 2006, Ankara

Kuzeybati Anadolu’da Neo-Tetis Carpisma Zonu Boyunca Litosferik Dilim Kopmasindan
Tiiremis Ihca, Cataldag (Balikesir) ve Kozak (Izmir) Granitoyidlerinin Jeokimyasi ve
K-Ar Soguma Yaslan

Geochemistry and K-Ar Cooling Ages of the Ilica, Cataldag (Balikesir) and Kozak (Izmir)
Granitoids Derived from the Slab Break-Off along the Neo-Tethyan Collision Zone in
Northwest Anatolia, Turkey

Durmus BOZTUG ', Yehudit HARLAVAN %, isa CAN ?, Ramazan SARI %, S. Yilmaz SAHIN *,
Safak ALTUNKAYNAK °

! Cumhuriyet Univ. Jeoloji Miih. Béliimii, 58140 Sivas
? Geological Survey of Israel, 30 Malkhe Israel St. 95501, Jerusalem, Israel
* MTA Kuzeybati Anadolu Balge Miidiirliigii, Balikesir
* U, Jeofizik Miih. Bolimii, Aveilar, Istanbul
’ITU Jeoloji Miih. Bélimii, 80626 Maslak-Istanbul
boztug@cumhuriyet.edu.tr, y.harlavan@mail gsi.gov.il, b.kesir@mta.gov.tr, safak@itu.edu.tr

0z

KB Anadolu’da Sakarya kitasi ile Anatolid temel arasinda kuzeye dalan Izmir-Ankara-Erzincan (IAE)
okyanusunun olusturdugu IAE Sutur Zonunun hem kuzey hem de giineyinde bir ¢ok granitoyid
yiizeylenmektedir (Haris ve dig., 1994; Orgiin ve Aykol, 1997; Altunkaynak ve Yilmaz, 1998, 1999; Karacik
ve Yilmaz, 1998; Geng, 1998; Yilmaz ve dig., 2001). Bu granitoyidlerden Ilica (Balikesir) ve Kozak
(Bergama) granitoyidleri tipik olarak sadece yiiksek ve orta K’lu kalkalkalin, metalumino bilesimli I-tipi
granitoyid tiirii kayaglardan olusurken; Cataldag (Balikesir) granitoyidi ise haritalanabilir iki ayrt litolojik
birimden olusmaktadir. Bunlar, I-tipi bilesim sergileyen Cataltepe K-feldispat megakristalli granitoyidi ile
tipik olarak peralumino, S-tipi 6zellik gosteren iki mikali granitlerden olusan Turfaldag iki mikah granitidir.
Ilica granitoyidinde 4 adet hornblend (25.6+1.9 ile 37.9+0.1 My; Ust Eosen-Oligosen), Cataltepe K-feldispat
megakristalli granitoyidinde 6 adet biyotit (21.740.1 ile 25.9+0.5 My; Oligo-Miyosen), Turfaldag iki mikah
granitinde yine 6 adet biyotit (21.2+0.6 ile 21.9+0.6 My; Alt Miyosen) ve Kozak granitoyidinde ise 12 adet
hornblendtbiyotit karigim (14.6+1.0 ve 23.0+3.8 My; Alt-Orta Miyosen) K-Ar soguma yaslar1 vermistir.
Petrografik ve jeokimyasal calismalar bu kayaglardan I-tipi granitoyidlerin es yashi mafik ve felsik
magmalarm degisik magma karisim siiregleri sonucu olugan hibrid magmadan; S-tipi granitoyidlerin ise tipik
olarak kabuksal kokenli felsik magmadan kaynaklandigini géstermistir. Ayrica, I-tipi granitoyidlerin
tiimkayag jeokimyasal bilesimlerinde daima LILE, HFSE ve LREE bakimindan zenginlesme ve dalma-batma
zonu magmatizmasi ile metasomatizmaya ugramis manto malzemesi karakteristikleri de gézlenmektedir.

llica, Cataldag ve Kozak granitoyidleri bélgesel jeolojik konum icerisinde degerlendirildiginde, bu
granitoyidlerin, ¢arpisma sonrast litosferik dilim kopmasi mekanizmasiyla meydana gelmis olabilecekleri
sonucuna ulasiimaktadir.

Ozetle, Kuzeybati Anadolu’da TIAE sutur zonunun hem kuzey hem de giiney kesiminde Eosen / Oligo-
Miyosen yash degisik kékenli granitoyidlerin yerlesimi ve ydrede daha énceden tanimlanmis Oligosen yash

yiiksek dereceli metamorfizmanin varhg (Okay ve Satir, 2000; Pe-Piper ve Piper, 2001) ¢arpisma sonrasi
litosferik dilim kopmasi mekanizmasinin kanitlan olarak degerlendirilmistir.

ABSTRACT

There are various granitoids exposed along both of the northern and southern parts of the lzmir-Ankara-
Erzincan (IAE) suture zone generated in the post-collisional slab break-off stage of the north-dipping
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subduction of the IAE ocean between the Sakarya continent and Anatolide basement in the NW Anatolia,
Turkey (Haris et al., 1994; Orgiin and Aykol, 1997; Altunkaynak and Yilmaz, 1998, 1999: Karacik and
Yilmaz, 1998; Geng, 1998; Yilmaz et al., 2001). Among them, the Ilica (Balikesir) and Kozak (Bergama)
granitoid units consist mainly of I-type granitoids, whereas the Cataldag granitoid (Balikesir) comprise two
mapable lithological units such as the Cataltepe K-feldspar megacrystalline granitoid consisting of I-type
granitoids and Turfaldag two-mica granite composed solely of S-type, peraluminous two mica granites. Four
hornblende separates from the Illica granitoid yield K-Ar cooling ages ranging from 25.6+1.9 to 37.9+0.1 Ma
(Late Eocene to Oligocene). Six biotite separates from the Cataltepe unit determine the K-Ar cooling ages of
21.740.1 to 25.940.5 Ma (Oligo-Miocene); whereas another six biotite seperates from the Turfaldag unit
yield K-Ar cooling ages of 21.2+0.6 to 21.9+0.6 My (Early Miocene). Twelve mafic mineral separates
consisting of hornblendezbiotite extracted from the Kozak granitoid give K-Ar cooling ages ranging from
14.6+1.0 to 23.0+3.8 Ma (Early to Middle Miocene). Mineralogical-petrographical and geochemical studies
reveal that the I-type granitoids always show the enrichment in the contents of LILE, HFSE and LREE which
were derived from a hybride magma source generated Jrom mingling and mixing of coeval mafic and felsic
magmas with metasomatized mantle and subduction signatures; whereas the S-type granites derived from an
exclusively crustal felsic melt.

The local and regional geological setting and geochemistry of these granitoids seem to be good fit with the
derivation from a post-collisional slab break-off stage of the Neo-Tethyan collison zone which is also
accompanied by a regional metamorphism in NW Anatolia. The slab break-off mechanism seems also to
explain better the emplacement mechanism of these granitoids in an extensional setting which is induced from
an on-going compression during the buoyancy-driven detachment of the subducted denser oceanic
lithosphere from the lighter continental lithosphere which follows it during continental collision between
Sakarya continent and Anatolide basement. The advection of hot asthenosphere to the base of the continental
lithosphere can easily maintain partial melting of enriched metasomatic layers producing high-K calc-
alkaline magmas. The detachment and consequent rebounding of the continental lithosphere from the down-
pulling oceanic lithosphere triggers fast tectonic denudation that can induce regional metamorphism
accompanied by core-complex development. Thus, the Eocene to Oligo-Miocene emplacements of multi-
sourced granitoids in both of the northern and southern parts of the IAE suture zone, and the existence of a
high-grade crustal metamorphism in Oligocene (Okay and Satir, 2000; Pe-Piper and Piper, 2001) are
considered 1o be the evidence of the post-collisional slab break-off in NW Anatolia, Turkey.
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Pliitonlar, stoklar ve bir sill ile temsil edilen Giiney Marmara granitoidleri Triyas yagh metamorfik temel
kayalari igine yerlesmistir. Bu birimler Marmara denizi giiney kenar1 boyunca; Kapidag yarimadast, Karabiga
blgesi ve Avsa, Marmara adalarinda mostra vermektedir. Yaslari ge¢ Kretase —~Eosen’den Miyosen’e kadar
degisen granitoidler kuzeyde Eosen giineyde ise Miyosen granitoidleri olmak iizere iki ana gruba ayrilmistir.
Miyosen granitoidlerine volkanik iiriinler de eslik etmektedir.

Kenarlarinda aplogranitik bir kusak izlenen Kapidag pliitonu en biiyiik, giineyde yer alan Yenice stogu ise
topluluk igindeki en kiigiik kiitleyi olusturmaktadir. Giiney Marmara granitoidleri litolojik olarak
granadioritik, granitik bilesimli ve ince-orta tanelidirler. Mineralojik bilesimleri baghca kuvars, plajioklas,
horblend, K-feldispat ve az oranda biyotit’den olugmustur. Yan-yuvarlanmis mafik mikrograniiler anklavlar
ve ksenolitler oldukga yaygindir. Giiney Marmara granitoidleri jeokimyasal olarak; kalk-alkalen, orta- yiiksek
potasyumlu, metaluminus bilesimlidir. Granitoidlerde LIL elementler HFS elementlere gore bagil olarak
zenginlestir ve iz element paternleri volkanik yay ortamu ile garpisma sonrasi gelisen granitoidlere benzerlik
gostermektedir. Granitoidler yiiksek *’Sr/86%" (0.705-0.709) ve diisik '*Nd/'**Nd (0.51242-0.51261) izotop
degerlerine sahiptir. Magmatizmanin gelisiminde fraksiyonal kristalizasyonun ve bunun yanisira kabuksal
kirlenmenin etkileri izlenmektedir. Nd ve Sr izotopik degerleri modellendiginde tiiketilmis mantodan tiireyen
bazaltik magmann kitasal kabuk tarafindan (%40-50) kirletildigi anlagilmaktadir.

ABSTRACT

South Marmara granitoids are represented by the granitic plutons, stocks and sill that were emplaced within
the Triassic age metamorphic basement rocks. These are mainly exposed along the southern edge of the Sea
of Marmara and also in the Avsa and Marmara islands. The age of the granitoids varies between Late
Cretaceous-Eocene and Miocene, which differentiated into two main groups; Eocene granitoids in the north
and Miocene granitoids in the south. Miocene granitoids are intercalated with volcanic products as well.

The biggest pluton, the Kapidag pluton which is surrounded by aplogranitic belts along its edges, and the
smallest is the Yenice stock. South Marmara granitoids are granodioritic, granitic in composition and fine to
medium grained. It is essentially composed of quartz, plagioglase, hornblende and K-feldspar with variable
contents of biotite. Sub-rounded mafic microgranuler enclaves and xenoliths are very common in the
granitoids. South Marmara granitoids are calc-alkaline, medium to high-K, and metaluminous in
composition. Granitoids are characterized by enrichment in large ion lithophile elements (LILE) relative to
high field strength elements (HFSE). The trace elements pattern of the granitoids is similar to both volcanic-
arc (VAG) and post-collision (COLG) related intrusions. The granitoids have high *7Sr/86" (0.705-0.709)
and low "CNd/"*Nd (0.51242-0.51261). The evolution of the magmatism is affected by fractional
crystallization as well as crustal contamination. Nd and Sr isotopic compositions can be modeled as basaltic
magmas derived from depleted mantle, variably contaminated (40-50%) by continental crust.
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Inceleme alan1 Bati Anadolu’da Candarli Kérfezinin giineyi ile, giineyde Gediz deltasi, Menemen diizligi
arasinda yer alan Foga y6resini kapsamaktadir. Foga yéresi Bati Anadolu’nun geng volkanik kayalarmmn ve
¢okellerinin bir arada bulundugu ve geng yapisal unsurlarla iligkilerinin agik olarak izlenebildigi bir alandir.
Bu alanda kalk-alkali ve orta alkali volkanizma zaman ve mekanda ortakliklar sergilemektedir. Bu nedenle
Foga y6resi Bat1 Anadolu sikismali ve gerilmeli tektoniginin evrimi konusunda énemli veriler saglayabilecek
bir alan niteligindedir.

Inceleme alaninda yer alan volkanik kayalar bazalttan riyolite kadar degisen bilesimler sergiler. Kalk-alkali
nitelikli, yiiksek potasyumlu felsik-notr bilesimli volkanik kayalar istifin alt kesimlerini olusturur. Bunlar
andezit-latit-bazaltik andezit, riyolit tiirii lav ve bunlarla iligkili piroklastik kayalardan olusur (Savasgin, 1978;
Savageimn ve Dora, 1979; Kaya ve Savascgin, 1981; Savasgn ve Giileg, 1990; Altunkaynak ve Yilmaz, 2000;
Akay ve Erdogan, 2004; Altunkaynak 2004). Andezit ve riyolitlerde bulunan biyotitlerden elde edilen 40Ar-
39Ar radyometrik yas verilerine gore farkh bilesimdeki bu lavlar es yashdir (16.6-16 My).

Bu magma topluluklarmin yiikseldigi veya yiizeylendigi zayiflik zonlari, gogun KKD-GGB gidisli faylardir
(Altunkaynak ve Yilmaz, 2000; Akay ve Erdogan 2004; Altunkaynak, 2004). Bunlar ayn1 zamanda Erken
Miyosen ¢okel kayalarini da simirlayan fay sistemleridir. Bu nedenle bu kiriklar boyunca yiikselen ve dizilen
volkanik ¢ikis merkezleri, bolgedeki Erken Miyosen gélsel havzalarmi simirlamistir. Volkanik gereg ise golsel
¢okellerle girik yada ardalanmali olarak gelismistir. Volkanik ¢ikis merkezleri boyunca, lavlar egemendir.
Buradan uzaklasildik¢a piroklastik akma ve daha uzakta piroklastik yagis birimleri gol c¢okelleriyle
ardalanmstir.

Mafik volkanik kayalar Foga ydresinde nispeten daha geng volkanik aktiviteyi temsil eder. Bunlar bazalt,
bazaltik andezit, hawaiyit ve fonolit niteligindedir (Savas¢m, 1978,1990; Kaya ve Savasgmn, 1981;
Altunkaynak ve Yilmaz, 2000; Akay ve Erdogan 2004, Altunkaynak, 2004). Mafik lavlar genel olarak K-G
yonlii faylar boyunca yiikselerek, dayklar ve seyrek olarak lav akintilan halinde tiim volkanik diziyi kesip,
ortmektedir. Mafik lavlar jeokimyasal olarak alt topluluktan farklidir ve alkalen (orta-alkali) niteliklidir. Bu
gruba ait bazalt ve fonolitlerden elde edilen 40Ar-39Ar radyometrik yas belirlemesi bu lavlarin 15.2-14.1 My
(Orta Miyosen) yasinda olduguna isaret etmektedir.

Foga volkaniklerinden elde edilen radyometrik yas verileri, ana, iz element, Sr ve Nd izotop verileri Bati
Anadolu’da yer alan diger volkanik kayalarla birlikte degerlendirildiginde gerek notr-felsik volkanik
toplulugun gerekse mafik volkanik toplulugun zenginlesmis litosferik manto kaynagindan tiiremis, kita
kabugundan kirlenmis melez bir bilesime sahip oldugu gériinmektedir. Ancak Orta Miyosende kabuksal
kirlenme azalmakta ve astenosferik manto katkist giderek artmaktadir. Gerek astenosferik manto katkisindaki
artis, gerekse inceleme alaninda gézlenen az gok esyash kalk-alkali ve alkali volkanizma ile belirgin bimodal
volkanizma “kita alti litosferik mantonun kismen yada tamamen giderilmesi (lithospheric delamination
ve/veya partial convective removal of the subcontinental lithospheric mantle) mekanizmalan ile agiklanabilir.
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ABSTRACT

The study area in the Foga region is situated between the Gulf of Candarli and the Menemen Plain in western
Turkey where the spatial and temporal relations between the post-collisional volcanic rocks, Cenozoic
sedimentary formations, and fault systems are well exposed. The spatial and temporal relations between the
calcalkaline and mildly alkaline rocks in this region provide significant clues about the timing and nature of
compressional and extensional tectonics in the Cenozoic western Anatolia.

The post-collisional volcanic associations in the Foga region range in composition from basalts to rhyolites.
High-K, calcalkaline intermediate to felsic rocks constitute the oldest volcanic units and consist of andesitic,
latitic, basaltic andesite, and rhyolitic lavas and pyroclastic rocks (Savas¢in, 1978; Savascin and Dora, 1979;
Kaya and Savas¢in, 1981, Altunkaynak and Yilmaz, 2000; Akay and Erdogan, 2004; Altunkaynak 2004). The
40A4r/394r ages (16.6 — 16 Ma) of andesitic and rhyolitic rocks indicate that these compositionally different
volcanic units were coeval. This stage of volcanism was associated with NNW-SSE-trending fault systems
(Altunkaynak and Yilmaz, 2000; Akay and Erdogan 2004, Altunkaynak, 2004) that were also bounding local
lacustrine depocenters in the region. Pyroclastic rocks become more dominant away from these fault-
controlled volcanic sources, which are predominantly made of lava flows.

Mafic volcanic rocks are less common in the Foga region and represent the youngest phase of magmatism the
area. Mostly as lavas, these mafic rocks are composed of basaltic andesite, hawaiite, mugearite, nepheline-
olivine basalt, and phonolite (Savas¢in, 1978, 1990; Kaya and Savas¢in, 1981, Savas¢in and Dora, 1979;
Savas¢in and Giileg, 1990, Altunkaynak and Yilmaz, 2000; Akay and Erdogan, 2004, Altunkaynak, 2004) and
appear to be spatially associated with N-S-trending fault systems. These rocks are mildly alkaline in
character and reveal 40Ar/39A4r ages of 15.2 — 14.1 Ma.

The geochemical and Sr, Nd isotopic features of the Foga volcanics suggest that their hybrid magmas were
derived from partial melting of the subcontinental lithospheric mantle and that they were contaminated by the
continental crust. The inferred crustal contamination appears to have been diminished by the Middle
Miocene, while the asthenospheric mantle source became more dominant. These findings, combined with the
bimodal character of the post-collisional volcanism in the study area, suggest that the geochemical changes
in the nature of volcanism from calcalkaline to alkaline through time may have been caused by lithospheric
delamination and/or partial convective removal of the subcontinental lithospheric mantle beneath western
Anatolia.
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Diinyanin en iyi bilinen gerilmeli basenlerinden biri olan Bati Anadolu bdlgesi, orta- ve yiiksek-entalpili
sahalar ile karakterize olan yaygm bir jeotermal etkinlige sahiptir. Jeotermal akigkanlarin helyum(He)-izotop
bilesimleri, manto (*He/*He = 0.8%10” ; Farley and Neroda, 1998) ve kabuk (CHe/*He = 107-10"%; Andrews,
1985) bilesenleri arasindaki bir karigimi yansitmakta ve bu karisimdaki mantosal-He bileseni % 0.58 ile % 45
arasinda degismektedir. Yiiksek 1s1 akisi genellikle yiiksek mantosal-He katkisiyla eslenmekte ve en yiiksek
degerler Biiyiik Menderes Grabeninin (BMG) dogu segmentinde kaydedilmektedir. Bati Anadolu’da 1s1 ve
helyum akist arasindaki bu pozitif iliski, her nekadar Tiirkiye genelindeki iliskiye (Giileg vd., 2002)
uymuyorsa da, diinya genelindeki egilime (Polyak and Tolstikhin, 1985) paralellik sunmakta ve gerek 1s1
gerekse helyum transferinin aym mekanizma ile gergeklesmekte oldugunu diisiindiirmektedir. Kula
Kuvaterner volkanizmasi civarinda yiiksek 1s1 akist ile eslenen *He/*He degerlerinin, Bati Anadolu bélgesinde
kaydedilen yiiksek degerler arasinda yer almasi, sdzkonusu transfer mekanizmasinin, bolgedeki giincel
gerilmeye eslik eden manto ergime siireciyle iligkili olduguna isaret etmektedir. BMG haricinde, yiiksek-
entalpili jeotermal sahalarin gogunun (Afyon, Urla-Seferihisar, Tuzla-Canakkale) geng alkali volkanikler ile
alansal birliktelik sergilemesi bu savi destekler niteliktedir. Ancak, en yiiksek anomalilerin kaydedildigi
BMG’nde (grabenin bati (Soke) ve giineydogu (Denizli) ucundaki kiigiik yiizlekler hari¢) volkanik etkinligin
gozlenmemesi, transfer siirecinin, volkanik etkinlikler yaninda, volkanik eslenigi bulunmayan plutonik
etkinlikler ile gerceklestigini diisiindiirmektedir. Bu baglamda, Bati Anadolu blgesinde kaydedilen *He/*He
degerlerinin kapsadigi genis degisim araligi (% 0.58 - % 45 mantosal-He bilegeni) lokal gerilme hizlan ve
(mantosal) ergime miktarlan ile iligkilendirilmektedir. Kula volkanikleri ig¢in Richardson-Bunbury (1996)
tarafindan verilen ve 300 km?®’lik bir alanda Sm/my ergime miktarina kars1 gelen 10 m’lik lav kalmhg baz
alindiginda, Kula’da (*He/*He=3.92*10°) ve BMG dogu segmentinde (*He/*He=5.05*10"°) kaydedilen
helyum bilesimleri arasinda yapilan bir karsilastirma, BMG ndeki mantosal-He akisini (2.85 * 10'% atoms m”
s) karsilamak igin gerekli ergime miktannn (yaklasik 300 km®’lik bir alan igin) 8m/my™1 gegemeyecegi
ortaya koymaktadir. Bu durum, lokal gerilme hizlar arasindaki farkin fazla olmadigini ve degerlerin bélgesel
gerilme faktorleri (B=1.2-1.3; Makris and Stobbe, 1984; McKenzie and Yilmaz, 1991; Taymaz, 1996) i¢inde
kaldigin1 gostermektedir. Bati Anadolu’da gerilmeli tektonik rejim - magmatizma - 1s1 akist - helyum akisi
arasindaki iligkilerin daha saglikli ve niceliksel olarak degerlendirilebilmesi, bu asamada (entalpi verilerinin
tersine) noktasal veriler ile simirli bulunan helyum izotop bilesimlerinin bélgesel Glgekte dagilimimin
belirlenmesiyle miimkiin olabilecektir. Bununla birlikte, ¢ahsma bulgulari, BMG dogu segmentinin, aktif
tektonik ile ilgilenen ¢esitli disiplindeki aragtirmacilar igin hedef alan oldugunu gostermektedir.

ABSTRACT

Western Anatolia, one of the world’s best known extensional basins, has a widespread geothermal activity
characterized by the presence of moderate- to high-enthalpy fields. Helium (He)-isotope compositions of
geothermal fluids reflect mixing between mantle (He/'He = 0.8*10°; Farley and Neroda, 1998) and crustal
(He/'He = 107-10°; Andrews, 1985) components, the former ranging between 0.58 % and 45 % of the total
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helium in a given sample. High heat flow is generally accompanied by high mantle-He contribution, and the
highest values for both are recorded along the eastern segment of the Biiyiik Menderes Graben (BMG). This
positive correlation between heat and helium in western Anatolia, although contrary to the overall
distribution pattern in Turkey (Giileg et al., 2002), is in agreement with the worldwide trend (Polyak and
Tolstikhin, 1985) and suggests similar mechanisms for the transfer of heat and helium. The fact that *He/'He
ratios recorded in the vicinity of the Quaternary Kula volcanics are amongst the highest reported for western
Anatolia, along with the fact that these high ratios are accompanied by high heat flow values, point to a
connection between the transfer mechanism and the mantle melting accompanying the current extension in
western Anatolia. This argument is supported by the observation that except in the BMG, most of the high-
entahlpy fields of western Anatolia (Afyon, Urla-Seferihisar, Tuzla-Canakkale) are spatially associated with
the young alkaline volcanics. Moreover, the lack of volcanic exposures along the BMG  (except at its western
(Soke) and southeastern (Denizli) terminations) where the highest anomalies are recorded further suggests
that the transfer of heat and helium may be accomplished not only by volcanic activities but also via plutonic
activities with no surface equivalents. In this respect, the large range of *He/'He ratios recorded in western
Anatolia (0.58 % to 45 % mantle-He component) can be linked with the differential (local) extension rates
and the associated (mantle) melt generation. Based on the thickness of lava flows (10 m) reported by
Richardson-Bunbury (1996) for the Kula volcanics pointing to about 5 m thick melt generation per Ma over
an area of about 300 km’, a comparison between the helium compositions recorded from Kula
(‘He/'He=3.92%10"°) and the eastern segment of BUG (*He/'He=5.05%10°) suggests that the estimated melt
thickness required to satisfy the mantle-He flux in the BMG (2.85 * 10" atoms m™ s7') is not likely to exceed
8m/Ma over the same area. This indicates that the differences in the rates of extension are not significant,
being in the range of the overall extension factor (f=1.2-1.3; Makris and Stobbe, 1984, McKenzie and
Yilmaz, 1991; Taymaz, 1996) reported for western Anatolia. A better and a more quantitative assessment of
the relationship amongst extensional regime — magmatism - heat flow - helium flow in western Anatolia
requires a better coverage, over the whole region, of the He-isotope data which, unlike the heat data, appear
to be currently restricted to point samples. Nevertheless, the present study suggests the eastern segment of the
BMG as a target locality for further studies from various disciplines concerned with active tectonics.
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Bati Anadolu’daki Erken Miyosen yasli havzalar iizerinde yapilan son ¢aligmalar, bu havzalarm diigiik agili
normal faylarm kontroliinde gelistigini géstermektedir. D-B uzanimli grabenler (Gediz ve Biiyiik Menderes
havzalan) genellikle tortul bir istife sahip oldugu halde KD-uzanimli havzalar (Selendi, Gordes, Demirci,
Bigadi¢ ve Usak-Giire havzalar) volkan-osedimanter istiflere sahiptir (Seyitoglu, 1997; Bozkurt ve Sozbilir,
2004; Erkiil ve dig., 2005; Purvis ve Robertson; 2005). D-B grabenleri kontrol eden faylar ve tortullar
arasindaki iliskiler agikhk kazandigi halde, KD-uzammli havzalan kontrol eden faylar ve volkano-sedimanter
istiflerin bu faylarla olan iliskileri konusunda ¢alismalar gok kisithdir (Bozkurt, 2003). Bu ¢alismada Selendi
Havzasinda goriilen volkanizma, tortullasma ve diisiik agih normal faylanma arasindaki iligkiler ortaya
konulacaktir. ‘

Selendi Havzasmin temelini, Menderes Masifi metamorfikleri ve magmatik kayaglar ile Izmir-Ankara Zonu
kayaglan olusturur. Bu temel iizerinde, birbirlerinden agisal uyumsuzlukla ayrilan iki volkano-sedimanter istif
bulunur. Bunlar Oligosen-Erken Miyosen yash Hacibekir Grubu ve Orta Miyosen (?) yash inay Grubu’dur.
Her iki istif de farkh bilesimlerde volkanik arakatkilar igerir.

Hacibekir Grubu igerisindeki volkanik kayaglar dnceki gahsmalarda kalk-alkali felsik volkanikler seklinde
tanimlanmustir. Sedimentasyonla yasit kalk-alkali volkanik kayaglara ek olarak ilk kez bu caligmada
Hacibekir Grubu’nun kirmtih kesimlerinde alkali lav akmalari haritalanmustir. Jeokimyasal verilere gore bu
kayaglarm K,0 ve MgO igerikleri sirasiyla % 6.67-6.83 ve %5.60—5.86 olup oldukga yiiksektir. Kayaglarin
ayrica K,0 / Na,O oranlan da yiiksek olup %3.64-4.35 arasinda degisir. Jeokimyasal ozelliklere gore
ultrapotasik ve muhtemelen lamproitik olarak simiflandinlabilinecek bu mafik kayaglar olasilikla metasomatik
bir mantonun ergimesinden olugmustur. Diger taraftan, Hacibekir Grubu’nu uyumlu iistleyen kalk-alkali
kayaglar dasitik — riyolitik bilesimlere sahiptir.

Hacibekir Grubu, Menderes Masifi metamorfiklerini tektonik bir hat boyunca yapisal olarak iistlerken, Inay
Grubu tarafindan uyumsuzlukla iizerlenir. Selendi Havzasmin dogu kenar boyunca yiizlek veren fay, taban
blogunda siiniimlii deformasyona ugramig olan Menderes Masifi metamorfikleriyle tavan blogunda gevrek
deformasyona ugramis olan {zmir-Ankara zonu kayaglarim yanyana getirmistir. Taban blogu kayaglar once
siinek sonrasinda da kataklastik deformasyona ugramis sin-tektonik granitler, granath mika sistler, ve
gnayslardan olugur. Kinematik veriler bu faym KD’ya dogru hareketi simgeleyen bir makaslama kusagi
oldugunu gosterir. Deformasyonla yagit granit bolgedeki kalk-alkali volkanik kayaglar ile benzer jeokimyasal
dzelliklere sahiptir.

Tiim bu veriler, siyrilma faymimn taban blogunda gelisen deformasyon ile granit sokulumunun tavan
blogundaki bimodal volkanizma ve sedimantasyonla es zamanh olarak Menderes Masifi'nin orojenik ¢okiisii
sirasinda meydana geldigini seklinde yorumlanmustir.
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ABSTRACT

Recent studies on the Early Miocene basins of western Anatolia show that the development of such basins was
controlled by presently low-angle normal faults. E-W-trending grabens (e.g., Gediz and Biiyiik Menderes
basins) are characterized mainly by sedimentary deposits whilst NE-trending ones (Selendi, Gérdes, Demirci,
Bigadi¢ and Usak-Giire basins) present several volcano-sedimentary successions (Seyitoglu, 1997, Bozkurt
ve Sozbilir, 2004; Erkiil ve dig., 2005; Purvis ve Robertson; 2005). Although the relationships between
graben-bounding faults and sedimentation are well established in the E~ W-trending grabens, the published
data about the relationship between tectonic elements and the basin Sfill in the NE-trending basins is limited
(Bozkurt, 2003). This study therefore aims to document evidence that bears on the close-genetic relationship
between the volcanism, sedimentation and presently low-angle normal fault in the Selendi Basin.

The basement of the basin consists of Menderes Massif metamorphics and magmatic rocks and tectonically
overlying lzmir-Ankara Zone rocks. They are overlain structurally by two volcano-sedimentary successions,
separated by an angular unconformity. These are Oligocene—Lower Miocene Hacibekir Group and Middle
Miocene (?) Inay Group. These two units interfinger with volcanic units of different chemical composition.

The syn-sedimentary volcanic units within the Hacibekir Group were previously described as calc-alkaline
character. In addition to these volcanics, we mapped, for the first time, alkaline lava Sflows intercalated with
the clastic part of the Hacibekir Group. Geochemical data show that the mafic lava flows have high K,O and
MgO contents; 6.67—6.83wt% and 5.60—5.86 wt%, respectively. The K-O / Na,O ratios of analyzed samples
are also high, ranging between 3.64 and 4.35 wt%. These chemical characteristics are consistent with
ultrapotassic, most probably a lamproitic composition. We suggest that the mafic lava flows might have been
Jormed from the melting of the metasomatic mantle. On the other hand, the calc-alkaline lavas conformably
above the Hacibekir Group are represented by dacitic and rhyolitic-compositions.

The Hacibekir Group is unconformably overlain by the Inay Group, but it has a Sault contact with the
structurally underlying Menderes Massif metamorphics. This fault exposes along the eastern margin of the
Selendi Basin and juxtaposes the brittlely-deformed [zmir-Ankara zone rocks in the hanging wall against the
ductilely-deformed Menderes Massif metamorphics in the footwall. The footwall is composed of syn-tectonic
granite emplaced into well-foliated garnet-bearing mica schists and gneisses; cataclastic deformation
becomes pronounced in the upper parts of the footwall rocks. Kinematic data reveal that the sense of shear
associated with the fault is top-to-the-NE. Geochemical data from the syn-extensional granite show similar
Jeatures to those of the calc-alkaline volcanic units in the Hacibekir Group.

The present data suggests that deformation and intrusion of syn-extensional granite in the Jfootwall indicate
that the low-angle normal faults were accompanied by sedimentation and bimodal volcanism in the hanging
wall during orogenic collapse of the Menderes Massif.
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Bati Anadolu’da Sakarya kitasi igerisinde ¢arpisma sonras 6zellikte irili ufaklh pek gok granitoyidik sokulum
yer almaktadir. Bunlardan en batida Kestanbol pliitonu (Ezine Batisi-Canakkale) ve en doguda Kaymaz
pliitonu (Eskigehir) ele alinip incelendiginde, bu pliitonlarin, radyoaktif element igerikleri bakimindan
benzerlik sunduklan gézlenmektedir.

Kestanbol pliitonu litolojik olarak homojen olup, kuvars monzonit ve monzogranit tiirii kayaglardan
olugmaktadir. Kestanbol pliitonunda bulunan ¢esitli yonlerdeki catlak diizlemleri boyunca pek ¢ok aplit,
pegmatit, lamprofir ve mafik dayklarin yerlesmis oldugu gozlenir. Pliiton, metamorfik temel kayalari igine
sokulmus ve temel kayaglarla dokanaginda kontakt metamorfizma zonu gelistirmistir (Karacik ve
Yilmaz,1998). Kestanbol pliitonunda mafik magmatik enklavlar (MME) bol miktarda gézlenmektedir
(Yilmaz Sahin ve dig., 2004). Kaymaz pliitonu ise, granit bilesiminde olup, metamorfik ve ultrabazik kayaglar
icerisine sokulmus, keskin morfolojik yapist ve ¢ok iyi gelismis granit tektonigi ile dikkat gekici elipsoidal
bigimli kiigiik bir pliitondur (Orgiin ve dig., 2003). Sokulumun 6zellikle giiney kontaginda yaygim yiiksek
sicaklik metamorfik kusak ve hidrotermal alterasyon zonu geligmis olup, bu zon boyunca pek ¢ok kuvars
daman tarafindan kesilmistir.

Kestanbol pliitonu tiim kristalli, orta-kaba taneli, K-feldispat magakristallerinin varligindan dolay1 yer yer
porfirik dokulu iken; Kaymaz pliitonu tiim kristalli, orta-iri taneli ve homojen yapilidir. Mineralojik bilesim
olarak da degisik oranlarda kuvars, alkali feldispat, plajiyoklaz, biyotit, hornblend minerelleri igermektedirler
Ayni zamanda pliitonlardaki yiiksek radyoaktivitenin de kaynagi olan radyojenik 6zellikli zirkon, allanit, torit
ve uranotoriyanit, apatit ve sfen, gibi aksesuar mineralleri her iki pliitonda da bol miktarda bulunmaktadir
(Andag, 1973; Orgiin ve dig., 2005).

Jeokimyasal olarak Kestanbol pliitonu orta diizeyde SiO, (% 59.88-67.52), yiiksek K,O (% 4.07-4.95), yiiksek
CaO degerlerine (% 3.09-5.21) ve orta degerde Al,O; degerlerine (%14.75-16.24) sahip olup, metalumino,
yiiksek K’lu kalkalkalin bir 6zellik géstermektedir. Kaymaz pliitoinu kayag 6rnekleri ise, yiiksek SiO, (%
73.50-75), yiiksek K,O (% 4.61-5.35), diisiik CaO degerlerine (% 0.43-1.11) ve daha diisiik Al,0; degerlerine
(%13.13-13.56) sahip, kismen peraliimino, yiiksek K’lu kalkalkalin 6zellikler sergilemektedir. Kestanbol ve
Kaymaz pliitonlari, normallestirme diyagramlarinda, benzer 6zellikler sunmakta olup, LIL elementler (Cs,
Rb, Ba, Th, U, K vb.), HFS elementlere (Nb, Y, Zr, Ti vb.) gore zenginlesmis olup bu 6zellik REE
normallestirme diyagramlarinda LREE (Ce, La, Nd, vb.) zenginligi ile desteklenmektedir. Her iki birimde de
zayif negatif Eu anomalisi, feldispatlarin farksiyonlanmasini (Rollinson, 1993) gostermektedir. Pliitonlar
bolgesel jeolojik konum igerisinde degerlendirildiginde, jeotektonik ortam olarak ¢arpigsma sonrast bir
petrojenez mekanizmasiyla uyumluluk gostermektedirler.

Radyoaktivite ozelligi bakimindan pliitonlar degerlendirildiginde (Orgiin ve dig., 2005), Kestanbol
pliitonunda U, Th ve K degerleri Kaymaz pliitonundan diisiiktiir, buna bagl olarak aktivite konsantrasyonlar
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da diisiiktiir. Kaymaz pliitonu U ve *U acisindan zengin, buna karsin Kestanbol pliitonu Th ve **Th
agisindan zenginligi goze ¢arpmaktadir. Bu 6zellik ise tamamiyla pliitonlarin silise doygunluk dereceleriyle
iligkilidir. Kestanbol pliitonunun U, Th ve K igerigi sirasiyla 7.3 -17.4 ppm (orta. 12.39) 29.9 -79.9 ppm
(ortalama 53.39) ve 2.66 5. 40 % ag. (ortalama 4.64 %) araliklarinda degismektedir. Kaymaz pliitonunda
ortalama U, Th ve K degerleri ise 9.8-26.8 ppm (ortalama 16.61 ppm), 43.5-59.4 ppm (ortalama 49.94 ppm)
ve % 4.64 dir. Kestanbol pliitonunda **U, ***Th ve **K aktivite konsantrasyon araliklart, sirastyla, 90.7 -360.6
(ortalama 174.78), 110.2- 340.8 (ortalama 204.69) ve 671.1-1572.3 (ortalama 1171.95) Bq kg dir. Kaymaz
pliitonunda >**U, *Th ve “K aktivite konsantrasyon araliklan sirastyla Bq kg™ cinsinden 306.48, 248.01 ve
1265.64 olarak olgtilmiistiir.

ABSTRACT

There are a lot of large and small granitic plutons with post-collisional character within Sakarya continent in
Western Anatolia. Kestanbol pluton (Ezine-Canakkale) and Kaymaz pluton (Sivrihisar, Eskigehir) take place
in the western and eastern parts of the Sakarya continent, respectively. It is suggested that these plutons are
similar to each other due to radioactive element composition.

Kestanbol pluton which is cross-cut by a set vein-dykes of aplite, pegmatite, lamprophyre and mafic vein
rocks, has homogenous character, composed of quartz monzonite and monzogranite rocks. Aplite, pegmatite
and lamprophyre dykes cross-cut the pluton along the joint system in different directions. Kestanbol pluton
was intruded into regionally metamorphic basement rocks, and formed a contact metamorphic aureole
(Karacik and Yilmaz, 1998). Mafic magmatic enclaves (MME) are common in Kestanbol pluton (Yilmaz et
al., 2004). Kaymaz pluton, a small ellipsoidal pluton, is granitic composition and intrudes metamorphic and
ultrabasic rocks (Orgiin et al., 2005). It is remarkable with its morphology and well-developed tectonic
features. In the southern contact of the pluton a zone of high temperature contact metamorphism and
hydrothermal alteration is cut by several quartz veins.

Kestanbol pluton is holocrystalline, medium to coarse-grained, generally granular, uncommonly of
porphyritic texture due to existence of K-feldspar magacrystals. The Kaymaz pluton is holocrystalline,
medium to coarse grained and of homogenous character. Mineralogically these plutons consist of quartz,
plagioclase, biotite and hornblende. The accessory minerals such as zircon, allanite, thorite, uranothorianite,
apatite and sphene, which are known to be radiogenic minerals, are common in the plutons and they are also
main sources of the radioactivity in the plutons.

Kestanbol pluton has intermediate SiO2 (59.88-67.52 wt %), high K20 (4.07-4.95 wt %), high CaO (3.09-
5.21 wt %) and middle A1203 (14.75-16.24 wt %) values. In terms of geochemical properties, the Kestanbol
pluton has high-K calc-alkaline character. The SiO2 (73.50-75 wt %) and K20 (4.61-5.35 wt %) contents of
the Kaymaz pluton are higher than the Kestanbol, otherwise, CaO (0.43-1.11 wt %) and A1203 (13.13-13.56
wt %) are lower than that. Therefore the Kaymaz pluton is partly peraluminous and has high-K calc-alkaline
properties. Both plutons have similar properties in normalized diagrams. LIL elements (Cs, Rb, Ba, Th, U, K)
enriched according to HFS elements (Nb, Y, Zr, Ti). REE patterns show that Kestanbol and Kaymaz plutons
are enriched in light REEs (LREEs) relative to heavy REEs, have a weak negative Eu anomaly and are less
fractionated feldspars (Rollinson, 1993). When these plutons are evaluated within the regional geotectonic
setting, they have post-collision feature.

Natural radioactivity of rocks is composed of primordial radionuclides (40K, and radionuclides from 238U
and 232Th series). U, Th and K contents and activity concentrations of Kestanbol pluton are lower than the
Kaymaz pluton (Orgiin et al., 2005). Kaymaz pluton is rich in U and 238U, otherwise, Kestanbol pluton is
rich in Th and 232Th. This is related to degree of silica oversaturation of the plutons. The U, Th and K
contents of samples from the Kestanbol pluton were found to be 7.3 -17.4 ppm (av. 12.39 ppm), 29.9 -79.9
ppm (av. 53.39 ppm) and 2.66 —-5.40 (av. 4.64 wt %), respectively. U, Th and K values of Kaymaz pluton are
9.8-26.8 ppm (av.16.61 ppm), 43.5-59.4 ppm (av. 49.94 ppm) and % 4.64, respectively. The activity
concentrations of 238U, 232Th and 40K of the samples from the Kestanbol granitoid are 90.7 -360.6
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(av.174.78), 110.2- 340.8 (av.204.69) and 671.1-1572.3 (av.1171.95) Bq kg-1,0n the other hand in the
Kaymaz granitic samples 306.48, 248.01 and 1265.64 Bq kg-1, respectively.
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Ulukisla Havzast Ust Kretase-Orta Eosen yas araligindaki derin deniz sedimanlan, pelajik karbonatlar ve
bunlarla ardigikli olarak gelismis volkanik kayaglar ile bu istifi kesen diyoritik, monzonitik ve trakitik
dayklardan olusan kalin bir istif sunar. Bu havzanm evrimi ile iliskili olarak farkh gortigler ileri
sirilmektedir: Gériir ve dig. (1998) Ulukisla Havzasmim Bolkar karbonat platformu ile Kirsehir-Nigde
mikrolevhasi arasindaki I¢ Torid Okyanusunun kuzeye dogru yitiminin sonucu olarak yayénii bir havza olarak
gelismis oldugunu ileri siirerken bazi arastiricilar da bu havzanm Neotetisin kapanmasindan sonra Torid-
Anatolid platformu iginde ¢arpigma sonrasi genisleme (Génciioglu ve dig., 1991; Cemen ve dig, 1999) veya
transtansiyonel tektonik rejim sonucu (Dirik ve dig., 1999) olustugunu savunurlar. Clark ve Robertson (2002)
ise Ulukisla Havzasinin I¢ Torid Kenet zonu iizerinde geniglemeli tektonizma etkisinde gelisen bir havza
oldugunu belirtmislerdir. Bu ¢alismada Ulukisla Havzasi igerisinde gozlenen volkaniklerin ve intriizif
dayklarin jeokimyasal ozelliklerinden elde edilen sonuglardan gidilerek havzanin evrimine petrolojik bir
yaklagimda bulunulacaktir,

Ulukisla Havzasi iginde yiizeylenen geg Ust Kretase-Liitesiyen yash volkano-sedimanter istifi olugturan farkh
litolojik 6zellige sahip birimler asimetrik havza gelisimini isaret etmektedir. Ulukigla Havzasi, erken Ust
Kretase yasli Alihoca Ofiyoliti iizerinde konglomeralarla baslamakta ve iiste dogru sedimanter birimlerle
ardisikli olarak gelismis alkali karakterli bazaltik bilesimli yastik lavlariyla devam etmektedir. Havzanimn
giiney kisimlaninda, yersel olarak kirmizi renkli, Kampaniyen-Maastrihtiyen yash pelajik kiregtaslanmmn
varhigi tespit edilmistir. Havzanin kuzey kesiminde ise derin denizel kiltaslar iizerinde Tanesiyen yash resifal
kiregtaglari ile ardalanmal massif lav akintilan gézlenmistir. Uste dogru ultrapotasik karakterli lav akintilar
yiizeylemektedir. Bu dénemi takiben havzanm orta kesimlerinde Liitesiyen yash yama resiflerinin olustugu
gozlenmistir. Bu evrede kuzey-giiney yonlii stkismanimn etkisiyle havza daralmaya baglamis ve havzanm orta
kesiminde bindirme fayr gelismistir. Bu bindirme fayi ile iliskili olarak kalk-alkali karakterli diyoritik dayklar
kuzeydogu-giineybati dogrultusunda yerlesmistir. Diyoritik  dayklarm yerlesimini sonras dogu-bati
dogrultulu ve sosonitik karakterli monzonitik dayklar ile bunlarn fraksiyonlanma iiriinleri olan trakitik
dayklarin gelistigi izlenmektedir. Bu dayklarm yerlesim yaslar jeolojik veriler dikkate alinarak Eosen sonrasi
olarak kabul edilmistir. Tiim bu dayklar ise havzadaki magmatik aktivitenin son iiriinleri olan ultrapotasik
karakterli bazik dayklar kesmektedir. Ulukisla havzasi igerisinde gézlenen tiim magmatik kayaglarm iz
element profilleri biiyiik iyon yaricaph elementlerde nemli 6lgiide zenginlesme ve kahicihigr yiiksek
elementlerde ise tiiketilme oldugunu géstermektedir. Volkanik kayaglardan elde edilen izotopik bilesimler, bu
volkanizmaya kaynaklik eden koken bélgenin yitim siiregleriyle bilesimi degistirilmis olan litosferik mantoyu
isaret etmektedir.

Bu veriler Ulukisla havzasinda gézlenen magmatik iiriinlerin bir yay ile iliskili olmadigmi, Neotetis’ in

kapanmasini izleyen evrede Ust Kretase-Alt Paleosen dénemindeki genislemeli tektonik rejimle iligkili olarak
gelistigini ve havzanin Eosen’ den itibaren kapanmaya bagladigint géstermektedir.
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ABSTRACT

Ulukisla Basin includes a very thick succession of deep-sea sediments and pelagic carbonates which are
associated with volcanic-volcanoclastic rocks of Upper Cretaceous—Middle Eocene age. The whole sequence
is also intruded by numerous dykes, dioritic, monzonitic and trachytic in composition. There are different
interpretations dealing with the evolution of this basin. One interpretation assumes that it was formed as a
Jore-arc basin resulting from northward subduction of the Inner Tauride Ocean between the Bolkar
Carbonate Platform to the south and Nigde-Kirsehir micro-continent to the north (Goriir et al., 1998),
whereas other interpretation advocates that the Ulukisla Basin occurred as a result of post-collisional
extension (Gonciioglu et al, 1991; Cemen et al., 1999) or transtension (Dirik et al., 1999) above the Tauride-
Anatolide margin following the closure of the Neotethys. Clark and Robertson (2002) adopted the extensional
(or transtensional) setting of the Ulukisla Basin but suggesting that is was developed on the suture zone of the
Inner Tauride Ocean. In this study, a petrological approach will be used to interpret the evolution of the
Ulukisla Basin in light of the geochemical characteristics of the volcanics and dykes.

Lithological units with different characteristics within Uppermost Cretaceous to Lutetian volcano-
sedimentary sequence of the Ulukisla Basin point to an asymmetrical basin evolution. Ulukisla volcano-
sedimentary sequence starts with conglomerates uncomformably overlying the early Upper Cretaceous
Alihoca ophiolite and continues with alkali basaltic pillow lavas alternating with sedimentary units. Locally,
Campanian-Maastrichtian red pelagic limestone was observed in the southern part of the basin. However,
Thanetian reef limestone alternating with massif lava flow overlies the deep-sea claystone in the northern
part of the basin and ultrapotassic lava flow crops out upwards. Following this, Lutetian patch reefs were
Jormed in the central part of the basin. The basin was narrowing under the effect of the north-south directed
compression and thrust fault developed in the center of the basin during this term. Related to this thrust fault
calcalkaline dioritic dykes were emplaced in northeast-southwest direction. After the dioritic dyke
emplacement, east-west directed shoshonitic-monzonitic dykes and trachytic dykes that are the fractional
products of monsonitic dykes emplaced. Geological data imply that emplacement age of these dykes were
post-Eocene. Ultrapotassic mafic dykes being last products of the magmatic activity in the basin intrude all
the other dykes.

Trace element profiles of magmatic rocks display significant enrichments in large-ion lithophile elements
(LILE) and depletions in high-field strength elements (HFSE). Isotopic data from the volcanic rocks indicate
that the magmas were originated from lithospheric mantle which is modified by earlier subduction processes.
These data indicates that the magmatic products within the Ulukisla Basin is unrelated to a volcanic arc.
Available data also show that the Ulukisla Basin was developed under an extensional tectonic regime at
uppermost Cretaceous-Lower Paleocene time following the closure of the Neotethys and commenced to
closure at Eocene.
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Bu ¢ahymada Mardin-Derik, Bing6l-Geng, Feke-Adana, Anamur-Mersin, Bozburun/Sarigigek-Isparta, Afyon-
Sandikli, Afyon-ihsaniye ve Afyon Sultandaglan alanlarinda incelenmis olan Toros-Anatolit Platformuna ait
Ge¢ Neoproterozoyik - Erken Paleozoyik yash birimlerin karakteristik 6zelliklerinin  yorumlanmasi
amaglanmistir.

Mardin-Derik alaninda GD Anadolu Otoktonu igerisinde yiizeylenen Telbesmi Formasyonu olasilikla Erken
Kambriyen yash olup koyu kahve, pembemsi kahve renkli, fliiviyal arkozik kumtasi/ c¢amurtas:
ardalanmasindan olusur. Birim igerisinde andezitik/ spilitik lavlar ve piroklastik kayaglar yer alir. Birimin tist
kesimleri gok ince tabakah, ¢ortlii rekristalize kiregtag1 ve kirmizi, mor, yesilimsi mor, kahve renkli kumtasi
ve silttagindan olugur. Birim iiste dogru kuvarsitlerin hakim litolojiyi olugturdugu Erken Kambriyen yash
Sadan Formasyonu ile gegislidir. Telbesmi formasyonu ile Sadan Formasyonun gegis aralifinda gozlenen
konglomeratik olusumlar daha 6nceden 6nerilenin (Dean et al., 1981) aksine bir uyumsuzlugu degil siireksiz
kanal dolgularini temsil etmektedir.

Bitlis Metamorfiklerindeki Neoproterozoik Temel, meta-pelitik kayaglardan olusur ve meta-granitik kayaclar
ve amfibolite doniismiis diyabaz dayklar tarafindan kesilir. Birimi etkileyen ilk metamorfizma Alt Paleozoyik
oncesidir (Gonciioglu ve Turhan, 1983).

Toroslarda, Geg Neoproterozoyik temel gogunlukla Geyikdagi Tektonik Birliginin tabaninda yer alir. Temel
birimler igerisinde gozlenen ve s1g denizel ortanm karakterize eden meta-sedimanter kayaglar, lidit, silttas,
¢ortlii dolomitik kiregtagi, kumtagsi, siyah renkli sleytler ve olasi buzul konglomeralardan olusur ve Geg
Neoproterozoyik olusum yasini veren (541.3+10.9 Ma) meta-kuvars porfirler tarafindan kesilir. Birimde
izlenen meta-felsik kayaglar, jeokimyasal agidan ¢arpigsma sonrasi gerime ile olusmustur (Giirsu ve dig.,
2004). Temel birimler, Pan-Afrikan orojenezini takiben gelisen agilma sonucu dinamik metamorfizmaya
ugramistir. Birimi uyumsuz olarak iizerleyen Erken Kambriyen yash Gogebakan Formasyonu, tabanda
metamorfize ve deforme olmus temel birimlere ait cakillar igeren konglomera, kumtagi ve silttagi
ardalanmasindan olusur. Volkanik-volkanoklastik arakatkil karasal kirmtililar igeren birimde gézlenen mafik
kayaglara ait jeokimyasal bulgularin, yay-ardi havzay: gostermesi (Giirsu ve Gonciioglu, 2005), Gondwana
perikratonunda riftlesmenin etkilerini ve litosferik incelmeye isaret eder. Benzer 6zellikler Peri-Gondwana
kesimindeki Kadomiyen birimlerinde de gézlenmistir (Neubauer, 2002). Erken Kambriyen zamanindaki bu
riftlesme olastlikla Istanbul-Zonguldak bélgesini Anadolu’dan (Gondwana) ayirmis ve giderek Toroslarnn
kuzeyinde bir basenin agilmasima neden olmustur.

Anatolit tektonik birliginde Geg Neoproterozoyik kayalart Menderes ve Orta Anadolu kristalen masiflerinde
gozlenir. Menderes Masifinde Geg Neoproterozoik temel, para-gnays ve orto-gnayslardan olusur. Gozlii
gnays olarak tanimlanan orto-gnayslarin 207Pb/206Pb zirkon izotopik yaslar 546.2+1.2 Ma - 570.5 +2.2
(Hetzel ve Reischman, 1996; Koralay ve dig., 2004) arasinda degisir ve Geg¢ Neoproterozoyik yasin yansitir.
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Bu kayalarda jeokimyasal agidan carpisma sonrasi ortam yansitir ve Sandikh bolgesinde yiizeylenen meta-
felsik kayaglar ile benzer 6zellik gosterirler.

Sonug olarak, Toros —~Anadolu ve GD Anadolu tektonik birliklerinin temelindeki Geg Proterozoyik yasli
birimler, Gondwana/Perigondwana platformu iizerinde Panafrikan/Kadomiyen ge¢ evresinde garpisma sonrasi
gerilme ile olusan' basenlerde gelismisler, bu olay ile ilintili felsik magmatizmadan etkilenmislerdir. Alt
Kambriyende ise, Iyapetusun giineye, Gondwana altina dalmasimmn stirmesi ile bugiinkii Istanbul-Zonguldak
birliginin temelindeki yay magmatizmasi gelismis, Toros-Anadolu kitasal kabugunda ise gerilmenin siirmesi
ile yay-ardi tipi volkanizma etkili olmustur.

ABSTRACT

The aim of this study is to determine the characteristic geological features of Late Neoproterozoic - Early
Paleozoic successions of Tauride-Anatolite Platform and surroundings, studied in Mardin-Derik, Bingél-
Geng, Feke-Adana, Anamur-Mersin, Bozburun/Sarici¢ek-Isparta, Afyon-Sandikl, Afyon-Ihsaniye and Afyon-
Sultandag areas.

The Telbesmi Formation, in SE Arabian Autochthon (Mardin-Derik area), is composed of alternating dark
brown, pinky brown colored fluvial arkosic meta-sandstone/meta-mudstones and andesitic and spilitic lava
flows and pyroclastic rocks. The uppermost part mainly includes very thin-layered cherty recrystallized
limestones and red, violet, green, brown colored meta-sandstones/meta-siltstone alternations. Upwards, the
Jormation is transitional to Early Cambrian Sadan Formation. The discontinuous conglomeratic band
between the Telbesmi and Sadan Formations is a channel-fill and does not correspond to an unconformity, as
previously suggested (Dean et al., 1981).

Neoproterozoic basement in Bitlis Massif is made up of metapelitic rocks and cut by meta-granitic rocks and
amphibolitized diabase rocks and metamorposed before Lower Paleozoic (Gonciioglu ve Turhan, 1983).

The Neoproterozoic basement in Taurides is mostly crops out in the basement of the Geyikdag Tectonic Unit.
The meta-sedimanter rocks indicating shallow-marine deposition is composed of lydite, siltstone, cherty
dolomitic limestone, sandstone, black shales and glacial? conglomerate bands and cut by the Late
Neoproterozoic meta-quartz porphyry rocks (541.3£10.9 Ma). Meta-felsic rocks in the basement indicate a
post-collisional tectonic setting (Giirsu et. al., 2004). The basement rocks are affected by dynamic
metamorphism related to the extensional tectonics following the Pan-African orogey. The unconformably
overlaying Early Cambrian Gégebakan Formation is composed of conglomerates with deformed pebbles of
the basement rocks, sandstone and siltstone alternations with volcanic/volcaniclastic interlayers. The mafic
rocks in this unit are formed in a back-arc basin setting (Giirsu and Génciioglu, 2005) and indicate the
lithospheric thinning and the effect of the rifting in the Gondwanan Peri-caraton and has similarities with the
Cadomian and related Perigondwanan areas (Naubauer, 2002). This rifting during the Early Cambrian is
probably resulted in the separation of the Istanbul-Zonguldak terrane from the rest of the Gondwanan
Anatolia and hence the initial opening of a basin to the north of the Taurides.

Late Neoproterozoic rocks in the Anatolide Tectonic Unit are observed in the Menderes Massif and Central
Anatolian Crystalline Complex. Neoproterozoic basement in the latter is made up of para- and orto-gneisses,
cut by amphibolites. The 207Pb/206Pb single zircon ages of ortho-gneisses (augen gneiss) is changing
between 546.2+1.2 Ma - 570.5 +2.2 Ma (Hentzel ve Reishman, 1996; Koralay ve dig., 2004) and indicate
Late Neoproterozoic intrusion age. Geochemically they are also formed in a post-collisional setting and are
similar to the meta-porphyroids in Sandikl area.

To conclude, the Late Neoproterozoic rocks in the basement of the Tauride-Anatolide unit as well as of the
surrounding ones were developed in extensional/transtensional basins on the Gondwanan/Perigondwanan
continental crust in Late Cadomian/Panafrican period and intruded by granitoids formed by post-collisional
extension. During the Early Cambrian, ongoing subduction of the lapetus oceanic lithosphere beneath the
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Gondwanan margin triggered the arc-magmatism in the present Istanbul-Zonguldak terrane and gave way to
a back-arc-type extension in the northern Gondwanan margin.
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Istranca Masifi, igine Permiyen yash Kirklareli tipinde biiyiik pliitonlarin sokuldugu bir metamorfik temel ile
onu iizerleyen Triyas yagh metamorfik 6rtii birimlerinden olusur (Okay vd., 2001). Bulgaristan’daki devarm
ile birlikte Istranca Masifi Pontidlerle Avrupa’daki orojenik kusaklar arasmda 6nemli bir baglanti olusturur.
Metamorfik temelin énemli bir kismini gesitli tiplerde ortognayslar olusturmasina ragmen bu kayaglar gézden
kagmigtir ve dolayisiyla da masifin Paleozoyik tarihi gergekte bilinmemektedir. Bu ¢ahismada kayaclar
homblend-biyotit, biyotit-muskovit ve 16kokratik gnays olarak smiflandinihp haritalanmistir. Ortognayslarin
modal bilesimleri kuvars diyorit, tonalit, granodiyorit ve tronjemit arasinda degismektedir. Jeokimyasal
veriler, kaynak magmanin diferansiyasyona bagh kalk-alkalin y6nelimli ve metalumina karakterde oldugunu
gostermektedir. Tek zirkon buharlasma metodu ile yapilan izotopik yaslandirma bu ortognayslarin
intriizyonlarimin Karbonifer donemi igerisinde, 312 ile 315 My gibi dar bir aralikta gelistigini gostermistir.
Bunun yaninda magmatik zirkonlardaki kalint: (inherited) yaslar 320 ile 650 My arasmda gelismis uzun siireli
bir magmatik aktiviteyi de kaydetmistir. Bu ¢alismanim yazarlan Karbonifer yash ortognayslarin olgun bir
kitasal temel tizerindeki bir magmatik yayda gelistigini diigiinmektedirler. Eski ¢alismalarda bulunmus Erken
Permiyen magmatik olaylar bu ¢alismayla elde edilen yeni yaslarla 2576 My olarak onaylanmistir (Aydin
Y., 1974; Okay vd., 2001). Bu déneme ait tektonik ortam bu birimin jeokimyasal ozellikleri ve ¢evredeki
tektonik birimler g6z 6niine alinarak dalma batmayla ilintili olarak yorumlanmustir.

ABSTRACT

The Strandja massif consists of metamorphic basement intruded by large Early Permian plutons of the
Kirklareli type and overlain by Triassic metasedimentary cover (Okay et al., 2001 ). Together with its
continuation in Bulgaria this massif forms an important link between the Pontides and the orogenic belts of
Europe. Various types of orthogneisses constitute a significant part of the metamorphic basement however
these rocks have until now escaped a particular study and therefore the Paleozoic history of the massif is
essentially unknown. In this study these rocks are classified and mapped as hornblende-biotite, biotite-
muscovite, and leucocratic orthogneisses. Their modal compositions correspond to quartz diorite, tonalite,
granodiorite and trondhjemite. Geochemical data suggest a calc-alkaline trend of differentiation and
metaluminous character of the parent magmas. Isotopic dating using the single zircon evaporation method
has shown that magmatic ages of these orthogneisses cluster within a short time interval between 312 and
315 Ma in the Carboniferous. At the same time inherited ages of magmatic zircons in these rocks record a
long lived magmatic activity between 320 and 650 Ma. We infer that the Carboniferous orthogneisses were
Jormed in a magmatic arc that evolved atop of a mature continental basement. Previously established (Aydin
Y. 1974; Okay et al, 2001) Early Permian magmatic event has been confirmed by additional age
determinations constraining it at 257+6 Ma. Tectonic setting of this episode is also interpreted as subduction
related taking into consideration its geochemical features and relationships with surrounding tectonic units.
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(074

Elaz1§ bolgesinde birbirleriyle intriizif ve tektonik dokanak iligkisine sahip olan ve Neotetis okyanusunun
evriminde oldukga 6nemli rol oynayan bir ¢ok tektono-magmatik/stratigrafik birim yeralmaktadir. Bunlar;
Malatya-Keban platformu, Komiirhan ofiyoliti, Ensimatik adayayr birimi ve Baskil granitoyidi’dir (Yazgan,
1984; Yazgan ve Chessex, 1991; Yilmaz, 1993; Parlak, Baskida). Dogu Toroslarda Neotetis okyanusal
kabugunun kalmtilarindan birini temsil eden Geg Kretase yash Kémiirhan ofiyoliti Hazar Géli’niin batisinda
yaklagik olarak dogu-bati uzanimh olarak yiizeylemekte olup dogusunda yeralan Guleman ofiyoliti ve
batisinda yeralan Ispendere ofiyoliti ile kokensel iliskiye sahiptir. Kémiirhan ofiyoliti kuzeyde Malatya-
Keban platformu tarafindan tektonik dokanakla iizerlenmekte olup tiim bu birimler Baskil granitoyidi
tarafindan kesilmektedir. Giineyde ise Koémirhan ofiyoliti Orta Eosen yash Maden Kompleksi’ne
bindirmektedir.

Bolgede yiizeyleyen Komiirhan ofiyoliti tam bir okyanusal litosfer kesiti sunmakta olup tabandan tavana
dogru tektonitler, kiimiilatlar, izotrop gabrolar, levha dayk kompleksi ve volkaniklerden olusmaktadir.
Tektonitlerin tabaninda okyanus i¢i dalma-batma sirasinda amfibolit fasiyesinde metamorfizmaya ugramis
ince bir metamorfik dilim gozlenmektedir. Tektonitler serpantinize harzburjit ve lerzolitlerle temsil
edilmektedir. Tektonitlerin iizerine gelen ultramafik kiimiilatlar verlitlerle temsil edilmekte ve yer yer
gabroyik kiimiilatlarla intriizif dokanak iligkisine sahiptir. Mafik kiimiilat kayaglar olivinli gabro, normal
gabro, gabro-norit ve amfibollii gabrolarla temsil edilmekte ve iist seviyelerde izotropik gabrolara gegcis
gostermektedirler. Hazar Goli batisinda 1yi korunmus yiizlekler veren levha dayk kompleksi diyabaz,
mikrodiyorit ve kuvarsh mikrodiyoritlerle temsil edilen, kalinliklarni 15-20 cm ile 75-100 cm arasinda degisen
ve soguma kenari igermeyen dayklardan olugmaktadir. Kémiirhan ofiyolitine ait volkanik kayaglar inceleme
alaninda oldukga genis yayihml yiizleklere sahip olup ofiyolitin diger birimleri ile tektonik dokanakhdir.
Volkanik kayaglar bazalt, bazaltik andezit, andezit ve dasitler ile temsil edilmektedir. Kémiirhan ofiyolitine
ait tiim kayaglar toleyitik karakter sunmaktadirlar (Nb/Y<1.0). Ofiyolitik birimler {izerinde yapilan tiim kayag
ve mineral kimyasi analizleri Kémiirhan ofiyolitinin okyanus i¢i dalma-batma zonu lizerinde olustugunu
gostermektedir.

Baskil granitoyidi inceleme alaninda genis yiizleklere sahip olup felsik ve mafik magmatik kayaclar olmak
lizere iki farkh gruba ait derinlik ve yan derinlik kayaglan ile temsil edilmektedir (Asutay, 1986; Akgiil,
1991; Rizaoglu ve dig., 2005). Felsik ve mafik pliitonik kayaglar gesitli sekil ve boyutlarda mafik
mikrograniiler enklav (MME) igermektedirler. Baskil granitoyidi jeokimyasal agidan I-tipi, kalkalkalen
pliitonlarm karakteristik dzelliklerine sahiptir. Baskil granitoyidine ait kayaglarm ana, iz ve nadir toprak
element igerikleri bu magmatik birimin volkanik yay tektonik ortaminda olustuguna isaret etmektedir.

Bolgede yapilan jeolojik ve jeokimyasal galismalar Dogu Toroslarda ofiyolitik birimlerin Geg Kretase’de

kuzeyde Malatya-Keban ve giineyde Arap platformlan arasmda okyanus igi dalma-batma zonu iizerinde
olustuguna isaret etmektedir. Ensimatik adayay: birimi ise olugan okyanusal kabugun iizerinde daha olgun bir
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dénemde gelismistir. Tiim bu birimler Malatya-Keban platformu tarafindan tektonik olarak iizerlenerek aktif
kita kenarini meydana getirmisler ve bu tektonik ortamda Baskil granitoyidi intriizyon yapmistir.

ABSTRACT

There are a number of tectono-magmatic/stratigraphic units that have intrusive and tectonic contact
relationships among each other and play considerably important role for the evolution of the Neotethyan
ocean. These are namely; Malatya-Keban platform, Kémiirhan ophiolite, Ensimatic island arc unit and Baskil
granitoid (Yazgan, 1984, Yazgan and Chessex, 1991, Yilmaz, 1993, Parlak, Inpress). The Late Cretaceous
Kémiirhan ophiolite, one of the Neotethyan oceanic crustal remnants from the eastern Taurides, crops out as
an east-west trending belt to the west of the Lake Hazar, and has a genetic link with the Ispendere ophiolite to
the west and Guleman ophiolite to the east. In the north the Kémiirhan ophiolite tectonically overlain by the
Malatya-Keban platform and in turn intruded by the Baskil granitoid whereas in the south it is thrust over the
Middle-Eocene Maden Complex.

The Komiirhan ophiolite in the region presents an intact oceanic lithospheric section and comprises from
bottom to top tectonites, cumulates, isotropic gabbros, sheeted dike complex and volcanics. A thin slice of
metamorphic sole rocks, metamorphosed in the amphibolite facies during the intra-oceanic subduction, is
observed at the base of the tectonites. The tectonites are represented by the serpentinized harzburgite and
lherzolite. The ultramafic cumulate rocks overlying the tectonites are represented by wehrlites, and in some
areas they also exhibit intrusive contact relationships with the overlying gabbroic cumulate rocks. The mafic
cumulates are characterized by olivine gabbro, normal gabbro, gabbro-norite and amphibole gabbro and
pass upward into the isotropic gabbroic rocks. Well-preserved sheeted dike complex crops out to the west of
the Lake Hazar and is represented by diabase, microdiorite and quartz-microdiorite dikes exhibiting variable
thicknesses ranging from 15-20 c¢cm to 75-100 cm without pronounced chilled margins. The volcanic rocks of
the Komiirhan ophiolite are wide-spread in the region and have tectonic contact relationship with the rock
units of the Komiirhan ophiolite. They are dominated by basalt, basaltic-andesite, andesite and dacite. All the
rocks of the Kémiirhan ophiolite are tholeiitic in character (Nb/Y < 1). Whole rock and mineral chemistry
analyses of the ophiolitic units indicate that the Kémiirhan ophiolite was formed above an intraoceanic
subduction zone.

The Baskil granitoid is wide-spread in the region, and characterized by both mafic and felsic plutonic and
subplutonic rock associations (Asutay, 1986, Akgiil, 1991, Rizaoglu et al., 2005). The mafic and felsic
plutonic rocks of the Baskil granitoid contain mafic microgranular enclaves (MME) in different shape and
size. Geochemically, the Baskil granitoid displays the typical characteristics of I-type, calc-alkaline plutons.
Whole rock major, trace and rare earth element contents of the rocks from the Baskil granitoid indicate that
this magmatic unit was formed in a volcanic arc tectonic setting.

The geological and geochemical studies carried out in the region suggest following late Cretaceous
evolutionary scenario for the eastern Taurides: the ophiolites formed above an intra-oceanic subduction zone
between the Arabian platform to the south and the Tauride platform to the north in Late Cretaceous. The
ensimatic island arc unit formed above the SSZ-type oceanic crust at more matured stage. All the units were
then accreted to the base of the Malatya-Keban platform to form the Tauride active continental margin.
Finally the Baskil granitoid intruded all the former units in a volcanic arc setting.
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0z

Anadolu levhasi metamorfik masifler ve/veya platform karbonatlart arasmda D-B uzammli olarak yeralan
Neo-Tetis okyanusal basenlerinin kalintilarnini kapsar ve Alp-Himalaya orojenik kusagimin énemli bir
pargasidir. Neo-Tetis’in kalintilan tavandan tabana dogru ofiyolitler, ofiyolit tabani metamorfikleri ve
ofiyolitli melanjlar ile temsil edilirler (Dilek ve Moores, 1990; Parlak, 1996; Floyd ve dig., 2000; Robertson,
2002). Ofiyolitler ve ofiyolitlerle iliskili birimler Neo-Tetis okyanusal basenlerinin Geg Kretase’de kapanma
evrelerinde olusmuslardir.

Tirkiye’deki Neo-Tetis ofiyolitleri okyanus i¢i yitim zonu iizerinde olugmus ofiyolit tipinde olup, olusumlan
ve yerlegmeleri sirasinda birbirleriyle uyumlu olaylar dizisini yansitirlar. Kizildag (Hatay), Tekirova
(Antalya), Divrigi (Sivas), Komiirhan (Elaz1g), ispendere (Malatya), Pinarbasi (Kayseri), Mersin ve Pozanti-
Karsanti (Adana) ofiyolitlerinde yiiriitillen jeokimyasal ¢alismalar (Bager ve dig., 2005; Bager ve dig.,
Baskida; Parlak ve dig., Baskida; Rizaoglu ve dig., Baskida; Vergili ve Parlak, 2005; Parlak, 1996; Parlak ve
dig., 2000, 2002) ii¢ farkli magma gelisimi ile Geg Kretase’deki dalma-batma sirasinda Neo-Tetis okyanusal
kabugunun olusumu gergeklesmistir. [lk olarak okyanusal kabugun biiyiik bir kismim olusturan kiimiilatlar,
izotrop gabrolar, levha dayklari, volkanikler ve izole dayklar diisiik-K yay toleyitlerden tiiremislerdir. ikinci
olarak bazi volkanikler, levha dayklari, izotrop gabrolar ve izole dayklar ise boninitik magmadan
tiiremislerdir. Son olarak bazi izole dayklar ve izotrop gabrolar ise alkalen karakterde olup jeokimyasal agidan
kita i¢i alkalen bazaltlarima benzerlik sunarlar.

Yapilan jeokimyasal ¢alismalar Tiirkiye’deki ofiyolitlerin yay-6nii tektonik ortaminda olustugunu ve ada-yayi
toleyitlerinden boninitlere kadar degisen ve gittikge tiiketilen bir kaynaktan beslendigine isaret etmektedir.
Neo-Tetis ofiyolitlerinin Geg Kretase’de kita tizerine bindirmesi éncesindeki evrede goézlenen ge¢ evre
magmatizmasinin ise dalan levhadaki astenosferik pencereden veya dalan levhanin kopmasi sonrasinda
zenginlesmis mantodan tiiredigi diisiiniilmektedir.

ABSTRACT

The Anatolian plate is situated in a critical segment of the Alpine-Himalayan orogenic system, where
remnants of the Neotethyan ocean basins crop out along E-W trending tectonic zones between metamorphic
massifs and/or platform carbonates. The remnants of the Neotethys, in a structural descending order, are
characterized by ophiolites, metamorphic soles and ophiolitic mélanges. These ophiolites and related
subduction-accretion units were generated during the closing stages of the Neotethyan oceanic basins in Late
Cretaceous (Dilek and Moores, 1990; Parlak, 1996; Floyd et al., 2000, Robertson, 2002).

The Neo-Tethyan ophiolites in Turkey are of supra-subduction zone (SSZ) type and display a consistent

sequence of events during their formation and emplacement. Geochemical evidence from the selected
ophiolites such as Kizildag (Hatay), Tekirova (Antalya), Divrigi (Sivas), Komiirhan (Elazig), Ispendere
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(Malatya), Pinarbasi (Kayseri), Mersin and Pozann-Karsanti (Adana) show that there are three different
magma generations constructing oceanic crustal units during the Neo-Tethyan subduction in Late Cretaceous
(Bagcr et al., 2005, Bagci et al., Inpress; Parlak et al., Inpress; Rizaoglu et al., Inpress; Vergili and Parlak,
2005; Parlak, 1996, Parlak et al., 2000, 2002). Firstly, most part of the oceanic crustal units such as
cumulates, isotropic gabbro, sheeted dikes, volcanic rocks and isolated dikes in these ophiolites were
geochemically resulted from low-K arc tholeiites. Secondly, some of the volcanics, sheeted dikes, isotropic
gabbros and isolated dikes were derived from boninitic melts. Finally, some of the isolated dikes and
isotropic gabbros exhibit alkaline character and geochemically similar to the within plate alkaline basalis.

The geochemical evidence suggests that the crustal rocks of the Turkish ophiolites were generated from
progressive source depletion from island arc tholeiites (IAT) to boninites in a fore-arc tectonic setting. Latest
stage of magmatism during Neo-Tethyan subduction was probably fed by melts that originated within an
asthenospheric window or slab break-off, shortly before the emplacement of the ophiolites onto platforms in
Late Cretaceous.
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Pontides: Definition, Internal Subdivision and Tectonic Implication: Geological Evolution of
Northern Anatolia
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Bir Alpin tektonik birlik olarak Pontidler kuzeyde Karadeniz, giineyde ise Izmir — Ankara — Erzincan siituru
ile stnirlanir. Bu siirlar i¢inde ele alindiginda Pontidler Alpin ve 6ncesi birliklerin birbirine kaynastiklan bir
orojenik mozayik niteligindedir. Bu orojenik mozayik baslica Prekambriyen, Dogger, Ge¢ Kampaniyen ve
erken Liitesiyen dénemlerindeki orojenik olaylarin iistelenen bir sonucu olarak olusmustur.

Gerek Pontidlerin sinirlant ve gerekse Pontidlerin i¢ ayirtlan bugiine degin bazan Alpin, bazan Tethyan
(Paleo- ve Neo-Tetis) ve bazan da Karadeniz gevresine 6zgii miinferit jeolojik olaylar dikkate alinarak
yapilmigtir. Dolayisiyla Pontidler farkli yaymlarda farkli bigimlerde; kimi zaman bir tektonik birlik olarak,
kimi zaman da cografik anlamda ele ahnmis, degerlendirilmistir. Son yillarda yapilan saha bazli ¢galismalar
kuzey Anadolunun kuzeyde “Istanbul Zonu”, giineyde “Sakarya Zonu” ve bunlar arasindaki bir “Ara Zon
(Armutlu-Ovacik Zonu)” ile temsil edildigini gostermektedir. Istanbul Zonu ile Sakarya Zonu Malm
oncesinde bir araya gelerek Mesozoyik déneminde tek bir tektonik birlik olarak davranmiglar ve bu ana
tektonik birlik en onemli yapisal degisikligini Alt Kretase basinda yasamistir. Bu donemde kuzeyde
Karadeniz ve giineyde Intra-Pontid havzas1 (Boyali havzasi) agilmis, béylece Mesozoyik bagindan itibaren
Sakarya Zonu ii¢ parg¢aya ayrilmistir.

Bu konusmada Tiirkiye nin jeolojik evriminde énemli yeri olan Kuzey Anadolu Tektonik Birlikleri yeni bir
bakis agistyla tanimlanacak ve bélgenin Mesozoyik evrimine yeni yaklagimlar sunulacaktir.

ABSTRACT

The Pontides, as an Alpide tectonic unit of Turkey, is bordered by Black Sea in the north and lzmir — Ankara
— Erzincan suture in the south. In a sense, the Pontides represent an orogenic mosaic that was developed by
amalgamation of different pre-Alpine and Alpine units. This orogenic mosaic was formed mainly by
superimposed orogenic events during Precambrian, Dogger, late Campanian and Lutetian periods.

The boundaries and internal subdivisions of the Pontides were evaluated on a basis of Alpine, Tethyan or
circum Black Sea events in previous researches. As a result of this, definition of Pontides and the internal
subdivisions and their tectonic implications were not understood correctly due to the lack of a standard
geological reference system. Because of this, Pontides was evaluated as either a main tectonic unit or a
geographic entity in the literature. Recent field-based researches show that there are 3 main tectonic units in
northern Anatolia; Istanbul Zone in the north, Sakarya Zone in the south, and Intermediate Zone (Armutlu-
Ovacik Zone) between them. Istanbul and Sakarya zones were amalgamated before the Malm period and
formed a unique tectonic entity. In this Alpine unit, the major geological event occurred during the early
Cretaceous which developed Black Sea basin in the north and Intra-Pontide basin (Boyali basin) in the south.
As a consequence of early Cretaceous rifting the Sakarya Zone was divided into three fragments.
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In this presentation, the tectonic units of northern Anatolia, which play an important role for understanding
the geological evolution of Turkey, will be re-defined. A new interpretation for Mesozoic evolution of the
region in the light of new data and point of view will be presented.
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Giimiishane Yoresinde Mavisist-Fasiyesli Baskalasim Paleo-Tetis Yitiminin Kahntist mi?

Blueschist — Facies Metamorphism in the Giimiishane Area, Eastern Pontides, NE Turkey:
Vestiges of Paleo — Tethyan Subduction?
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Kurtoglu Bagkalagim Karmasig: i¢inde, Karbonifer yagh amfibolit fasiyesli birim altinda, ~5 km uzunlugunda
ve 1 km genisliginde bir tektonik dilim yiizeylenmektedir. Bu tektonik birim, baglica fillitlerden ve az oranda
da serpantinit, metabazalt ve kuvars+karbonat kaya bloklarindan olusmaktadir. Fillitler, yiiksek variyans
sayilt bir mineral toplulugu (klorit + fengit + albit + kuvars + kalsit) igermektedir. Serpantinitler, bashca
serpentin, magnetit, klorit ve kalinti Cr-Al spinel igermektedir. Karbonat-kuvars kayalar ise karbonat
mineralleri (degisen oranlarda kalsit, magnezit, dolomit), kuvars ve az oranda hematit/magnetit, talk ve de
kalinti Cr-Al spinelden olusmaktadir. Spinellerde, ortopiroksen ve hornblend kapanimlar yer almaktadir.
Karbonat-kuvars kayalarinin igerdigi Cr-Al spinel ve diger kapanimlar bunlarin ultramafik bir kayagtan
tiiremis olduguna isaret etmektedir.

Metabazaltlardaki durayli mineral topluluklart (glaukofan, pumpelleyit, stilpnomelan, klorit, albit, kuvars,
titanit ve eser miktarda fengit) ve fillitler igindeki fengitlerin yiiksek Si igerikleri mavisist fasiyesli
baskalagima isaret etmektedir. Faz petrolojisi ile mavisist fasiyesi kosullart 200-350 °C ve 0.6-0.9 Gpa olarak
smirlandirtimigtir.

Fillitlerden zenginlestirilen ii¢ fengit Gmegi iizerinde asamah **Ar/*’Ar yas tayini 170-200 My’dan baslayan,
400 My’a kadar ulasan yas konaklar vermekte, biitiinlestirilmis yas degerleri ise 380-390 My arasinda
bulunmaktadir. Mavisist sirasinda ulasilan sicakliklarin  muskovitlerin -~ Ar-diffuzyonu i¢in kapanma
sicakh@mm altinda bulunmasi, asin yitksek yaglarin detritik mikalardan kaynaklanabilecegi olasiligmi
dogurmaktadir.

Bu olusum, bilindigi kadar ile Dogu Pontidler’deki mavisist fasiyesli bagkalasimin ilk 6megini
olugturmaktadir. Bat1 Pontidlerde hem Geg Triyas (~200 Ma) hem de Kretase (100-80 Ma) yash mavisist
fasiyesli kayaglar genis alanlarda yiizeylenmektedir (Okay & Kelley 1994; Okay & Monie 1997; Okay ve dig.
2002). Ge¢ Kretase yaslt olanlar Neo-tetis, Geg Triyas yashi olanlar ise Paleotetis okyanusal alanlarmm -
yitimlerine baglanmaktadir. Asamali **Ar/*’Ar yas tayilerinden elde edilen en kiigiik yas degeri 200 My
civarinda oldugundan 6tlirii bu bagkalasim Paleotetis veya daha yasli bir okyanusal alanin yitim iiriinii
olmalidir. '

ABSTRACT

A ~5 km long and ~I1 km wide tectonic slice is exposed beneath Carboniferous amphibolite-facies
metamorphic unit within the Kurtoglu metamorphic complex, Giimiishane, Eastern Pontides, NE Turkey. This
tectonic slice consists of phyllites with subordinate blocks of serpentinite, carbonate-quartz rocks and massive
metabasalts. Phyllites have a high variance mineral assemblage involving chlorite, phengite, albite, quartz
and accessory apatite, monazite, zircon and K-feldspar. Serpentinites consist mainly of serpentine, magnetite,
chlorite, and relict Cr-Al spinel. Carbonate-quartz rocks are made up of carbonate minerals (calcite,
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dolomite, magnesite), quartz and subordinate magnetite/hematite and talc. Minor relict Cr-Al spinel with the

inclusions of orthopyroxene and hornblende attests to the ultramafic parentage for the carbonate-quartz
rocks.

Blueschist-facies metamorphism is testified by stable mineral assemblage in the metabasalts (glaucophane,
pumpelleyite, stilpnomelane, chlorite, albite, quartz, titanite and trace amounts of phengite) and by phengites

in the phyllites with Si contents up to 3.6 c.p.fu. P-T conditions of the blueschist-facies metamorphism are
approximated as 200-350 °C and 0.6-0.9 GPa.

41/’ Ar dating of three concentrated muscovite-phengite separates from the phyllites yielded rather similar,
and contineously increasing age spectra, starting from 170-200 Ma to 400 Ma, whereby the integrated ages
are 380-390 Ma. Given the the low-temperatures attained during the metamorphism, we cannot rule out the
inheritance problem due to detritic white micas.

To best of our knowledge, this is the first report of the blueschist-facies metamorphism from the Eastern
Pontides. Blueschists of both latest Triassic (~200 Ma) and Cretaceous ages (100-80 Ma) are widely exposed
in the western Pontides, and related to Paleotethyan and Neotethyan subduction, respectively (e.g., Okay and
Kelley, 1994; Okay and Monie, 1997, Okay et al., 2002). As the youngest age obtained from the incremental
dating is ~200 Ma, these metamorphisms should be the product of either Paleotethyan or even a still older
oceanic subduction.
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Kampaniyen-Maastrihtiyen Rudist Paleobiyocografyasi: Anatolid-Torid, Arap ve Rodop-
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Rudistler, Anatolid-Torid, Arap ve Rodop-Pontid levhalarinda olduk¢a yaygindirlar ve levhalarin
Kampaniyen-Maastrihtiyen’deki iliskilerini agiklayan énemli veriler sunarlar.

Arap levhasindaki rudistler K.Maras, Adiyaman, Diyarbakir ve Antakya alanlarida gézlenir. Bu levhanin
rudist faunasi fakirdir ve giineydogu Anadolu’nun yanminda Suriye, iran ve Umman Yarimadasinda da
cografik yayilm sunan {i¢ endemik cins (Vautrinia, Dictyoptychus, Hatayia) ve iki tiir (Hippurites syriaca,
Pironea syriaca) ile temsil edilir (Karacabey-Oztemur & Selguk, 1983; Ozer, 1986; 1988a; 1991; 1992a;
1992b; 2002; 2003).

Anatolid-Torid levhasmn rudistleri, bashca Dogu Anadolu (Hekimhan-Malatya) ve I¢ Anadolu Bélgesinde
(Beypazari-Haymana-Tuz Golii) gozlenir. Cins ve tiir gesitliligi olduk¢a yiiksektir ve Hippuritidae,
Radiolitidae and Caprinidae ailelerine ait ¢ok sayida tiir saptanrmstir. Anadolu levhast ayrica ¢ok sayida yeni
cins ve tiiriin varligi ile de karakteristiktir. Bu levhanin rudistleri, eski Yugoslavya, Bulgaristan, Italya, Sicilya
ve Yunanistan gibi Orta Akdeniz alt provensi iilkelerinde yaygin cografik dagilim sunarlar (Karacabey, 1970;
Karacabey-Oztemur, 1976;0zer, 1983; 1987; 1988b; 1992¢; 1992d; San & Ozer, 2002)

Rodop-Pontid fragmani Bayburt, Amasya, Bolu ve Kocaeli dolaylarinda yerel rudistli formasyonlar icerir ve
fakir bir rudist faunasi sunar. Ancak bu fragmana ait Yvaniella gibi bazi cinsler ve Gorjanovicia, Durania,
Sauvagesia, Radiolites ve Pseudosabinia cinslerine ait yeni tiirler igerir (Karacabey, 1968; Ozer, 1982; Ozer
ve dig. 1990; Ozer & Fenerci, 1993; Steuber ve dig. 1998).

Paleobiyocografik verilere gore, Anatolid-Torid, Arap ve Rodop-Pontid levhalan farkli rudist faunalar ile
temsil edilirler ve Kampaniyen-Maastrihtiyen’de engellerle birbirlerinden ayrilmislardir. Bu engeller, Neo-
Tetis’in gliney ve kuzey koluna karsihik gelir ve faunal degisimi engelleyen ve eski biyocografik béliimlerin
ayrimlagmasima neden olan aktif bir rol oynamigtir.

ABSTRACT

The rudists are very common in the Anatolide-Tauride, Arabian and Rhodope-Pontide plates and they
represent important paleobiogeographic data explaining the relationships between the plates during the
Campanian-Maastrichtian time.

The rudists of the Arabian plate are localized around K. Maras, Adiyaman, Diyarbakir and Antakya. The
rudist fauna of this plate are poor and represented by three endemic genera (Vautrinia, Dictyoptychus,
Hatayia) and two species (Hippurites syriaca, Pironea syriaca) showing a geographic distribution in Syria,
Iran and the Oman Peninsula beside Southeastern Anatolia. These rudists have not been observed in the
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Anatolian-Tauride plate and Rhodope-Pontide fragment so far (Karacabey-Oztemur & Selguk, 1983, Ozer,
1986; 1988a; 1991; 1992a; 1992b; 2002; 2003).

The rudists of the Anatolide-Tauride plate are mainly observed in the eastern (Hekimhan-Malatya area) and
central Anatolia (around Beypazari-Haymana-Tuz Géli). The generic and specific diversities are very high
and many species belonging to the Hippuritidae, Radiolitidae and Caprinidae have been determined. The
Anatolide-Tauride plate is also characterized by the existence of several new genera and species. The rudists
of the plate show a wide geographic distribution in the countries of Central Mediterranean sub-province such
as former Yugoslavia, Bulgaria, Romania, Italy, Sicily and Greece (Karacabey, 1970; Karacabey-Oztemur,
1976;Ozer, 1983; 1987 1988b; 1992¢; 1992d; Sart & Ozer, 2002).

The Rhodope-Pontide fragment includes local rudist formations in the areas of Bayburt, Amasya Bolu and
Hereke-Kocaeli. The fragment contains poor rudist fauna, of which some genera like Yvaniella and new
species belonging to the genus Gorjonavicia, Durania, Sauvagesia, Radiolites and Pseudosabinia are only
observed in this fragment (Karacabey, 1968, Ozer, 1982; Ozer ve dig. 1990; Ozer & Fenerci, 1993; Steuber
ve dig. 1998).

According to the paleobiogeographic data, the Anatolide-Tauride, Arabian and Rhodope-Pontide plates are
characterized by different rudist fauna and were separated by an obstacle in the Campanian-Maastrichtian
time. This barrier corresponds to the southern and northern branchs of Neo-Tethyan Ocean, which prevented
the faunal exchanges and played an important role to cause the individualization of the paleobiogeographic
units.
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Bey Daglart otoktonunun orta-kuzey bélimiinde (Elmali-Camhdere arasi) Ust Kretase karbonatlan,
platformun evrimine bagh olarak, 6nemli stratigrafik kesiklikler ve fasiyes degisimleri gostermektedir. Ust
Kretase karbonatlari iizerinde yapilan biyostratigrafik ¢ahgmalar, s1g, yan-pelajik ve pelajik ortamlarda
¢okelimi isaret eden veriler sunmaktadir (Ozgiil, 1976; Poisson, 1977; Gutnic et al., 1979; Farinacci &
Koyliioglu, 1982; Ozyegin et al., 1985; Farinacci & Yeniay 1986; Giiltekin, 1986; Koyliioglu, 1987; Ozkan &
Koylioglu, 1988; Naz et al., 1992; Sari, 1999; San & Ozer, 2001; 2002).

Otoktonun orta-kuzey béliimiinde, Ust Kretase istifi iki formasyon ile temsil edilir. Bey Daglar1 Formasyonu,
altta kahn bir neritik istif ile iistte ince yar-pelajik kiregtaslarindan yapihdir. Yaklasik 700 metre
kalinligindaki Orta Senomaniyen-?Koniyasiyen yash neritik boliim, gel-git ortaminda ¢okelmis, s13 denizel
platform kiregtaglarindan olusur. 26 metre kalmhgmdaki, Koniyasiyen-Santoniyen yash masif yapih
yaripelajik kiregtaglan neritik kiregtaslarim dereceli olarak iistler. Akdag Formasyonunun Ge¢ Kampaniyen-
Geg Maastrigtiyen yash ince-orta katmanh ¢ortlii pelajik kiregtaslari, 100 metre kahnliga ulagir ve altlayan
Bey Daglar1 Formasyonunun farkh stratigrafik diizeylerini kosut uyumsuz olarak iistler. Yer yer pelajik
¢akiltagi diizeyleri ile baglayan, Paleojen yash pelajik marnlar, Ust Kretase istifinin farkli stratigrafik
diizeylerini kosut uyumsuz olarak {istler.

Neritik kiregtaglarinda iki rudistli diizey saptanmigtir. Katran Dag’in dogu yamacinda gozlenen alt rudistli
diizey caprinidlerden yapilidir (caprinid-radiolitid litosomu). Rudist faunasini, Orta-Geg Senomaniyen yasim
isaret eden, Ichthyosarcolites bicarinatus (Gemmellaro), Ichthyosarcolites triangularis Desmartes, Caprina
schiosensis Boehm, Neocaprina gigantea Plenicar, Schiosia cf. schiosensis Boehm, Sphaerucaprina
woodwardi Gemmellaro, Durania sp., Radiolites sp. ve Sauvagesia sp. ile tammlanamayan radiolitid kesitleri
olugturur. Rudistlere mercanlar ve gastropodlar eglik eder. Hippuritidlerin baskin oldugu iist rudistli diizey ise
platform kiregtaglarinin iist boliimlerinde gozlenir (hippuritid-radiolitid litosomu). Vaccinites praegiganteus
(Toucas)’larm baskin oldugu faunayr seyrek oranda Vaccinites inferus (Douvillé), Hippurites socialis
Douvillé, Hippuritella resecta (Defrance) ve radiolitidler olusturur. V. praegiganteus bireylerinin diigiik
magnezyumlu dis kavkilarindan yapilan #7Sr/%Sr izotopu analizleri, bu diizeyin Geg Tiironiyen yaslh oldugu
gosterir. Korkuteli alaninda yaygin olarak gozlenen iist rudistli diizey, platformun kuzeyine dogru Biiyiikkoy,
Kizilagag ve Pegenek Bogazi’ndan 6lgiilen kesitlerde de saptanmugtir.

Neritik kiregtaglarinda sirasiyla, Orta-Geg Senomaniyen, en Ge¢ Senomaniyen-en Erken Tiironiyen ve Orta-
Geg Tiironiyen yaslarimi veren, Pseudorhapydionina dubia-Pseudorhapydionina laurinensis, Chrysalidina
gradata-Pseudolituonella reicheli ve Nezzazatinella picardi-Psudonummoloculina  heimi  biyozonlan
tanimlanmstir.
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Yarni-pelajik kiregtaglart bol miktarda kalsisiferin eslik ettigi seyrek planktonik foraminifer igerigi ile temsil
edilir. Planktonik foraminifer toplulugu sirasiyla, Koniyasiyen-Erken Santoniyen ve Orta-Geg Santoniyen
yasini veren Dicarinella concavata AZ ve Dicarinella asymetrica TMZ’yi isaret eder.

Akdag Formasyonun pelajik kiregtaglar, zengin planktonik foraminifer igerigi ile temsil edilir. Topluluk
sirasiyla, erken Geg Kampaniyen, orta Ge¢ Kampaniyen, ge¢ Geg Kampaniyen-Erken Maastristiyen ve Geg
Maastristiyen yaslarim1 veren Radotruncana calcarata TMZ, Globotruncana falsostuarti BMZ, Gansserina
gansseri AZ ve Abathomphalus mayaroensis TMZ’yi isaret eder.

Bey Daglan otoktonunun Elmali-Camlidere arasinda yer alan orta-kuzey béliimiinde Ust Kretase istifi iki
belirgin stratigrafik bosluk igerir. Gel-git kosullar, Orta Senomaniyen’den Geg Tiironiyen’e kadar siirmiistiir.
Geg Tiironiyen’den sonra platformun az oranda ¢ékmesi, Santoniyen’in sonuna kadar siirecek yaripelajik bir
ortama neden olmustur. Geg Kampaniyen-Ge¢ Maastristiyen boyunca otoktonda havza kosullari egemen
olmustur. Erken-Orta Kampaniyen ve en Geg Maastristiyen, yiizeyleme ve asinma dénemidir.

Platformun Geg Tiironiyen’den sonra az oranda ¢okmesi, Akdeniz Alpin kusagmm etkileyen bolgesel
genlesme olaylan ile iligkili olmahdir. Geg Kretase’nin, Tetis’in bu kritik alaninda, onemli tektonik olaylarin
gelistigi zaman aralifi olmasi nedeniyle, pelajik istif igindeki stratigrafik kesiklikler de tektonik hareketlerle
iliskili olmalidir. Ostatik deniz seviyesi degisimleri Ust Kretase karbonat istifinde sadece ikincil bir 6neme
sahip olmahdir.

ABSTRACT

Upper Cretaceous carbonates of the middle-northern part of the Bey Daglart autochthon (between Elmali
and Camlidere) show important sedimentary breaks and facies changes with respect to evolution of the
platform. Biostratigraphic studies on the Upper Cretaceous carbonates indicate deposition in neritic,
hemipelagic and pelagic environments (Ozgiil, 1976; Poisson, 1977; Guic et al, 1979; Farinacci &
Koyliioglu, 1982; Ozyeg'in etal., 1985; Furinacci & Yeniay 1986, Giiltekin, 1986; Koyliioglu, 1987, Ozkan &
Koyliioglu, 1988; Naz et al., 1992; Sari, 1999; Sart & Ozer, 2001; 2002).

The Upper Cretaceous sequence of the middle-northern part of the autochthon is represented by two
formations. The Bey Daglari Formation comprises thick neritic limestones at the base and thin hemipelagic
limestones at the top. Approximately 700 m thick, middle Cenomanian-?Coniacian neritic part consists of
shallow water platform limestones, which deposited in peritidal environment. 26 m thick, Coniacian-
Santonian hemipelagic limestones gradually overlie the neritic limestones. Thin to middle bedded cherty
pelagic limestones of the Akdag Formation reach to the total thickness of 100 m and disconformably overlie
the different stratigraphic levels of the underlying Bey Daglari Formation. The pelagic marls of the
Paleogene, which locally begin with a pelagic conglomerate levels, disconformably overlie the different
stratigraphic levels of the Upper Cretaceous sequence.

Two rudist formations have been observed in the neritic limestones. The lower rudist level observed in the
eastern slope of the Katran Dag is mainly composed of caprinids (caprinid-radiolitid lithosome). The rudist
Jauna comprises Ichthyosarcolites bicarinatus (Gemmellaro), Ichthyosarcolites triangularis Desmartes,
Caprina schiosensis Boehm, Neocaprina gigantea Plenicar, Schiosia cf. schiosensis Boehm, Sphaerucaprina
woodwardi Gemmellaro, Durania sp., Radiolites sp., Sauvagesia sp. and unidentified radiolitids, which
indicate Middle-Late Cenomanian. Corals and gastropods accompany the rudist fauna. Upper rudist level is
dominated by hippuritids and found near the top of the platform limestones (hippuritid-radiolitid lithosome).
The fauna is represented by the dominance of Vaccinites praegiganteus (Toucas), which is accompanied by
rare Vaccinites inferus (Douvillé), Hippurites socialis Douvillé, Hippuritella resecta (Defrance) and
radiolitids. *’Sr/*’Sr values of well-preserved low-Mg calcite of the shells of V. praegiganteus show that the
age of this level is of Late Turonian. The upper rudist level, which prominently occurs in the Korkuteli area,
is observed in the stratigraphic sections measured in Biiyiikkdy, Kizilagag and Pegenek Bogazi throughout the
northern part of the platform. Pseudorhapydionina dubia-Pseudorhapydionina laurinensis, Chrysalidina
gradata-Pseudolituonella reicheli and Nezzazatinella picardi-Psudonummoloculina heimi biozones have been
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