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Kuzey Arap Plakasinin Paleocodrafik Gelisimi

Dogan Peringek*,  Nihat BOZDOGAN**,  Orhan DURAN**,  Tanyol CORUH**
*Kuwail University, Dept. of Earth and Environmental Sciences. P.O Box 5969, Safat 13060, Kuwait.
= Tyrkish Petroleum Corporation, A nkara, 06520 Turkey

Giineydogu Anadolu Arap plakasinin kuzey kenarinda yer ahr. Bu bolgede, Prekambriyenden
Giincele degin cesitli havzalarda ¢okelmis olan sedimanter kayalar tariflenmistir. Otokton istif,
cokelmedeki bir cok kesiklik ve uyumsuzluklar ile fasiyes degisimlerine neden olan tektonik
olaylardan oldukga etkilenmistir.

Volkanik, volkano-klastik seyl ve kumtaslarindan meydana gelen Telbesmi Formasyonu bilinen en
eski otokton istiftir. Bu birim; tabanda karasal ye gecis tipindeki klastikler, ortada sig self tipi
karbonatlar ve istte ardalanmali sig denizel seyl ve kumtaslarindan olusan Kambriyen yash Derik
Grubu tarafindan ¢ogunlukla uyumsuz olarak ortiilir. Derik Grubu dogu ve bati alanlarinda kiy
yakini-sig denizel ¢okellerden meydana gelen Ordovisiyen yash Habur Grubu'na gecis gosterir.
Ancak, geri kalan alanlarda Erken Ordovisiyen'de ¢okelmede bosluk ve erozyonal bir slreg
tariflenmistir. Habur Grubu, inceleme alaninin dogu ve bat kenarlarinda kiyr yakini ve sig denizel
ozelligindeki iist Devoniyen-Alt Karbonifer yasli Zap Grubu ile ortiiliir. Bolgenin orta kesimlerinde
ise Ust Siliiriyen-Orta Devoniyen yagh Diyarbakir Grubu tarafindan tizerlenir. Diyarbakir ve Zap
gruplan ile Habur Grubu arasinda bolgesel bir diskordans tariflenmistir. Kiyr yakini ve paralik
ortam {iriini klastikler ile sig-derin denizel karbonatlardan olusan Permiyen yasli Tanin Grubu
bélgenin orta kesimlerinden doguya dogru artan kalinliklarla temsil edilir.

inceleme alanmin dogusunda, Paleozoyik ye Mesozoyik birimleri arasinda devamhihk ve
uyumluluk izlenirken, diger alanlarda bazi istiflerin eksikligi gozlenmistir. Mezozoyik istifinin
tabanini: orta boliimiiniin kirmizi, renkli cokellerle temsil edildigi, bu seviyenin altinda ve tstiinde
killi karbonat istiflerinin bulundugu Alt Triyas yash Cigli Grubu olusturur. Bu birim, orta ve giiney
alanlarda gel-git dolay1 karbonat ve evaporitlerle karakterize olan Orta Triyas-Alt Kretase yash
Cudi Grubu tarafindan tizerlenir. Cudi Grubu, batiya (Amanos Daglart) ve doguya (Strnak-
Hakkari) dogru yanal olarak sig denizel karbonatlarm egemen oldugu ¢okelleri igerir.

Birinci derecede rezervuar kaya ozelligi tastyan Apsiyen-Senomaniyen yash Mardin Grubu taba-
ninda bolgesel bir uyumsuzluk meveuttur. Mardin Grubu, s1g denizel karbonatlar ile self-ici gukur-
luklarda ¢okelmis olan organik maddece zengin derin denizel karbonatlardan meydana gelir.
Mardin Grubunu takiben ¢okelmede bosluk ve agimmma mevcut olup, tizerine gelen birimler tara-
findan uyumsuz olarak értiiliir. Daha sonra, transgresif ozelliginde s1g denizden havzaya kadar
degisen cokel fasiyesleri iceren Koniasiyen-Maastrihtiyen istifi ¢okelmistir. Geg Kampaniyen-erken
Maastrihtiyen déneminde yaygm dlan tirbiditik ¢okeller bolgenin kuzey alanlaronda etkin tekto-
nizmanin varhgmi isaret eder. Bu tektonik siiveg sonrasinda, kuzey ve merkezi kuzey kesimlerdeki
durayh self kenart ve platform alanlarinda resifal ve yigmak tiirti karbonatlar ¢okelebilmistir. Daha
giiney kesimlerde ise derin deniz ¢okelleri yer alir. Yukanrdaki sartlar Paleosen sonuna kadar
devam etmistir. Mezozoyik ve Senozoyik istifleri arasmda marjinal ye platform alanlart harig
tutulursa cokelmede kesiklik ve bolgesel bir uyumsuzluk yoktur. Alt-Orta Fosen doneminde
ozellikle kuzey alanlarinda gerilme tektonigi etkili olmus ve Giineydogu Anadolu'nun tamami
transgresyon nedeniyle sularla kaplanmis olup, Midyat Grubu'nun platform ye havza tipi birimleri
cokelmistir. Midyat Grubu, geg Oligosen’de regresif tip ¢okellerle sonuglanmistir.
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Bolgesel bir uyumsuzlugu takiben, erken Miyosen'de yeni bir transgresyon baslamig ve Silvan
Grubu'nun tiirbiditik klastikleri, bank tipi karbonatlar, sig denizel, gecis, karasal 6zellikli evaporit
katkil kimintilar ile kiyr cizgisi tipi karbonat kumlari ¢Okelmistir. Otokton istifin ¢okelimi, geg
Miyosen-Pliyosen yash aliivyon ve akarsu ¢okelleri ile tamamlanmustir.

Paleogeographic Evolution of the Northern Arahian Plate

Southeast Turkey is located at the northern margin of the Arabian plate. Sedimentary rocks have
been deposited in several basins in the area since Precambrian time. The autochthonous strata
were affected by tectonic events, which caused several sedimentological breaks and unconformities.

The known oldest lithostratigraphic unit is the Precambrian age Telbesmi Formation, which
consists of volcanics, volcanoclastics, shales, and sandstones. It is overlain unconformably by the
Cambrian Derik Group, which is characterized by continental to marginal marine clastics at the
bottom; shelf carbonates in the middle, and shallow marine shale and sandstone alternations at the
top. In the eastern and western part of the study area; the Derik Group passes gradually into
coastal plain to shallow marine deposits of Ordovician age Habur Group. However, a depositional
break occurred in the rest of the area. During the Early Silurian widespread unconformity was
developed. The Ordovician Habur Group is covered by the Upper Silurian-Middle Devonian
shallow marine rocks of the Diyarbakir Group in the central southeast Turkey. The Ordovician
sequence is overlain by coastal plain to shallow marine sediments of the Zap Group of the Late
Devonian-Early Carboniferous age to the east and west of the study area. Another regional
unconformity is observed between the Diyarbakir or Zap groups and the Tanin Group. The
Permian Tanin Group is composed mostly of carbonates and various clastics are present only in
the eastern part of the study area.

In the eastern southeast Turkey, the Paleozoic and Mesozoic rocks are conformable with minor
breaks in sedimentation, whereas missing section are present in the rest of the area. The
lowermost unit of the Mesozoic sequence is the Lower Triassic Cigli Group, which comprises two
argillaceous carbonate units, separated by a red bed sequence. The overlying unit is known as the
Middle Triassic-Early Cretaceous Cudi Group, which is represented by a carbonate-evaporite
sequence of restricted to open marine environments in the south-southeast of Mardin. Cudi
Group laterally grades into shallow marine carbonates both in eastward and westward directions.

Aregional unconformity is present at the base of the Aptian-Cenomanian Mardin Group, which is
the main oil-producing sequence. Various types of shallow marine carbonates and semi-restricted
deep marine organic-rich carbonates represent this group.  After a depositional break,
transgressive shallow to deep marine deposits were developed during the Coniacian to
Maastrichtian. The Upper Campanian-Lower Maastrichtian turbiditic clastics are good indicator of
the intense tectonism at the northern part of southeast Turkey. Following this tectonic phase,
reefal and bank type carbonates were deposited in relatively stable marginal and platform type
marine environments in the north and north central parts. However, the southern parts were the
area of deep marine deposition. These conditions were prevailed by the end of Paleocene. There
is not a well-defined break between the Mesozoic and Cenozoic sequences except around the
margin of the basin. The Early-Middle Eocene has been a time of extensional tectonic regime,
which was effective in the north. Where, the entire platform was occupied by a transgressive sea in
which basinal to platform type sediments of the Midyat Group were deposited. The deposition of
this sequence was terminated by a regression during the Late Oligocene time.

After a regional unconformity, the sedimentation in a transgressive sea took place during the
Early-Middle Miocene. The turbiditic clastics, bank type carbonates and shallow marine to
continental clastics, and carbonates of the Silvan Group were deposited during this time. The

deposition of the autochthonous sequences was ended with the alluvial and fluvial deposits of the
Late Miocene to Pliocene.
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Sandikh (Afyon) Bolgesinde Yer Alan Gec Prekambriyen - Erken Paleozoyik
Yash Birimlerin Jeolojisi ve Deformasyon Ozellikleri

Semih GURSU*, M. Cemal GONCUOGLU** ve Hasan BAYHAN"**
= MTA Genel Miidiirliigic Maden Analizleri ve Teknolojist Dairesi, Ankara (sgursu@yahoo.com)
#* ODTU Jeoloji Mihendisligi Boliimii, Ankara (mcgoncu@metu.edu.tr)
ik 1 (. Jeoloji Miithendisligi Boliimii, Ankara (hbayhan@hacetiepe.edu.tr)

Gondvana kitasinin kuzey kenarmda izlenen Geg Proterozoyik ve Erken Paleozoyik yash birimler
Toros - Anatolit Kugagi, Iran ve Arabistani i¢ine alan kisimda ytzeylenmektedir. Geg Proterozoyik
sirasinda Toros-Anatolit Kugagi, Kuzey Afrika'ya bitigik olup Pan-Afrikan orojenezinden ctkilen-
migtir (Gonciioglu ve Kozlu, 2000). Toros-Anatolit Kusagrna ait Prekambriyen yagh temelin
genelde baglica yitksek dereceli metamortfik kompleksler ile temsil edildigi, Afyon (Sandikl)
bolgesinde de disiik dereceli metamorfizma gegirmis volkanik birlikler ve sedimanter/volkanik
dizilerin yer aldign bir ¢ok aragtmcr tarafindan 6ne stirdilmigtic (Ongiir, 1973; Gutnic ve dig.
1979; Kroner ve Sengor, 1990; ()zgul ve dig., 1991; Dean ve ()/gul 1994; Kozlu ve Gonctoglu,
1995,1997; Giirsu ve Gonctoglu, 2001; Giirsu, 2002).

Orta ve Bau Toroslarn birlestigi bolgeyi kapsayan inceleme alant, Orta Toroslarm ayiruman
stratigrafi ve tektonik ozellikleri tagimaktadir. Sandikh, Karadirek, Bagagag, Akharim ve Tasoluk
ilceleri ve civarinda yiizeylenen kayaglar; Prekambriyen yagh Sand likh Temel Kompleksi (STK), Alt
Paleozoyik yagh ortii birimler ve Mesozoyik yagh ortii birimleri olmak tzere g kisma ayridmigur
(Giirsu, 2002). Sandikhi Temel Kompleksi alttan iiste dogru Guvercinoluk formasyonu ve Kestel
Gayr Portiroid Birliginden; Alt Paleozoyik yaght ortii birimleri ise Gogebakan formasyonu, Hidai
formasyonu, Caltepe formasyonu ve Seydisehir formasyonundan olugmaktadir. Paleozoyik
birimler i{izerinde yer alan Mesozoyik yasgh ortii birimleri ise Ilyash ve Derealani formasyonundan
olugmakta olup, yer yer tektonik olarak STK tarafindan tizerlenmistir.

STK, Sandikli ilcesinin giineybausinda KKB-GGB gidigli devrik antiformal bir yap: olusturmak-
tadir. STK'min meta-sedimanter kayaglar, Guvercinoluk formasyonu olarak tanmmmlanmgur. Gii-
vercinoluk formasyonu inceleme alamnda gozlenen konumuna bagh olarak altta siyah renkli lidit
mercekleri iceren meta-silttag, ¢ort banth bresik rekristalize dolomit bantlar, tirbiditik meta-
kumtagt, fillitik sleyt, fillit ile beyaz renkli milonitesmis rekristalize mermer bantlart ve laminali
dolomitik rekristalize kirectagindan olugur. Formasyonun iist kesimi, moloz akmasi sonucu geligen
meta-konglomeralar ve meta-silttagy/lillit ardalanmasmdan olusur. Birim igerisinde izlenen meta-
konglomeralar, istifin tektonik olarak akdif bir denizel basende gelistigini gostermektedir. STK'nin
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meta-magmatik kayaglar Kestel Cayr Porfiroid Birligi (KCPB) olarak tanimlanmistir (Giirsu, 2002;
Girsu ve dig., 2003). KCPB, meta-riyolit/meta-dasitler ile meta-kuvars porfir dayklarindan
olugsmaktadir. KCPB'me ait meta-kuvars porfir dayklar, STK'nin meta-sedimanter kayaglarini
(Giivercinoluk  Formasyonu) ve riyolitik bilesimli ¢ekirdegi olusturan meta-riyolit/meta-dasit
kayaglarim kesmektedir. STK'ne ait kayaglar en az tg¢ fazh kataklastik deformasyon ve diisiik
dereceli dinamik metamorfizma gecirmis ve yesil- koyu yesil renkli kitasal toleyitik bilesimli bazik
dayklarca kesilmistir.

Alt Paleozoyik yaslt 6rtii birimleri, alttan tste dogru Gogebakan formasyonu, Hudai formasyonu,
Galtepe formasyonu ve Seydisehir formasyonundan olusmaktadir. Erken Kambriyen vash
Gogebakan formasyonu, STK'ni uyumsuz olarak tizerlemektedir. Formasyonun tabanda STK'ni
olusturan ve dinamik metamorfizmadan etkilenmis meta-riyolit/meta-dasit, lidit, rekristalize
kiregtagt ve meta-silttagi klastlarmi igeren bir ¢akiltagi yer almaktadir. Birim tste dogru lidit ve
deforme porfiroid kaya¢ pargaciklart igeren meta-kumtagi, alacali renkli meta-silttagi ve meta-
¢amurtast ardalanmasi ile devam etmektedir. Spilitik lav akinulari ve piroklastik kayaglar igeren
birim, okyanusal toleyitik bazalt bilesimli dayklarca kesilmistir. Formasyonun inceleme alaninda
gozlenen kalinligi 600 metredir. Gégebakan formasyonu tste dogru Hiidai formasyonu Celiloglu
tyesi ile gegislidir. Uchman ve dig. (2000)'nin, Hudai formasyonun Celiloglu tiyesi ile Gogebakan
formasyonun gegis araliginda tanimladiklar iz fosillerine gore, birimin yagi Tommotiyen (Erken
Kambriyen)'e inmektedir. Celiloglu tiyesi yesil renkli meta-camurtagi/meta-siltag ve yesil, bej renkli
meta-kumtast ardalanmasindan olugmaktadir. Celiloglu iiyesinin st diizeyleri agik yesil, bordo,
kirmizimsimst bordo renkli meta-silttagt ile ¢apraz tabakalanma ve laminasyonlu arduvaz
bantlarinin izlendigi meta-kumtast ile Orenkaya Kuvarsit iiyesine geger. Hiidai formasyonu, Alt -
Orta Kambriyen yash kizil kahve renkli rekristalize dolomit ve pembe renkli yumrulu
kiregtaglarindan olusan Caltepe formasyonu tarafindan uyumlu olarak altlanmaktadir. Birim,
inceleme alaninda oldukga dar bir alan kaplayan ankimetamorfik miltast, yumrulu kiregtasi, seyl ve
kumtast iceren Orta Kambriyen-Alt Ordovisiyen yash Seydisehir formasyonu ile devam etmektedir.
Palezoyik yashi ortii birimleri en az iki fazli deformasyon ve diisiik dereceli metamorfizma
gegirmistir.

Mesozoyik yash ortii birimleri inceleme alaninda daha yasl birimleri agisal uyumsuz olarak érten
Permiyen Sonrasi-Liyas éncesi yasl Ilyash formasyonu ile Erken Liyas-Erken Malm yash Derealani
formasyonu ile temsil edilmektedir.

STK'ni olusturan meta-kirmtili ve meta-magmatik kayaglarda gozlenen deformasyon ve dinamo-
termal metamorfizmanin, erken Kambriyen yash Gégebakan formasyonunun ¢okeldigi basenin
agilmasina yol agan gerilme rejimine bagl olarak geligmis oldugu varsayilmaktadir. Prekambriyen
yash temel birimler ile Paleozoyik yash 6rtii birimleri arasindaki deformasyon fazi, Menderes Masifi
(Candan ve dig., 2001), Orta Anadolu Kristalen Kompleksi ve Bitlis Masifi'nde (Gonciioglu ve dig.
1997) gozlenmis olup, Geg Pan-Afrikan orojenezi ile baglandiriimistir. Galisma alaninda saptanan
STK ile Erken Kambriyen yash orti arasindaki uyumsuzlugun, Menderes Masifi'nde somut olarak
kanitlanamayan Ana Pan-Afrikan uyumsuzluga (Konak ve dig., 1987)’e karsilik geldigi, Menderes
Masifi ile ¢aligma alanindaki birimlerin Pan-Afrikan temel'e ait parcalar oldugu diisiiniilmektedir.

Stratigrafik iligkiler, Prekambriyen temeli, Alt Paleozoyik yasli 6rtii birimlerini ve Mesozoyik
ortiiyii etkileyen deformasyon (Giirsu, 2002) ve metamorfizma kosullart (Bozkaya ve dig., 2003)
farklilik sunmakta olup, Toros-Anatolit biriminin en az ti¢ farkli dsnemde (Geg-Pan Afrikan, Geg
Paleozoyik-Jura arast ve Geg Alpin) 6nemli tektonik olaylardan etkilendigine isaret etmektedir.
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Geology and Deformational Features of the Late Precamhrian - Early Paleozoic
Units in Sandikh (Afyon), Turkey

At the northern edge of Gondwana, Late Proterozoic and Early Paleozoic units, occur in the
Tauride-Anatolide Belt, Iran and Arabia. The Tauride-Anatolite unit was very probably attached
to North Africa during Late Proterozoic and affected by Pan-African Orogenesis (Gonciioglu and
Kozlu, 2000). The Precambrian basement of Tauride-Anatolite Belt is mainly represented by
different rock-units, including high grade metamorphic complexes, very low grade metamorphic
volcanic assemblages and sedimentary/volcanic successions that were reported in the Afyon
(Sandikli) region by various authors (Ongiir, 1973; Gutnic et al., 1979; Kroner and Sengor, 1990;
Ozgill et al.,, 1991; Dean and ()2giil, 1994; Kozlu and Goncuoglu, 1995,1997; Giirsu and
Gonclioglu, 2001; Giirsu, 2002).

The investigated area at the Jjunction between Western and Central Taurides displays distinctive
features of the Geyikdag Unit of O7gu et al (1991). The rock-units in Sandikl, alddnek,

Basagag, Akharim, Tagoluk and surrounding areas are made up of the Precambrian Sandikh
Basement Complex (SBC), lower Paleozoic cover units and Mesozoic cover units (Giirsu, 2002).
SBC is composed of the Giivercinoluk Formation and Kestel Cayt Porphyroid Suite; lower
Paleozoic cover units consist of Gégebakan, Hudai, Caltepe and Seydisehir formations respectively.
Mesozoic cover unit consist of Ilyash and Derealani formations and is tectonically overlain by SBC
in many places.

SBC crops out within a NNW-SSW trending overturned antiformal structure. Meta-sedimentary
rocks of SBC are described as the Giivercinoluk formation. The lower part of Giivercinoluk
formation is made up of meta-siltstones with lydite lenses, recrystallized cherty dolomite bands,
meta-sandstones, phyllitic slates, phyllites with bands of white colored, recyrstallized limestones
and laminated dolomitic recrystallized limestones. The upper parts of the formation consist of
debris flow conglomerates and alternation of meta-siltstones/phyllites. The succession is very
probably deposited in a marine environment, formed in a tectonically active basin margin. Meta-
igneous rocks of SBC are described as Kestel Cay1 Porphyroid Suite (Giirsy, 2002; Giirsu et al.,
2003). KCPS is composed of meta- rhyolite/meta-dacite and meta-quartz porphyry dikes. Meta-
quartz porphyry dikes of KCPS intrude the meta-sedimentary rocks of SBC (Giivercinoluk
Formation) and meta-rhyolite/meta-dacite rocks, which formed the volcanic carapace. The rocks of
SBC were undergone with at least three phases cataclastic deformation and very low-grade
dynamic metamorphism and were intruded by green-dark green dykes of continental tholeiitic
basalt composition.

The SBC rocks are unconformably overlain by the early Cambrian Gogebakan formation. The unit
contains a basal conglomerate with dynamo-metamorphic pebbles of the underlying meta-
rhyolite/meta-dacite, lydite, recrystallized limestone and meta-siltstone. Upwards, the succession
consists of meta-sandstones with pebbles of lydite and deformed porphyroid rock fragments,
alternating with variegated meta-siltstones and meta-mudstones. The formation includes spilitic
lava flows and pyroclastic rocks and is cut by dykes of oceanic tholeitic basalt composition. The
observed thickness of the formation is about 600 m in the investigated area. Upwards, the
formation is transitional to the Celiloglu Member of the Hiidai Formation. At the transitional zone,
Uchman et al (2000) reported trace fossils indicating a Tommotian depositional age for the unit.
The Celiloglu Member is made up of an alternation of green colored meta-mudstone/meta-
siltstone and green-beige colored meta-sandstone. The upper part of the Celiloglu member is
transitional to the Orenkaya Quartzite Member of the Hiidai Formation with green and dark red
colored cross-laminated meta-siltstone and slate bands. The Hiidai Formation is confor nmiably
overlain by the Lower-Middle Cambrian Caltepe Formation, which is made up of reddish-brown
colored recrystallized dolomite and pink colored nodular limestones. The succession continues
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with the anchi-metamorphic siltstones with nodular limestone bands, shales and sandstones of the

Middle Cambrian-Lower Ordovician Seydisehir Formation. Paleozoic cover units were undergone
with at least two phases deformation and very low-grade metamorphism

The Mesozoic cover units are represented by post-Permian/pre-Liassic Ilyash formation that
unconformably cover the older units, and the Derealani Formation of the early Liassic-early Malm

age, respectively.
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Figure 1. The geology of the investigated area (Giirsu, 2002).
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It is suggested that the dynamo-thermal metamorphism and deformation observed in the meta-
igneous and meta-sedimentary rocks of SBC were related to the development of an extensional
event of which resulted in opening of a basin at the northern edge of Gondwana and followed by
the deposition of the early Cambrian Gégebakan formation. The deformational phase between
Precambrian basement rocks and Paleozoic cover units were also observed in the Menderes Massif
(Candan et al., 2001), Central Anatolian Crystalline Complex and Bitlis Massif (Gonciioglu et al.,
1997) and were ascribed to the Late Pan-African orogenic event. It is further assumed that the
unconformity between the SBC and the early Cambrian cover units in the study area corresponds
to the Main Pan-African unconformity (not detemined as concrete) in the Menderes Massif (Konak
etal., 1987) and that the SBC, the core rocks of the Menderes Massif and other Precambrian units
in the Taurides/SE-Anatolia are parts of the Gondwanan Pan-African basement.

The stratigraphic relations and the deformational features (Giirsu, 2002) as well as the
mineralogical studies on the metamorphic conditions (Bozkaya et al., 2003) of the Precambrian
basement, Lower Paleozoic cover units and Mesozoic cover units indicate that Tauride-Anatolite
units were affected at least by three successive tectonic events during the late-Pan-African, late
Variscan and Alpine periods.
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Moﬂol Altaylar’nin Orta Kesiminin (Bati Modolistan) Jeolojisi Ve Metalojenisi

Mustafa SENEL*, Yavuz BEDI*, Okan ZIMITOGLU*, Bilent BAYBURTOGLU*,
Halil TURKMEN*, Badarch ALTANGEREL**

% MTA Genel Miidiirligii, Ankara
w4 Geo-Erel Co., Ltd., Mogolistan

Calisma, Maden Tetkik Arama Genel Mudurligi (MTA) ile Mogolistan Maden Kaynaklar:
Otoritesi (MRAM) tarafindan ortaklaga ytiriitilmektedir. Ural-Altay dag sisteminde yer alan
arastirma alani, Bati Mogolistan’da Mogol Altaylar’nin orta kesimindeki Hovd zonunda yer alir.
Kaledoniyen ve Hersiniyen orojenezlerinin etkin oldugu "polgede, Prekambriyen-Karbonifer
araliginda geligmis metamorfik, magmatik ve sedimanter kaya birimleri izlenir. Temelde yer alan
Prekambriyen genelde distk dereceli metamorfik kayaglardan olugur. Birim kuvarsit ve
metakonglomera ara diizeyli sistlerle temsil edilir. Prekambriyen yash kayalar iizerine agsal
uyumsuzlukla tabanda metakonglomera diizeyi ile baslayan, epimétémorﬁk karakterde, volkano-
sedimanter nitelikli Kambriyen yasli metakonglomera, kumtast, silttagt, ¢ort, rekristalize kiregtast
ardalanimina eslik eden riyodasit, andezit, dasit, riyolit, aglomera ve tiiften olugan Alt Uye; ¢ort ve
silis mercekleri kapsayan rekristalize kiregtagindan olusan Karbonat iiyesi (Orta Uye); kumtas, tif,
tifit, bazik volkanit, c¢ort, rekristalize kirectasi ve mermer ara diizeyli silttagt ve seyl
ardalammindan olugan Ust Uye olmak iizere ii¢ Gyeden olusur. Alt Uye volkanitleri genellikle
andezitik ve dasitik bilesimli, yiiksek potasyumlu, kalkalkalen egilimlidir. Bazik bilesimli
volkanitlerden olusan Ust Uye've ait volkanitler, distk potasyumlu, toleyitik egilimlidir.
Prekambriyen kayaclart Ust Devoniyen?-Karbonifer yagh Hovd kompleksi granitoyidleri
tarafindan dokanagi boyunca kontakt metamorfizmaya ugramistir. Prekambriyen iizerinde agisal
uyumsuzlukla iki farkli fasiyeste Siltiriyen yash kayalar izlenir. Ilki taban konglomerasi ile baglayip,
kirectast, riyolit, andezit, bazik lav akintist ara katkili kumtasgs, silttast, mikrokonglomera, tif ve tifit
ardalanimina gecer. Formasyonda izlenen bazik volkanitler yiiksek potasyumlu, toleyitik karakter
ozellikleri gosterir. Ikincisi ise tabanda cort ve rekristalize kirectagi ara dizeyleri kapsayan seyl,
silttagi ve kumtagt ardalanmasindan olusur. Siliiriyen kayalarini agisal uyumsuzlukla, alt bolimleri
olistostromal, st diizeyleri ise tirbiditik istif 6zelligi gosteren Alt Devoniyen yagh kinulilar
tizerler.

inceleme alanindaki bu metamorfik, sedimanter ve volkano-sedimanter kayaclar, degisik yas ve
evrelerde gelismiy granitoyidler tarafindan kesilir. 11k evrede olugan Siliriyen yash gabro-
diyoritten olusan bazik bilesimli kayaglar toleyitik ve kalkalkalen ozellikte, farklt magma
kaynaklarindan beslenmis melez (hibrid) bir magmadan olusmustur. Siliiriyen yash bazik bilesimli
kayaclar, ikinci evreyi olugturan yine olasili {ist Devoniyen ?-Karbonifer yash Hovd kompleksinin
granit, granodiyorit, kuvars diyorittten olugan granitoyidleri tarafindan kesilir. Bu granitoyidler
yer yer alkalen egilim gosteren kalkalkalen karakterli, magnezyumlu topluluk kayaglaridir.
Ucgiincii evrede ise olasilikla Karbonifer yash granitoyidler olusmug ve tim yash kayalari kesmistir.
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Ugtincii evre granitoyidleri genellikle subalkalen nitelikli kayaglar olup, subalkalen granit, alkali
Iokokratik granit, I6kokratik granit, 16kokratik kuvars siyenit, kuvars monzodiyorit vh. kaya
toplulugunu  kapsar. Bu granitoyidler kalkalkalen egilim gosteren, magnezyumlu topluluk
kayaclaridir.

Metamortik, sedimenter, volkano-sedimanter ve pliitonik kayaclar, olasihkla Karbonifer ve/veya
Karbonifer sonrasi yagta ve iki farkli evrede olusan intriizif nitelikli riyolitlerle ve en son evrede ise
pegmatit, granit aplit ve bazik bilesimli dayklarca sikga kesilir.

Gahgma alanmda dort farkl tipte Au olusumu saptanmustiv; siit kuvars damarlarina bagh
cevherlesmeler, mezotermal tip cevherlesmeler, volkano-sedimanter (ekzalatif) tip cevherlesmeler
ve plaser tip cevherlesmeler. Genellikle malahit, azurit, pirit ve limonit iceren siit kuvars damarlari
54 ppm’e varan Au iceriklidir. Bunlara gorece yiiksek Ag, Cu, Pb, Zn ve As degerleri eslik eder.
Mezotermal cevherlesmeler yiiksek baz metal icerikleri ve buna eslik eden anomali diizeyinde Au
icerikleriyle tipiktir. Silislesme, limonitlesme ve breslesmenin de eslik ettigi bu damarlar cevher
mineralleri olarak kalkopirit, kalkozin, kovellin, malahit, manyetit, hematit, martit, pirit ve gétitten
olusur. Bunlar % 2.35’e varan Cu ile 0.16 ppm’e varan Au igerirler. Kambriyen ve Siliiriyen yaslt
seriler igindeki, bilesimi asitten bazige kadar degisen volkanitler ile silisli tiif ve tiifitler icinde
izlenen ekzalatif tip cevherlesmeler yiiksek baz metal (%3.0’e varan Cu ile %1.2e varan Zn) ve yer
yer yiiksek Au (1.45 ppm’e varan) igerikleri ile tipiktir. Plaser tip cevherlesmeler genelde
monojenik malzemelidir. Au'nun kaynagi metamortfik birimlerin icindeki kuvars damarlari olabilir.

Bolgesel olarak ¢ok yaygin olan bu kuvars damarlari ve mezotermal tip cevherlesmeler Au
agisindan ekonomik goriinmemesine karsin, ekzalatif tip cevherlesmeleri iceren birimlerin ve
plaser tip olusumlarin yayginhgi goézéniine alinarak arama calismalarinin bu tip cevherlesmeler
tizerinde yogunlagtirilmas yerinde olacaktir.

Geology And Metallogeny Of The Central Part Of Monyolian Altai Region
(Western Mongolia)

The present study has been collectively conducted by General Directorate of Mineral Research and
Exploration (MTA) and Mineral Resorces Authority of Mongolia (MRAM). The study area is
located within the Hovd zone, at the central part of Mongolian Altai, Western Mongolia as a part
of Ural-Altai orogenic system. The region that has been dominated by Caledonian and Hercynian
orogenesis is characterized by metamorphic, magmatic and sedimentary rocks ranging in age from
Precambrian to Carboniferous. The Precambrian time is usually characterized by low-grade
metamorphics, constituting the basement. They are made up of quartzites and schists interbedded
with metaconglomerates. The Precambrian rock units are overlain by a volcano-sedimentary series
of Cambrian age having epimetamorphic character, with angular unconformity. This series is
subdivided into three members; Lower Member consisting of alternating metaconglomerate,
sandstone, siltstone, chert, recrystallized limestone accompanied by rhyodacite, andesite, dacite,
rhyolite, agglomerate and tuff,; Carbonate Member (Middle Member) consisting of recrystallized
limestone with lenses of chertsand siliceous rocks; Upper Member consisting of alternation of
silistone and shale, intercalated with sandstone, tuff, tuffite, basic volcanics, chert, recrystallized
limestone and marble. The volcanics of Lower Member usually have andesitic and dacitic
composition and show high-potassium calcalkaline trend while those belonging to the Upper
Member are of basic composition and show low-potassium tholeiitic trend. The Precambrian rocks
were metamorphosed along their contacts by granitoids of Upper Devonian ?-Carboniferous Hovd
Complex. Silurian rock units that belong to two different facies, overlie the Precambrian units with
angular unconformity. First facies is characterized by a basal conglomerate and alternating
sandstone, siltstone, microconglomerate, tuff and tuffite, interlayered with limestone, rhyolite,
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andesite and basic lavas. Basic volcanics have a high-potassium tholeitic character. Second facies is
characterized by an alternation of shale, siltstone and sandstone which contains interbeds of chert
and recrystallized limestone at the base. Silurian rocks are overlain by Lower Devonian detritics
with angular unconformity the lower parts of which have olistostromal character and the upper
parts of which have turbiditic character.

These metamorphic, sedimentary and volcano-sedimentary rocks are cut by granitoids of different
phases. First phase of basic rocks consisting chiefly of Silurian gabbros, diorites was derived from a
hybrid magma fed by different tholeitic and calcalkaline magma sources. These basic magmatic
rocks are intruded by second-phase granitoids of Upper Devonian ?-Carboniferous Hovd
Complexs including granite, granodiorite, quartz diorite. These granitoids belong to magnesian
associations having calcalkaline character or even locally alkaline character. Third phase is possibly
represented by Carboniferous granitoids cutting all the older rocks. This phase includes
subalkaline rocks such as subalkaline granite, alkaline leucocratic granite, leucocratic granite,
leucocratic quartz syenite, quartz monzodiorite etc. These granitoids belong to magnesian
associations calcalkaline trend. All these rocks are densely cut by Carboniferous and/or post
Carboniferous intrusive rhyolites, probably as belonging to two different phases and by dykes of
pegmatite, granite, aplite and basic rocks as products of the latest phase.

Four different types of gold mineralization have been recognized in the study area; gold-bearing
milky quartz veins, mesothermal vein-type mineralizations, volcano-sedimentary-type (exhalative
type) mineralizations and placer-type deposits. Milky quartz veins generally containing such
minerals as malachite, azurite, pyrite and limonite have gold contents up to 54 ppm. High gold
values are accompanied by relatively high contents of Ag, Cu, Zn, Pb and As. Mesothermal
mineralizations are characterized by high contents of base metals and anomalous gold values.
These veins accompanied by silicification, limonitization and brecciation, contain chalcopyrite,
chalcocite, covellite, malachite, magnetite, hematite, martite, pyrite and goethite as ore minerals.
They contain Cu up to 2.35% and Au up to 0.16 ppm. Exhalavite-type mineralizations hosted by
volcanics ranging in composition from acidic to basic, and silicious tuffs and tuffites, which belong
to both the Cambrian and Silurian series are characterized by high base metal contents (Cu; up to
3.0%, Zn; up to 1.2%) and locally high gold contents (up to 1.45 ppm). Placer-type deposits are
generally composed of monogenic pebbles. It is likely that gold has been derived from quartz veins
within metamorphics.

Even if quartz veins that regionally occur widespread, and mesothermal vein-type mineralizations,
seem uneconomic as far as gold is concerned, having regard to the fact that units hosting
exhalavite-type mineralizations and deposits bearing placer gold widely occur in the region,
exploration efforts should be focused on these types of deposits.
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Giivercinlik Formasyonu’nun Mikrofasiyes Ozellikleri. Diyajenez ve GCikelme
Ortamlari, Mordodan GB’s1 (Karaburun Yanmadasi)

Emel Sedef KAYA ve Sacit OZER
Dokuz Elil Univeritesi, Mithendislik Fakiiltesi, Jeoloji Miihendisligi Bolimii, 35100, Bornova ZMIR.

Karaburun yarimadasinin kalin karbonat istifi icinde yer alan Giivercinlik formasyonunun
(Noriyen-Resiyen) fasiyes 6zellikleri ve ¢cokelme ortamlari Gatalkaya Koyt (Mordogan) cevresinde
incelenmistir. Giivercinlik formasyonu, kiregtaglari, dolomitik kirectaslar1, stromatolitik dolomitik
kiregtaglari, megalodon igerikli kirectaslart, ¢amurtagt arakatkilart ve kumtasi merceklerinden
olugur.

Tahtaiskele, Yellicebelen Dag1, Zendemir Tepe'den tig stratigrafik kesit ¢l¢iilmiis ve 93 adet 6rnek
derlenmistir. Bu 6rneklerden yapilan petrografik ¢alismalar sonucunda 11 adet mikrofasiyes
tanimlanmustir; (1) Stromatolitik, algli baglamtagi-camurtasi, (2) Gamurtasi-biyoklastik vaketast,
(3) Intraklasth algli biyoklastli vaketast, (4) Vaketasi-istiftast, (5) Biyoklasth yiizertas, (6) Intraklasth
istiftagi, (7) Biyoklastli miliolidli istiftagt, (8) Pelletli istiftagi-tanetas, (9) Biyoklasth istiftagi-ytizertas,
(10) i%[ifta§1-baglamta§1 ve (11) Biyoklastl tanetagi-kabatas.

Mikrofasiyesler beg ¢cokelme ortaminda gelismislerdir. Bunlar; gelgit kanali (mikrofasiyes 3 ve 6),
gelgit arasi (mikrofasiyes 1), gelgit alu (mikrofasiyes 2, 4 ve 10), sinirh su dolagiminin oldugu yerel
sighklar (mikrofasiyes 7 ve 8) ve resifal ortamdir (5, 9 ve 11).

Incelenen kesitlerde farkli diyajenetik etkenler gézlenmistir. Dolomitlesme en cok gozlenen
diyajenetik olaydir. Dedolomitlesme, geopetal yapilar, basing erimesi, mikritik zarf, catlak ve
bosluk dolgusu spar kalsit, biyotiirbasyon yapilari ve yeniden kristallesme gibi diyajenetik olaylar
gelismistir.

Microfacies Characteristics of The Guvercinlik Formation. Diagenesis And
Depositional Environments, SW Of Mordogan (Karaburun Peninsula)

The facies characteristics and depositional environments of the Giivercinlik formation which
taking place into thick carbonate succession of Karaburun Peninsula are examined around
Gatalkaya Village (Mordogan). The Giivercinlik limestone (Norian-Rhatian) consists of dolomitic
limestones, stromatolitic dolomitic limestones, megalodon-bearing limestones, mudstone
intercalations and sandstone lenses.
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Three stratigraphic sections were measured in the Tahtaiskele, Yellicebelen Mountain and
Zendemir Hill and collected 93 samples. Results of petrographic studies of these samples identify
eleven microfacies such as (1) stromatolitic, algal boundstone-mudstone, (2) mudstone-bioclastic
wackestone, (3) intraclastic-algal bioclastic wackestone, (4) wackestone-packstone, (5) bioclastic
floatstone, (6) intraclastic packstone, (7) bioclastic miliolid packstone, (8) pelletoidal packstone-
grainstone, (9) bioclastic packstone-floatstone, (10) packstone-boundstone and (11) bioclastic
grainstone-rudstone.

These microfacies associations indicate intertidal channel (microfacies 3 and 6), intertidal
(microfacies 1), subtidal (microfacies 2, 4 and 10), local shallowness being of restricted water
circulation (Microfacies 7 and 8) and reefal depositional environments (microfacies 5, 9 and 11).

Different diagenetic effects were developed. Dolomitization is the most observed diagenetic effect.
Diagenetic events are developed such as; dedolomitization, geopetal structure, stylolization, micrite
envelope, fracture and void filling sparry calcite, bioturbation structures and recrystallization.
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Denizli Volkanitlerinin Jeolojik ve Petrografik incelenmesi

Bang SEMIZ ve Yahya 0ZPINAR

Pamukkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Biliimii, 20200, Kinikly Kampiisii / Denizli
(E mail: bsemiz@pamukkale.edu.ty & yozpinar@pamukkale.edu.tr)

Bu caliymada Denizli il merkezinin yaklasik 40 km glineydogusunda yiizeylenen volkanitlerin ve
yakin cevresinin jeolojik ve petrografik ézelliklerinin incelenmesi amaclanmustir.

Inceleme alaninda temeli, Ust Kretase-(Tst Eosen yash, flig fasiyesinde gelisen Algibogazi
formasyonu olusturur. Orta-Ust Fosen? yash, karbonat ve evaporitlerin ardalanmasmdan olusan
Kizilyer formasyonu, Algibogaz formasyonu iizerine uyumlu ve gegisli olarak gelir. Bu birimler
tizerine Jura-Kretase vash Cokelez Kiregtagi, Ust Kretase yagh Karatepe melanji ve Ust Jura-Alt
Kretase yash Honaz Ofiyoliti yatay ve yataya yakm tektonik dokanakli olarak gelmektedir. Bu
tektonik dilimlerin  bolgeye yerlesiminin  Ust Eosen-Oligosen arasi bir dénemde oldugu
soylenebilir.  Oligosen vyasli Karadere ve Bayiralan formasyonlari, tektonik dilimleri agisal
uyumsuzlukla tizerlerken kendi aralarinda gegisli bir dokanak iliskisine sahiptirler. Alttaki tiim
birimler iizerine acisal uyumsuzlukla Neojen yash kirmntlh cokeller gelmektedir. Neojen yagh
cokeller, altta Ust Miyosen-Alt Pliyosen yash Kizilburun Formasyonu ve tizerinde yanal ve diisey
yonde gegisli olarak Alt Pliyosen yash Sazak Formasyonundan olusur. Sazak Formasyonu iizerine,
Paton (1992) tarafindan ""Ar/Ar metoduna gore, 4,88+2,19; 5,13%0,6; 6,00+ 1,54; 6,16%0,25 ve
6,28+0,48 My'lik (Ust Miyosen—Alt Pliyosen) sonuclar veren Denizli volkanitleri gelmektedir. Tiim
bu birimler tizerinde ise acisal uyumsuzlukla Kuvaterner yash ¢okeller gozlenmektedir.

Denizli volkanitleri lav akinulari ve volkanoklastiklerden olusmaktadir. Lavlarda yapilan toplam
alkali (K,O+Na,0)-SiO, diyagraminda, lavlarin alkalen nitelikte ve fonolitik tefrit, bazaltik
trakiandezit ve trakiandezit bilesimde olduklar: tespit edilmistir. SiO,-K,O oranlarima gore ise
sosonitik tirde lavlardir. Lavlarim mikroskobik incelemeleri sonucu, mikroporfirik, hiyalopilitik,
pilotaksitik ve mikrolitik dokuda olduklari, ojit, olivin, plajiyoklas (andezin-labrador), biyotit,
*nefelin, xhornblend, manyetit, opak mineral ve demir oksit icerdikleri belirlenmistir.

Denizli volkanitlerindeki lavlar icerisinde elipsoidal sekilli anklavlar bulunur. Anklavlar iizerinde
yapilan mikroskobik incelemeler sonucunda, porfirik dokuya sahip olduklari ve diyopsitik ojit,
biyotit, klorit, +zinwaldit ve opak minerallerden olustuklart tespit edilmis ve bunlar feldispatoyidli
monzodiyorit olarak adlandmilmistir. Ayrica 6rnekler, XRD yéntemiyle de incelenmistir.

Sazak formasyonunun iist diizeylerinde ve Kizilburun Formasyonun bazi kesimlerinde yer yer tiifit
dizeylerine rastlanilmasi, volkanik aktivitenin sedimantasyon esnasinda da devam ettigini ve
birkag evrede olusabilecegine isaret etmektedir.
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Geological and Petrographical Investigation of
Denizli Volcanics

The purpose of this study is to report the result of the geologic and petrographic features of the
Denizli Volcanics and surrounding area. The study area covers southeastern part of Denizli
district.

At the basement of the study area is represented by Late Cretaceous-Late Eocene aged Algibogazi
formation which developed in flysh facies. Algibogazi formation comformably overlain by Middle-
Late Eocene? aged Kizilyer formation which is characterized by carbonates and evaporates
alternation. These units are autochthonous and they are overlain by tectonic slides which ave from
bottom to top Late Jurassic-Cretaceous aged CGokelez Limestone, Late Cretaceous aged Karatepe
melange and Late Jurassic-Lower Cretaceous aged Honaz Ophiolite. The settlement age of the
tectonic slides is the period between Late Eocene and Oligocene. All these formations at the
basement are overlain with an angular disconformity by Oligocene aged Karadere and Bayiralan
formations respectively. The relation of the boundary between the Karadere and the Baywralan
formations is transitive. All these units are overlain with an angular disconformity by Neogene
aged clastic sediments. These units are Late Miocene-Early Pliocene aged Kizilburun formation
and Early Pliocene aged Sazak formation from bottom to top. Kizilburun formation is
comformably overlain by Sazak formation. Using "Ar/"’Ar method, Denizli lavas, have been dated
by Paton (1992) and the age intervals change from 4,88+2,19; 5,13=0,6; 6,00+1,54; 6,16+0,25
and 6,28+0,48 Ma. All units in the investigated area are overlain with an angular comformity by
Quaternary alluvium deposits.

Denizli volcanics mainly consist of lava flows and volcanoclastics. On the basis of total alkali
(Na,0O+K.,0)-SiO, diagram, lavas are alkaline in character and named as phonotephrite, basaltic
trachyandesite and trachyandesite. On the basis of Si0,-K,O diagram, lavas are shoshonitic in
character. In the lavas, following properties were identified by optical microscope. Their texture.is
essentially hyalopilitic, pilotaxitic and micro-porphiric. Augite, olivine, plagioclase (andesine,
labradorite), biotite, nepheline, chlorite, hornblende and opaque minerals occur as phenocrysts.
Groundmass essentially consists of plagioclase in a glassy matrix. '

Lavas contain various ratios of enclaves which are ellipsoidal in shape. According to microscopical
investigation of enclaves which have porphyric texture and as mineralogical composition, diopsitic
augite, biotite, chlorite, zinnwaldit and opaque minerals were determined and these were named
as foid-monzodiorite. In addition, mineralogical composition of specimens was determined by X-
ray diffraction method.

At the upper levels of Sazak formation and the lower levels of Kizilburun formation tuffitic levels
were determined. This situation indicates that volcanic activit have been continued during the
sedimentation, so volcanism may be formed in several phases in this region.
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Melendiz Daglan (Niiide) Volkanizmasi

Ahmet TURKECAN*, Ali EKber AKGAY*, Muharrem SATIR**,
Mustafa DONMEZ*, Tuncay ERCAN?

¥ MTA Genel Mudinrligi Jeoloji Etiitleri Dairesi Bagkanhg, Ankara

* Tuebingen Universitesi, Tuebingen/Almanya

Melendiz Daglart Orta Anadolu'da Aksaray ve Nigde arasinda bulunan Ust Miyosen Pliyosen ve
Kuvaterner'de etkinlik géstermis 6 ayri volkandan olusmaktadir. Bunlar siasi ile Baler
Volkanitleri, Tepekoy Volkanitleri, Gmnarlt Volkanitleri, Melendiz Volkanitleri, Keciboduran
Volkanitleri ve Bor Lavr'dir.

Balci Volkanitleri genel anlamda Melendiz Dag: volkanitlerinin gekirdegini olugturmaktadir. Bu
birim merkezi Kizilyokus, Melendiz Dagi ve Balci K6yt yoresinde yiizlekler verir. Volkanitler, tiif
bresi, aglomeralar ve breslerden meydana gelmektedir. Kayaglar sari, yesil, kahverengi ve mor
renklerde olup, silislesme, limonitlesme ve siddetli hidrotermal alterasyona ugramustir. Bu
volkaniklerden K/Ar yéntemi ile yapilan yas tayininde 7,2 + 0,9 my saptanmistir.

Tepekdy Volkanitleri; alttan iiste dogru tiif, aglomera ve andezitik-dasitik lavlarla temsil
edilmektedir. Haciabdullah, Pinarcik, Yaylayolu, Tepekéoy, Ball, Giilliice, Yesilbureg, Kirkpinar,
Hangerli koyleri volkanizmanimn baslica dagilim alanlarini olusturur. Kompleksin bati yarisi
Melendiz kompleksinin altina gémiilmistiir. Genel olarak sagilmig opak mineralce zengin
intersertal dokulu matriks ve plajiyoklas, klinopiroksen, olivin, ortopiroksen minerallerinden
olusan fenokristal birligine sahiptirler. Tepekdy Volkanitlerinden K/Ar yontemiyle yapilan
radyometrik yas tayinleri 4,2 + 0,4 my vermektedir.

Bor Lavi Melendiz Daglari’'nin en giineyinde yer almakta olup, gri-siyah renkli, akma yapili, yer
yer gaz bosluklu olivin bazalt akintisindan olusmaktadar. Opak minerallerce zengin, kaba taneli ve
subofitik dokulu bir matrikse ve plajiyoklas, titanojit olivin minerallerinin olusturdugu fenokristal
birligine sahiptir.

Cnarh Volkanitleri; Melendiz Dagi’'nin kuzeyinde, yer yer ince yer yer iri taneli, gri renkli, akma
yapilt ve/veya bloklu ayrismali andezitik lavlar ve piroklastiklerden olusmaktadir. Lavlarin
fenokristal bilesenleri plajiyoklas, klinopiroksen ve biyotittir. Cinarli Volkanitlerinden K/Ar
yoéntemi ile yapilan yas tayini sonucu 3,3 = 0,3 my elde edilmis olup, volkanizmanin Geg
Pliyosen’de etkin oldugu saptanmustir.

Inceleme alaninin hemen kuzeyinde yer alalan Keciboyduran Volkanitleri tiif, bres ve lahar tiirii
piroklastiklerle, andezitik lavlardan olusmaktadir. En tstte bulunan andezitler Kegiboyduran
Volkanitlerinin egemen kaya tiirtinii olugturmaktadr. Gok sayida lav akiusinin st iiste
yigilmasindan meydana gelmislerdir. Keciboyduran Volkanitlerine ait lavlardan radyometrik yag

* Sayin Dr. Tuncay Ercan 1998 yilinda MTA Genel Midiiragi Jeoloii Etitleri Dairesinde gérev yaparken ebediyete intikal etmigtir. Anisi oniinde saygtyla egiliriz.
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tayini yapilmig ve K/Ar yontemi ile 1,5 + 0,1 my. bulunmustur. Bu da simdiye kadar daha yash
oldugu varsayilan Kegiboyduran Volkanizmasi'nin Pleyistosen yaginda oldugunu gostermektedir.

Melendiz Volkanitleri; Nigdenin kuzeybatisinda yiizeylenmekte olup, Kegiboyduran Volkanitleri-
ne ¢ok benzer ozellikler gostermektedir. Andezitik lavlar ile piroklastiklerinden olugmuglardir.
Lavlar porfirik dokulu olup, fenokristal olarak plajiyoklas, klinopiroksen ve biyotit icerir.
Genellikle cok viskoz oldugundan lavlar pek fazla akma olanagt bulamamus, akanlar da Ustlste
yigilarak kalin ortiiler olusturmuslardir. Melendiz volkanitlerinden K/Ar yontemiyle yapilan yas
tayinlerinde 1,1 = 0,2 my yag elde edilmistir. Bu da volkanizmanin Pleyistosen’de etkin oldugunu
gostermektedir.

Melendiz Daglarini olusturan volkanitlerden Bor Lavi alkalen, digerleri ise subalkalen karakter
tagimaktadir.

Volcanism of the Melendiz Mountains (Nigde)

Melendiz Mountains consist of six separate volcanoes, activated in upper Miocene, Pliocene and
Quaternary, that situated between Aksaray-Nigde in Central Anatolia. These are Bala, Tepekdy,
Cinarli, Melendiz, Kegiboyduran volcanites and Bor Lava.

Balet Volcanites form the nucleus of Melendiz Mountain volcanites in general. They outcrop in
Central Melendiz Mountain, Kizilyokus and around Balc Koyt Volcanites consist of tuff breccia,
agglomerate, and breccia. The rocks are in yellow, green, brown and purple colour and they show
silisification and strong hydrothermal alteration. The K/Ar dating from these volcanites give an age
of 7,2 £ 0,9 my.

Tepekoy Volcanites are represented by tuff, agglomerates and andesitic-dacitic lavas from bottom
to top. Haciabdullah, Piarcik, Yaylayolu, Tepekéy, Balli, Giilliice, Yesilburg, Kirkpinar, Hangerli
villages form the main extending areas of the volcanism. The western half of the complex is buried
under the Melendiz complex. They include phenocrysts composition, consisting of plagioclase,
clinopyroxene, olivine, orthopyroxene minerals and groundmass is of intersertal texture. The
K/Ar dating from these volcanites gives an age of 4,2+ 0,4 my.

Bor Lava takes place in the south end of Melendiz Mountains and consist of olivine-basaltic grey-
black lava flow with flow structure and having gas bubbles at some places. They have plagioclase,
titanaugite, olivine phenochrysts and subophitic textured matrix that is enriched with opac
minerals and having coarse grains.

Cinarli Volcanites consists of sometimes fine, sometimes coarse grained, grey, flow structured
andesitic lavas and pyroclastics. Lavas are formed from plagioclase, clinopyroxene and biotite
phenocrysts. The K/Ar dating from these volcanites give an age of 3,3 £ 0,3 my. Volcanism is
found to be active in Late Pliocene.

Keciboyduran Volcanites consists of tuff, breccia and laharic pyroclastics and andesitic lavas.
Upper layer andesites are the foremost rock of these volcanites. They are consisted of a large
number of lava flows piled over one another. The K/Ar dating from these volcanites gives an age of
1,5+ 0,1 my. This shows that the Kegiboyduran volcanism is in Pleistocene.

Melendiz Volcanites outcrop in the northwest Nigde showing similar characteristics with the
Keciboyduran Volcanites. They are andesitic lavas and pyroclastics. Lavas show porphyritic
texture, including plagioclase, clinopyroxene and biotite phenocrysts. Lavas weren't able to flow
because of the viscosity. The ones that could flow piled over one another forming thick covers. The
K/Ar dating from these volcanites give an age of 1,1 0,2 my. The volcanism is found to be active
in Pleistocene.
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Kapadokya Volkanik Provensi Volkan Konilerinin
Morfometrik Parametreleri

Arda Arcasoy
SRK Consulting, Bilkent Plaza, A-3 Blok No:20 Bilkent 06800Ankara, Tiirkiye

Kapadokya Volkanik Provensi (KVP) volkan konilerinin ilksel durumlarinin korunmasi agisindan
son derece 6nemli bir volkanik bélgedir. Bu bolgedeki volkan konilerinin konumlart ile genel
ozellikleri arazi gahgymalari, hava fotografi cahismalari ve topografya analizleri ile birlikte yiiriitiilen
uydu gorintileri galismalart ile ortaya ¢ikartilmigtir. 548 adet volkan konisinden olugan bir
“volkan koni veritabani” hazirlanmstir. Bu sayidan 119 adedi ya volkan konilerinin Ge¢ Kuvater-
ner’den daha geng olmalart ya da morfometrik verilerin alimamayacagi kadar erozyona ugramasi
sebebiyle kullanilamamustir. Volkan konisinin uzun ve kisa taban uzunlugu, uzun eksenin kuzeyle
yapmis oldugu agi ve yiikseklik genel ozellikler kapsamina almmugtir. Yonelim derecesi (kisa
eksen/uzun eksen) gibi cesitli ek veriler ise veritabanindan ¢ikartilmigtir. Ayrica kaya tiirii ya da yas
gibi veriler de kaynak taramalari neticesinde bu veritabanina eklenmigtir.

Volkan konilerinin mekansal dagilimima bakildiginda ii¢ ana gruplagsma gozlenmistir: 1) Hasandag
Grubu (Aksaray-Nigde giineybatisi), 2) Acigol Grubu (Derinkuyu batst ve Avanos), ve 3) Erciyes
Grubu (Kayseri ve Develi).

Volkan konilerinin ortalama taban eksen uzunluklart 336-512 m arasimda degismektedir (medyan
degerleri: 250-400 m). Uzun taban eksenleri dinya ortalamasimdan (900 m, 800 m medyan degert)
kisadir. Kisa eksenler ise 234-355 m arasinda degismektedir (medyan degerleri: 250-400 m).
Yiksek standart sapma degerleri tiim gruplarda gozlenmis olup, genis bir dagilimin ve cesitli
aykiri eksenlere sahip konilerin varligini temsil etmektedir.

Yonelim derecelerinde ise 0.67-0.72 degerleri arasinda bir kiimelenme goriilmektedir. Diigtik
standart sapma degerleri ile birbirine yakin ortalama degerlerinin olmasi dagihimin ortalama
degerler etrafinda toplandigini géstermektedir. Buna ek olarak, taban eksenlerinin yiiksek oranda
uyumlu olmast birbirine benzer l¢iilerde ok sayida volkan konisi oldugunu gostermektedir.

Morphometric Parameters Of The Volcanic Cones in Cappadocian
Volcanic Province (CUP)

Cappadocian Volcanic Province (CVP) is one the best examples of the volcanic fields where initial
forms of volcanic cones are well preserved. The location and general characteristics of these cones
have been extracted by field studies, aerial photo surveys and satellite image together with
topographical analyses. A “Volcanic Cone Database” has been established for a total 548 volcanic
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cones identified within the CVP. 429 of these cones are analyzed, and 119 of them are omitted
since either they do not belong to the Late Quaternary age or they are so extremely eroded so that
their morphometric parameters could not be detected. General characteristics include the long
and short axes, azimuth of the long axis, and height of each volcanic cone. Several additional
parameters are either derived from the database, such as the elongation degree (short axis/long
axis), or transferred from literature survey, such as lithology and age, if possible.

Three main concentrations are detected and named in the spatial distribution of the volcanic cones
in the region: 1) Hasandag Cluster (southwest of Aksaray-Nigde), 2) Aagol Cluster (West of
Derinkuyu and Avanos), and 3) Erciyes Cluster (Kayseri and Develi).

The volcanic cones have a mean basal diameter (Wco) ranging from 336 to 512 m with a median
range of 250 m to 400 m, respectively. The long basal diameter values are less than the global
mean (900 m) and median (800 m). Meanwhile, the short axes show a range of 234 m to 355 m
with median of 250 m to 400 m, respectively. High standard deviation values are observed in all
clusters, which indicate a large distribution and presence of some extreme values in the basal
diameter values.

The mean value of the elongation degree of the volcanic cones concentrate in a range of 0.67-0.72.
The lower standard deviation and similar mean values indicate that the distributions are
concentrated around the mean value. Furthermore, high correlation of the basal diameters
explains the presence of a high frequency of the similar volcanic cones.
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Sivrihisar (Eskisehir) Dolayindaki Volkanitlerin
Petroyrafik-Petrolojik Ozellikleri

Hayrettin OZEN*, Ender SARIFAKIOGLU**

*MTA Genel Midinlugii. Maden Etiit ve Arama Dairesi, Ankara
**MTA Genel Midiiliigi, Jeoloji Etiitler: Daivesi, Ankara

Calisma alani, Sivrihisar Ilcesi (Eskisehir) dolayinda Izmir-Ankara-Erzincan Kenet Kusagi tizerinde
yer almaktadir. Sahada olusan farkli bilesimli pliitonik-volkanik kayaclarin olusumu, kuzeye dalan
Neotetis okyanusunun sebep oldugu Pontid Platformu ile Anatolid-Torid Platformunun carpig-
masini (Geg Paleosen) izleyen tektonizmanin yol agtigi magmatik faaliyetle agiklanmaktadir.

Kizilcaoren, Zeykoy ve Dumluca dolayinda, K-G yonli sikisma rejimi ve takibinde genisleme
tektoniginin yarattigi ve genelde D-B dogrultulu fay sistemleri boyunca dom ya da lav akintilar
seklinde volkanitler goézlenmigtir. Bunlar; Geg Oligosen-Alt Miyosen yash Karasivri Tepe,
Karaburunsivri Tepe Fonolitleri, Yalincak Tepe Trakiti, Ballikaya, Kiiciikyensiz Tepe, Hisar Tepe
ve Parmakkaya Andezitleri ile Dumluca Dasiti kita-i¢i volkanik zincirleri olusturmaktadir.

Kalkalkalen nitelikli andezitlerin petrografik incelemelerinde, plajiyoklas (andezin, oligoklas) +
hornblend + biyotit + piroksen + sfen+ opak mineral gézlenmistir. Bazen, andezitler biyiikligi
2 cm.’yi ge¢meyen ve andezitlerle keskin smurlar yapan anklav diyoritler igerir. Bunlar
holokristalen doku ve andezite benzer mineralojik bilesim sunar. Sadece, diyoritik kisimda yesil
tonda pleokrizma veren hornblend, andezitlerde oksihornblend bilesimindedir. Bu durum, yari
sivi-yart kati 6zellige sahip doleritik magmanin yiizey kayacin olusturan vokanizma evresinde
soguyup katilagmig olmasiyla acgiklanabilir. Boylece, esyash, eskokenli fakat heterojen bir magma
karigimi (magma mingling) olayr meydana gelmistir. Andezitlerin sikigma tektoniginin gelistigi
jeodinamik bir ortamda bulunmasi nedeniyle kabuksal kalinlagmaya bagh olarak, arazide gozlenen
ofiyolitlerle ilintili olan litosferik manto ksenolitleri ile kitasal kabuk bilesenlerinin birlikte
olusturdugu hibrid magmadan tiiredigi kanaatina varilmigtir. Dasitler ise kabuksal eriyiklerden
olugmalidir.

Pilotaksitik ve trakitik doku sunan fonolitlerde, alkali feldspat (sanidin) + plajiyoklas (albit) +
nefelin + piroksen (egirinojit) gozlenmistir. Nefelinler ¢ogunlukla zeolit+kalsite déniisiirken
egirinojitler ise kenarlarindan itibaren amfibole (hastingsit) altere olmuslardir. Trakitlerin
mikroskopik incelemelerinde ise, feldspat mikrolitlerinden, kiigiik kuvars minerallerinden ve
camsi malzemeden olusan hamur igerisinde, alkali feldspat, plajiyoklas ve klinopiroksen
mineralleri gozlenir. Alkali feldspatlar, plajiyoklaslara nazaran daha fazladir. Feldspatlar, ¢ok bariz
olmasa da akma dokusu sunar. K,O-SiO,, Na,0-SiO, ve Total Alkali-Silika diyagraminda fonolit-
trakit 6rneklerinin alkalen bilesimli olduklart anlagilmistir. Fonolitler yiiksek HFS (Zr, Nd, Nb, Ta,
Hf) degeri verirken LIL (Ba, Sr, Rb, La, Ce, Th) i¢eriginin de yiiksek olusu dikkat ¢ekicidir. Bu da
st mantoya kadar inen derin faylar sayesinde yiikselen primer magmanin kabuksal kirlenmeye
(Na'ca zengin eriyiklerle metasomatizmasi) ugrayarak fonolitleri olusturdugunu isaret eder.
Fonolitlere kokensel agidan benzer olan trakitlerin hamur malzemesinde kuvars minerallerinin
varhg ve diisiik Nb (28-38 ppm) icerigi, daha fazla kabuksal kirlenmeyi isaret etmektedir.
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Volkanik kayaclar iizerinde yapilan saha ve petrolojik gozlemler sonucunda kalkalkalen ve alkalen
volkanitlerin sikigma tektonigi, kabuksal kalmlasma ve kita-ici fay sistemleri gibi jeodinamik
olaylarla ilgili oldugu diistintilmektedir. Si1g derinlikli andezitik ve dasitik magma odalarinin

gelisiminde ise kabuksal kismi ergime, magma mixing ve mineral farkhlagmasinin  énemli rol
oynadig distiniilmektedir.

The Petrographical and Geochemical Features of
the Volcanics Around Sivrihisar (Eskisehir)

The study area is located around Sivrihisar Town (Eskisehir), within the Izmir-Ankara-Erzincan
Suture Zone. The magmatism which has occurred by compressive tectonism related to the collision
of the Pontide Platform with the Anatolide-Tauride Platform, caused by the northward subduction
of the Neotethyan Ocean has produced the different plutonic-volcanic rocks in the area.

In Kizilcadren, Zeykoy and Dumluca areas, the observed volcanics had formed as domes and lava
flows along E-W-trending fault systems associated with N-S directed compressional regime and
subsequent extensional regime. The Late Oligocene-Early Miocene-aged Karasivri Hill,
Karaburunsivri Hill Phonolites, Yalincak Hill Trachyte, Balikaya, Kiiciikyensiz Hill, Hisar Hill and
Parmakkaya Andesites represent the intracontinental volcanic chains.

On the basis of petrographical investigations, the calcalkaline andesites consist of plagioclase
(andesine, oligoclase) + hornblende + biotite + pyroxene + sphene + opaque minerals. The
andesites sometimes contain the enclaves of dioritic composition. The enclaves have holocrystalline
texture and the mineralogical composition resembling to the andesites. Hornblendes belonging to
the dioritic parts shows green-colored pleochroism whereas the oxyhhornblends are found in
andesitic rocks. It may be explained that the semi-solid to semi-liquid doleritic enclaves had been
occurred by cooling-consolidation during the volcanism forming the andesites in the area.
Therefore, the synchronous and synorigin but heterogeneous magma (magma mingling) are
formed. It has been thought that the andesites were derived from hybrid magma formed by
mixing of lithospheric mantle xenoliths with continental crustal material as related to crustal
thickening that may be due to compressional regime. Dacites are likely to have formed by
fractionation from crustal melts.

The phonolites, consisting of alkali feldspar (sanidine) + plagioclase (albite) + nepheline +
pyroxene (egirinaugite), show pilotaxitic and trachytic textures. Nepheline crystals have generally
been converted to zeolite + calcite minerals while egirinaugite crystals have been converted to
hastingsite (amphibole) from the rims. Under the microscope, the trachytes comprise alkali
feldspar, plagioclase and clinopyroxene within the groundmass having fedspar microlites,
microcrystalline quartz and glassy material. The alkali feldspars are more than the plagioclases.
The feldspar minerals partly display flow texture. The phonolite and trachyte samples are plotted
into alkaline fields on K,O-SiO,, Na,O- SiO, and Total Alkali-Silica diagrams.Phonolites have high
HFS (Zr, Nd, Nb, Ta, Hf) and also significant LIL (Ba, Sr, Rb, La, Ce, Th) contents. This implies
that the phonolites have originated by crustal contamination (metasomatism by Na-rich melts) of
parental magma that has once risen upward along deep-seated faults running through the upper
mantle. The trachytes of the same origin, with low Nb content and lesser quartz minerals, reflect
more crustal contamination.

According to field and petrological observations, the calcalkaline and alkaline volcanics, should
have been formed in relation to geodynamic events such as compressional regime, crustal
thickening and intracontinental faulting. It may be suggested that the development of shallow-
seated andesitic and dacitic magma chambers were caused by crustal partial melting, magma
mixing and fractional crystallization.
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Orta Anadolu’daki Bazaltik Magmatik Kayaclar ve Olusum Mekanizmalarn

Ramazan DOGAN
MTA Genel Midiirliigii, ANKARA

Orta Anadolu’daki bazaltik magmatik kayaclarin, genellikle okyanus kabugunun bir pargasi
olduklari ve bunlarin kuzeydeki Izmir-Ankara-Erzincan siitur zonunun giineydeki Torid-Anatolid

platformuna tizerlenmesi ile bugtnkd konumlarmi aldiklart kabul edilmektedir ( Gonciioglu ve
dig., 1991).

2000  yilindan beri Orta Anadolu'da siirdtrilen MTA Genel Midurligi'nin ‘Asidik
Magmatizmaya Bagli Maden Yataklart Arastirmalar’ projesi kapsaminda yapilan ¢alismalarda,
bélgede genis alanlarda yayilim gésteren bazaltik kayaclarla birlikte, gabrolar i¢inde genellikle dike
yakin akma yapilar gosteren bazi piroksence zengin zonlar haricinde, hi¢ bir ultrabazik kayaca
rastlanmamigtir. Bazaltik magmatik kayaglar, kuzeydeki siitur zonunun en biiyiik temsilcisi olan
ultrabazik kayaglarla degil, aksine, bolgede genis yayihmlar gosteren granitik ve alkali magmatik
kayaglarla kokensel olarak ¢ok yakin iligkilidirler. Normal magmatik dizilim gosteren bir ¢ok
magmatik serinin en disinda gabrolarin bulunmasi, diger magmatik kayaglar icinde bazaltik dayk
ve anklavlarimim goriilmesi ve mixing-mingling ozellikleri, bazaltik magmatik kayaglarla, granitik
ve alkali kayaclar arasindaki yakin koken iligkisini ortaya koyar.

Aksaray ve Kirikkale yakinlarindaki stintimlii deformasyondan etkilenmvis bazi yash gabrolarin
haricinde Orta Anadolu’daki bazik magmatik kayaclarin allokton oldugunu gésteren herhangi bir
yapisal unsura da rastlanmamugtir. Bindirme yiizeyleri yerine bu kayaclarin olusumunda etkili olan
riftlesme ile ilgili normal ve dogrultu atumli dike yakin faylar yaygin olarak goriilir.

Orta Anadolu’daki bazaltik magmatik kayaglar farkli zaman ve rhekanda, farkli jeotekt.nik
ortamlarda meydana gelmis magmatik serilerin genellikle ilk fazlarini olustururlar. Bu kayaglar,
arazide tespit edilmis bagil yas iligkilerine gore, yashdan gence dogru su sekilde siralanabilirler:

¢  Kirikkale'nin kuzeyindeki temeli olusturan kayaclar, giineydeki Kirsehir Masifinin temel
kayaglarmdan farkh olarak, bazi mermer ve meta-granitoyid bloklart iceren, yesil sist
metamorfizmasina ugramis gabro, bazalt ve volkanoklastik kayaclardan olugmaktadir.
Bundan dolayt Sungurlu Fayr'nin kuzeybausi Pontidlerin bir pargast olarak kabul
edilmigtir. Pontidlerle Anatolidlerin ¢arpisma zonunda bulunan S-tipi l6kogranitlerde de
bazi bazik magma karigimlari (magma mingling) gozlenmektedir (Dogan, 2001).

* Aksaray dogusunda ve kuzeydogusunda farkh jeolojik zamanlarda olusmus yaygin bazaltik
magmatik kayaglar izlenmektedir. Bu kayaclarin daha ¢ok gerilmeli tektonik rejimlerde
kita i¢i rift havzalarinda olustuklarina ve ilk iki fazlarinin bélgedeki granitoyidlerin
olugsumunda etkili olduklarma inanilmaktadir (Dogan, 2003).

*  Granitoyidlerden sonra olugmus bazaltik magmatik kayaglar stintimlii deformasyondan ve
alterasyondan  etkilenmemislerdir. =~ Aksaray’in  kuzeydogusunda bulunan kuzeybati-
glineydogu yoniinde dizilmis en ytksek tepeler (Biiyiik Ekecik, Kiiciik Ekecik, Tavsanl,
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Kisla tepeler) hep taze gabro stok ve dayklarindan olugmustur. Dayklarin kenarlarindan ig
kisimlarina  dogru minerallerin - tane boylarimin  artmasi, piroksen ve plajiyoklaz
minerallerinin dayk kenarlarina paralel dizilerek magmatik akma yapilarint olusturmasi
bu gabrolarim granitoyidlerden daha sonra olustugunu ortaya koymaktadir.

e Fkecikdaginm dogusunda yaklagik kuzey-giiney dogrultulu bir ¢okiintii havzasimda
bazaltik dom ve dayklarla birlikte yer yer bazaltik lav ve radyolarith ¢ort iceren
volkanoklastik kayaglar goriilmektedir (gabro-bazalt serisi). Benzer tektonik ortamda
Keskin'in giineydogusunda ~ Kasimaga'dan itibaren, kenarda gabro dayklari, ortada
volkanoklastik kayaclardan olugmusg tig adet graben havzasi Hirfanli Baraji'na, Akcakent’e
ve Kirikkale’ye dogru uzanmim gostermektedir. Bu tip bolgesel yapilar ve litolojik 6zellikler
levha tektonigindeki iiclii kesisim noktalarna (triple junctionz) benzemektedir.

e Gabro-bazalt serisinden daha sonra olugmus gabro-monzonit serisi kayaglar Akcakent
merkezde olmak iizere yine ¢ ayri yonde gelismislerdir ( Baranadag, Kerkenezdag ve
Dinekdag ). Genellikle bu serinin kayaglar distan ige dogru gabro, diyorit, monzonit ve
kuvars — monzonitle temsil olunan normal magmatik zonlanmalar gosterirler. Gabro—
monzonit serisi kayaglart giineyde Terlemez'den itibaren kuzeybatiya dogru yer yer
goriilen kiiciik intriizyonlar ve dayklarla temsil edilmektedir.

e Dinekdagrnin kuzeyinde Mo cevherlesmesine neden olan granitler gabro-monzonit
serisini kesmektedir. Granitlerle ilgili esas derinlik kayac gineybatiya, Kesikkopri'ye
dogru granodiyorit ve tonalitlere, cevherlesme de baz metal ve demire dogru degisim
gostermektedir. Yay magmatizmast olarak nitelenen bu serinin ilk fazlar Kesikkopri,
Halildere ve Karacaali civarinda goriilen gabro ve bazi fazlari demirce ¢ok zengin bazalt
dayk ve lavlarindan olugsmaktadir.

e Hamitkdy giineyinde ve Akgakent dogusunda siyenit ve fonolitlerle birlikte gorilen
bazanit dayklari, bolgedeki Neojen volkanizmasi harig, bazaltik magmatik kayaglarin en
son temsilcileri olarak gozlemlenmislerdir.

Kuzeydeki lokogranitlerle Aksaray-Kirsehir arasindaki granitoyidlerin Alt Kretase (Gileg, 1994)
veya daha yash, gabro-bazalt serisine ait volkanoklastik kayaglarin Tiironiyen—(alt) Santoniyen
(Erdogan ve dig., 1996, Yalniz ve Gonctioglu, 1998), yay magmatizmasinin gabro—monzonit
serisinden daha geng, siyenit serisi ile es yash veya siyenitlerden daha yash, diger alkali ve cok
alkali kayaclarin da Ust Kampaniyen-Maestrihtiyen ( Giindogdu ve dig., 1988 ) yash olduklari
kabul edilebilir.

Orta Anadolu'nun i¢ kisimlarindaki magmatik kayaclarm kompozisyonunun zaman iginde
gabrodan monzonite, daha sonra siyenite ve en sonunda da fonolite dogru degismesi,
magmatizmanim rift havzalarinda geligmesi ve rift havzalarmin geometrileri, bolgede, Kirikkale—
Akcakent ve Aksaray-Akmezar merkezli, iki adet magma sorgucunun (sicak noktanin) var
olabilecegine isaret eder. Kuzeydeki rift havzalarnm birbirleri ile karsilasturilmast ile Kirgehir
Blogu'nun Tiironiyen ve Santoniyen arasinda batiya dogru yaklagik 40 km hareket ettigi ve saatin
ters yoniinde 20" dondiigii tahmin edilmektedir (Dogan, 2002). Kirsehir kitaciginin benzer yonde,
daha kiiciik dlcekli batiya dogru hareketi giineydeki rift havzasinda da tespit edilmistir (Dogan,
2003).

Orta Anadolu Bélgesinin i¢ kisimlarindaki yaygin florit yataklar ile uranyum anomalileri
anorojenik ortamlardaki riftlesmeye 6zgu cevherlesmelerdir. MTA Genel Midirligi'nin Orta
Anadolu'daki bolgesel gravite ve havadan manyetik verileri yerin derin jeolojisine yonelik olarak
giic spektrumu analizleri, degisik filtreler ve analitik uzanimlar kullamlarak tekrar
degerlendirilmis ve Akcakent ve Akmezar yakinlarinda yitksek manyetik ve gravite anomalileri
tespit edilmistir (Ates ve dig., 1998). Ayrica MTA Genel Mudurligimtn “Tiirkiye Ist Akisi Projesi’
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2001 yilr sonuglarma gére Kirtkkale dogusunda ve Nevsehir yakmlarinda belirlenen yiiksek 1si
anomalileri de Akcakent ve Akmezar magma sorguclarinin varligi ile ilgili olabilir.

Basaltic lgneous Rocks of the Central
Anatolia and Their Genesis

The basaltic igneous rocks of the Central Anatolia are generally accepted as a part of oceanic crust
and their position today is believed to be gained as a consequence of southward thrusting of the
Izmir-Ankara-Erzincan suture zone over the Anatolide platform ( Gonctioglu et al., 1991 ).

During the studies which have been made since 2000 in Central Anatolia under a MTA Project of
‘Mineral Researches Related to the Acidic Magmatism’, together with the basaltic igneous rocks, no
ultrabasic rocks, which is the main representative of the suture zone, have been come across,
except some pyroxene-rich zones showing near vertical flow structures in gabbros. The basaltic
igneous rocks in the region are not related to the ultrabasic rocks, on the contrary, they show close
relations to the widespread granites and alkali igneous rocks. Presence of gabros at the outer parts
of many igneous series showing normal thagmatic zonation, basaltic dykes and enclaves in other
igneous rocks and mixing-mingling features, all of which indicate close genetic links between
basaltic, granitic and alkali igneous rocks.

The Central Anatolian basaltic igneous rocks do not also carry any structural element concordont
with their proposed allocthonous origin except some old, metamorphosed gabbros near Aksaray
and Kirikkale. Instead of the thrust planes, almost vertical, normal and lateral faults related to
rifting are much more common and play important roles in the genesis of these rocks.

The basaltic igneous rocks in the Central Anatolia were generally emplaced as precursors of
magmatic series formed spatially and temporarily in different geotectonic environments. These
rocks are found in the following magmatic series, which are listed from the oldest to the youngest
according to their relative field ages:

* The basement rocks at the north of Kirikkale are composed of gabbro; basalt and
volcanoclastic rocks metamorphosed under green schist facies and contains some marble
and meta-granite blocks. This is different from the basement rocks of the Kirsehir Massif
and northwest of the Sungurlu Fault is considered to be a part of the Pontides. The S-type
leucogranites intruded at the collisional boundary between the Pontides and the
Anatolides show also some magma mingling features.

* At the east and northeast of Aksaray, the basaltic igneous rocks crystallized in different
geological periods and show wide outcroppings. These rocks are believed to be formed in
intra-cratonic rift basins under rather extensional tectonic regime and are thought to have
played some roles in the formation of granitoids (Dogan, 2003).

* The basaltic igneous rocks younger than the granitoids are not effected by the ductile
deformation and alteration.The highest peaks (Biiyiik Ekecik, Kiiciik Ekecik, Tavsanl,
Kisla hills) at the northeast of Aksaray are all made of undeformed and unaltered gabro
stocks and dykes and they lined up along the northwest-southeast direction. The grain size
of the gabbro gets coarser towards the interior parts of the dykes and plagioclase and
pyroxene minerals are vertically aligned paralel to the boundary of the dykes as a result of

magmatic flowage. These all indicate that the gabbros at the peaks are younger than the
granitoids around.

* At the east of Ekecikdag, the gabbro and basalt domes and dykes together with some
basaltic lavas and volcanoclastic rocks including some radiolarian cherts (gabro-basalt
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series) occur as isolated rocks in a nearly north-south inclined depresion area. In a similar
tectonic enviroment the three graben basins, composed of gabbro dykes at the edges and
volcanoclastic rocks at the insides are centered at Kasimaga, southeast of Keskin, and are
oriented towards the Hirfanli dam, Akcakent and Kirikkale. This kind of regional
sturacture and lithological features resemble to the triple junction in the plate tectonics.

e The gabbro-monzonite series developed later than the gabbro-basalt series are also seen in
three different ways (Baranadag, Kerkenezdag and Dinekdag) centered at Akcakent. The
rocks belonged to this series are generally represented by gabbros at the outer parts, by
diorites and monzonites inwards, and by quartz-monzonites at the centers of the
intrusions, indicating normal magmatic zonations. The rocks of the gabbro-monzonite
series at the south present as isolated small intrusions and dykes, starting from Terlemez
and continuing towards the northwest.

e At the north of Dinekdag, granites producing Mo mineralisation cut the gabbro-
monzonite series. The main intrusion related to the granites changes its composition to
granodiorite and tonalite, and the ore mineralisation to base metals and iron towards the
southwest, Kesikkopri. The first members of this series, characterised as volcanic arc
magmatism, are made of gabbro and basalt dykes and lavas, some of which are highly
enriched in iron, crop out around Kesikkopri, Halildede and Karacaali.

¢ The basanite dykes found at the south of Hamitkdy and east of Akcakent are together with
syenites and phonolites in alkaline and peralkaline rock series and they represent the
youngest basaltic igneous activity in the region excluding Neogene volcanism.

It can be concluded that the leucogranites at the north and the granitoids between Aksaray and
Kirgehir are Early Cretaceous (Giileg, 1994) or older, the volcanoclastic rocks of the gabbro-basalt
series are Turonian—(early) Santonian (Erdogan et al., 1996, Yalinz and Gonciioglu, 1998), the arc
magmatism is younger than the gabro-monzonite series and contemporaneous or older than the
syenites; the laters are Late Campanian or Maastrichtian (Giindogdu et al., 1988).

The composition of the igneous rocks at the interior parts of the Central Anatolia changed in time
from gabbro to monzonite, and to syenite, and to phonolite at the end; the magmatism occured in
the rift basins; and the geometry of the rift basins all indicate the presence of two magma plumes
(hot spots) centered around Kirikkale-Akgakent and Aksaray-Akmezar. By comparison of the rift
basins each other at the north, it is estimated that the Kirsehir Block was moved about 40 km
westward and up to 20” counter clockwise rotated between Turonian and Santonian (Dogan,
2002). Similar rotation and smaller westward movement of the Kirsehir microcontinent is also
dedected at the south near Aksaray (Dogan, 2003).

Many fluorite deposits and uranium anomalies in the interior parts of the Central Anatolia are the
kind of deposits pertinent to anorogenic tectonic environment. The regional gravity and
aeromagnetic data of MTA General Directorate were reevaluated by Ates et al., (1998) using
spectral analyses, filtering and analitical continuation methods to control deeper geological
features of the Central Anatolia and they found high magnetic and gravity anomalies around
Akcakent and Akmezar. In addition, according to the results of the ‘Heat Flow Project of Turkey’
in 2001 surveyed by MTA General Directorate, high heat anomalies were revealed at the east of
Kirikkale and around Nevsehir, which may also indicate presences of the Akcakent and Akmezar
magma plumes.
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Nemrut Stratovolkani Kuzeyinde Yiizeylenen Farkli Bazalt Alantilarin
Mineralojik-Petrografik Karakteristikleri

Ozgiir KARAOGLU, Yavuz OZDEMIR, A. Umit TOLLUOGLU

(okaraoglu@yyu.edu.tr, yozdemir @yyu.edu.tr, tollu@yyu.edu.tr)

Nemrut Kalderasi'min kuzey-kuzeybausinda yiizeyleyen bazalt akintilari, farkli volkanik gelisim
evrelerine aittir. Nemrut Stratovolkani’nin ilk tiriinlerinden olan ‘I. evre bazalt akintist’ Nemrut
Kalderasi'nin yaklagik 12 km kuzeybatisinda yer alirken; Nemrut Stratovolkant'nim son triinleri
arasinda sayilan ve birden fazla gikis noktasina sahip ‘II. evre bazalt akintilart’ ise kalderanin 2 km
kuzeyinden itibaren gézlenmeye baglamaktadir. 3-4 km devamlilikla siralanan bu geng akintlar, I.
evre bazalt akintilaria yaklagtk 10 km uzakhkta bulunmaktadir. Her iki bazalt akintis: da, Nemrut
Stratovolkant'nin farkli gelisim evrelerinde meydana gelmigtir. Birbirlerine gore farkli mineralojik-
petrografik ve dokusal 6zelliklere sahiptir. '

Nemrut Stratovolkani'min kuzeybatisinda dagilhim gosteren I. evre bazalt akinusi, Biyoke
Kayaliklari ile Seyrage Tepe'nin kuzey boliimiinde 10 ile 120 m arasinda kalinhga sahiptir. Kuzey-
kuzeybati yoniine dogru yaklagik 35”lik bir egime sahip Biyoke ve Seyrage kayaliklarinin orta
kesimlerinde gozlenen bazaltik lav akintsi, kendi iginde farkl dokular sunmaktadir. Biyoke
Kayaliklar1 kuzeyinde ‘mostra veren bazaltik birim, kendisinden hemen énce ylizeylenmis olan
ciruf konisinde (?) oldugu gibi  kiiciik bir vadi boyunca izlenen aglma catlagindan
kaynaklanmistir. Seyrage Tepe ve Biyoke Kayaliklari arasii dolduran ve koni gelisim evresine ait
olan ignimbirit akintlari, bazaltik lavlarm iki ayrt (Biyoke ve Seyrage Kayaliklari) alanda
gozlenmesine ve farkli ¢ikig noktalarina ait lavlar olarak algilanmasina sebep olmaktadir. 1. evre
bazalt akintisi yaklagik 1.5 km®lik bir alanda yaythm gostermektedir. Plajiyoklaz, olivin ve
klinopiroksen fenokristalleri ile; basta plajiyoklaz olmak tizere ¢ok az miktarda olivin,
klinopiroksen mikrolitleri ve volkan cami hamuru olusturmaktadir. Hamurun biyiik bir
gogunlugunu olusturan plajiyoklaz mikrolitleri pilotaksitik doku géstermektedir. Kayac ‘Olivin
Bazalt’ olarak isimlendirilmektedir.

Nemrut kalderasint KB-GD dogrultusunda kesen ve acilma catlagindan II. Evreyi olusturan ¢ok
geng bir ‘lav akigt’ meydana gelmistir. Yaklasik 10 km?lik bir alanda etkili olan bu lav akintilar
bazaltik karakterdedir. Lav akintilarinin yiizeyleri bol gaz boslukludur. Birden fazla cikis
noktasindan itibaren faaliyet gosteren her bir lav akintisinin akugr mesafe ve kendi iclerindeki
kalinliklar: farkliliklar gostermektedir. Lavlar, yaklagik olarak 1 m’ den 8 m’ ye kadar degisen
kalinhiga sahip olup; 50 m’ den 2 km mesafeye kadar olan alanda yayilim gostermistir. 11. evreyi
olusturan lav akintilar plajiyoklaz ve klinopiroksen fenokristalleri ile plajiyoklaz ve piroksen
mikrolitlerinden meydana "gelen hamurdan olusmaktadr. Plajiyoklaz ve klinopiroksen
fenokristalleri glomeroporfirik doku géstermektedir. Kayag; ‘bazalt’ olarak isimlendirilmektedir.
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I. evre lav akmuisi, koni gelisim evresine ait olmakla beraber mineralojik olarak olivin
fenokristalleri icermekte, pilotaksitik dokusu gostermekte ve blok lav akis tipindedir. Nemrut
Kirigina bagh olarak gelisen lav akimtlari volkanin son iriinlerine aittir. Igerisinde olivin
fenokristallerine rastlanilmamis, glomeroporfirik doku gostermekte ve Aa lav akis tipindedir.

Anahtar Kelimeler: Nemrut Stratovolkani, Bazaltik Lav Akintlart

The Mineralogical-Petrographical Attributes of Various Basaltic Flows
Outcropped in the Northern Part of Nemrut Stratovolcano

Basaltic flows, outcropped in the north-northwest of the Nemrut Caldera, are of the products of
different phases of the volcanic activity. The probable 1¥ phase flows, belonging to the initial
products are located in the 12 km northwest of the caldera whereas the 2 phase flows, with several
outlets, are being observed from the 2" km of the northern part. Those flows with 3-4 km
contiunity are located ca. 10 km far from the 1" phase flows. The study of both flows, formed at
different phases the development mechanisms of the Nemrut Volcano and occured with relatively
distinct mineralogical-petrographical and textural properties

The 1" phase flows, distributed in the northwest, has a thickness varying from 10 to 120 m in the
north of Biyoke and Seyrage Rocks, distinct textures within particularly in the middle of the
Biyoke and Seyrage Hills. The basaltic formation in the north of Biyoke Rocks is originated from
cracks in a narrow valley alike the probable scoria cones outcropped shortly before them. The
ignimbrite flows fulfilled the area between Seyrage Hill and Biyoke Rocks, caused the suggestion of
basaltic flows belonging to a different spots, namely Seyrage Hill and Biyoke Rocks. The 1" phase
flow comprises phenocrystals of plagioclase, olivine and cylinopyroxens with plagioclase with
phylotaxitic texture being the dominant constitute followed by small amounts of olivine
cylinopyroxene microlites and volcanic glass. Thus named as ‘Olivin Basalt'.

The recent flow, formed the 2™ phase in the crack lies towards NW-SE section of the Nemrut
Caldera, which is spread ca. 10 km? are, has of basaltic character. Each flow developed from more
than one outlets, has different ranges of spread and thicknesses. Thus having thickness varying
from 1 to 8 m, and a spreading distance from 50 m to 2 km. The 2" phase lava flows comprises
phenocrystals and microlites of plagioclase which has glomeroporphyric texture with and
cylinopyroxene, thus named as Basaltic Rock.

Although the 1" phase lava flow belonging to cone development phase, comprises phenocrystals of
philotaxitic textured olivine with a block type lava flow, the 2"! phase related to the recent
products of the volcano, Aa lava flow type formed from the Nemrut crack, without phenocrystals
of olivine has a glomeroporphyric texture.

Key Words: Nemrut Stratovolcano, Basaltic Lava Flows
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Kompozit Behrekdag Batoliti: izmir-Ankara-Erzincan Kenet Kusaijl Boyunca
Anatolid-Pontid Carpismasinin Kirikkale ili-Hirfanh Baraii Arasi Kesimindeki
Magmatik Kaniti

Sibel TATAR*, Durmus BOZTUG*, Yehudit HARLAVAN** ve Greg B. AREHART***

* Cumhuriyet Univ., Jeoloji Miih. Boliimii, 58140 Sivas
*# Geological Survey of Israel, Geochronology Lab., 30 Malkhei Israel St. 95501 Jerusalem, Israel
*x% Unv. of Nevada-Reno, Stable Isotope Geochemsitry Lab., Reno, Nevada, USA

Orta Anadolu’da Kirikkale ili- Hirfanl Baraji arasinda yiizlek veren kompozit Behrekdag batoliti,
Danaciobasi biyotit 16kograniti, Konur K-feldispat megakristalli kuvars monzoniti, Kiziltepe
mikrograniti, Hasandede kuvars monzoniti, Kizdede monzogabrosu ve Yenikoy tonaliti olarak
tanimlanan haritalanabilir alt alt birime ayrilmistir. Tim bu birimler, Mesozoyik oncesi yash
kabuksal metasedimentler ile Ust Kretase yerlesim yagh Orta Anadolu Ofiyoliti birimlerini sicak
dokanakla kesmekte ve Paleosen-Orta Eosen yash Barakli formasyonu ile Ust Miyosen-Pliyosen
yagh Kiziirmak formasyonu tarafindan uyumsuz dokanakla értiilmektedir.

Gahsma alaninda gozlenen faylar baglica, KD-GB, KB-GD ve K-G dogrultuludur. Kompozit
Behrekdag batolitinin, Paleosen-Orta Eosen éncesi ve sonrast olmak iizere iki evrede gerceklesen
ylizeylenme tarihgesinde, bu faylardan bazilarinin tektonik ylzeylenme seklinde hizli yiikselmeye
neden olduklar distiniilmektedir.

Danaciobasi biyotit I6kograniti tanesel dokulu olup; kuvars, K-feldispat, albit, plajiyoklaz, biyotit ve
+ apatit minerallerinden olusur. Konur K-feldispat megakristalli kuvars monzoniti ise iri K-
feldispat megakristallerinin  varhgiyla belirginlesen faneritik-porfirik  dokulu olup; kuvars,
plajiyoklaz, K-feldispat, biyotit, hornblend ve ojit gibi ana minerallerin yanisira apatit, titanit,
zirkon ve allanit gibi tali bilesenleri icermektedir. K-feldispat megakristallerini kismen daha az
miktarlarda iceren Hasandede kuvars monzonitinin ana bilesenleri, kuvars, ortoklaz, plajiyoklaz,
ribekit-hastingsit; tali bilesenleri ise titanit ve apatit minerallerinden olugsmaktadir. Tipik olarak
tanesel doku gosteren Kizdede monzogabrosu baslica plajiyoklaz, ortoklaz, ojit, hornblend ve
“apatitlerden olusur. Arazide en az yayilima sahip olan Yenikoy tonaliti ise, tanesel dokuludur ve
baslica ana bilesenleri kuvars, plajiyoklaz ve tremolit/aktinolit; tali bilesenleri ise apatit, zirkon,
titanit minerallerinden olusmaktadir. Bu birimlerden Konur K-feldispat megakristalli kuvars
monzoniti ile Hasandede kuvars monzonitinde, es yash mafik ve felsik magma kaynaklarinin
heterojen karigimini (magma mingling) gésteren mikrograntiler dokulu mafik magmatik enklavlar
(MME) ile homojen karigimimi (magma mixing) gosteren mikroskopik dokular goériilmektedir.

Danaciobasi biyotit lokogranitinden ayrilan biyotit ile Konur K-feldispat megakristalli kuvars
monzonitinden ayrilan hornblend mineralleri tizerinde yuritilen K-Ar radyometrik yag tayini
¢ahsmalarinda biyotitlerden 69.1+1.42 ve 71.54+1.45 My; hornblendlerden ise 68.8+1.43 ve
81.243.36 my arasinda degisen yaslar elde edilmistir.
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Kompozit Behrekdag Batolitinde yiuritilen mineralojik-petrografik ve tiimkayag jeokimyasi
caligmalart, batolitin, S-1-M-A tipi granitoyidler olarak siniflandirilabilecek kayaclardan olugtugunu
gostermigtir. Danaciobas biyotit lokograniti peraliimino, S-tipi, yiiksek-K'li kalkalkalin; Konur K-
feldispat megakristalli kuvars monzoniti metaliimino, I-tipi, yiiksek Kl kalkalkalin; Hasandede
kuvars monzoniti ve Kizdede monzogabrosu metaliimino, A-tipi ve ytiksek K'l alkalin ve Yenikoy
tonaliti ise metaliimino, M-tipi, diisitk K’ kalkalkalin 6zellikler sergilemektedir. Bu birimlerden
szellikle Hasandede kuvars monzonitinin HFS element icerigi bakimindan yiiksek degerlere sahip
olmast ve Yenikoy tonalitinin ise kayag/chondrite REE dagihm deseninde yatay trend sergilemesi
karakteristik 6zellikler olarak goze carpmaktadir.

Danaciobast biyotit 15kogranitinden ayrilan kuvars ve Konur K-feldispat megakristalli kuvars
monzoniti ile Hasandede kuvars monzonitinden ayrilan kuvars ve feldispat mineralleri {izerinde
yiiriitiilen  oksijen izotop jeokimyast cahgmalarinda, § 5 O degerleri Danaciobast birimi
kuvarslarinda 10.58; Konur ve Hasandede birimleri kuvarslarinda sirastyla 11.75 ve 11.40 ve
feldispatlarinda ise sirastyla 11.66 ve 10.20 olarak belirlenmistir. Bu 8 80 degerleri, bu birimlerin
olusumlarinda etkin olan kabuksal malzemeyi gostermektedir.

yukaridaki analitik veriler, lokal ve bolgesel jeolojik konum goz 6niine alinarak bir biitiin halinde
degerlendirildiginde, Kompozit Behrekdag batolitini olusturan birimlerin petrojenezi hakkinda su
sonuca ulasilabilmektedir. Danaciobasi biyotit lokograniti, carpismayla es zamanli, Gst kabuksal
kokenli bir magmadan tiiremistir. Konur K-feldispat megakristalli kuvars monzoniti ve Hasandede
kuvars monzoniti felsik birimleri, ¢arpigma sonrast bir jeodinamik konuma sahip olarak es yash
mafik ve felsik magma kaynaklarmm heterojen ve homojen karisim seklinde gerceklesen
etkilesimleri sonucu ortaya ¢tkan hibrid magmalardan tiiremiglerdir. Sl bazi veriler, bu
birimlerin magma kaynaklarmin ortak olabilecegini gosterse de, analitik verilerin ¢ogunlugu
bunlarn farkli hibrid magmalardan tiredigi goriisint desteklemektedir. Kizdede monzogabro-
sunun ¢arpigma sonrasi ortaya cikabilecek gerilmelere bagh olarak iist mantodan tiiremis alkalin-
mafik bir magma kaynagindan ve Yenikoy tonalitinin ise yine tst mantodan tiiremis diigiik K'h
kalkalkalin bir magma kaynagindan itibaren katilagtigt ileri stirtilebilir.

Kompozit Behrekdag batolitinin yukarida sunulan tim ozellikleri bolgesel jeolojik konum
igerisinde degerlendirildiginde, batolitin, Ust kretase’de izmir-Ankara-Erzincan situr zonu
boyunca Pontid temelin (Sakarya Kitasi) altina kuzeye dogru dalarak yok olan Neo-Tetisin Kuzey
Kolunun evrimiyle iliskili olabilecegi gorilmektedir. Anatolid-Torid platformu ile Pontid temel
arasindaki bu yaklagma zonu icerisinde, Behrekdag batolitinin, Pontidlerde yer alan aktif kita
kenarindan ziyade, Anatolid-Torid kesimindeki Orta Anadolu Kristalin Kompleksi icerisinde yani
yaklasma sisteminin pasif kesiminde yer aldigi ve bu nedenle baglica carpigma jeolojisi ile ilgili
(carpigmayla es zamanlh kabuk kalinlagmasi, garpigma sonrasi litosferik delaminasyon, ¢arpigma
sonrasi  gerilme, vb) olaylan karakterize eden intriizif kayaglar icerdigi sonucuna
ulagilabilmektedir.

The composite Behrekdad Batholith: an lgneous Record for the Collision
Between Anatolides and Pontides Along the izmir-Ankara-Erzincan Suture
Zone Around Kirkkale Region, Central Analolia,Tu:kev

The composite Behrekdag batholith has been subdivided into six mapable subunits in a north-
south geotraverse between Kirikkale city in the north and Hirfanh Dam lake in the south which
covers an area of approximately 700 km? in the Central Anatolian Crystalline Complex. The
subunits are called the Danaciobast bitotite leucogranite, Konur K-feldspar megacrystalline quartz
monzonite, Kiziltepe microgranite, Hasandede quartz monzonite, Kizdede monzogabbro and
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Yenikdy tonalite. All these lithodem units intrude the Pre-Mesozoic crustal metasediments and
Upper Cretaceous Central Anatolian ophiolite, and are unconformably overlain by the Paleocene-
Middle Eocene Barakh formation and Upper Miocene-Pliocene Kizilirmak formation.

The faults in the study area extends along NE-SW, NW-SE and N-S. Some of these faults are
thought to make the composite Behrekdag batholith exhumed by a fast tectonic. uplift mechanism
occurred in two episodes as pre- and post-Paleocene-Middle Eocene.

Danaciobast bitotite leucogranite shows a holocrystalline texture and consists of quartz, K-feldspar,
albite, plagioclase, biotite and rare apatite. Konur K-feldspar megacrystalline quartz monzonite
represents a phaneritic and porphyritic texture characterized by the existence of large K-feldspar
megacrysts, and consists of quartz, plagioclase, K-feldspar, biotite, hornblende and augite as major
constitunets, and apatite, titanite, zircon and allanite as accessory phases. The major and accessory
rock forming minerals of the Hasandede quartz monzonite are made up of quartz, orthoclase,
plagioclase, riebeckite-hastingsite and titanite and apatite assemblages, respectively. Its K-feldspar
content is apparently less than that of the Konur unit. Kizdede monzogabbro, showing a typically
holocrystalline texture, consists of plagioclase, orthoclase, augite, hornblende and + apatite
minerals. The Yenikéy tonalite, having the most limited outcrops in the study area, comprises the
major phases such as quartz, plagioclase and tremolite/actinolite, and accessory minerals such as
apatite, zircon and titanite. Both the Konur K-feldspar megacrystalline quartz monzonite and
Hasandede quartz monzonite include some microgranular mafic magmatic enclaves (MME) and
display some microscopic textures derived from the mingling and mixing type of interaction
between co-eval felsic and magma sources, respectively.

The K/Ar age determinations of the biotites from Danaciobasi biotite leucogranite and
hornblendes from Konur K-feldspar megacrystalline quartz monzonite yield some cooling ages
ranging from 69.1 + 1.42 to 71.5 + 1.45 and 68.8 £ 143 10 81.2 + 3.36 Ma, respectively.

The mineralogical-petrographical and wholerock geochemical studies, carried out on the
composite Behrekdag Batholite, reveal the existence of various granitoid rocks which can be
classified as S-I-M-A type granitoids. The geochemical features of these granitoids can be
summarized as follows: The Danaciobast biotite leucogranite represents a peraluminous, S-type,
high-K calc-alkaline character. The Konur K-feldspar megacrystalline quartz monzonite shows a
metaluminous, I-type, high-K calc-alkaline composition. Both of the Hasandede quartz monzonite
and Kizdede monzogabbro determine a metaluminous, A-type, high-K alkaline chemistry. As for
the Yenikoy tonalite, it is a metaluminous, M-type, low-K calc-alkaline small stock within the
Hasandede quartz monzonite. A high content of HFS elements in the Hasandede quartz
monzonite and a well-defined horizontal REE distribution pattern in rock/chondrite
spiderdiagram in the Yenikdy tonalite are considered to be the most striking features in
geochemical composition.

The oxygen isotope geochemsitry studies, performed on the the quartz minerals from Danaciobas:
biotite leucogranite, and the quartz and feldspar minerals from both of the Konur K-feldspar
megacrystalline quartz monzonite and Hasandede quartz monzonite. The mean value of § '8 O
data of the Danaciobasi biotite leucogranite is 10.58. As for the § '* O data of the quartz and
feldspar minerals from the Konur and Hasandede units, they are 11.75 and 11.40, and 11.66 and
10.20, respectively. These values of & '* O data represent the crustal contribution into the magma
genesis of these intrusives.

When the analytical data mentioned above are interpreted altogether with the local and regional
geological setting, one can conclude the following petrogenetic considerations about the intrusives
constituting the composite Behrekdag batholite. The Danaciobas leucogranite is considered to be
derived from the syn-collisional magma with an exclusively supracrustal origin. Konur K-feldspar
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megacrystalline quartz monzonite and Hasandede quartz monzonite are thought to be formed
from the hybrid magma sources derived from the mixing and the mingling types of interactions
between coeval felsic and mafic magmas generated in a post-collisional geodynamic environment.
Some limited data indicate that the magma sources of the Konur and Hasandede units could be
one single magma source, however, a large number of data reveal different hybride magma
sources for each unit. Kizdede monzogabbro and Yenikdy tonalite are suggested to be derived
from an alkaline-mafic magma and from another low-K calcalkaline magma source generated
from upper mantle in a post-collisional environment under the tensional regime, respectively.

The interpretation of all the characteristics of the Composite Behrekdag Batholith in the light of
regional geology may reveal that the genesis of batholith can be related to evolution of the
northern branch of the Neo-Tethyan ocean with a northward subduction beneath the Pontide
basement (Sakarya continent) during late Cretaceous along the Izmir-Ankara-Erzincan suture
zone. It may be concluded that the composite Behrekdag batholith is situated in the passive
margin taking place in Anatolide part (Central Anatolian Crystalline Complex), rather than active
margin taking place in the Pontide part of this convergent system between the Anatolide-Tauride
platform and Pontide basement along the izmir-Ankara-Erzincan suture zone. Then, the
Behrekdag batholite is considered to be associated with the collisional events such as syn-collisional
crustal thickening, post-collisional lithospheric delamination and post-collisional tensional regime.
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K-feldispat Megakristallerinin Kokenine iliskin
Mineralojik, Kimyasal ve Jeotermoharometrik Deliller:
ikizdere Pliitonu’ndan Ornekler, KD-Tiirkiye

Orhan KARSLI*., F. AYDIN** ve M.B. SADIKLAR**

"Karadeniz Teknik Univ., Giimiishane Miih. Fak., Jeoloji Miih. Bol. 29000 Giimiishane
"Karadeniz Teknik Univ., Mith. Mim. Fak., Jeoloji Mith. Bil. 61080 Kanuni Trabzon

Granitoyid kiitlelerin bir ¢ogu felsik ve mafik magma etkilesimlerine isaret eden megakristalli
dokular gosterirler. Bunlara bir érnek olan, yaklasik 45 milyon yil yash Ikizdere Pliitonu, bol
miktarda pembemsi renkli K-feldispat megakristali icermektedir. S6z konusu kristaller,
mineralojik ve kimyasal ézellikleri bakimindan granitoyid kayaclarda gbzlenen mafik ve felsik
magma karigimi delillerini barindirmaktadirlar.

Ikizdere pliitonunda gozlenen K-feldispat megakristallerinin biiyiikliikleri 1 ile 4 cm arasinda
degismektedir. Co lukla ¢ubuk bicimli oian bu megakristaller, bulunduklar pliitonik ana kayag
iginde homojen bir bicimde dagilmis olup, kiimelenme gostermemektedirler. Megakristallerin
kenar kisimlaria yakin yerlerinde biiyiikliikleri 1 mm den daha kiigiik agik ve koyu renkli mineral
inkliizyonlarma rastlanmustir. jnklﬁzyonlar, biyotit ¢oklukla annitik (4.11-4.36 ag. % Ti0,), X,
[=Fe,/(Fe,,+Mg)]= 0.50-0.58), amfibol (magnesio-hornblend, Xyg [=Mg/(Mg+Fe,,)]= 0.70-0.79)
ve plajiyoklas ise Ab;;-o;An . bilesimlidirler. Mafik ve koyu renkli inkliizyonlarin bilesimleri, K-
feldispat megakristalinin icinde bulundugu ana granitoyidik kayacin mafik ve felsik mineral
bilesimleri ile benzerdir. K-feldispat megakristallerinin bilesim araligi Org;Ab;An, i1 OrgwAb,,An,
arasinda degismektedir. BaO icerikleri kenardan merkeze dogru hizli bir artis sunmaktadir.

K-feldispat megakristallerinin icermis oldugu inkliizyonlar ve ana kayaclardan elde edilen
alimiyum hornblend jeobarometre ve hornblend-plajiyoklas jeotermometre kristallenme basinci
ve sicakh@i tahminlerinin, inkliizyon ve ana kaya kristalleri icin hemen hemen benzer degerlerde
oldugu anlagilmistir. S6z konusu tahminler ana kaya ve inkliizyonlar icin sirast ile kristallenme
basinglart ana kayaglarda 2.14 = 0.1 ile 2.99 + 0.6, inkliizyonlarda 2.29 + 0.1 ile 2.99 + 0.5 (kbar)
ve kristallenme sicakliklart ana kayaclarda 651 = 10 ile 751 + 10, inkltizyonlarda 659 = 09 ile 757
*= 19 (°C) arasindadir.

Bittin dokusal, kimyasal ve jeotermobarometrik bulgular, K-feldispat megakristallerinin
dinamik bir magma sisteminde “fenokristal” olarak gelistigine isaret etmektedir. Bu sekilde acik bir
magma sisteminde K-feldispat megakristallerinin olusabilmesi yvada diger komsu kristallere gore
asirt biiytimeleri, ancak dinamik bir magma odasinda, esyash ve bilesimsel tezatliklar1 olan mafik ve
felsik magmalarin etkilesimleri sonucu ortaya ¢ikan sicaklik, basing ve bilesimsel farklilagmalara
bagli olarak olusmus olabilecegi anlagilmistir. Iki magmanin karigimindan énce, felsik magma
icinde kismen ¢ekirdeklenmis bazi K-feldispat kristalleri, felsik magma icine ger¢eklesen mafik
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injeksiyondan sonra bile yapilarini koruyarak, Ba, K ve Na gibi elementlerin sivi fazdaki hizh
difiizyonuyla ana magmanin geg safha kristalizasyonu boyunca megakristallerin olugumuna
kolaylik saglamug olabilirler.

Mineralogical, Chemical and Geothermoharometric
Evidences for Origin of K-Feldspar Megacrystals:
Examples from the ikizdere Pluton, NE-Turkey

Many granitoid plutons have megacrystic texture indicating interactions of felsic and mafic magmas
during their evolution. The ~45 Ma Ikizdere Pluton contains pinkish colored K-feldspar megacrysts,
which mineralogically and chemically exhibit interaction evidences of coeval mafic and felsic magmas .
The lath-shaped megacrysts, with sizes ranging from 1 to 4 cm, are uniformly (i.e., randomly)
distributed in the host plutonic rocks. The megacrysts have matfic and felsic inclusions, with crystal sizes
being smaller than 1 mm. The inclusions are biotite, slightly annitic (4.11-4.36 wt%T10y), Xy
[=Fe,/(Fe,+Mg)]= 0.50-0.58), amphibole (magnesio-hornblende, Xy [=Mg/(Mg+Fe,,)]= 0.70-0.79),
plagioclase (Ab;s-5;Ang;.;) and quartz as minor. The mafic and felsic inclusions are compositionally
similar to those of the host rocks. The compositions of the K-feldspar megacrysts range from
OryAb.An, to OrgpAbj;An,. BaO contents of the megacrysts increase from core to rim. The Al-in-
hornblende geobarometer and hornblende-plagioclase geothermometer on host minerals and
inclusion in the megacrysts yielded similar crystallization pressures and —temperatures ranging from
914 % 0.1 t0 2.99 + 0.6, 2.29 = 0.1 to 2.99 = 0.5 (kbar) and 651 = 10 to 751 = 10, 659 = 09 to 757 +
19 (°C), respectively.

The textural, chemical and thermobarometric features are typical of K-feldspar megacrysts that
grew as phenocrysts in dynamic granitoid magma systems. The overgrowth of K-feldspar
megacrysts may be related to temperature, pressure and compositional fluctuations caused by
interaction of coeval and contrasting mafic and felsic magmas in the dynamic magma chamber.
The K-feldspar nuclei remaining during mafic injection into felsic component are overgrown by
rapid diffusion of Ba, K and Na elements in the liquid phase, during the later stages of
crystallization of the host magma.
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A-tipi Mursal, Yellice (Divrigi- GD Sivas) ve Kuluncak (KB Malatya)
Pliitonlarinin Karsilastirmali incelenmesi

Durmug BOZTUG, Nazmi OTLU ve Sibel TATAR
Cumhuriyet Univ., Jeoloji Miih. Boliimii, 58140 Sivas

Maestrihtiyen oncesi yerlesim yagina sahip Divrigi ofiyoliti birimlerini sicak dokanakla kesen ve
Pliyosen yash karasal-golsel c¢okeller ile Pliyo-Kuvaterner yash Yamadag vollanitleri tarafindan
uyumsuzlukla ortillen A-tipi Mursal, Yellice (Divrigi-GD Sivas) ve Kuluncak (KB Malatya)
plitonlart, Orta Anadolu’da carpisma sonrasi riftlesme ile ilgili levha igi alkali magmatizmasinin (A-
tipi magmatizma) onemli iiyelerini olusturmaktadir. Bu plitonlar, K-G, KD-GB ve KB-GD
dogrultulu faylarla yiikselmis ve akarsu vadilerindeki derin aginmalarla ytizeylenmis olarak mostra
vermektedir.

Mursal ve Yellice pliitonlari bashca kuvars monzonit, monzonit, kuvars siyenit ve siyenit bilegimli
ve orta-kaba taneli, 6zellikle K-feldsipat megakristallerinin varhgiyla belirginlesen porfirik dokulu
kayaclardan olusurken; Kuluncak pliitonu ise baslica ince ve orta taneli, siyenit ve nefelin
siyenitlerden olusmaktadir. Boylece, Mursal ve Yellice plitonlart hem arazide ¢tkma diizeyinde,
hem de mikroskop altinda belirlenen dokusal ve mineralojik bilesim 6zellikleri bakimindan daima
benzerlik sunarken, Kuluncak pliitonu ise bunlardan ayrilmaktadir.

Arazi verileri ve mikroskobik caligmalarla belirlenen Mursal-Yellice plitonlar birlikteligi ve
Kuluncak plitonunun farklihg, ayni zamanda ana, eser ve REE jeokimyasal bilegimleri ile de
desteklenmektedir. Mursal ve Yellice pliitonlart silis bakinindan asirt doygun alkalin (ALKOS),
Kuluncak platonu ise silis bakimindan tiiketilmis alkalin (ALKUS) bilegim gostermektedir. Silis
igerigine gore tiim ana element degisim diyagramlarinda Mursal ve Yellice pliitonlart birlik
olustururken, Kuluncak pliitonu ise 6zellikle diistik Ti, Mg, K ve P; yiiksek Al, Fe, Mn ve Na
igerigi ile bunlardan oldukca farkl bilesim trendleri sergilemektedir. Mursal ve Yellice pliitonlari
eser element igerikleri bakimindan da birliktelik gosterirken, Kuluncak pliitonu ise tipik olarak
disiik V, Hf, Zr buna karsihk ylksek Pb, Zn, As, Sh, Rb, Cs, TI, Ga, Nb, Y ve U igerigi ile
bunlardan ayrilmaktadir. Kondrite gore normallestirilmis REE 6riimcek diyagramlarinda da yine
Mursal ve Yellice plitonlart benzer dagilim desenleri sunmakla birlikte, Mursal pliitonu kayag
ornekleri daha belirgin bir negatif Eu anomalisi géstermektedir. Diger taraftan, Kuluncak pliitonu
kayag 6rnekleri ise tiim REE igerikleri bakimindan bagil olarak daha zengin, LREE'den MREEye
daha belirgin bir fraksiyonlanma ve negatif Eu anomalisi gostermeleriyle Mursal ve Yellice
pliitonlarmdan farkhlik gostermektedir.

Yukarida sunulan verilerin isiginda Mursal ve Yellice plitonlarimm bir magma kaynagindan,
Kuluncak pliitonunun ise farkli bir magma kaynagindan tiiredigi sonucuna varilmistir. Alkalin
bilesimli bu plitonlarin, carpismaya bagh kabuk kalinlagmasini takip eden gerilme evresindeki
litosferik incelmeye bagh kita ici riftlesmenin iiriini olduklart ve Orta Anadolu’daki diger ALKOS
ve ALKUS plitonizma birlikteligi ile denestirildiginde, Mursal ve Yellice pliitonlarmin bagil olarak
daha yash, Kuluncak pliitonunun ise daha genc olabilecegi ileri siiriilmektedir.
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Comparative study of the A-type Mursal, Yellice (Divridi-SE Sivas) and
Kuluncak (NW Malatya) plutons, Central-Eastern Anatolia, Turkey

A-type Mursal, Yellice ( Divrigi, SE Sivas) and Kuluncak (NW Malatya) plutons, intruding the pre-
Maastrichtian Divrigi ophiolite and unconformably covered by the Pliocene terrigeneous-lacustrine
sediments and Plio-Quaternary Yamadag volcanics, constitute the important members of the
Central Anatolian, post-collisional, rifting-related within-plate alkaline (A-type) magmatism of Late
Cretaceous to Early Paleocene in age. These plutons are exposed to have been uplifted and
denudated by N-S, NE-SW and NW-SE trending faults and deep creeks.

Mursal and Yellice plutons consist mainly of monzonite, quartz monzonite, syenite and quartz
syenite with a medium to coarse-grained texture particularly characterized by the existence of K-
feldspar megacrystals. Kuluncak pluton shows some important differences in terms of rock type
and texture that is composed essentially of syenite and nepheline-syenite with a fine to medium-
grained texture. Thus, the textural features and mineralogical compositions always indicate a close
kinship between Mursal and Yellice plutons, but some important differences which make the
Kuluncak pluton differing from them in terms of texture and mineralogy.

This close kinship between the Mursal and Yellice plutons, and the different characterisctics of the
Kuluncak pluton, revealed by microscopic studies, are usually supplied by wholerock major, trace
and REE geochemistry data. The Mursal and Yellice plutons yield a silica oversaturated alkaline
(ALKOS), but the Kuluncak pluton determines a silica undersaturated alkaline composition in
total alkali versus silica (TAS) diagram. Mursal and Yellice plutons are always associated in all the

“major element Harker variograms, whereas the Kuluncalk pluton differs from them with a low
content of Ti, Mg, K and P, but a high value of Al, Fe, Mn and Na contents. This good association
between the Mursal and Yellice plutons in term of major element composition is also remarked in
the trace element Harker variograms. But, the Kuluncak pluton also determines very different
trace element characteristics with typically low contents of V, Hf and Zr, but high contents of Pb,
7n, As, Sb, Rb, Cs, T1, Ga, Nb, Y and U elements. The chondprite normalized REE spiderdiagrams
of the Mursal and Yellice plutons reveal very similar trends, however, the negative Eu anomaly of
Mursal pluton seems to be clear. On the other hand, the rock samples of the Kuluncak pluton are
enriched in all REE contents relative to those of others, and a strong fractionation from LREE to
MREE, and a more enhanced negative Eu anomaly.

All the data mentioned above represent that the Mursal and Yellice plutons may have been
derived from the same magma source, but the Kuluncak pluton from a different magma source
which are the parts of rifting-related within-plate alkaline magmatism issued from the lithospheric
attenuation following crustal thickening due to collision in Central Anatolia. The regional
correlation with other ALKOS and ALKUS plutons in different parts of Central Anatolia, the
Mursal and Yellice plutons can be suggested to be a bit younger than the Kuluncak pluton.
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Kuzeyhati Anadolu’da Sakarya Zonuna ait llica ve
Cataldag (Bahikesir kuzeyi) Granituvidlerinin_ Karsilastirmali
Mineralojik-Petrografik ve Jeokimyasal Incelenmesi

Durmug BOZTUG*, Sabah YILMAZ SAHIN**, isa CAN **, Ramazan SARI """ ve Sahset KUGUKEFE

* Cumhuriyet Univ.,]eoloji Miih. Boliimii, 58140 Swas
% [stanbul Univ.,]eofizik Miih. Béliimii, 34850 Avcilar, Istanbul
W MTA Kuzetbati Anadolu Bolge Miudurligi, Balikesir

Balikesir ili kuzeybati (Ilica) ve kuzeydogu (Susurluk-Cataldag) kesimlerinde, Sakarya zonuna ait
Paleozoyik (Hersiniyen) yash kabuksal metasedimentleri, Alt Triyas yash Karakaya formasyonunu
ve Ust Kretase yash ofiyolitik dilimleri de igeren Yayla melanji birimlerini sicak dokanakla kesen,
Miyosen yash volkano-sedimanter birimlerle uyumsuzlukla értiilen Ihca granodiyoriti ve Cataltepe
K-feldispat megakristalli graniti ile Paleozoyik (Hersiniyen) yash (?) Turfaldag iki mikali gnaysik
graniti kargilagtirmali olarak incelenmistir. Bunlardan Turfaldag iki mikali gnaysik graniti ile
Gataltepe K-feldispat megakristalli graniti aymi zamanda Cataldag kristalin  kiitlesinin
bilesenleridir. Bu granitoyidlerin ve kristalin 6zellikli ¢evre kayaglarinin, muhtemelen Miyosen
gerilme rejimine bagh olarak gelisen D-B, KD-GB ve KB-GD dogrultulu faylarla tektonik
ylikselme tipinde bir ytizeylenme tarihgelerine sahip olduklari disiintilmektedir.

Cataldag kristalin kiitlesi igerisinde gériilen Turfaldag iki mikali gnaysik graniti, arazide, sadece,
amfibolit, amfibolsist, kalsilikatik sist, mermer, kalksilikatik mermer ve kalksist bilesimli kabuksal
metasedimentlerden olusan Paleozoyik yash Fazlikonagi formasyonu igerisinde ¢ikma verir sekilde
yiizeylenmekte ve Miyosen yash 6rtii birimleri tarafindan uyumsuz olarak értiilmektedir. Boylece,
foliasyon géstermesinin yanisira ayni zamanda 6zellikle sillimanit mineralleri icermesi nedeniyle,
Turfaldag iki mikal gnaysik granitinin de Paleozoyik yash Fazlikonagi formasyonu metamorfitleri
ile ayni deformasyondan etkilendigi sonucuna varilarak Paleozoyik (Hersiniyen) yasli (?) olabilecegi
ileri siiriilmektedir. Cataldag kristalin kitlesi igerisindeki diger bir intriizif kayag birimini
olusturan ve 6zellikle yaygin K-feldispat megakristallerinin varhigiyla belirginlesen bir porfirik
dokuya sahip olan ve ayni zamanda bol miktarda mikrograniiler dokulu mafik magmatik enklavlar
da iceren Cataltepe K-feldispat megakristalli graniti ise Fazlikonagi ve Karakaya formasyonlart ile
Turfaldag iki mikali gnaysik granitini sicak dokanakla kesmekte ve yine Miyosen yash ortii
birimleri tarafindan uyumsuzlukla értiilmektedir. Ihca granodiyoriti ise tipik olarak orta taneli ve
¢ok ender olarak K-feldispat megakristalleri ve yaygin olarak mikrograniiler dokulu mafik
magmatik enklavlar igeren granodiyorit bilesimli kayaglardan olusmakta ve Fazlikonagi ve
Karakaya formasyonlarinin yanisira Yayla melanji birimlerini sicak dokanakla kesmekte ve yine
Miyosen yasli birimlerle uyumsuz olarak ortiilmektedir. Bu nedenle, Ihca granodiyoriti ile
Cataltepe K-feldispat megakristalli granitinin Ust Kretase-Paleosen (?) yasglt olabilecekleri
digtuntlmektedir.

Bu granitoyid birimlerinin ana, eser ve REE jeokimyasi bilesimleri kargilastirmali olarak
incelendiginde goze carpan onemli karakteristikler soyle 6zetlenebilir. Bunlarm her ticii de KALK
bilesimde olup, Ilica tipik olarak I-tipi, yiiksek-K'l; Cataltepe ¢ogunlukla S-tipi ve kismen I-tipi
ozellikler gosteren orta-yiiksek K'li ve Turfaldag birimi ise tipik olarak S-tipi orta-yiiksek K’lidir.
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Bu birimlerden Ilica birimine ait kayac drneklerinin ana mafik mineral toplulugu tipik olarak
hornblend+biyotit;  Cataltepe  birimininkiler tipik olarak sadece biyotit ve kismen
biyotit+hornblend ve Turfaldag birimininkilerin ise tipik olarak biyotit+muskovit+ sillimanit
minerallerinden olusmasi, bunlarin I-tipi ve S-tipi ozellikleriyle de uyum icerisindedir. Ihca
granodiyoriti metaliimino, Cataltepe birimi metaliimino-peraliimino ve Turfaldag birimi ise tipik
olarak peraliimino bilesim sergilemektedir. Ana elementlerden Ti, Fe, Mn, Mg, Ca ve P icerikleri
Ilica'da en vyiiksek, Cataltepe’de orta ve Turfaldag biriminde ise en diisiik degerlerdedir.
Alkalilerden Na ve K icerikleri Ilica’da en diisiik ve Gataltepe ve Turfaldag birimlerinde ise orta ve
yiiksek degerlerdedir. Eser elementlerden Co, Sc, V, As ve Sb Ihca granodiyoritinde yiiksek, diger
birimlerde diisiik degerler gosterirken; Rb, Sn, Ga ve Ta lIlica granodiyoritinde diistk, diger
birimlerde yiiksek degerlerdedir. Diger taraftan, Hf, Nb, Zr ve Y icerigi bakimindan ise Cataltepe
birimi yiiksek, Ilica birimi orta ve Turfaldag birimi ise diisiik degerler gostermektedir. Kondrite
gore normallestirilmis REE 6riimcek diyagraminda Ihica granodiyoriti ile Cataltepe K-feldispat
megakristalli graniti birimleri birbirlerine son derece benzer trendler gostermekle birlikte
Cataltepe birimi daha belirgin bir negatif Eu anomalisine sahiptir. Yukarida da belirtildigi gibi
hem yapisal-dokusal, hem mineralojik-petrografik ve hem de ana-eser element jeokimyasi
bakimindan son derece farkliliklar sunan Turfaldag iki mikali gnaysik graniti ise daha diisik REE
iceriginin yanisira daha belirgin negatif Eu anomalisi ile Ilica ve Cataltepe intriizif birimlerinden
ayrilmaktadir.

Yukarida verilen tiim verilerin igiginda, Turfaldag iki mikali gnaysik graniti S-tipi ve peraliimino
bilesimiyle tipik olarak iist kabuk kokenli bir magmayi gosterirken, Ihca ve Cataldag birimleri ise
manto + alt kabuk kokenli esyasli mafik ve felsik magmalarin mingling/mixing tiri etkilesimlerle
karigmast sonucu olugmug ancak alt kabuksal malzemenin daha fazla oldugu hibrid bir magma
kaynagini igaret etmektedir. Boyle bir magma kaynagimin daha derinlerdeki fraksiyonlanmast ile
Ilica granodiyoriti ve geride kalan artik magmanin da daha sig kesimlerde katilagmast sonucu
Cataltepe K-feldispat megakristalli granitinin olusabilecegi ileri strilebilir. Bu durumda, ilgili
intriizif kayaglarin ve kristalin yan kayaglarinin ytzeylenme tarihgesinde etkin olan tektonik
yiikselme sirasinda; faylarn, farkli bloklart farklh hizlarla yiikseltmeleri nedeniyle diferansiyel bir
yiikselmenin meydana gelmis olabilecegi ve boylece kabugun farkl derinliklerinde katilagmig olan
degisik intriizif birimlerin ayni anda yeryiiziine ulagmus olabilecekleri diigtintilmektedir.

Comparative Mineralogical-Petrographical and Geochemical
Study of the llica and Gataldag Granitoids From the
Sakarya Zone in NW Anatolia, N Balikesir region, Turkey

Late Cretaceous to Paleocene (?) Ilica granodiorite and Cataltepe K-feldspar megacrystalline
granite, and Paleozoic (Hersinian) (?) Turfaldag two-mica gneissic granite, outcropping in the
northern parts of Balikesir region in NW Anatolia, Sakarya Zone, have been comparatively studied
in terms of mineralogy-petrograpy and wholerock geochemistry. Ilca and Cataltepe intrusives
intrude the Paleozoic (Hersinian) Fazlikonagi metamorphics consisting of medium-grade crustal
metasediments, The Early Triassic Karakaya formation and the Late Cretaceous Yayla melange
bearing also ophiolitic slabs, and they are uncormably covered by Miocene volcano-sedimentary
units. The Paleozoic (Hersinian) (?) Turfaldag two-mica gneissic granite is seen to be exposed only
within the Fazhkonagi formation, and it is also unconformably overlain by Miocene volcano-
sedimentary rocks. Both of the Cataltpe and Turfaldag intrusives also constitute the parts of the
Hersinian Cataldag crystalline body which is an important exposures of the Hersinian basements
in the Sakarya Zone in NW Anatolia. These granitic intrusives and surrounding rocks are thought
to have been exhumed by the E-W, NE-SW and NW-SE trending faults related to Miocene
extension.
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Turfaldag two-mica gneissic granite, weel-associated with the amphibolite, amphibole schist, calc-
silicate schist, marble, calc-silicate marble and calc-schist lithologies of the Fazlikonag: formation in
the field, represents well-developed foliation and includes sillimanite minerals. These
characteristics of the Turfaldag intrusive unit is considered to indicate that both of the Turfaldag
intrusive unit and Fazlikonagi formation may have been affected by the same deformation, so that,
the Turfaldag two-mica gneissic granite can have the same geological age with that of Fazlikonag
formation, ie. Paleozoic (Hersinian) (?). The Turfaldag two-mica gneissic granite is also intruded
by other intrusive unit called Cataltepe K-feldspar megacrystalline granite constituting the
Gataldag crystalline body. Both of the Ilica and Cataltepe intrusives, intruding the Fazlikonagi and
Karakaya formation and Yayla melange and unconformably overlain by the Miocene cover rocks,
are suggested to possess an age of Late Cretaceous to Paleocene (?) on the basis of stratigraphical
relation and regional correlation. The Ihca and Cataltepe intrusives include mafic microgranular
magmatic enclave representing the field evidence of the mingling type of interaction between co-
eval mafic and felsic magma sources. K-feldspar megacrystals are found in both of these intrusives,
however, they are rare in the Ilica unit, and very typical occurrences in the Cataltepe unit which
may make it calling K-feldspar megacrystalline granite.

The most important characteristics of these three granitoid units, revelaed by the comparision of
mineralogical-petrographical and geochemical (major, trace and REE) compositions, can be
summarized as follow. All these thre units show calcalkaline composition among which the Ilica
unit is typically I-type, metaluminous, high-K CALK; the Cataltepe unit represents mostly S-type
peraluminous and rarely I-type metaluminous characteristics with a medium to high-K CALK
chemistry; and the Turfaldag unit is exclusively S-type, peraluminous and medium to high-K
CALK composition. The mafic mineral assemblages of these intrusives are concordant with the
geochemical charactersitics. The mafic constituents of the metaluminous and I-type Ilica
granodiorite are made up of hornblende + biotite assemblage. It consists of biotite alone and
biotite + hornblende in the peraluminous S-type and metaluminous I-type rocks of the CGataltepe
unit, respectively. As to that of exclusively S-type, peraluminous Turfaldag two-mica gneissic
granite, it is composed typically of biotite + muscovile + sillimanite assaciation. The contents of Ti,
Fe, Mn, Mg, Ca and P elements are high in the Ilica unit, medium in the Gataltepe and very less
amount in the Turfaldag unit. Both of Na and K contents seem to be decreased in the Ilica
granodiorite, but increased in the Cataltepe and Turfaldag intrusive units. As for the behaviour of
trace elements, the Ilica granodiorite has the high contents of Co, Sc, V, As, Sb elements, but low
contents of Rb, Sn, Ga and Ta elements relative to Cataltepe and Turfaldag units. On the other
hand, some HFSE such as Hf, Nb, Zr and Y are seen in high, medium and less amount in the
Gataldag, Ihca, and Turfaldag intrusives. Ihca and Cataldag intrusives represent very similar
distribution patterns in the chondrite normalized REE spiderdiagrams, however, the negative Eu
anomaly of the Cataldag unit is more evident than that of Ilica unit. The REE contents of the
Turfaldag unit is quantitaviley lower than those of the other units, and its negative Eu anomaly
also differs from others as being a higly depleted element. So, the different characteristics of the
Turfaldag two-mica gneissic granite provided by field, mineralogy-petrography, major and trace
element geochemistry data which make it distinguishing from other intrusives is also supplied by
REE geochemistry.

All the data given above apparently determine a clear supracrustal origin for the peraluminous
and exclusively S-type Turfaldag two-mica gneissic granite. The Ilica and Gataldag intrusives are
considered to have been formed from a hybride magma generated by the mingling and mixing
types of interactions between mantle-derived mafic magma and lower-crustal derived felsic
magma. The crustal contribution seem to be dominant in the genesis of such a hybrid magma
source from which the Ihca granodiorite may have been solidified firstly in the deeper parts, and
later the Cataldag unit in the shallow parts of crust. There can be a differential tectonic uplift in
the exhumation history of these granitoid units and surrounding rocks due presumably to
Miocene extensional tectonics that different blocks may have been uplifted by different faults with
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Anatolid-Toridler’de Kabuk Kalinlasmasi ile iluili Felahiye (KD Kayseri)
Pliitonunda Petrografi-Jeokimya ve Biyotit K/Ar Yas Tayini ile Belirlenen
S-Tipi ve I-Tipi Granitoyid Birlikteligi
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Anatolid-Torid platformuna ait Orta Anadolu Kristalin Kompleksi (OAKK) igerisinde, Kayseri
kuzeydogusunda Felahiye yoresinde ylizeylenen Felahiye pliitonu, Paleozoyik yasl Bolkardag
birligine ait mermerler ile Ust Kretase yerlesim yash Orta Anadolu Ofiyolitine ait ultramafikleri ve
subofiyolitik temel metamorfitlerini sicak dokanakla kesmektedir. Felahiye pliitonu, Eosen yash ve
yer yer jips mercekleri ieren detritik sedimentler ve Miyo-Pliyosen yash Erciyes volkanitleri
tarafindan uyumsuz olarak ortilmektedir. Felahiye pliitonu ve yan kayaglarmin, muhtemelen
Eosen sonrasinda, cahsma alaninda belirlenen KB-GD ve KD-GB dogrultulu faylarla tektonik
yiikselmeyle yiizeylendikleri diistintlmektedir. Felahiye plitonunun ana kayag tiirii ince-orta
taneli biyotit 16kogranitler ile temsil edilmekte olup, yer yer bunlari kesen dm kalinlikli turmalin-
aplit damarlaria da rastlanmaktadir. Biyotit l6kogranitlerin ana mafik mineral toplulugu sadece
biyotit, tali bilesenleri ise ¢ok az miktarlarda goriilen apatit, zirkon ve opak minerallerden
olusmaktadir. Pliitonun giiney kesimlerinde, Kizilirmak vadisinin kuzey yamacinda, yaklasik 250-
300 m kalinhginda ve bagil olarak daha koyu renkli granodiyorit ve biyotit granitlerden olugan
kiictik bir stok yiizeylenmektedir. Bu kiigiik stokta, orta-kaba taneli ve hatta yer yer irl
hornblendlerin varhgiyla belirginlesen porfirik dokulu granodiyoritler ile biyotit granitler i¢ ige
goriilmektedir. Granodiyoritlerin mafik mineralleri hornblend+biyotit, tali bilesenleri ise apatit,
titanit, zirkon ve opak bilesenlerden olusmaktadir. Bu mostradaki granitlerin biyotit igeriklert,
l6kogranit tanimindan ziyade biyotit granit olarak tanimlanabilecek bolluklara ulagmakta ve ayrica
apatit ve zirkon gibi tali bilesenlere ilave olarak titanit de ortaya gikmakrtadir.

Biyotit I6kogranitlerden ayrilan biyotit mineralleri iizerinde yiriitiilen K/Ar radyometrik yas tayini
cahgmalarmda 64.8 + 1.32 MY'dan 74.1 + 1.59 MYa degisen yaslar elde edilirken,
granodiyoritlerden ayrilan biyotitlerde ise 66.3 £ 1.37 MY'dan 73.7 + 1.55 MY’a degisen yaslar
elde edilmisti. Hem biyotit l6kogranitlerden hem de granodiyoritlerden elde edilen bu biyotit
soguma yaslar, es zamanli ancak farkh kokenli iki intruzif kayag tipinin varhgmi ortaya
koymaktadir.

Ana, eser ve REE jeokimyasi verileri, mineralojik-petrografik ve K/Ar biyotit soguma yaslariyla
ortaya konulan eg yash ancak farkh kokenli iki magma kaynagmn varhgmi dogrulamaktadir.
Biyotit lokogranitler yiiksek Klu kalkalkalin, S-tipi (ortalama ASI degeri = 1.205, st.sapma =
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0.043, n = 9), peraliimino; granodiyoritler ise orta-yliksek K'lu kalkalkalin, I-tipi (ortalama ASI
degeri = 0.983, stsapma = 0.052, n = 3), metaliiminodan peraliimino’ya kadar degisen
karakteristikler sunmaktadir. Ana element igerikleri bakimidan biyotit I6kogranitler Ti, Fe, Mn,
Mg ve Ca ierikleri bakimindan fakir, granodiyoritler ise zengindir. Diger taraftan, Ca-Sr degisim
diyagrami, tiimkayag bilesimindeki Ca elementinin granodiyoritlerde plajiyoklazlardan ziyade
daha ¢ok amfibol, biyotit l6kogranitlerde ise plajiyoklaz minerallerinin biinyesinde yer aldigini
gostermektedir. Alkali igerigi bakimindan granodiyoritler hem K, hem de Na bakimindan fakir
iken, biyotit I6kogranitler ise her iki element igerigi bakimindan da zenginlik sunmaktadir. Biyotit
lokogranitlerin Rb, Sr, Ba (LILE), Hf, Zr, Th, U (HFSE), Ga, Co ve W igerikleri bakimindan bagil
olarak daha zengin; Ni, V, Cu, Zn (TME), As, Sb, Sn, Tl ve Y icerikleri bakimimdan ise daha fakir
ve diger taraftan her iki kayag tiiriiniin Ta, Nb, Cs ve Pb igerikleri bakimindan ise benzer olduklart
gorilmektedir. HFS/HFS - HFS/HFS ve HFS/HFS - LIL/LIL oran diyagramlar1 biyotit
I6kogranitlerin

ve granodiyoritlerin farkli topluluklar olusturduklarin gostermektedir. Biyotit l6kogranitler ve
granodiyoritler kondrite gére normallestirilmis REE 6riimcek diyagramlarinda da farkli dagilim
desenleri sunarak farkli iki magma kaynagini karakterize etmektedirler. Biyotit l6kogranitler
LREE bakimindan zengin ve HREE bakimindan fakir iken, granodiyoritler bunun tam tersi bir
ozellik sunarlar. Diger taraftan, biyotit I6kogranitlerde LREE'den MREE'lere dogru
fraksiyonlanma, granodiyoritlerdekinden daha belirgindir. Her iki kayag tiiriinde de belirgin bir
Eu anomalisi gozlenmezken, 6zellikle granodiyoritlerin Gd’dan baglayarak Lu’a kadar olan HREE
dagihm deseninin belirgin bir sekilde yatay trend sunmasi da 6énemli bir farkhlik olarak
degerlendirilmektedir.

Yukarida sunulan tiim mineralojik-petrografik, jeokimyasal ve Jeokronolojik verilerin 1g1§inda,
biyotit I6kogranitlerin, Ust Kretase sirasinda, Izmir-Ankara-Erzincan siitur zonu boyunca Anatolid-
Pontid carpigmasini takiben OAKK’indeki kabuk kalinlagmasina bagli olarak st kabuktan
tireyebilecek carpismayla es zamanh magmatizmay; granodiyorit bilesimli kayaglarm ise yine
kabuk kahnlasmasi sirasinda  alt  kabuktan tireyen magmayr karakterize edebilecegi
diistintilmektedir.

The co-existence of S-type and I-type granitoids in the crustal
thickening-related Felahiye pluton in the Anatolide-Toride terrain
provided by petrography-geochemistry and hiotite
K/Ar yeochronolowy, NE Kayseri, Central Turkey

The Felahiye pluton, outcropping around the Felahiye region of NE Kayseri in Central Anatolian
Crystalline Complex (CACC) from the Anatolide-Toride terrain, intrudes the basement rocks of
CACC consisting of marbles belonging to Paleozoic Bolkardag unit and serpentinizated ultramafics
and subophiolitic basement metamorphics (amfibolites) belonging to Late Cretaceous Central
Anatolian Ophiolite. It is uncorformably overlain by Eocene terrigenous clastics which also include
some gypsum lenses, and by Mio-Pliocene Erciyes volcanics. The Felahiye pluton and surrounding
units are thought to have been exhumed by NW-SE and NE-Sw trending faults sometime around
post-Eocene. The main rock type of the pluton comprises fine- to medium-grained biotite
leucogranites which are locally cut by tourmaline aplites with dm thickness. The mafic constituents
of biotite leucogranites are made up solely of biotites. The accessory phases comprise apatite,
zircon and opaque minerals. There is a small stock with a size up to 250-300 m in thickness within
the southern parts of pluton in the northern slope of Kizilirmak river which consists of relatively
darker granodiorites and biotite granites altogether. The granodiorites represent medium- and
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even sometime coarse-grained texture particularly characterzied by hornblende phenocrysts. The
mafic minerals of granodiorites consist of hornblende + biotite with an accessory phase made up of
apatite, titanite, zircone and opaque minerals. The biotites in the granites of this small stock can
reach some quantities which enable us determining biotite granite rather than biotite leucogranite.
The biotite granites in this outcrop also includes titanites in addition to apatite and zircon minerals
in the accessory phase.

The biotite minerals extracted from biotite leucogranites yield the K/Ar cooling ages ranging from
64.8 + 1.32 Ma to 74.1 + 1.59 Ma. As for those of granodiorites, they determine the ages from
66.3 + 1.37 Ma to 73.7 + 1.55 Ma. These biotite K/Ar cooling ages obtained from both of the
biotite leucogranites and granodiorites represent the existence of co-eval but two different types of
mtrusives.

Major, trace and REE geochemistry data support the considerations yielded by mineralogical-
petrographical and biotite K/Ar cooling ages that two different intrusive rock types derived from
different sources have played roles in the genesis of the Felahiye pluton. Biotite leucogranites show
high-K calcalkaline, peraluminous and S-type geochemistry with a mean ASI (aluminum
saturation index) value of 1.205 (st. dev. = 0.043, n = 9). Granodiorites represent medium to
high-K calcalkaline, metaluminous to peraluminous and I-type geochemistry (ASI = 0.983, st. dev.
= 0.052, n = 3). Biotite leucogranites have lesser values of Ti, Fe, Mn, Mg and Ca relative to
granodiorites. Ca versus Sr variogram represents that most of the Ca element is accommodated in
the plagioclase minerals in the biotite leucogranites, but it is found in the hornblende minerals in
the granodiorites. As to alkali content, biotite leucogranites possess a higher amount of both of Na
and K than granodiorites. Rb, Sr,

Ba (LILE), Hf, Zr, Th, U (HFSE), Ga, Co and W contents of the biotite leucogranites are higher
than those of granodiorites, but Ni, V, Cu, Zn (TME), As, Sb, Sn, Tl and Y contents are vice versa.
Ta, Nb, Cs and Pb contents, however, seem to be similar in both of these two different rock types.
HFS/HFS versus HFS/HFS and HFS/HFS versus LIL/LIL variograms confirm the fact that biotite
leucogranites and granodiorites constitute two different associations which are also evidenced by
chondrite normalised REE spiderdiagram. LREE and HREE contents of the biotite leucogranites
and granodiorites exhibit an opposite situation that LREE’s are enriched in biotite leucogranites,
and depleted in granodiorites. On the contrary, the HREE contents of granodiorites are higher
than those of biotite leucogranites. On the other hand, the LREE fractionation of biotite
leucogranite is stronger than that of granodiorites. There is no any remarkable Eu anomaly in the
REE spiderdiagrams of both of these rock types. However, the distribution pattern of the REE’s
from Gd to Lu in the granodiorites represenf a strict horizontal trend without any fluctuation
realtive to that of biotite leucogranite.

The interpretation of all the data mentioned above in the framework of regional geology of the
CACC may provide that biotite leucogranites can be derived from syn-collisonal granitic melts
generated from supracrustal source rocks during the crustal thickening related to Anatolide-
Pontide collision along the Izmir-Ankara-Erzincan suture zone sometime around Late Cretaceous.
As for the granodiorites, they can be sug’gested to have been derived from another granodioritic
magma source generated from infracrustal rocks during that crustal thickening.
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A-tipi Murmana ve Dumluca Granitoyidlerinin (Divridi/GD Sivas)
Olusumunda Es Yash Mafik ve Felsik Magmalar Arasindaki
Etkilesimin Mineralojik ve jeoKimyasal Kanitlan
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Divrigi yoresinde yiizeylenen ve ultramafikler, serpantinlesmis ultramafikler, subofiyolitik
metamorfikler (amfibolit, epidot-amfibolit, amfibol-klorit sist) ve Munzur kirectagt litodem
birimlerinden olusan Divrigi ofiyolitine ait kayag birimlerini sicak dokanakla kesen Ust Kretase-
Paleosen (?) yash A-tipi Murmana ve Dumluca granitoyidleri, haritalanabilir diizeyde ayirt edilen
felsik ve mafik intriizif kayaglardan olusmaktadir. Pliyosen yasli karasal-golsel ¢okeller ve Pliyo-
Kuvaterner yash Yamadag volkanitleri tarafindan uyumsuzlukla ortiilen bu granitoyidler ve cevre
kayaclarmin, Karakeban granitoyidinden elde edilen verilerin 1isiginda Eosen oncesi dénemde
tektonik yiikselme mekanizmasi ile yuzeylendigi disiintilmektedir. Murmana ve Dumluca
granitoyidlerinin gevre kayaclarii olusturan ultramafikler, ge¢ tektonizma nedeniyle yer yer
granitoyidlerin tizerine tektonik dokanakla itilmis olarak da gortilebilmektedir.

Es yash mafik ve felsik intrizifler, bazen herhangi bir tedrici gecis olmaksizin keskin sinir iligkisiyle
birbirlerinden ayurt edilirken (6rnegin Murmana granitoyidinin kuzey kesimleri, Dumluca
granitoyidinin kuzeybat kesimleri), bazen de tedrici gecis nedeniyle birbirlerinden kesin sinirlarla
ayrilamamaktadir  (6rnegin - Dumluca granitoyidinin  giineydogu kesimleri ve kuzeydogu
kesimindeki Bozotluk Tepe yéresi). Murmana ve Dumluca granitoyidlerini olusturan mafik ve
felsik magma kaynaklari arasinda termal, kimyasal ve mekanik her tiirlii etkilesimin triinlerini
gorebilmek miimkiindiir. Ornegin baghca monzonitik ve kuvars monzonitik bilesimdeki orta taneli
veya bazen de K-feldispat megakristallerinin varhgiyla belirginlesen kaba taneli felsik kayaclar
icerisinde ¢cm-dm  boyutlarinda yuvarlagimsi-elipsoyidal bi¢imli mikrograniiler dokulu mafik
magmatik enklavlarla (MME), dm-m kalinliklarmndaki mafik dayklar, mafik magmanin temsilcileri
olarak degerlendirilmektedir. Diger taraftan, orta taneli ve baghca monzogabro ve monzodiyorit
bilesimli mafik kayaclar icerisinde bulunan iri K-feldispat megakristalleri de felsik magmanin
temsilcileri olarak degerlendirilmektedir. Mikroskopik olarak mafik kayaglarda gézlenen olivinin
ojit ve biyotite, ojitin hornblend ve biyotite ve hornblendin de biyotite dontigiimii siirecleri ise
magmatik katilasma sicakliklarinda felsik ve mafik magmalar arasindaki elementer diffiizyonun yol
aguigr dengelenmeler olarak degerlendirilmektedir.

Murmana ve Dumluca granitoyidlerinin felsik ve mafik kayaclarr ytiksek-K'lu alkalin, metaliimino
bilesim géstermekle birlikte felsik kayaclarin uc diferansiye urtinleri peraliimino bilesim de
sergilemektedir. Ana element jeokimyasi verilerinde dikkate deger en onemli ozellik, artan silis
igerigine karsihik feldispat fraksiyonlanmasi nedeniyle Al, Na ve K igeriklerinde mafik kayaclarda
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artis, felsik kayaclarda ise tam tersi bir davramigla azalma gortlmesidir. Mafik kayaclardaki bu Al,
Na ve K artigimin, es yash felsik magma kaynagindan itibaren elementer diffiizyon yoluyla
saglandigi distintilmektedir. Es yagh felsik ve mafik magma kaynaklart arasinda belivlenen bu ana
element diffiizyonu, eser element jeokimyasi verilerinde de géze carpmaktadir. Ornegin, Ga igerigi
de upki Al, Na ve K elementleri gibi bir davrami sergilemektedir. Diger taraftan, mafik ve felsik
kayaglarin Ba ve Cs gibi LILE, Ta, Nb, Hf, Zr, Y ve U gibi HFSE ve Sn, As, Sb, Mo ve Pb gibi eser
element iceriklerinde goriilen benzerliklerin diffiizyon yoluyla meydana gelen mobilite nedeniyle
ortaya ciktigi disiintilmektedir. Eser elementlerde gozlenen bu mobilite, HFS elementlerin
birbirlerine gore olan oranti diyagramlarinda (Nb/Ta - Zr/Th ve Ta/Nb - Zi/Hf degisim
diyagramlarinda) mafik ve felsik kayaclarin ayni alanlarda konumlanmasiyla belirgin bir gekilde
kendini gostermektedir. Bununla birlikte mafik kayaclarin Zn, Ni, Sc, V, Cu ve Sr icerikleri felsik
kayaglarinkinden; felsik kayaglarin ise W, Co, Rb ve Th igerikleri de mafik kayaglarinkinden bagil
olarak daha yiiksek degerlerdedir. Bu durum, es yagh mafik ve felsik magmalar arasinda bu
elementler bakimindan diffiizyona bagh mobilitenin en azindan sistematik bir sekilde
gerceklesmedigini gostermektedir. Bu durum, felsik kayaglarda daha yiiksek degerlerde olan
Rb’un kullamildigi LILE/LILE oran diyagramlarinda (6rnegin Rb/Sr - Ba/Cs oran diyagraminda)
felsik kayaclarm daha yiiksek bir Rb/Sr igerigi nedeniyle mafik kayaglardan belirgin bir sekilde
ayirt edilmesi ile de desteklenmektedir. Murmana ve Dumluca granitoyidlerinin jenezinde etkin
olan es yash mafik ve felsik magma kaynaklari arasindaki etkilesimlerden elementer diffiizyon
yoluyla madde alis-verisi en belirgin sekilde REE igeriklerinde gozlenmektedir. Ornegin, kondrite
gore normallegtirilmis REE dagilm deseninde mafik kayaglar tim REE icerikleri bakimindan
(LREE, MREE ve HREE) felsik kayaclardan daha ytiksek degerler sunmaktadir.

Mineralogical and Geochemical Evidences of the interaction
Between Co-Eval Mafic and Felsic Magma Sources in the Genesis of the

-~

A-Type Murmana and Dumluca Granitoids, Divrigi, SE Sivas, Central Turkey

A-type Dumluca and Murmana granitoids, Late Cretaceous-Paleocene (?) in age and intruding the
Divrigi ophiolite consisting of ultramafics, serpentinizated ultramatfics, subophiolitic metamorphics
and Munzur limestone, can be subdivided into mafic and felsic rocks as separate mapable units on
the basis of geological mapping. These granitoids, unconformably overlain by Pliocene
terrigenous-lacustrine sediments and Pli-Quaternary Yamadag volcanics, are assumed to be
tectonically uplifted before Eocene in the light of field data obtained from Karakeban granitoid in
the local geology. The surrounding ultramafic rocks can also be locally observed as thrusted onto
granitoids due to later tectonics.

Co-eval mafic and felsic intrusives, constituting the Murmana and Dumluca granitoids, can be
seperated from each other by a definite boundary in some locations (e.g. the northern part of
Murmana granitoid, and the northwestern part of Dumluca granitoid), and sometimes can not be
separated due to gradational boundary in some localities such as the Bozotluk Tepe in the
northeastern part, and the southeastern parts of Dumluca granitoid. It is possible to determine
thermal, chemical and mechanical types of interactions between co-eval mafic and felsic magmas in
the genesis of Dumluca and Murmana granitoids. For example, elipsoidal to ovoidal shaped
microgranular mafic magmatic enclaves with a size up to cm to dm, and mafic dykes whose
thickness range from dm to m within the K-feldspar megacrystalline monzonitic to quartz
monzonitic felsic host granitoids are considered to be the representatives of mafic magma source.
On the other hand, the large K-feldspar megacrystals within the monzogabbroic to monzodioritic
malfic rocks are attributed to the felsic magma source. Apart from these types of field occurrences,
there are also some special microscopic textures consisting of transformations of olivine into augite
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and biotite, of augite into hornblende and biotite, and of hornblende into biotite which are
assumed as the equilibrium crystallization products due to elementary diffusion between mafic and
felsic magmas.

Felsic and mafic rocks of the Dumluca and Murmana granitoids show metaluminous high-K
alkaline composition, however, highly differentiated members of the felsic rocks represent
peraluminous character. The most striking feature in major element chemistry is that the Al, Na
and K contents of mafic and felsic rocks, respectively, increase and decrease with an increasing in
the silica content due to feldspar fractionation. The increasing of Al, Na and K contents in the
mafic rocks are assumed to be derived from the elementary diffusion from the felsic magma
source. The elementary diffusion is also remarked in the trace element data that Ga content of the
mafic and felsic rocks, respectively, increase and decrease with the increasing of Al, Na and K
contents which is a good evidence for feldspar fractionation. On the other hand, the similarity in
the contents of Ba, Cs (LILE), Ta, Nb, Hf, Zr, Y and U (HFSE), Sn, As, Sb, Mo and Pb elements of
the mafic and felsic rocks is considered to have been sourced from the mobilities of elementary
diffusion between mafic and felsic magma sources. Such an elementary mobility is also well
detected in the HFSE/HFSE ratio diagrams like Nb/Ta vs. Zr/Th and Ta/Nb vs. Zt/Hf variograms
in which both of the mafic and felsic rocks are apparently overlapped with each other. However,
the Zn, Ni, Sc, V, Cu and Sr contents of the mafic rocks are relatively higher than those of the
felsic rocks, and the W, Co, Rb and Th contents of the felsic rocks are higher than those of mafic
rocks. This situation represents that the elementary mobilitiy due to diffusion is not, at least, a
systematic and an accomplished process for some certain elements in the genesis of the Murmana
and Dumluca granitoids. For example, felsic and mafic rocks can be definitely separated in the
LILE/LILE ratio diagram such as Rb/Sr vs. Ba/Cs variogram fropm each other in which the felsic
rocks have a higher Rb/Sr ratio than that of mafic rocks, since the Rb content of felsic rocks are
higher than that of mafic rocks which may represent that there is no enough Rb transfer from
felsic magma to mafic magma regarding elementary diffusional mobility. The most apparent
elementary diffusion is observed in the REE contents of these rocks that all the REE contents of the
mafic rocks (i.e. LREE, MREE and HREE) are clearly higher than those of felsic rocks which is
clearly an evidence of elementary transfer from the felsic to mafic magma in the genesis of
Murmana and Dumluca granitoids.
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Doiju Pontidler’ Deki Erken Jura Riftlesmesinin Kinkli-Gokdere Vadilerindeki
(Giimiishane) Tektono-Sedimanter Kayitiari

Raif KANDEMIR* ve Cemil YILMAZ**
*KTU, GMF, Jeoloji Mihendisligi Boliimii, 29000/Gimiishane, raif @ktu.edu.tr
“#KTU, Jeoloji Mithendisligi Boliimii, 61080/ Trabzon, cyilmaz@ktuw.edu.tr

Tiim Dogu Pontidler’ de Erken Jura, rift tektonigi ve bunun sonucladigi olaylar biitiiniiyle
karakteristiktir. Bu olguyu destekleyen litolojik, paleontolojik ve sedimantolojik verilerin genel ana
hatlart 1980° li yillardan itibaren sergilenmistir. Bununla birlikte bu konuda yapilmig detayli
sedimantolojik ve tektonik galigmalar eksiktir. Buna yonelik olarak Giimugshane yoresinde Erken
Jura ¢okellerinin tipik olarak ytzeylendigi Gokdere ve Kirikli vadilerindeki istifler ayrintlt olarak
caligtlmustir. Jeolojik harita alimi, ¢okellerin geometrisi, istiflerin yanal ve diisey fasiyes degisimleri
ile kalinhik farklar ayrinuli olarak ortaya konulmustur. Bu caligmalara temel olusturan Gokdere,
Kamuglikiran, Baltakayasi ve Kazantas olgiilii stratigrafik kesitlerinin makroskobik ve mikroskobik
incelemeleri, Erken Jura havzalarmn evrimi ile ilgili carpici sonuclar ortaya koymustur.
Aralarinda yaklagtk 6km mesafe olan bu iki vadi arasinda ani fasiyes ve kalinhk degisimleri,
cokelme ortaminin horst, graben-yart graben geometrileriyle gelismis oldugunu ortaya koyar.
Baltakayasi kesitinde Erken Jura ¢okellerinin kahnhgr 2 metre iken, Baltakayast’ nin yaklagik 10
km giineydeki Kazantag yoresinde cokellerin kalinligi 2300 metre olarak olgtilmistiir. Istif
kalmhigindaki bu sekildeki ani farkhliklar, ayni zaman araliginda ve ¢ok yakin alanlardaki
paleotopografyanin seklinden kaynaklanmaktadr. Rift havzalarinin genel karakteri olan ok yakin
alanlarda ani fasiyes degisimleri, kalinhklar arasindaki biiyiik farklar ve elde edilen bulgulara
dayandirilarak olusturulan havza modelleri, bu cokellerin tipik bir rift havzasinda ¢okelmis
olabilecegini gosterir.

Genel olarak 6lciilen istiflerin tabandan tavana dogru gerek tane boyutunda ve gerekse katman
kalinhiginda belirgin bir incelme géstermesi ve ¢okel prizma geometrisi yansitmalart, rift havzalart
icin tipik kanitlar sayilmaktadir (Eberli, 1987). Bunlara ek olarak bol makro ve mikro fosilli
yumrulu ve kirmizi renkli Ammonitico rosso fasiyesinde gelismig kiregtasi ve marnlarin varhg: da
bu rift havzasindaki horstlarin varligini isaret eder. Pelajik karbonat platformu olarak adlandmrilan
(Santontonio, 1993) yiikseltilerdeki bu birikimler ok dar alanlarda yiizeylenirler ve kondanse
karakter sunarlar. Ayrica, Erken Jura cokellerinin Giimishane Graniti’ ni tstledigi Gokdere
Vadisinde granitler igerisinde agikliklart degisken olan birka¢ cm ile 20 metre derinlere kadar
ulasan icleri Erken Jura ¢okelleriyle dolu, neptiiniyen dayklar gozlenmistir.

incelenen dlciilii stratigrafik kesitlerde Kamuglikiran kesitinde tabanda 12 metre kalinhikta konglo-
mera, kumtasi ve kumlu kiregtaglarindan olusan bir seviye bulunmaktadir. Bu seviyeden yapilan
caligmalarda, Sinemuriyen yash oldugu ve ortama ilk denizin bu zamanda yerlestigi belirlenmistir.
Gokdere ve Kamuglikiran kesitlerinde yer alan bol fosilli Ammonitiko rosso fasiyeslerinden yapilan
calismalarda Pleinsbahiyen yast elde edilmistir. Gokdere ve Kamighkiran kesitleri arasinda da
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vaklagk 2 km  bir uzaklik olmasina ragmen Gokdere kesitinin tabaninda kumtasi ve
konglomeralarin gozlenememesi, bu bélgenin de, Kamighkiran kesitindeki kumtaglari ¢okelirken,
deniz seviyesinin tizerinde veya karadan uzak bir denizalt yiikseltisi oldugunu belirtmektedir.

Bu istifler icerisinde 6zellikle Kazantag yoresinde kalin bir gévde olusturan volkanik kékenli
kayaclar, bu tip rift havzalarinin beklenen iiriinlerindendir. Kirtkli ve Gokdere vadilerinden elde
edilen tektono-sedimantolojik bulgular riftlesme hareketlerinin kitasal rift asamasindan ileri
gitmedigini ve Geg Jura’ da sakin tektonik kosullarin egemen oldugunu gésterir,

Tectono-sedimentary records of Early Jurassic Rifting
in Eastern Pontide at Kinkli and Gokdere Valleys

Early Jurassic, rift tectonics and events caused by rifting in all of the eastern Pontids are in
characteristic form. The basic idea of lithological, paleontological and sedimentological data which
support the fact are published since 1980. However, detailed sedimentological and tectonical
investigations about this subject are rare. Regarding this subject, sequences at the Gékdere and
Kirikli valleys where the Early Jurassic deposits in Gumiishane region are typically cropped out
are investigated in detail. Macroscopic and microscopic investigations of stratigraphic Gokdere,
Kamiglikiran, Baltakayasi and Kazantag measured sections which are the fundamentals of these
studies caused impressive results about the evolution of Early Jurassic basins. Sudden facies and
thickness variations between these two valleys which are 2 km apart from each other, outline the
fact that the sedimentary environment is formed by horst, graben-half graben geometries. While
the thickness of Early Jurassic deposits in Baltakayasi section is 2 m., the thickness of deposits in
Kazantas region located 10 km south from Baltakayasi are measyred as 2300 m. Such kind of
sudden differences in sequence thickness are caused by the shape of the paleotopography which is
at the same time interval and very close regions. Sudden facies variations at very close regions as a
general character of rift basins, large differences between thickness and basin models formed by
the findings show that these deposits are probably accumulated in a rift basin.

Measured section have generally thining and fining upward cycles from base to top and the
reflection of prism deposit geometry are taken as typical evidence of rift basins (Eberli, 1987). In
addition to these, existence of developed limestones and marls at the red coloured, nodular and
including abundant macro and micro fossils Ammonitico 1oos facies, indicate the existence of
horsts at this rift basin. These deposits at the horsts, known as pelagic carbonate platform are
cropped out in a narrow region and induce condensed character (Santontonia, 1993). Also,
Neptunian dykes which have difference intervals, reach the 20 m. deep in the Gimiishane Granite
and filled by Early Jurassic deposits are observed in the Goékdere Valley.

Kamighikiran measured section contains 12 m thickness a basal unit including conglomerate,
sandstone and sandy limestone. This unit’s age was determined Sinemurian, and first sea
transgression was developed in this time span. Pleinsbachian age obtained from Ammonitico rosso
facies cropping out Gokdere and Kamushikiran sections. Although there is 2 km distance between
Gokdere and Kamuglikiran measured sections, these conglomerate and sandstones was not
observed in the base of Gokdere section. Therefore, while they accumulatir‘lg in Kamishkiran area,
Gokdere area must be a submarine high which is far away from continent or above the sea level.

Volcanic rocks or volcaniclastic rocks always seen in a rift basin, these volcaniclastic rocks are
formed a wide body of Kazantas area in our sections. Tectono-sedimentologic records which are
obtained from Kiritkli and Gokdere Valleys reflect rifting movements do not progress to the
continental rifting stage and show quite tectonic regime in Late Jurassic.
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Ust Jura Bayburt Resifinin
Tektono-Sedimantolojik Kayitlan ve Bdlue Jeolojisindeki Yeri

Cemil YILMAZ*, Raif KANDEMIR** ve Kemal TASLI***
*KTU, Jeoloji Mithendisligi Boliimii, Trabzon (evilmaz@ktu.edu.tr)
**KTU, Jeoloji Mithendisligi Bilimii, GMF, Giimiishane (raif @htu.edu.tr)
w#x MU, Jeoloji Mithendisligi Boliimii, Mersin (ktasti@mu.edw.tr)

Dogu Pontid Karbonat Platformu, Dogu Pontid orojenik kusaginin Ge¢ Jura-Erken Kretase
paleocografyasindaki en onemli 6gesini olugturur. 1980’li yillardan 2000’1 yillara kadar bu
karbonat platformununu olusturan kayaglarla ile ilgili olarak yuritilen arastirmalarda resif-
organik yigigim digindaki tim alt-fasiyeslerin ¢okel yapi-doku, yayilim, fosil toplulugu ve
kalinliklart ayrintih olarak sergilenmistir. Son yillarda gerceklestirilen galigmalarda Dogu Pontid
Karbonat Platformunun bazi kesimlerde resifal birikimlere iliskin sedimantolojik kayitlar ortaya
konulmustur (Yilmaz, 2001). Paleomanyetik galismalar (Lauer, 1984, Channel ve dig., 1996) Dogu
Pontid Karbonat Platformu'ndaki Bayburt kesiminin, Ge¢ Jura siirecinde yaklasik olarak Ekvator
kugaginda yer aldigini ve ideal karbonat birikim kosullarinin varligint ortaya koymustur. Bu
bulgularin 1g1ginda, Bayburt ve yakin yéresinde yiiriitillen calismalarda diger alt-fasiyeslerin
yaninda, Geg Jura siirecinde, resifal karbonatlarm da biriktikleri konusunda  bazi ip uglarina
ulagilmistir. Bayburt sehir merkezinde yer alan Bayburt Kalesi mevkiinde yogunlastirilan
cahismalar, ilk bakista kalin-masif katmanh kiregtagi gortintimli kayaglarin detayh bakildiginda
tiimiiyle resifal kirectaglarindan tiiremis koseli ve kaba bir derecelenme gosteren siki kireg
cimentolu monojenik breglerden olustugunu gosterir. Bu seviyelerin makroskobik ve mikroskobik
incelemelerinde blok ve cakillarin tiimiiyle organik bir yigisimdan tiiredigi gortiltir. Gerek matriks
ve gerekse cakillardan elde edilen fosil bulgular Geg Jura’yi isaret etmektedir. Bayburt dogu
yoresinde bu olusuklar tedrici olarak kalsitiirbidit ve calpionellidli pelajik kiregtaglaria gecis
gosterir. inceleme alani ve yakin yéresinde otokton resif kayalarinm yoklugu, buna kargin Malm
geligmis bir resiften tiiremis monojenik breslerin varligi ancak bolgesel olgekte izlenen Dogu
Pontid Karbonat Platformunun evrimi ile agiklanabilir. Bu evrime iligkin bulgular Yilmaz (2002)’
de ayrmulari ile sergilenmistir. Bu ¢ahsmalarda Dogu Pontidlerdeki Mesozoyik paleocografyasmin
birbirini takip eden sikistirmali ve genlesmeli tektonik donemlerle  sekillendirildigi ve ikinci
riftlesme fazina bagli olarak gelisen genislemeli rejimde normal faylarla karbonat platformunun
parcalanarak havzada derinlik saglandigi belirtilmistir. Geg Jura sonunda inceleme alanim
etkileyen bu kuvvetler Bayburt ydresindeki otokton resif birikiminin oldugu alanda platformu
parcalamig ve bu birikimden tiireyen kirntililar platformu paralayan fay eteginde birikerek
giincel monojenik breslerin olusumunu sonuglamstir.
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Tectono-Sedimentary Records of Upper Jurassic
Bayhurt Reef and Its Place in The Regional Geology

Eastern Pontide Carbonate Platform is an important part of Late Juarassic-Early Cretaceous
paleogeography of eastern Pontide orogenic belt. Researchs which were releated to rocks forming
carbonate platform were displayed in detail all of the sub-facies of from-texture, distribution, fossil
collection and thickness of sediments except to reef-bioherm from 1980 to 2000. Sedimentological
records which are related to reefal deposits were exposed at some part of Eastern Pontide
Carbonate Platform in some studies performed in recent years (Yilmaz, 2001). Paleomagnetic
studies (Lauer 1984; Channel et all., 1996) indicated that Bayburt region which is at the Eastern
Pontide Carbonate Platform is nearly located at equatorial belt and outlined the existence of ideal
carbonate accumulation conditions during Late Jurassic. With the help of these findings, some
leads were obtained regarding the accumulation of reefal carbonates in addition to sub-facies
during Late Jurassic by the studies performed in Bayburt region. Studies intensified at the
Bayburt Castle in the centrum of Bayburt implies that rocks which look like as thick-massive
carbonate beds are in the form of monogenic breccias of strict calcite cement showing angular and
rough grading derived totally from reefal carbonates when investigated in detail. Block and
boulders considerably derived from a bioherm in investigations of these levels as microscopically
and macroscopically. Fossil records which were obtained from both matrix and boulders indicate
Late Jurassic. These sediments show gradually transition to calcitubidite and pelagic limestones
including calpionellids in eastern Bayburt. Autochthon reef rocks are not observed in the studies
area and its surroundings. However, existence of monogenic breccias derived from mature reef
can be explained with evolution of eastern Pontide Carbonate Platform observed in regional scale.
The findings related to evolution of Eastern Pontide Carbonate Platform were published in detail
by Yilmaz (2002). In these studies, Mesozoic paleogeography of eastern Pontide is shaped by
compressive and extensive tectonic periods following each other and carbonate platform is broken
by normal faults and the basin gained a deeper position in extensional regime related to second
rifting phase. These movements effecting the study area broke the carbonate platform which has
autochthon reef deposits in Bayburt area and clastics derived from these deposits accumulated at
the fault scarp where the fault brake the platform resulted the evolution of monogenic breccias at
the end of Late Jurassic.
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Yitim Bolyelerinde Volkanizmanin Duraksadigi Dénemlerin Gokel Kayitiari:
Zigana Tortu-Gravite Akmalan, Kuzey Dodgu Tiirkiye

Cemil Yilmaz, Ziya Kirmaci, Ciineyt Sen, Sibel Ozgir
Karadeniz Teknik Universitesi, MMF, Jeoloji Miih. Bolimii, 61080, Trabzon

Bu calismada, Trabzon-Zigana yoresinde yay igi havzalarda olusmus tortul kayaglar incelenmistir.
Dogu Karadeniz Bolgesinin kuzeyi, litolojik olarak yanal ve diisey yonde farkhiliklar gosteren Geg
Kretase yash volkanik ve volkanoklastik kayaglarla, bu gvdeler arasinda yer alan tortularin yaygin
olarak yiizeylendigi bir alan konumundadir. Pontid volkanik yay1 olarak tanimlanan bu zondaki
kayaglar kiyidan 30 km giineye kadar olan kesimde cogunlukla volkaniklastik, buradan Torul’a
kadar olan diger kesimde ise daha ¢ok volkanik karakterlidir ve ¢aligma alani bu kisimdadir.

inceleme alaninda bulunan volkanitler, mikrolitik, mikrolitik-porfirik dokulu bazalt, bazaltik-
andezitlerden olusur. Fenokristal olarak plajiyoklas icerirler ve yogun kloritlesme spilitlesme
gosterirler. Kimyasal olarak sub-alkalin karakterli olup, iz element ve nadir toprak element
icerikleri bakimindan volkanik yay kayaglarmin ozelliklerini tagirlar. Zigana-Bekgiler yoresinde
volkanik kayaclar arasinda yer alan ¢okel istif yayin geligimine iligkin 6nemli kayitlar igerir. Tortu-
gravite akmasina bagh olarak gelisen ve degisik kaynaklardan (volkanik, Ge¢ Jura Erken Kretase
yash platform karbonatlari, Geg Kretase yash resifal karakterli self karbonatlari, vs.) beslenen istif
iri cakildan-kum boyutuna kadar belirgin derecelenme gosteren tane-destekli cakiltagi-pelajik
kirectast ardalanmasindan olusur. Istifte alttan tste dogru yer yer kanal dolgulan tarafindan
kesilen cakiltaglarinin kalinhginda énemli bir degisim olmamasina karsin, kiregtagt katmanlarimin
kalmligi 20 m den 1 m ye kadar giderek dereceli bir sekilde azalir. Ayrica, istifin alt seviyelerindeki
cakiltagt katmanlarinda yaygin olarak gozlenen feldispat (dzellikle plajioklas) ve bazaltik kayag
kirintilart dste dogru dereceli bir sekilde azalarak yerlerini belirgin olarak selften tireme kiregtast
ve cok daha az olarak da kuvars kirmntilarina birakir. Diger taraftan, istifin alt seviyelerindeki 2-3
cm. kalinhginda kiltagi ara tabakalar iceren pelajik kiregtagi katmanlarinda kismen bol olarak
goriilen silt boyundaki terrijen kirmti igerigi istifin -tist seviyelerine dogru dereceli bir sekilde
azalarak yok olurlar. Bu azalmaya paralel olarak kiltast ara tabakalarinin yok olmasiyla birlikte
pelajik fauna (Globotruncana sp. Radiolaria sp.) igeriginde de belirgin bir artiy gozlenir. Bu olgu,
Pontid volkanik Yayi'nda volkanik etkinligin ozellikle Geg Mesozoikte siirekli olmadigini, volkanik
etkinligin yavagladigi ve/veya durdugu dénemlerde tektonik acgidan duraysiz derin deniz
canaklarinda tortu-gravite akmalarma bagh olarak geligen yay ici cokellerin biriktigini ortaya
koyar.
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Sedimentary records of the guite volcanic period of subduction zones:
sediment-gravity flows of Zigana area, northeastern Turkey

In this study, intra arc basin sediments of Trabzon-Zigana area of eastern Black Sea region are
investigated. In the region, lithologically vertically and horizontally uncontinuous Late Cretaceous
volcanics, volcanoclastics intercalate sedimentary rocks. This zone of the region is defined as
Pontide Volcanic Arc. Volcanoclastic rocks are dominated in the first 30 km’s from Black Sea coast
to south in the arc, whereas the rest till Torul are volcanic in character and study area situated in
this part of the arc.

Volcanic rocks of study area are mainly basalt and andesite in composition and are shown
microlitic-porphyric and microlitic structure. Plagioclase is the main phenocryst phase on these
volcanics and they show intense chloritization and spilitization. Chemically, they are sub-alkaline in
character and have similar range of trace element and rare earth element concentrations with
those of known arc volcanics. The sedimantary sequence that inside the volcanics in the Zigana-
Bekgiler area carries important records on the evolution of the arc. The sequence developed as
sediment-gravity flow and feed from different sources (volcanics, late Jurrasic-early Cretaceous
platform carbonates, late Cretaseous reefal limestones, etc). The thicknesses of the conglomerates
in the sequence are not vary. However, the thicknesses of the limestones vary from 20 m on the
bottom to 1m on the top. Plagioclase and basaltic grains that common constituent in conglomerate,
decrease to the top where the limestone grains derived from shallow marine area and quartz
grains replace them. The sedimentary pile characterized thinning and fining upward sequences.
Decreasing siltstone on the top of the sequence results increasing red limestone that include
abundant pelagic foraminiferas (Globotruncana sp., Radilaria sp.). The existence of the
sedimentary sequence is proof unstable deep marine sedimentary basin during quite volcanic
periods in the eastern Pontide volcanic arc.
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Kretase Dayk Kiimelerinden Ortaya Gikarilan,
Bati Karadeniz’in Aciimasi Sirasindaki Stres Rejimi;

Zahide 0ZGORUS, Aral OKAY

Auvrasya Yer Bilimleri Enstitiisii Istanbul Teknik Universilesi

Kretase déneminde, yay arkast havzast olarak Pontid magmatik yaymmin kuzeyinde acilan
Karadeniz, Orta Karadeniz sirti ile birbirinden ayrilan, Bat ve Dogu Karadeniz okyanussal alt
havzalarindan olusmaktadir. Kretase’den giintimiize kadar gelen ve kahnhgt 15 km nin tzerinde
olan ¢okellerden olugan Bati Karadeniz havzasi, biiyiik bir olasilikla okyanussal temelin uzerinde
bulunmaktadir. Biiyiik bir kalinhga sahip olan bu sedimenter istif, Karadeniz okyanussal
kabugunda bulunmasi muhtemel manyetik anomali alanlarini gizlemektedir. Bundan dolayi,
Karadeniz'in acilmast sirasinda yayilan sirtin olugumu ve stres dagihmu ile ilgili dogrudan bir bilgi
bulunmamaktadir. Biz Karadenizin giineyinde bulunan Istanbul bolgesindeki Kretase dayk
kiimeleri tizerinde ayrmtili geometrik cahsmalar yaparak bu problemi ¢dzmeye cahstk.

Bogazin her iki yakasinda da egemen olan Paleozoyik istif, Ordovisyen kitasal kumtaslarindan
Karbonifer flisine kadar ¢esitli kayaglardan 011;1§an transgresif bir istiftir. Paleozoyik sedimentlerin
kuzeyinde, Karadeniz kiyist boyunca Ust Kretase yasli andezitik aglomeralar, lavlar ve tuflerden
olusan dar bir gerit bulunmaktadir.

Paleozoyik kumtaslart ve kirectaglari bir ¢ok andezitik dayk, sil ve kiigiik sokulumlar tarafindan
kesilmistir. Ayrica, Istanbul bolgesinde, yast Rb/Sr metodu ile 65+/-10 Ma olarak bulunan buytik
bir granodiyorit kiitlesi Paleozoyik sedimentlerinin i¢ine sokulmustur. Kretase hipobazal
sokulumu, Pontid magmatik yaymnin bir parcasim olusturdugu icin Bau Karadeniz havzasinin
aglmasiyla ilgilidir. Dayklarm dogrultusunun en kiigiik ana stres yontine dik,yay arkasi agilma
eksenine ise paralel olmasi tahmin edilmektedir.

Istanbul bélgesinde, bogazin her iki tarafinda 100'tin tizerinde dogrultu ve egim 6lgilmustdr.
Genellikle andezitik bilesime sahip olan ve kalinliklart 10-20 cm den birkag metreye kadar degisen
dayklarm boyu ise onlarca metre olabilmektedir. Dayklarin azimutlari 35° ile 120° arasinda
oldukga genis bir dagilima sahip olup, ¢ogunlugu 65°le 95° arasinda yogunlagmistir. Dayklarin
ortalama azimutlari, asag1 yukari dogu-bati yéniinde yayilan sirta ve kuzey-gliney yonlii en kigiik
sikistiric stres yoniine uyumludur.Dayklarim ¢ikig yontintin dagilimlarinin genis olmasi, Karadeniz
havzasinin olugmasi sirasinda aktif olan ve onun dogu sinirini olusturan Bat Karadeniz Fay'ina
yakin olmasmdan kaynaklanabilir.
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Stress Regime During the Opening of the Western
Black Sea Dedeuced from Cretaceous Dyke Swarms

The Black Sea opened as a back-arc basin during the Cretaceous north of the Pontide magmatic
arc. It consists of two oceanic subbasins, the West and East Black Sea basins, seperated by the Mid-
Black Sea ridge. The West Black Sea basin comprises Cretaceous to Recent deposits, over 15 km in
thickness, which most probably lie over an oceanic basement. The great thickness of the
sedimentary infill masks any magnetic anomaly pattern that may be present in the Black Sea
oceanic crust. Thus, there is no direct information on the orientation of the spreading ridge and
on stress pattern during the opening of the Black Sea. We have attempted to solve this problem
through a detailed geometrical study of the Cretaceous dykes swarms in the Istanbul region south
of the Black Sea.

The geology of both sides of the Bosphorus is dominated by Paleozoic sedimentary rocks, which
from a transgressive sequence ranging from Ordovician continental sandstones to Carboniferous
flysch. North of the Paleozoic sediments along the Black Sea coast, there is a narrow strip of Upper
Cretaceous andesitic agglomerates, lavas and tuffs.

The Paleozoic sandstones and limestones are cut by numerous andesitic dykes, sills and small
intrusions. Additionally, a large granodiorite in the Istanbul region, dated by Rb/Sr method as 65
+/- 10 Ma, has intruded the Paleozoic sediments. The Cretaceous hypabyssal intrusions constitude
part of the Pontide magmatic arc, and are thus related to the opening of the West Black Sea basin.
The strike of the dykes is expected to be the perpendicular to the least principal stress direction,
and parallel to the back-arc spreading axis.

We measured the strikes and dips of over 100 dykes in the Istanbul region on both sides of the
Bosphorus. The dykes are generally andesitic in composition and range in thickness from a few
tens centimetres to several metres, and generally can be followed tens of metres along strike. The
azimuth of the dykes shows a relatively wide scatter between 35° and 120° with a concentration
between 65° and 95°. The average azimuth of the dykes is consistent with a roughly east-west
trending spreading ridge, and with a least compressive stree oriented north-south. The wide
scatter in the orientation of the dykes might be related to the vicinity of the West Black Sea Fault,
which was active during the opening of the Black Sea basin and formed its eastern termination.
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Bolu Metamorfitierinde Yeni Zirkon (Tek Zirkon, Ph/Ph) Yaslar Ve
Amfibolitierin Kokeni Hakkinda Bulgular (Bolu, Kuzeyhati Tiirkiye).

A.Murat AY*, Yavuz ERKAN*, A.Umit TOLLUOGLU**, Hasan BAYHAN*, Lukas BAUMGARTNER***
*Haceltepe Universitesi, Jeoloji Miihendisligi Boliimii, 06532, Beytepe Ankara
*®*Viiziinctiyl Universitesi, Jeoloji Miihendisligi Boliimii, Zeve Kampsii, Van

*4%] ozan Universitesi, Mineraloji ve Jeokimya Enstitiisii (IMG) CH-1015, Lozan, Isvigre

Inceleme alan1 Bolu kuzeybatisinda Kaynasli, Diizce, Yigilca civarindaki 1/25.000 6l¢ekli Adapazar
G26 2, b3-b4 ve Bolu G27 a3-a4 nolu paftalar iginde yeralmaktadir ve yaklagik 650 km™lik bir
alan kaplamaktadir.

Bolu Masifinde yapilan bu ¢aligma ile yorede yiizeylenen metamorfik ve sedimanter kayaglarin
mineralojik-petrografik, yapisal jeoloji ile ilgili sorunlarin ¢oziimlenmesi amaglanmistir. Bu
kapsamda Bolu Metamorfitleri, Alt Metamorfitler (amfibolit, amfibol-gnays, mika-gnays, amfibol-
mika-gnays, metadiyorit ve metagranitler)-ve Ust Metamorfitler (kuvarsit, metakumtas, fillit ve
rekristalize kirectaglar) olmak iizere iki ana boliimden olugmaktadir. Inceleme alaninda
sedimanter birimleri, Ortii Birimleri (konglomera, kumtagi, silttagi, kiltagi, kiregtasi, fosilli
kiregtagi) (Kretase-Tersiyer yash, paleontolojik yas tayini galigmalari sonucu) ve Kuvaterner
Olusuklart (moloz ¢okelleri, aliivyon ve traverten) temsil eder. Ayrica, bolgede genellikle Alt
Metamorfitler icerisinde ve onlart bazen keser durumda, gen¢ evrede magmasal faaliyetler ile
yerlesmis ve c¢ogunlukla 1/25.000 olcekli haritalanamayacak boyutlarda, aplit, mikrodiyorit,
andezit ve bazalt dayklarina rastlanilmistir.

Bolu Metamorfitlerini olusturan ilk bélgesel dinamotermal metamorfizmanin, st amfibolit
fasiyesinde (M1) oldugu distintilmektedir. Daha sonra bunu takip eden zamanda, Ust
Metamorfitleri olusturan ve ayni zamanda Alt Metamorfitleri de etkileyen yesilsist fasiyesinde
retrogresif (gerileyen) bir metamorfizma olarak tanimlanan M2 metamorfizmasini etkili oldugu
saptanmustir. Son olarak goreceli olarak Ust Miyosenden sonra (Neotektonik Dénem) olustugu
diigiiniilen kataklastik bir metamorfizmaya (M3) maruz kaldigi belirlenmistir. Ayrica amfibolit
fasiyesinin alt fasiyesleri de, epidot-amfibolit, amfibolit, tst amfibolit fasiyesleri seklinde
ayirtlanmigtir.

Inceleme alaninda Alt Metamorfitlere ait temiz, bozunmamus ve zirkonca zengin bir amfibol-
gnaysdan termal iyonizasyon yontemi ile, (zirkonlar kullanilarak) yas tayini cahsmalart yapilmustir.
Zenginlestirilen Ui¢ adet zirkon minerali analize uygun bulunmusg ve yas tayini yapilmistir. Yag
tayini yapilan zirkonlarin tipi uzun, prizmatik sekilli, yaklagik 250um uzunlugunda, kirmiz
kahverengimsi renkli, temiz yiizeyli, piramit yapihdir. Sonugta, Alt Metamorfitlerin yast olasi
459+5.4 m.y, yani Alt Ordoviziyen, Landeliyen olarak saptanmustir.

Bolgede yiizeylenen Alt Metamorfitlere ait 35 adet amfibolit 6rnegi iizerinde major ve iz element
analizleri yapilmigtir. Bu analizler sonucunda amfibolitlerin kokensel olarak ortomagmatik bir
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kékene sahip oldugu, kéken kayacinin muhtemelen bazalt, bazaltik andezit, andezit karakterinde,
subalkalin, cogunluk érnegin toleyitik karakterde, bir kisminin ise kalkalkalin nitelikte oldugu
saptanmistir.

A Data About the Origin of Amphibolites and Limited New Zircon Lead-Lead
Ages (Single Zircon Ph/Ph) in Bolu Metamorphites (Bolu, Northwest Turkey)

This study focuses on metamorphic and sedimentary rocks located at Kaynasli, Diizce, Yigilca (NW
Bolu) region, having an area of 650 sq. km within 1/25.000 scaled Adapazar1 G26 c2, b3-b4 and
Bolu G27 a3-a4 topographic maps.

This present study aims to solve problems related to the mineralogy, petrography and structural
geology of the metamorphic and sedimentary rocks outcropped in the Bolu Massif. The Bolu
Metamorphites contain two main subunits, as Lower (amphibolite, amphibole-gneiss, amphibole-
mica-gneiss, mica-gneiss, metadiorite and metagranite). and Upper Metamorphites (quartzites,
metasandstone, phyllite and recrystalized limestone). In study area, sedimentary rocks represent
as  Cover Units of Cretaceous-Tertiary age (conglomerate, sandstone, claystone, siltstone,
fossiliferous limestone, limestone) and Quaternary deposits (debris deposits, alluvium - and
travertine). In addition, vein rocks such as aplithe, microdiorite, andezitic and basaltic dikes with a
size not to map in 1/25.000 scale have been determined generally within and sometimes as cutting
the Lower Metamorphites, and they were probably settled during late magmatic activity.

This study implies that the first regional dynamothermal metamorphism occurring in the region is
in the upper amphibolite facies (M1) and formed the Lower Metamorphites. Later, following up,
the greenschist facies metamorphism (retrograde metamorphism; M2) developed, and it affected
to the Lower Metamorphites and formed the Upper Metamorphites at the same time. In the end,
after Upper Miocene (Neotectonic Period), the investigated area has been controlled by the
cataclastic metamorphism (M3). Besides, the subfacies of the amphibolite have identified as
epidote-amphibolite, amphibolite and upper amphibolite facies.

In this study, isotopic age determination using a thermal ionization-leadt age method has been
performed on a clear and unaltered zircon from the amphibole-gneiss in the Lower
Metamorphites. Enriched three zircon mineral have been thought to be proper to analyse and
have been studied. The types of zircons, studied in this study are long, prismatic shape,
apparoximately ~ 250um tall, red brownish coloured, clear surface, pyramite structured.
Consequently the age of Lower Metamorphites have been  found probably 459+5.4 m.a.,
indicating a Lower Ordovician (Llandeilian) period.

35 major and trace element analyses have been performed on the amphibolite samples in study
area belong to the Lower Metamorphites. As a result of these analyses; analytical data have been
evaluated for their origins. This study implies that amphibolite samples show an orthomagmatic
origin with the protolith in probably basalt, basaltic andezite and andezitic characters, which are
subalkaline with most samples in tholeiitic and small in calkalkaline characters.
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Kirsehir Masifi Metamorfitieri Stratigrafisinde Yeni Gozlemler

Yurdal Geng
Hacettepe Universitest, Jeoloji Miihendisligi Boliimii, 06532 Beytepe-Ankara.

e-mail: yoenc@hacettepe.edu.tr

Bu giine kadar Kirsehir, Akdagmadeni ve Nigde masiflerini olusturan metamorfik kayaglar igin
literatiirde benzer litostratigrafik istifler 6ne siiriilmustiir (Seymen 1982; Tolluoglu 1986;
Gonciioglu ve digerleri 1991). Bu istiflere gore metamorfitler tabanda mermer, amfibolit ve
kuvarsit bandlari iceren gnays ve sistlerden olugmaktadir. Bu temel tzerine kuvarsit-mermer-gist-
amfibolit-kalksilikatik gnays ardalanmasindan olusan bir seri gelmektedir. Metamorfitlerin en tst
kesimi ise yer yer metagort arakatkilari iceren mermerlerden olusmaktadir. Metamorfik istif igin
Mesozoyik éncesi veya Paleozoyik-Mesozoyik gibi genel yaslar verilmektedir.

Kirsehir metamorfik masifinde yapilan detay jeolojik ¢alismalar, literatiirde verilen metamorfik
istiflerden farkli bir litostratigrafik dizilimin mevcut oldugunu ortaya koymaktadir. Gozlemlerimize
gore metamorfitlerin tabani alttan iiste dogru, amfibolit ve migmatitik gnayslar, sist-gnays ve
mermer ardalanmasi ve mermerlerden olusan bir istifle temsil edilmektedir. Bu temel serisinin
{izerinde agisal uyumsuzlukla metakuvarsit ve seyrek mermer arabandlar igeren muskovit ve
biyotitsistlerin hakim oldugu metamorfitler yer almaktadir. Bu metamorfitler ise mikagist-
amfibolit-kalksilikatik gnays ve metakuvarsit ardalanmasi tarafindan iizerlenmektedir. Metamorfik
istif iistte mermer ara bandh mikagist ve amfibolsistlerle sona ermektedir.

Kirsehir ~ yoresi metamorfitlerinde  yag  verebilecek  herhangi  bir  fosil bulgusuna
rastlanilmamistir. Ancak Kirsehir Masifi metamorfitlerinin litostratigrafik istifi, literatiirde verilen
Konya ve  Kiitahya-Bolkardagi  yoéresi ~ metamorfitlerinin litostratigrafi  istifleriyle
denegtirilebilmektedir. Bu yorelerdeki metamorfitlerin alt kesimleri i¢in Siluriyen -Devoniyen, st
kesimleri icin ise Karbonifer-Permiyen yaslart fosil bulgularia dayanilarak verilmektedir. Kirgehir
Masifi metamorfitlerinde fosil bulunamamasina ragmen metamorfik istifin bu yorelerin
metamorfik istifleriyle korele edilebilir olmasi nedeniyle diskordans dizleminin altundaki
metamorfitlerin  Siluriyen-Devoniyen, diskordans diizleminin iizerindeki metamorfitlerin ise
Karbonifer-Permiyen yasli olabilecekleri diigiintilmektedir.

New Ohservations on the Metamorphic
Stratigraphy of the Kirsehir Massif

In the literature, similar metamorphic stratigraphies were proposed for Kirsehir, Akdagmadeni
and Nigde metamorphic massifs (Seymen 1982; Tolluoglu 1986; Gonciioglu et al. 1991). Based on
the proposed stratigraphies, the metamorphic rocks, at the bottom, mainly consist of metapelitic
and metapsammitic gneiss and schist with amphibolite, quartzite and marble intercalations. These
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rocks are overlaid by alternations of schist-amphibolite and calcsilicatic gneisses. The marbles with
metachert intercalations are found at the top of the metamorphic series. The age of the
metamorphic rocks is assigned in the literature as Paleozoic-Mesozoic or older than Mesozoic.

The detailed study by the author in Kirsehir Metamorphic Massif reveals a different metamorphic
stratigraphy from that given in the literature. In Kirsehir Massif, metamorphic rocks are
subdivided into two lithostratigraphical divisions; a basal and a cover unit. The basal unit forms the
base of the metamorphic rocks and from bottom to top mainly consists of amphibolite interlayered
migmatitic mica gneisses, alternations of marble-schist and gneisses, and marbles. The basal unit is
unconformably overlaid by the cover unit. The lower part of the cover unit is mainly composed of
muscovite and biotite schists with marble, amphibolite, calcsilicatic gneiss and metaquartzite
intercalations. These metamorphic rocks grade upward to marble intercalated mica and amphibole
schists.

For the age determinations, it is not possible to find any fossil in the metamorphic rocks of the
Kirsehir Massif. But the above given metamorphic lithostratigraphy of the Kirsehir Massif can be
correlated with the lithostratigraphy of the metamorphic rocks of Konya and Kiitahya-Bolkardag
regions. According to the fossil contents of the metamorphic rocks in these regions, the ages of
Silurian-Devonian and Carboniferous-Permian are assigned to the lower and upper parts of the
metamorphic stratigraphy. Based on the correlation between the metamorphic stratigraphy in the
Kirsehir Massif and, Konya and Kiitahya-Bolkardagi regions, Silurian-Devonian and
Carboniferous-Permian ages for the basal and the cover series of Kirsehir Metamorphic Massif are
also proposed, respectively.
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Afyon Zonu’na ait Triyas Yash Metasedimentlerde Bilgesel
Fe-My Karfolit Olusumu ve Metamorfik Evrimdeki Anlami

Osman CANDAN*. Roland OBEBH/—\NSLI**, Mete QETiNKAPLAN*,
Gaétan RIMMELE** ve Ciineyt AKAL*

*Dokuz Eyliil Universitesi, Mithendislik Fakiiltesi Jeoloji Miihendisligi Bolimii, Bornova / [zmir

ok [nstitut fiir Geowissenschaften, Universitiit Potsdam, Postfach 601553, Potsdam 14415, Germany

Anatolidlere ait temel zonlardan birini olusturan Afyon Zonu kuzeyde Tavsanli Mavigist Zonu,
giineyde ise Menderes Masifi ile tektonik olarak siirlandirimaktadir. Afyon Zonu'nun orta
kesimine ait metamorfik kaya istifi iki ana topluluktan olugsmaktadir. Bunlar; 1) Pan-Afrikan yash
alt topluluk ve 2) Mesozoik — Erken Tersiyer yagh st topluluktur. Barrow tird orta dereceli
metamorfizmadan etkilenmis, cok evreli deformasyon verileri igeren alt topluluk yersel kuvarsit
diizeyleri igeren, homojen yapida granat-albit mika sist ve albit mika sistlerden yapilidir. Karbonat
diizeyleri kapsamayan bu metakirmuli seri glaukofan iceren, stok ve damar karakterinde
metagabrolar ve Menderes Masifindeki Triyasik lokokratik ortognayslarla korale edilebilecek
l6lokratik metagranitler tarafindan kesilmektedir. Pan-Afrikan temeli uyumsuz olarak tizerleyen
Triyas — Erken Paleosen (Gonctioglu ve dig. 1992) yasgh st topluluk taban konglomeralart ile
baglamaktacir. Ust toplulugun Gondwana'min kuzey kesiminde Neotetis okyanusunun —agili
asamasini temsil ettigi diistinilmektedir. Iyi yuvarlaklagmig kuvarsit ve karbonat cakillarindan
yapili bu metakonglomeralar dereceli olarak kumtasl, silt tagi ve camurtagindan tiireme kuvarsit,
kuvars fillit ve fillitlere gegis gostermektedir. Fillitlerin st kesimlerinde karbonat diizeylerinin
yogunlugu artmaktadir. Metakirinuhlarin ilksel fasiyes ozellikleri karasal — sig deniz ortamini
yansitmaktadir.

Fillitik seri yaklagtk 100 m kalinhginda, kirmizimst gri kuvars fillit, fillit, karbonat fillit ve mermer
ardalanmasindan yapili bir gecis zonu ile yaklagik 2000 m kalinhiginda, platform tiri karbonatlar
tarafindan tzerlenmektedir. Ayrica yanal devamsiz diizeyler ve mercekler seklinde bulunan ve
glaukofan igeren bazik kayaglara bu gecis zonu igerisinde yaygin olarak rastlanmaktadir. Fillitler
icerisindeki mermer bantlart ve platform tiiri karbonatlarin en alt ve iist diizeyleri biiylik oranda
kalsite doniismiis, siitunsu ve/veya lifsi aragonit kristallerinden yapilidir. Platform tira karbonatlar
baskin olarak masif ve/veya kalin katmanli, gri renkli dolomitlerden olusmaktadir. Bu kayaglar
dereceli olarak, platformun baugini ifade eden, ince ¢ort diizeyli karbonatlara ge¢mektedir. Bu
pelajik karbonatlar boylart 20 cm ye ulagan rozet sekilli siitunsu karbonat kristallerinin varligi ile
karakterize olmaktadir. Diisiik dereceli metamorfizmadan korunmug kesimlerindeki paleontolojik
veriler iist toplulugun Anisiyen - Erken Maastrihtiyen  yag arah@na  sahip oldugunu
gostermektedir (Ozcan ve dig. 1989). Pelajik mermerler calisma alanin kuzeyinde sintmli bir
makaslama zonu ile Ust Maastrihtiyen—Alt Paleosen vash olistostrom tarafindan tektonik olarak
iizerlenmektedir. Filiy fasiyesinde kumtasi—seyl ardalanmasindan yapili matriks yitksek basing
metamorfizmasina iliskin herhangi bir veri icermemektedir. Olistostrom icerisindeki bloklar baskin
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olarak platformdan tiireyen neritik ve pelajik kiregtaglarindan yapihdir. Bunlarin yani sira
olasilikla Tavsanli Zonundan tiireme mavisist ve platformun kuzey kenar iizerine yerlesmis
okyanussal litosferden tiireme ofiyolit ve serpantinit bloklarina da rastlanmaktadir. $13 denizel
karakterde silttagi, marn ve kirectaglarindan yapili Ust Paleosen — Alt Eosen yaslt (Ozcan ve dig.
1989) metamorfik olmayan kayaglar tiim birimleri uyumsuz olarak értmektedir.

Afyon Zonu'nun Balikesir (Simav KD’su ve Kiitahya kuzeyi), Afyon (Altintas KD'su ve Bayat
kuzeyi) ve Konya'yr (Sizma batist) igeren yaklagik 250 km lik kesiminde, Erken Triyas yash kit
metasedimentler icerisinde bolgesel dlcekte Fe-Mg karfolit olusumu ilk kez bu calisma ile ortaya
konulmustur. Karfolitler 3 ¢cm ¢apa ulagan, rozet sekilli kristaller ve kuvars damarlar igerisinde 8-
10 em uzunlugundaki lifler seklinde bulunmaktadir. Fillit ve cakiltaslart icerisindeki karfolit
olugsumlart ilksel sedimanter kayaca ait Al'ca zengin diizeylerce denetlenmektedir. ‘Fe-Mg karfolit—
pirofillit-kloritoid’  ve  ‘Fe-Mg  karfolit-kloritoid—fengit’  metapelitlerde ~ gézlenen — ana
parajenezlerdir. Fe-Mg karfolit iceren topluluklar ve kalinti aragonitin varhig Afyon Zonu'nu
etkileyen distik dereceli YB/DS metamorfizmasinin 350+50 C° sicakhik ve 8-10 kbar basing
kogullarinda gerceklestigini gostermektedir. Bu P/T kosullari, Mesozoik yash pasif kita kenar
sedimentlerini altlayan Pan-Afrikan temel ile birlikte yaklagik 35 km derinlige gomildigint isaret
etmektedir.

Ust metamortfik topluluk ve onu uyumsuz olarak érten metamorfik olmayan serilerden elde edilen
paleontolojik bulgulara dayali olarak Afyon Zonu'nu etkileyen YB/DS metamorfizmast icin olasili
Paleosen yagi 6nerilebilir. Bu yas, Anatolid — Torid platformunun kuzeye dalimiyla baglanth
olarak gelisen YB/DS metamorfizmalarmin Tavsanlt Zonu (Koniasiyen, 88 my), Likya naplar (Geg
Kretase - Eosen?), Afyon Zonu (Paleosen ?) ve Menderes Masifinde (Eosen ?) oldugu gibi
kuzeyden giineye dogru diizenli bir sekilde genglestigini géstermektedir.

Revional Occurrence of Fe-My Carpholite in Triassic Metasediments of Afyon
Zone; Turkey: Implications For Metamorphic Evolution.

Afyon Zone of Anatolides is tectonically bounded by the Tavsanli Blueschist Zone and the
Menderes Massif at the north and south, respectively. The metamorphic succession of the central
part of Afyon Zone can be divided into two groups: 1) Pan-African  lower sequence and 2)
Mesozoic — Early Tertiary upper sequence. The lower sequence, which shows Barrovian-type
medium-grade regional metamorphism and poly-phase deformation, is characterized by the
homogeneous garnet-albite-mica schist / albite-mica schist with minor quartzite interlayers. This
carbonate-free clastic sequence is intruded by numerous glaucophane-bearing metagabbroic stocks
and veins and leucocratic metagranites which can be correlated with the Triassic leucocratic
orthogneisses of the Menderes Massif. The Triassic to Early Paleocene (Gonciioglu et al 1992)
upper sequence, overlying unconformably the Pan-African basement, starts with basal
metaconglomerates. The upper sequence is thought to represent the initial stage of the opening of
the Neotethyan ocean on the northern margin of Gondwana. These metaconglomerates with well-
rounded pebbles of quartzite and/or carbonate are gradually overlain by quartzite, quartz-phyllites
and phyllites originated from sandstone, siltstone and mudstone. Marble layers dominate in the
uppermost part of the phyllites. The lithofacieses of protoliths of clastic metasediments indicate a
continental to shallow-marin environment.

The phyllitic sequence is conformably overlain, through an intervening 100-m-thick reddish-gray
quartz-phyllites, phyllites, calcerous phyllite and marble, by a 2000-m-thick platform-type
metacarbonates. Glaucophane-bearing metabasic rocks, as lenses and discontinuous horizons,
commonly occur in this transition zone. The lowest and uppermost levels of the platform-type
metacarbonates, as well as the mable layers in phyllites, are made up of the columnar and/or
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fibrous carbonate crystals which are commonly pseudomorphosed after aragonite. The main
lithology of the platform carbonates consists of gray colored massive to thick bedded dolomites.
The platform-type carbonates pass gradually into pelagic marbles with chert layers representing
foundering of the platform. These pelagic carbonates are characterized by rosetta-like columnar
carbonate crystals, up to 20 cm in length. Although the whole sequence has undergone low-grade
metamorphism, an age interval, from bottom to top, between Anisian and Early Maastrihtian
based on the preserved fossil evidence is well documented by Ozcan et al., (1989). In north of
study area, pelagic marbles are tectonically overlain by Upper Maastrichtian - Lower Paleocene
olistostrome with a ductile shear zone. The olistostrome with no HP evidence in very low-grade
matrix consisting of flysch-type mudstone and sandstone intercalation, contains huge pelagic and
neritic limestones blocks, as well as blueschist, ophiolite and serpentinite derived from the
exhumed Tavsanli zone and oceanic lithosphere obducted onto the northern margin of the
platform. Non-metamorphic Upper Paleocene - Lower Focene (Ozcan et al 1989) shallow-water
sediments consisting of siltstone, marly limestone and limestone, unconformably cover all the
units.

The regional occurrences of Fe-Mg carpholite in the Afyon Zone from Balikesir (NW of Simav,
south of Kiitahya) via Afyon (NW of Aluntas, north of Bayat) to Konya (west of Sizma) over a
distance of 250 km, are recognized for the first time in the Early Triassic clastic metasediments.
They occur as rosette-like crystals up to 3 cm in dimension in metapelites and 8-10 cm long fibres
in quartz segregations. The carpholites as rock-forming minerals are obviously controlled by the
Al-rich parts of metapelites and quartz metaconglomerates with pure pyrophyllite patches and
layers. The mineral assemblage of metapelites includes “Fe-Mg carpholite-pyrophyllite—chloritoid”
and “Fe-Mg carpholite—chloritoid-phengite”. Fe-Mg carpholite-bearing assemblages and the relics
of aragonite involve temperature of about 35050 C° and minimum pressure of 8-10 kbar, which
clearly indicate a low-grade, high-P/low-T metamorphism. This P-T condition corresponds to a
burial depth of about 35 km for the Mesozoic passive continental margin sediments and the
underlying Pan-African supracrustal metasediments.

A probable Paleocene age for HP/LT metamorphism based on the paleontological evidence of the
upper metamorphic units and overlying non-metamorphic sediments can be suggested. This
implies the continuous younging of high-P / low-T terrains which is related to the northward —
directed subduction of the Anatolide — Tauride platform, from north to south as the Tavsanl Zone
(Coniacian, 88 Ma), Lycian Nappes (Late Cretaceous — Eocene?), Afyon Zone (Paleocene?) and
Menderes Massif (Eocene?).
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Dogu Pontid Jura Volkanizmasi
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Dogu Pontid levhacigma ait Jura ve oncesi bilgileri kisithdir. Ancak, bu kisith bilgilerden
Hersinyen orojenezi sonunda transtensional bir riftlesmeye ile Avrasya ana karasindan ayrilmig
olabilecegi yorumlanmaktadir. Bu calismada Dogu Pontid tektonik birliginin orta blogunda
(Giresun, Trabzon, Giimiishane; Bayburt) ytizeylenen Jura volkanitlerinin stratigrafik konumlari,
petro-kimyasal 6zellikleri incelenmistir.

Dogu Pontid’lerin giineyinde horst-graben sistemi iizerinde gelisen tortullara volkanik,
volkanoklastik kayaglar eslik etmistir. Giimiigshane yoresinde volkanik kayaglar Liyas'in tabaninda
bulunan kirintililar ve iizerine gelen kémiir mercekli kiltagi, silttagt marnh kayaglarin hemen
tizerindeki piroklastik seviyenin igerisinde bulunur ve calcari ammonitico rosso fasiyesindeki
kirmizi kirectaglart tarafindan értiiliir. Bayburt'ta ise volkanik kayaglar kirmizi kirectaslarinin
lizerine gelen epiklastik kayaclar igerisinde bulunurlar.

Volkanik ve piroklastik kayaclarin bulundugu kuzeyde ise Jura volkanitlerine ait saghkli yas
kontrolu yok gibidir. Yérede yapilan gahgmalarda volkanitlerin yast goreceli olarak kristalize
kiregtaglarinin (ki bu kiregtaslari Dogu Pontid Gliney Zonunda yiizeylenen Dogger-Malm-Alt
Kretase yash Berdiga Formasyonunun Kuzey Zondaki eslenigi olarak kabul edilmektedir)
konumuna gore verilmistir. Ancak, bolgenin bir ¢ok yerinde, séz konusu kiregtaglar1 ve bunu
lzerleyen Jura volkanitlerinden olusan seviyeyi yogun Ust Kretase yitim magmatizmasi
parcalamistir. Cogu lokasyonda Jura volkanitleri kristalize kiregtagtyla beraber devasa bloklar
seklinde granitik sokulumlarla iliskili olarak onlarin kenar zonlarinda gortiliirler. S6z konusu
tektonik karmasaya eslik eden yogun alterasyon, Jura volkanitleriyle kendilerini ¢evreleyen Ust
Kretase volkanitlerinin makroskobik ve mikroskobik benzesmesine neden olmugtur.

Jura volkanizmasi yaygin olarak bazalt ve andezitten ve nadiren dasit bilesimli kayaglardan
olusmustur. Ancak bu kayaglar daha sonraki dénemlerde alterasyona ugrayarak spilit, keratofir,
spilitik bazalt ve keratofirik andezitlere déntismiistiir. Piroklastik tirtinleri kuzey kisimlarda masif
goriintglii tifler olup, hacim olarak volkanik kayaclara gore dahadir. Giimiishane ve Bayburt
yoresinde ise hacimce onemli miktarlara ulasan kahn tabakali tifler, tiffitler ve kirntili tortul
kayaglarla beraber bulunurlar.

Kimyasal ozellikleri bakimmdan 6érnekler toleyitik-kalk alkalen gecislidir. Giineyden alman
ornekler (cogunlukla bazaltik andezit, andezit, hatta dasit) kuzeydeki 6rneklere (¢ogunlukla bazalt)
gore farklilasmistir. Iz elementlerden hazirlanan okyanus ortasi sirt1 bazaltlar normallestirilmig
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diyagramda érneklerin birbirine benzer yonsemeler gosterdigi ve biiytik iyon yaricaph
elementlerce oldukca zenginlesmis oldugu gozlenir. Orneklerin tiimit Nb negatif anomalisi
gosterir. Hafif nadir toprak elementler kondirite gore 20-90 kere zenginlesmistir. (La/Lu)y
oranlart 2-12 arasinda olup, Bayburt érnekleri diginda Eu anomalisi gostermezler. Bayburt
orneklerinde gozlenen pozitif ve negatif Eu anomalileri, bu kayaglarin olusumunda plajiyoklaslarin
onemli rol oynadigini gosterir. Ayrica, ayrigma siiresince fazla hareketli olmayan yiiksek alan
enerjili elementlerin kullanildigr aymrtman diyagramlarda, incelenen volkanitlerin yitimle ilgili
alanlarda yer aldigi gorilmustir.

Sonug¢ olarak, Dogu Pontid levhacigmim Hersinyen orojenezi sonunda transtensional bir
riftlesmeye eslik eden bir yitim ile Avrasya ana karasindan ayrilmis olabilecegi yorumlanabilir.

Eastern Pontide Jurassic Volcanism

Our Jurassic and pre-Jurassic knowledge from the eastern Pontide plate are limited. However, it
had been interpreted that the eastern Pontide plate separated with the transtentional rifting
during Hercinien orogeny from Eurasia super continent. Here, stratigraphic situation and petro-
chemical features of Jurassic volcanics from middle block (Giresun, Trabzon, Giimiishane;
Bayburt) of eastern Pontide are investigated

The volcanic and volcanoclastic rocks are associate to horst-graben related sedimentary rocks in
the southern part of the eastern Pontide. The volcanics are place on bottom of Liassic in the
Giimiighane area where the coal lenses intercalated claystone, siltstone and marl underlies volcanic
bearing pyroclastics. The red colored calcari ammonitico rosso facies limestone covers these rocks.
In the Bayburt area, the volcanic flows are in epiclastic rocks that are underlied by red limestone.

There is no real age control on Jurassic aged volcanic and volcanoclastics in the north of the
eastern Pontide. All age determinations are relative to the crystallized limestones that are thought
to be counterpart of Berdiga limestones of southern part. However, in many places Late
Cretaceous volcanic has broken up to the sequence of the Jurassic volcanic plus Early Cretaceous
limestone. In many locations, Jurassic volcanics and associate limestones can be seen as huge blocks
nearby the granitic plutons. Heavy alteration associates all these tectonic complexity and finally
macroscopic and microscopic features of the Jurassic volcanics are shown similar to the Late
Cretaceous volcanic rocks.

Jurassic volcanic rocks are commonly basalt and andesite in composition. Dacite is rarely seen.
Heavy alteration affected those rocks to turn them spilite, spilitic-basalt, keratophire and
keratophiric andesite. Volcanoclastic rocks of the north are massive and volumetrically
insignificant. In contrast, sedimentary rock associates to thick layered tuffs and tuffits.

Chemically, volcanic rocks are tholeiitic to calc-alkaline transitional. Southern samples that are
mostly basaltic-andesite to dacite, are more differentiated compare to the northern ones that
mostly basalt in composition. N-type mid-ocean ridge basalt normalized trace element patterns of
the samples are parallel to each other and show large ion lithophile enrichment. All samples show
negative Nb anomaly. Light rare earth elements enriched 20-90 times chondritic values. The
(La/Lu)y ratios range 2 to 12 and except Bayburt samples, they do not show Eu anomalies. Positive
and negative Eu anomalies of Bayburt samples indicate the role of plagioclase in their
petrogenesis. In the high field strength element used discrimination diagrams, all samples plotted
in volcanic arc related fields.

As a result, it is interpreted that subduction associated transtentional rifting may cause the
separation of eastern Pontide plate during Hercinien orogenic movements.
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Menderes Masifi Gine Asmasifi Paragnayslarina ait
Koken Kayalarinin Olusum Ortami, Yasi ve Metamorfizmasi

Firat SENGUN+, Osman CANDAN:, 0.0zcan DORA#+,0.Ersin KOROLAY:

*Onsekiz Mart Universitesi, Jeoloji Miihendisligi Boliimii,Canakkale
##Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii, 35100, [zmir
## Dokuz Eyliil Universitesi, Jeoloji Miihendasligi Boliimii, 35100, Izmir

Menderes Masifinin Cine Asmasifinde yer alan ¢aligma alani Dalama, Hallaclar ve Sarni¢ olmak
tzere l¢ farkli lokasyondan olugmakta ve yaklagik 155 km? lik bir alani kaplamaktadir. Caligma
alaninda yer alan kayag serisi Pan — Afrikan temele ait cekirdek ve ortii serisi olmak tizere iki ana
gruba ayrilmaktadir. Cekirdek serisi gnays ve metakirintili seriden olugsmaktadir. Metakirintil seri
ise paragnays, mika sist ve biyotit — albit sistden meydana gelmektedir. Bolgedeki paragnayslar
yanal ve diisey yonde sistlere gecisler gostermektedirler. Jeokimyasal ve mineralojik cahgmalarda
paragnayslarin siyah benekli, beyaz benekli, gri renkli masif paragnays ve mor renkli masif
paragnays olmak iizere dért alt gruba ayrildig belirlenmistir. Paragnayslarin icerisinde yaygin
olarak beyazimsi gri renkli budinlenmis kalk — silikat kayaglart bulunmaktadir. Metakirmtili seri
yaklagik 550 my yash granitik kokenli gnayslar tarafindan kesilmislerdir. Cine Asmasifi'nin
dogusunda yeralan paragnayslar Pan-Afrikan metamorfizmasiyla kismi olarak migmatizasyona
ugramuglardir. Pan - Afrikan temel birimleri, Galiyma alaninin bati kisminda yiizlek veren
Paleozoyik — Mesozoyik yasli értii serileri tarafindan tektonik olarak tstlenmektedir. Ortii serisine
ait birimler muskovit — kuvars sist, fillit ve mermer ardalanmasindan olugsmaktadir,

Styah benekli paragnayslar boyutlart 0,5-1,5 cm arasinda degisen siyah, sarimst siyah renkli
porfiroblastlarla karakterize olur. Bu porfiroblastlar sillimanit, granat gibi yiiksek sicaklik
metamorfizmasi mineralleri tarafindan tamamiyla replase olmustur. Benekli paragnayslarin
makroskobik ozelliklerine dayanarak ve bu paragnayslarin granulit fasiyesi metamorfizmasini
gosteren kalinti mineraller icermesi sonucunda bu porfiroblastlarin - kordiyerit olduguna
inanilmaktadir. Paragnayslar Pan — Afrikan orojenizmastyla baglantli olarak énce granulitik
fasiyeste metamorfizma gecirmisler ve daha sonra tiim birimler almandin-amfibolit fasiyesinde bir
retrograd metamorfizmadan etkilenmislerdir.

Galisma alanindan alinan 6rneklerin analizleri sonucunda elde edilen jeokimyasal veriler,
metakirintililarim tiiredikleri beslenme alaninin granit kayalardan yapili kratonik bir ozellige sahip
oldugunu gosterir. Paragnayslarin ¢okelim yaginin Geg Proterozoyik oldugu disiintilmektedir.
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Age, Metamorphism and the Origin of the Paragneisses in
the Cine Submassif Of The Menderes Massif, Western Turkey

The study area consists of three different metamorphic regions, Dalama, Hallaclar and Sarnig,
which cover approximately 155 km” area. The rock succession of the study area located in the Cine
submassif can be divided into two main groups as core and cover series. The core series, called
Pan—African basement, is made up of gneisses and metaclastic series, from bottom to top, passes
from paragneisses into schist composed of mica schists and biotite-albite schists. Geochemical and
mineralogical studies indicate that paragneisses can be subdivided into four subgroups, black—
spotted, white-spotted, massive grey—coloured paragneiss and massive purple—coloured
paragneiss. The widespread occurrence of whitish-grey bands and lenses of calc-silicate rocks is
one of the most characteristic features of the paragneisses. These rocks are typified by boudinage
structure and zonal mineralogical composition. Metaclastic series are intruded by the syn—to post
orogenic orthogneisses which were previously dated at approximately 550 Ma. Paragneisses
occured on the east part of the Gine Submassif were migmatized by Pan-African metamorphism.
The Pan—African basement units are tectonically overlain by the Paleozoic to Mesozoic cover series
exposed in the western part of the study area. They are made up of muscovite-quartz schist,
marble and garnet—chloritoid phyllite alternation.

Black—spotted paragneisses are characterised by black to yellowish black porphyroblasts that range
in size from 0.5 to 1.5 cm. They have been completely replaced by the high — temperature
metamorphic minerals such as sillimanite and garnet. Based on their macroscopic characteristics
and the fact that paragneisses contain relict minerals which are indicative of granulite-facies
metamorphism, it is believed that these porphyroblasts were pseudomorphosed after cordierite by
amhibolite facies overprint during the first stage of Pan-African orogenesis. Paragneisses
underwent granulite-facies metamorphism at the last stage of this orogenesis. All the basement
units were subjected to retrograde metamorphism under almandine-amphibolite facies conditions.

Geochemical data obtained from paragneisses and mica schists indicate that the protoliths of this
metaclastic sequence are of cratonic origin. It can be suggested that the time of deposition of their
protolith is Late Proterozoic.
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Ortognays, anatektik granit, eklojitik kalintili metagabro ve migmatitik kayalar iceren Menderes
Masifinin  Pan-Afrikan temeli karmagik deformasyon sunan baskin metasedimanter istiften
meydana gelmektedir. Pan-Afrikan temelin en yasli birimleri sirastyla paragnays ve bunlar gegisli
olarak iizerleyen mika sistlerden olusan metasedimentlerdir. Arazi caligmalari, jeokronolojik ve
Jeokimyasal veriler paragnayslarin ilksel kayalariin baskin olarak litarenitik bilesimdeki klastik
sedimentlerden olustugunu gésterir (Dora ve dig., 2001).

Menderes Masifi'nin ¢ asmasifinden alinan ti¢ paragnays érnegi iizerinde tek zirkon 27Ph/2%Ph
evaporasyon yontemini uyguladik. Paragnayslardan ayirtlanan zirkon taneleri morfolojilerine gére
iki grup altinda toplanabilir : (1) uzun prizmatik, (2) yuvarlaklagmis. Kathodoluminesans (CL)
fotograflar her iki tip grubunda zonlu ve aginmig magmatik kokenli detritik tanelerden olustugunu
gostermektedir. Demirci-Gérdes (777 my - 2460 my) ve Odemis-Kiraz Asmasiflerinden (621 my -
2556 my) ahnan iki 6rnekteki *"Pb/**°Pb yaslari genis bir dagilim sunmaktadir. Bu saginmig yaslar
krolojik olarak heterojen kaynak alanlarini isaret etmektedir. Cine Asmasifi'nden alinan paragnays
orneginden ise kronolojik olarak daha az heterojen kaynak alanlarini gosteren 609 my - 721 my
arasi *”’Pb/*"°Pb yaslari elde edilmistir. Zirkonlarin kistal tipleri ve yaslart arasinda bir kargilagtirma
yapilamamaktadir. Zirkon tanelerinin besi 2030 my ile 2556 my arasinda degisen yaslar sunar.
Buna kargin, yaslarin % 62’lik biiyiik kismi 609 my ile 777 my arasindaki bir zaman araliginda yer
almiglardir. 2460 my ve 2556 my yash zirkonlar Menderes Masifi'ndeki Geg Arkeen zirkonlarin
varhgim gostermektedir. 609 my'lik en geng zirkon yagi ise paragnayslarin ilksel kayalarinin
maksimum ¢ékelme yasini vermektedir. Paragnayslar iyi korunmus ilksel dokanak iligkileri ile
ortognayslarin granitik ilksel kayalari tarafindan kesilmektedirler. Demirci-Gérdes Asmasifinden
bir ortognays érneginin analiz edilen zirkon popiilasyonlarmin CL ¢alismalart bunlarin tipik zonlu
magmatik zirkonlar oldugunu ortaya koymustur. Menderes Masifinin diger asmasiflerinden elde
edilen yaslarla (Hetzel ve Reischmann, 1996; Koralay ve dig., 1998) uyum sunan 549.7+7.6 my’lk
“7Pb/*"°Ph yag1 ortognayslarin ilksel kayalarinin yerlesimi olarak yorumlanmistir.
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Heterojen kratonik bir kaynaktan tireyen kirinti zirkon yaslart ve granitoyidlerin yerlesimi
paragnayslarmn ilksel sedimentlerinin ¢6kelimini 550-610 my (engec Proterozoyik) arasinda
sinirlamaktadir. Bu birimler Gondvana’'nin pasif kita kenarinda olusmustur ve Menderes
Masifinin temel birimlerinin gelisimi Geg Prekambriyen'de Dogu ve Bati Gondvana'yi etkileyen
Pan-Afrikan orojeneziyle (Kroner ve dig., 1996) baglantili oldugu diisiiniilmektedir.

Single Zircon 27Ph/25Ph Evaporation Geochronology Costraints on the Original
Deposition Age Of Paragneisses In The Menderes Massif, Western Turkey

The Pan-African basement, which comprises orthogneiss, anatectic metagranite, metagabbro with
eclogitic relics and migmatitic rocks, is a complexly deformed, dominantly metasedimentary
succession in the Menderes Massif. The oldest units of the Pan-African basement are
metasediments which is, in ascending order, made up of paragneiss and gradually overlying mica
schist. Field studies, geochronological and geochemical evidence suggest that the protoliths of the
paragneisses are predominantly clastic sediments of litharenitic composition (Dora et al., 2001).

We used single-zircon *7Pb/*°Pb evaporaion method on three samples of paragneiss and a sample
of orthogneiss from three submassifs of the Menderes Massif. Zircon grains of paragneisses can be
groupped in two morphological populations; (1) long prismatic, (2) rounded. The CL images
reveal that both populations are of oscillatory zoned and corroded detrital grains of magmatic
origin. Two samples of paragneisses from Demirci-Gordes and Odemis-Kiraz submassifs show a
broad distribution of 27Ph/**°Pb zircon ages between 777 Ma and 2460 Ma and between 621 Ma
and 2556 Ma, respectively. These ages reflect chronologically heterogeneous source terraines. In
the Cine submassif, zircon grains from a paragneiss sample gave *’Pb/*""Pb ages in the 609-721 Ma
interval which reflects chronologically less heterogeneous source terraines. There is no correlation
between crystal habit and age of the zircon. Five of the grains yielded ages from 2.03 Ga to 2.56
Ga. However, the great majority of ages, 62 %, are spanned in a time interval between 609 and
777 Ma. 2.46 Ga and 2.56 Ga zircons confirm the presence of a late Archean component in the
Menderes Massif and youngest zircon age, 609 Ma, of these samples constrains maximum age for
the deposition of protoliths of the paragneisses. The paragneisses are intruded by the granitic
protoliths of orthogneisses with well-preserved original contact relationships. The CL studies
demonstrate that the analysed zircon populations of an orthogneiss sample from Demirci-Gordes
Submassif show oscillatory zoning of magmatic origin. The *"Pb/*"*Pb age of 549.7+7.6 Ma, which
coincides well with the ages Trom other submassifs of the Menderes Massif (Hetzel and
Reischmann, 1996; Koralay et al., 1998), is interpreted as emplacement of orthogneiss protolith.

The detrital zircon ages which are derived from a heterogeneous cratonic source, and intrusion of
the granitoids constrain the deposition age of the original sediments of paragneisses between ~
550-610 Ma, latest Proterozoic. These units formed at the Gondwanan passive margin and the
evolution of these basement units of the Menderes Massif is attributed to the Pan-African Orogeny
that affected East and West Gondwana in latest Precambrian time (Kroner et al., 1996).
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Yash Meta-felsik Kayaclarin Petrojenezi ve NW Perigondvana’daki
Pan-Afrikan Magmatizmasi ile iliskisi.
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Orta Anadolu'nun Bausinda Sandikh (Afyon) bélgesinde yiizeylenen Prekambriyen yasl temel’e ait
rejyonel dinamo-metamorfik kayaglar Sandikli Temel Kompleksi (STK) olarak tanimlanmis olup,
Alt Kambriyen (Tommotiyen; Uchman ve dig., 2000) ile baslayan 6rti birimleri ile uyumsuz olarak
ortilirler (Giirsu ve Génctioglu 2001 a,b; Giirsu, 2002). STK, alttan iiste dogru Giivercinoluk
Formasyonu ve Kestel Cay1 Porfiroid Birligi (KGPB)'nden olugsmaktadir. KCPB, meta-riyolit/meta-
dasit bilesimli volkanik kayaglar ile Giivercinoluk Formasyonuna ait kayaclari da kesen meta-
kuvars porfirleri igerir.

KGPB'ne ait meta-riyolit/meta-dasitler ve meta-kuvars porfirler iizerinde yiiriitiilen jeokimyasal ve
petrojenetik galigmalar sonucu, meta-magmatik kayaclarin kalkalkali ve peralimin 6zellik
gosterdigi belirlenmistir. KCPB'ni olusturan kayaglarin ana, iz ve nadir toprak element icerikleri
bakimindan tist kitasal kabuk ile uyumlu olup Ba, K, Nb, Sr ve Ti elementlerinde fakirlesme; Th,
Hf, Zr elementlerinde zenginlesme gostermektedir (Sekil 1).

KGPB'ne ait kayaclara ait nadir toprak elementler ilksel mantoya gére hafif nadir toprak
elementlerce yiiksek derecede zenginlesmis; orta ve agir nadir toprak elementlerce ise nispeten
yatay bir yonelim gostermektedir. Jeokimyasal - petrojenetik modellemelere gore, KCPB'ni
olusturan meta-riyolit/meta-dasit kayaglari ile meta-kuvars porfirler ayn kaynak alandan tiiremis
ve ayni magmatik siireglerden etkilenmislerdir. Birimlerin olusumunda, st kitasal kabugun %25
kismi ergime - %25 fraksiyonel kristallesme siireclerine bagli olarak geligmistir (Sekil 1).

KGPB'ne ait meta-riyolit/meta-dasitler ile meta-kuvars porfirlerin, Pan-Afrikan orojenezinden
etkilenen Kuzey Gondvana kékenli pek ok tektonik birlikte oldugu gibi (El-Sayed, 1998; Finger
ve dig. 2000; Saleh, 2001; El-Nisr ve dig, 2001; Dostal ve dig., 2001) iist kitasal kabuk kokenli, post
orojenik, A2 tipi carpisma sonrasi granitik bilesimli kayaglar icerdigi ortaya konmustur.

Bau Toroslarda yiiriitiilen jeolojik, mineralojik - petrografik, jeokimyasal ve petrojenetik
Gahgmalar, Toros Birimlerinin temelinde yer alan Prekambriyen yash felsik magmatik kayaclarin,
Geg Pan-Afrikan olaylar ile iliskili olarak gelistiklerini ortaya koymaktadir. Benzer yasg ve petrolojik
ozelliklere sahip magmatik kayalar Kuzey Afrika ve Giiney Avrupa’da tanimlanmustir (El-Sayed,
1998; Finger ve dig. 2000; Saleh, 2001; EI-Nisr ve dig, 2001; Dostal ve dig., 2001). Toros - Anatolit
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biriminin Prekambriyen temel kayalarmm, Gondvana kuzey kenarmdan tiiremiy Menderes,
Bohemia ve Brno Masifleri gibi (Dora ve dig., 2001; Dostal ve dig., 2001; Finger ve dig. 2000)
Perigondvana kokenli  mikrolevhaciklarla  benzer bir yapisal konumda gelismig oldugu
disiiniilmekte olup, bunlarm Alt Paleozoyik boyunca ortak bir jeolojik evrim gecirdikleri
yorumlanmustir.
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Sekil 1. KCPB'ne ait meta-riyolit/meta-dasitler ve meta-kuvars porfir kayaglar ile fraksiyonel ergime-
fraksiyonel kristallesme  modellemesi ile  hesaplanan 1z element  konsantrasyonlarn  karsilastrdmast
(Normalizasyon degerleri Thomson, 1982°den alinmastar).

Petrogenesis of Precambrian Aged Meta-felsic Rocks in Sandikli (Afyon SW)
and Connection with Pan-African Magmatism in NW Perigondwana

The regional dynamo-thermal metamorphic rocks of the Precambrian basement outcropping in
Sandikh (Afyon) region in Western Central Anatolia are described as the Sandikli Basement
Complex (SBC; Giirsu and Goncuoglu, 2001a,b; Girsu, 2002). SBC consists of the meta-
sedimentary rocks of the Giivercinoluk Formation and the Kestel Gay Porphyroid Suite. The
KCPS includes meta-volcanic rocks of meta-rhyolite/meta-dacite composition and meta-quartz
porphyries intruding the rocks of the Giivercinoluk formation. SBC is disconformably overlain by
Lower Cambrian (Tommotian; Uchman et al, 2000) cover units.

The geochemical and petrogenetic research conducted on the meta-rhyolite/meta-dacite and meta-
quartz porphyries of the KCPS have shown that they are calc-alkaline and peraluminous. Based on
major, trace and rare earth element data, the KCPS corresponds to the upper continental crust,
poor in Ba, K, Nb, Sr and Ti and enriched in Th, Hf, Zr elements (Figure 1).
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The rocks of KCPS were highly enriched by LREE; display a relatively flat trend by MREE and
HREE, when compared with initial mantle. According to the geochemical and petrogenetic
models, the meta-rhyolite/meta-dacite and the meta-quartz porphyries of KCPS were developed
from the same source region and affected by the same igneous processes. The formation of the
unit was realized by 25% partial melting and 25% fractional crystallization of the upper continental
crust (Figure 1).

The tectono-magmatic discrimination diagrams show that the meta-rhyolite/meta-dacite and meta-
quartz porphyries of the KCPS are post orogenic A2 type granitoids as it is the case in many
igneous complexes of North Gondwana-derived terranes (El-Sayed, 1998; Finger et al., 2000;
Saleh, 2001; El-Nisr et al., 2001; Dostal et al., 2001) produced at the late stage of the Pan-African
Orogenesis.

As a result of our geological, mineralogical-petrographical, geochemical and petrogenetic studies
in the Sandikli region, the formation of the Precambrian felsic magmatic rocks within the
basement of the western Tauride units are related to the post-collisional extension at the northern
margin of Gondwana during the late Pan-African events. It was evaluated and interpreted that the
Precambrian basement rocks of the Tauride - Anatolite Unit and the Menderes Massif had a
common geological history and tectonic setting with the Gondwana-derived microplates such as
Bohemia and Brno Massifs in southern Central Europe.
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Figure 1. The comparison of trace element concentrations of meta-rhyolite/meta-dacite and meta-quartz
porphyry with computed fractional melting - fractional crystallization modeling (normalization data from
Thomson, 1982).
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ic Bati Anadolu’daki (Sandikli-Afyon Ydresi)
Prekambriyen-Mesozoyik Yash Birimlerin Gok Diisiik Dereceli
Metamorfizma Evrelerine iliskin Mineralojik On Bulgular

Omer BOZKAYA*, Semih GURSU**, M. Cemal GONCUOGLU***

*Cumhuriyet Universitest, Jeoloji Mithendisligi Boliimii, 58 140 Sivas (bozkaya@cumhuriyel.edu.tr)
**Maden Tetkik ve Arama Genel Miidiivliigii, Maden Analizleri ve Teknolojisi Daivesi, 06520 Ankara
(sgursu@yahoo.com) '
*#% Orta Dogu Teknik Universitest, Jeoloji Miihendisligi Boliimii, 06531 Ankara ( megoncu@metw.edu.tr)

Orta ve Bati Toroslarin birlestigi bolgede Sandikli, Karadirek, Basagac, Akharim ve Tasoluk
ilceleri ve ¢evresinde Prekambriyen Sandikli Temel Kompleksi, Alt Paleozoyik ve Mesozoyik orti
birimleri yiizeylemektedir. Geyikdag: Birligi icerisinde degerlendirilen Sandikli Temel Kompleksi
alttan iiste dogru Giivercinoluk Formasyonu ve Kestel Gay1 Porfiroid Birligi'nden; Alt Paleozoyik
ortii birimleri Gogebakan, Hiidai, Caltepe ve Seydisehir formasyonlarindan olusmaktadir (Giirsu
ve Gonciioglu, 2001 a, b; Giirsu, 2002). Mesozoyik ortii birimleri ise Orta Jura yash Ilyasli ve Ust
Jura-Alt Kretase yaslt Derealani formasyonlarini kapsamaktadir. Bu ¢alismada, bélgede yiizeylenen
Prekambriyen-Mesozoyik yas araligina sahip birimlerin diyajenez/metamorfizma 6zelliklerinin
incelenerek, jeolojik evrimlerinin belirlenmesi amaglanmustir.

Birimlerden &lciilii stratigrafik kesitlerden itibaren alinan toplam 114 kayag 6rnegi optik
mikroskop ve X-gmlart kirinimi (XRD) yoéntemleriyle incelenmistir. Optik mikroskopik
incelemeler ile kayaglarin adlandirilmas: ve dokusal 6zellikleri, XRD incelemeleri ile tim kayag ve
kil fraksiyonunu olusturan mineral ve parajenezleri, illit kristalinite (IC), illit ve klorit politipleri,
illit/muskovitlerin b,-parametresi ve kloritlerin kimyasal bilesimleri belirlenmistir.

Petrografik incelemeler, Giivercinoluk Formasyonu burugma tipi kivrim ve dilinimli yer yer de
milonitik dokulu kayaglarinin baslica kuvars, feldispat, serisit, serisitik muskovit, biyotit ve klorit
icerdigini ve en az iig farkli deformasyon evresinden etkilendigini gostermektedir. Formasyonda
ince taneli biyotit olusumlart tipik olup, fillosikat parajenezini illit/mika + karisik tabakali klorit-
vermikiilit (C-V) + klorit-smektit (C-S) = klorit olusturmaktadir. 2M; politipine sahip fenjitik
illitmuskovitlerin kristalinite degerleri (A°26 = 0.14-0.24, ortalama = 0.20) epimetamorfizma, b,
degerleri (9.028-9.058 A, ortalama 9.043 A) ise orta basing fasiyesinin yiiksek kesimi ile yiiksek
basing fasiyesi kogullarini yansitmaktadir. Kestel Gayi Porfiroyidi metavolkanitleri illit/mika = G-V
fillosilikat parajenezine sahip olup, Giivercinoluk Formasyonu'na benzer IC ve b, parametresi
degerleri sergilemektedir.

Bu birimleri agisal uyumsuz olarak érten Gogebakan Formasyonu'nda iki fazli deformasyonu
yansitan burugma kiviim ve dilinimleri tipik olup, illit + klorit = C-V £ C-S parajenezi
belirlenmistir. Muskovitik-fenjitik bilesime sahip illit/muskovitler 2M,, neoforme ripidolitik
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kloritler IIb politipine sahiptir. IC degerleri (A°20 = 0.14-0.27, ortalama = 0.20) Giivercinoluk
Formasyonu'na benzerlik sunmakla birlikte, b, degerleri (9.004-9.040 A, ortalama 9.026 ;\) daha
diigiik olup, orta basing fasiyesi kosullarii karakterize etmektedir. Hiidai Formasyonu seladonitik-
fenjitik 2M,+1M mika, Caltepe Formasyonu dolomit ve brunsvigitik I1Ib klorit, Seydisehir
formasyonu ise detritik kloritlegmis biyotit ve klorit-mika istifleri icermeleriyle tipiktir. Detritik
dokunun daha belirgin oldugu bu birimler, benzer anki-epimetamorfik 1C degerleri buna kargin
farkl b, degerlerine sahiptir.

Mesozoyik 6rtiiyii temsil eden Ilyasli Formasyonu seyllerinde belirgin bir mikroyonlenme
izlenememektedir. Fillosilikat mineral birliktelikleri illit + klorit olup, illitler 2M, + 1Md
politipindedirler. Formasyonda diyajenetik 1C degerleri (A°20,, = 0.51) ve diisiik basing fasiyesi
kosullarini yansitan b, degerleri (ortalama 8.993 A) ol¢tilmustiir.

Mineralojik veriler topluca degerlendirildiginde Sandikli Temel Kompleksi ve Alt Paleozoyik
ortistintin - benzer sicaklik kosullarinda (- 300 °C), metamorfizmadan etkilendigi ortaya
gikmaktadir. Ancak, Givercinoluk Formasyonu ve Kestel Gayi Porfiroyid Birligi orta-yiiksek basing
(~ 4 kb basing ve ~15 km gomiilme derinligi) Gogebakan Formasyonu ise orta basing (~ 3 kb basing
ve ~ 11 km gdmiilme derinligi) kosullarmi yansitmaktadir (Sekil 1). Prekambriyen temel ve Alt
Paleozoyik 6rtii birimlerini agisal uyumsuzlukla 6rten Ilyasli Formasyonu daha diisiik sicakhk ve
basing ( < 200 °C ve < 1kb) verilerine sahiptir.

Bolgesel jeoloji, stratigrafi, dokusal-mineralojik én bulgular birlikte degerlendirildiginde, bolgede
ilki Prekambriyen-Erken Kambriyen (Geg Panafrikan), ikincisi Karbonifer-Geg Permiyen (Geg
Variskan dénemi), sonuncusu ise Alpin dénemini yansitan ti¢ 6nemli jeolojik olayim gerceklestigine
isaret etmektedir (Sekil 1).

Sekil 1. Prekambriyen Sandikl Temel Kompleksi, Alt Paleozoyik ve Mesozoyik ortii birimlerine ait
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Very Low Grade Metamorphic Events in the Precamhrian-Mesozoic
Rock-Units inn Inner West Anatolia (Sandikli-Afyon Region):
Preliminary Mineralogical Data

In Sandikli, Karadirek, Bagagag, Akharim ve Tasoluk areas at the junction of Western and Central
Taurides the rock-units include the Precambrian Sandikli Basement Complex (SBC), and its
Lower Paleozoic and Mesozoic cover. SBC-type rocks occur at the basement of the Geyikdagi Unit
in the Taurides and consist in the study area Giivercinoluk Formation and the Kestel Gay:
Porphyroid Suite (KCPS) (Giirsu and Génciioglu, 2001 a, b; Giirsu, 2002). The Lower Paleozoic
succession disconformably covering the SBC constitutes Gogebakan, Hiidai, Caltepe and
Seydisehir formations, which in turn, are unconformably overlain by Middle Jurassic Ilyash and
Upper Jurassic-Lower Cretaceous Derealani formations.

To better understand the geological history of the study area, the diagenetic-metamorphic
properties of the Precambrian-Mesozoic rock-units were evaluated. For this, 114 samples collected
along measured sections were studied by petrographic and XRD methods. Optical microscopy was
used for the nomenclature and fabric analyses, and XRD investigations were applied for the
qualitative mineralogy, parageneses of whole-rock and clay-fractions, illite crystallinity (IC), illite-
chlorite polytypes, illite/muscovite b-parameters and the chemical compositions of chlorites in clay-
fractions.

Petrographical data on the Giivercinoluk Formation revealed that the phyllites, phyllitic slates with
crenulation folds and mylonites mainly include quartz, sericite, biotite, chlorite, feldspar minerals
and shows textural evidence for three distinct deformational phases. Fine grained biotite
neoformations are typical and the phyllosilicate paragenesis are characterized by illite/mica +
mixed-layer chlorite-vermiculite (C-V) + chlorite-smectite (C-S) chlorite. The crystallinity values
(A°20 = 0.14-0.24, mean = 0.20) of phengitic illite/muscovites of 2M; polytype are indicative for
epimetamorphism, whereas the b, values (9.028-9.058 A, mean= 9.043 A) suggest the higher parts
of the intermediate P to high P facies conditions. The metarhyolitic/metadacitic rocks of the KGPS
show illite/mica * C-V phyllosilicate paragenesis, and display 1C and b, values similar to the
Giivercinoluk Formation.

The Gégebakan Formation disconformably overlying the SBC represents a two-fold deformational
fabrics with typical crenulation folds and foliation. Its metamorphic paragenesis is represented by
illite + chlorite = C-V # C-S. The illites/muscovites are of muscovitic-phengitic composition and
9M,-type, whereas the neoformed ripidolitic chlorites are of I1Ib polytype. The 1C values (A°20 =
0.14-0.27, mean = 0.20) are similar to those of the Giivercinoluk Formation but the b, values
(9.004-9.040 A, mean = 9.026 fo\) are lower and characterize the intermediate P facies conditions.
The Hiidai Formation typically includes celadonitic-phengitic 2M,+1M micas, the Galtepe
Formation dolomite and brunsvigitic 1Ib chlorite, and the Seydisehir Formation detritial
chloritized biyotite and chlorite-mica stacks. In these units the detritial fabric is dominant and at
similar anchimetamorphic IC values but their b, values are variable.

The shales of the ilyash Formation representing the Mesozoic cover do not display a distinct
oriented microfabrics. The phyllosilicate mineral assemblage is illite + chlorite, and the illitles are
of 2M, + 1M, polytype. The IC values (A°20,,., = 0.51) and the b, values (mean= 8.993 A) of the
formation indicate diagenetic and low P facies conditions.

The overall evaluation of the mineralogical data suggests that the SBC and its Lower Paleozoic
cover were metamorphosed at similar temperatures (~ 300 °C). However, the Guvercinoluk
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Formation and the KCPS were effected together by intermediate-high pressure (P~ 4 kb and
burial depth ~15 km) metamorphic conditions that differ from the intermediate P conditions (P~ 3
kb and burial depth ~ 11 km) of the Gégebakan Formation (Figure 1). The P/T values (T< 200 °C
and P< 1kb) of the Mesozoic Ilyash Formation, on the other hand, are typical for diagenetic
conditions.

Considering the regional geological data, stratigraphic relations and the preliminary textural-
mineralogical data obtained in this study, it is suggested that three different geological events have
been operative in the Taurides: the first one Precambrian-Early Cambrian (Late Pan-African
event), the second one between Carboniferous and Late Permian (Late Variscan event), and the
last one during the Alpine period (Figure 1).
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Figure 1. The distribution of the illite/micas of the SBC, Lower Paleozoic and Mesozoic cover units on the by -
1(002) / 1(001) diagram.
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Bolkar Daglar’nin Tektono-Stratigrafi Ozelliklerine Ait Yeni Diizenlemeler

Umit Ulu
Jeoloji Yiiksek Miihendisi

Bolkar Daglari, Paleozoyik ve Mesozoyik yaslt “Temel Kayalar1” ile kismen de Paleosen-Eosen yash
“Paleo-Otokton Ortii Kayalari”ndan olugmustur. Temel Kayalar’nin en altinda Aladag Birligi,
onun iizerinde Bolkar Dagi Birligi ve bunlarm da tizerinde Bozkir Birligi yeralmaktadir. Bu
birlikler birbirlerini tektonik olarak tizerlerler. Aladag Birligi, “Orta Toroslar” in naph yapisinda,
en alta bulunan goreceli-otokton konumlu “Geyik Dagi Birligi"nin tizerine yaklagik olarak kuzey-
kuzeydogudan giiney-giineybatiya dogru ilerleyerek yerlesen ilk naptur. Bu nap, Devoniyen’den
Ust Kretase'ye kadar degisen vyastaki self-tirt karbonat ve silisiklastik ¢okel kayalarim
kapsamaktadir. Aladag Birligi icinde Ust Permiyen yash Dumlugdze Formasyonu, Ust Triyas-Alt
Jura yash Gevne Formasyonu, Orta Jura-Alt Kretase yash Cakozdagi Formasyonu, Ust Kretase
yagh Akgaldagi ve Yavca formasyonlart ayirtlanmigtir. Bolkar Dagi Birligi, silisiklastik ve karbonat
kayalari ile temsil olunan self-tiri ¢okellerden olusan ve giiney-giineybatiya dogru yerlesen
“koksiiz” bir naptir. Bolkar Dag Birligime ait kayalar yesilsist-fasiyesi  kogullarinda
metamorfizmaya ugramistir. Birlik iginde hem derine ve hem de kuzeye dogru metamorfizma
derecesinde bir artig goriilmektedir. Bolkar Dagi Birligi i¢inde; Ust Permiyen yagh Karayelke
Formasyonu, Alt Triyas yasgh Cocakdere Formasyonu, Alt-Orta Triyas yash Kizildag Formasyonu,
Ust Triyas-Jura yash Rahatdagi Formasyonu ve Ust Kretase yasgh Osilintepe Formasyonu
ayirtlanmigtir. Bozkir Birligi; temel kesimi haritalanabilecek boyutta bityiik bir ofiyolit kiitlesi ile,
bunun iizerinde ¢dkelmis pelajik kiregtagi ve en Ustte yeniden cokelen pelajik ve/veya resifal
karbonatlar, spilitler ve/veya radyolaritler, “Pietra-verde tipi * yesil tiifler ile diyabaz, serpantinit ve
diger ultramafik bloklardan ibaret bir olistostromal melanjdan olusan kompleks bir naptr. Bazi
olistolitler birka¢ kilometre uzunluktadir ve kendi iclerinde kendilerine ozgi istiflenmeler
sunarlar. Bozkir Birligi i¢inde en altta Toroslar'in degisik kesimlerinde degisik adlarla amlan
Alihoca Ofiyoliti (Pozanti-Karsanti Ofiyoliti, Aladag Ofiyoliti, Mersin Ofiyoliti) ile onun tzerinde
pelajik kiregtaglarindan olusan Ust Kretase yagh Ciftehan Formasyonu ve onun da iizerinde
Bloklu Flis ayirtlanmigtir. Bozkir Birligi'ni olusturan tektonik bloklardan biri olan Afgan Tektonik
Dilimi, yorede uzun mesafelerde izlenebilir. Bu tektonik dilimi; Triyas yash oolitik kiregtaglarindan
olugan Oyukludag Formasyonu, Dysodonta’li kirectaglarindan olusan Savklitepe Formasyonu, Ust
Jura-Alt Kretase yasgli Bucakkigla Formasyonu ve Ust Kretase yagh Cukurbag Formasyonu
olusturmaktacdir. Bu birimler, birbirlerinden ayirtlanamadigi yerde “Ayirtlanmamig Mesozoyik
Yaslt Birimler” adi alunda degerlendirilmistir. Bolkar Daglarini olusturan “Temel Kayalari™nt, bu
daglarin giineyinde ve kuzeyinde orten “Ortii Kayalart” da birbirlerinden farkls ozellikler sunar.
Bolkar Daglar kuzeyinde, Anatolid-Torid levhaciginin kuzeye dogru dalma-batma yapmasi ile
iliskili olarak gelisen bir ada-yay1 triini olan volkanikler ve bunlarla ardalanan denizel gokellerin
i¢inde bulundugu “Ulukigla Havzas:”, bunun tizerinde gelisen Pliyosen ve Kuvaterner'e ait altiviyal
ve golsel ¢okeller ile birlikte bulunan volkanitleri de iceren “Konya-Eregli Havzas” yeralir. Bolkar
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Daglari giineyinde ise Temel Kayalarini érten Mut ve Adana havzalarina ait Oligosen-Miyosen
yash Ortii Kayalart ytizeylemektedir.

Re-Arrangements On Tectono-Stratigraphic
Characteristics Of The Bolkar Mountains

Bolkar Mountains consists largely of Paleozoic and Mesozoic Basement Rocks and partly
Paleocene-Eocene aged, “Paleo-autochtonous Cover Rocks”. Basement Rocks is represented by
Aladag, Bolkar Dagi and Bozkir units. Aladag Unit forms the lowermost part of the basement.
Bozkir Unit tectonically overlies the Aladag and the Bolkar Dagi units. Aladag Unit is the first
nappe that has been drifted from north-northeast to the south-southwest onto the Geyik Dagi
Unit, which locates at the lowermost part of the nappe structure in Central Taurides and is para-
autochtonous in nature. This nappe comprises shelf-type carbonates and siliciclastic sedimentary
rocks of Devonian to Late Cretaceous. In Aladag Unit, Upper Permian aged Dumlugéze
Formation, Upper Triassic-Lower Jurassic Gevne Formation, Middle Jurassic-Lower Cretaceous
Gakozdagr Formation, Upper Cretaceous Akcaldagi and Yavca formations have been
distinguished. Bolkar Dagi Unit comprises shelf-type siliciclastic and carbonate deposits and is a
“rootless” nappe, emplaced south-southwesterly. Rocks belonging to Bolkar Dagi Unit have been
metamorphosed under greenschist-facies conditions. The degree of metamorphism in that unit
increases toward north, both downwards and laterally. In Bolkar Dagi Unit, Upper Permian
Karayelke Formation, Lower Triassic Cocakdere Formation, Lower-Middle Triassic Kizildag
Formation, Upper Triassic-Jurassic Rahatdagi Formation and Upper Cretaceous Osiintepe
Formation have been distinguished. Bozkir Unit is a complex nappe, including large, mappable
blocks of ophiolithic rocks in the basal part of this unit and an olistostromal melange, composed of
re-sedimented pelagic and/or reefal carbonates, spilites and/or radiolarites, pietra-verde type green
tuffs and blocks of diabase, serpentinite and the other ultramafic rocks. Some of the olistoliths
range several kilometers and these represent their peculiar sequences. In Bozkir Unit, Alihoca
ophiolite, so-called with different names in different areas (Pozanu-Karsanti ophiolite, Aladag
ophiolite, Mersin ophiolite) and Upper Cretaceous Ciftehan Formation, which is composed of
pelagic limestones and the capping, Blocky Flisch have been distinguished. Afgan Thrust Sheet,
offering a large tectonic block in Bozkir Unit can be observed in long distances. That thrust sheet
comprises Triassic Oyukludag Formation with oolithic limestones, Savklitepe Formation bearing
Dysodontas, Upper Jurassic-Lower Cretaceous Bucakkigla Formation and Upper Cretaceous
Gukurbag Formation. Where these formations can not be distinguished, then that has been called
as "Undistinguished Mesozoic Aged Units”. Cover Rocks, overlying the rocks constituting
Basement Rocks of Bolkar Mountains southerly and northerly, also present different features.
North to the Bolkar Mountains, Ulukigla Basin, which has been developed related with the
northward movement of Anatolid-Torid plate and includes volcanics, yielded from island-arc and
alternating with marine sediments, locates. Above that basin, the Konya-Eregli Basin, offering
Pliocene and Quaternary alluvial and limnic sediments and volcanics, sits. On the other side,
toward the south, Cover Rocks of Oligocene-Miocene age, belonging to Mut and Adana basins,
overlay.
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Kara_ncahisar Kubbesinde Sanicicek Sistleri (Edirdir-Isparta Giineydogusu) ile
ic Bati Anadolu’da (Sandikhi-Afyon)Yiizeylenen Erken Kamhriyen Yash
Hiidai Formasyonunun Korelasyonu

Semih GURSU*, Hiiseyin KOZLU** ve M. Cemal GONCUOGLU***

*MTA Genel Miidiirliigii, MAT Dairest, Ankara
*% Tiivkiye Petrolleri Anonim Ortakhg, Arama Grubu, Ankara

##x0rtq Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Ankara

Bu c¢aligmada, I¢ Bati Anadolu’da Sandikh bolgesinde yiizeylenen Erken Kambriyen yash Hiidai
formasyonu ile Egirdir (Isparta)nin giineybatisinda Karacahisar Birligi (Dumont ve Kerey, 1975)
icerisinde degerlendirilen “Sarigigek Sistleri"nin stratigrafik ve litolojik ozelliklerinin korelasyonu
amaclanmstir.

Toros-Anatolit platformunun bati kesiminde yer alan inceleme alanindaki Paleozoyik birimler,
Toros kusagmin ayirtman stratigrafi ve tektonik ozelliklerini tagimaktadir. Sandikh (Afyon) ve
Egirdir (Isparta) ilgelerinin giineybausinda yer alan inceleme alani, Ozgil (1976)'ya gore
Geyikdagi Birligi igerisinde degerlendirilmektedir. Sandikhi (Afyon) bolgesinde ylizeylenen
Mesozoyik éncesi birimler; Prekambriyen yash Sandikh Temel Kompleksi (STK) ve Alt Paleozoyik
yagh ortii birimlerinden olugmaktadir (Girsu, 2002). Alt Paleozoyik yash ortl birimleri
Gogebakan, Hiidai, Caltepe ve Seydisehir formasyonlart olugmaktadir (Girsu ve Gonctioglu,
2001).

Ortii birimlerinin  tabanmi  olugturan  Erken Kambriyen yagh Gogebakan formasyonu,
Prekambriyen yash STK’ni ¢okel iligkili uyumsuz bir dokanak boyunca iizerlemektedir. Gégebakan
formasyonu, tabanda devamlilik gostermeyen, temel birimlere ait cakillar igeren meta-konglomera
ile baglar ve iiste dogru transgresif olarak meta-kumtagi (arkozik), koyu kahve-mor renkli meta-
silttaglart ile mor-bordo ve yesilimsi-siyahimst  renkli fillittk meta-silttagl, meta-gamurtasi
ardalanmast ile devam etmektedir. Gégebakan formasyonu, iiste dogru Hiidai formasyonunun
silisiklastik kayaclarindan olusan Celiloglu tiyesi ile gegislidir. Bu birimin ¢okelme yast, Gogebakan
formasyonu ile gegis araligimda belirlenen (Erdogan ve dig., 2000) iz fosillere gore Alt Kambriyen'e
(Tommotiyen) kadar inmektedir. Celiloglu tyesi, Uste dogru, arada énemli bir uyumsuzluk
olmaksizin kirli beyaz, acik bej, pembe, acik yesil kuvarsitlerden olusan Hiidai formasyonunun
Orenkaya Kuvarsit iiyesine geger. Hudai formasyonu, Toros-Anatolit kugaginda yaygin olarak
izlenen Alt-Orta Kambriyen yasgh Caltepe formasyonunu uyumlu olarak altlamasindan dolay1
Erken Kambriyen yash oldugu bir ¢ok arasgtirmaci tarafindan belirtilmistir (Ozgiil ve dig., 1991;
Dean and Ozgul, 1994; Giinay et al., 1995; Dean and Monod, 1995; Kozlu and Gonciioglu; 1995,
1997).
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Sarigigek Sistleri, Egirdir (Isparta) giineydogusunda, Belence kéyiiniin giineyinde Aksu deresi
boyunca izlenen bir antiklinalin cekirdeginde vyiizeylenmektedir. Bu alanda birimin tabani
gortilmez. Yiizeylenen kesimi, alttan tste dogru yesil-yesilimsi bej ve koyu mor renkli meta-
kumtagt ile yesil-morumsu yesil renkli meta-silttagi ardalanmasindan olusur. Birim tste dogru
yanal yonde devamhlik gostermeyen yesil-mor renkli silttasi-kumtasi parcaciklart iceren kanal
dolgusu &zelliginde bir cakilli seviye ile bej-kahvemsi bej renkli orta-kalin tabakali meta-
kumtagi/meta-silttagi ardalanmasina gecer. Yesil, beyaz, pembe ve acik bej renkli meta-kumtasi
(kuvarsit) ile devam eden istif (Senel ve dig. 1996min Kocaosman formasyonu), Alt-Orta
Kambriyen yash Caltepe formasyonu ve Ust Kambriyen-Alt Ordovisiyen yash Seydisehir
formasyonu ile devam eder. Dumont ve Kerey (1975) tarafindan belirtildigi gibi, Saricigek Sistleri,
tstline gelen birimlerle tedrici gegislidir.

Bu galigmada, Toros-Anatolit kusaginda yanal yénde devamhlik gésteren Erken Kambriyen yash
Hiidai Formasyonu Celiloglu tiyesinin, Sarigicek Sistleri ile; Orenkaya Kuvarsit tiyesinin ise Senel
ve 56. Tiirkiye Jeoloji Kurultayr dig. (1996)'nin Kocaosman formasyonu ile esdeger oldugu, iki
birim arasinda yer alan konglomeratik seviyelerin kanal dolgusu nitelikli oldugu ve bir
uyumsuzlugu yansitmadigi belirlenmistir. Dolayisiyla, Saricicek Sistlerinin Prekambriyen yash
olmasindan ziyade, Sandikli (Afyon) bolgesinde yiizeylenen benzer seviyeleride Erdogan ve dig.
(2000)'nin yas bulgularina gére Erken Kambriyen yasta olmast gerekmektedir. Bu durumda
Toroslardaki Prekambriyen ile Alt Paleozoyik arasindaki uyumsuzlugun, Erken Kambriyen yagh
Gogebakan formasyonu ile Prekambriyen yash Sandikhi Temel Kompleksi arasinda oldugu
savunulmaktadir.

Prekambriyen-Alt Paleozoyik istifleri arasinda benzer bir uyumsuzlugun varhg Dogu Toroslardaki
yiizeylenmelerde Ozgiil ve Kozlu (2002) tarafindan da belirlenmigtir.

The Correlation of the Early Cambrian Hiidai Formation in Inner Western
Anatolia (Sandikh-Afyon) with Sarigigek Schists in Karacahisar Dome
(Egirdir-Southeast Isparta)

The aim of the study is to correlate the stratigraphic and lithologic features of the Early Cambrian
Hiidai Formation in the Sandikli region (Inner Western Anatolia) with the Sarigigek Schists that
occurs in the Karacahisar Unit (Dumont and Kerey, 1975) to the southeast of Egirdir (Isparta),

The Paleozoic units in the western part of the Tauride-Anatolide Platform that includes the
studied area display distinctive stratigraphic and tectonic features of Tauride Belt and are
evaluated as a part Geyikdag Unit of Ozgiil (1976). The pre-Mesozoic rock-units in the Sandikl
(Afyon) region are made up of the Precambrian Sandikhi Basement Complex (SBC) and their
Lower Paleozoic cover units (Giirsu, 2002). The latter includes the Gogebakan, Hiidai, Caltepe,
and Seydisehir formations (Giirsu and Gonciioglu, 2001).

The Gogebakan formation at the lower part of the Lower Paleozoic cover units, unconformably
covers the Precambrian SBC. It starts with a basal conglomerate including pebbles of SBC rocks
and continues upward with meta-sandstone (arkosic), dark brown-violet meta-siltstones with violet-
claret red and green-black phyllitic meta-siltstone, meta-mudstone alternations. It is transitional to
the silisi-clastic rocks of Celiloglu member of the Hiidai formation. The depositional age of the
Celiloglu member is Tommotian (Lower Cambrian) based on the trace fossil finding of Erdogan et.
al. (2000) at the transitional zone with the Gogebakan formation. The Celiloglu member is
conformably overlain by the Orenkaya Quartzite member of the Hiidai formation, that consists of
dirty white, light beige, pink, light green coloured quartzites. As the Hiidai formation is
conformably overlain by the Lower-Middle Cambrian Galtepe formation in Tauride-Anatolide
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Platform, an Early Cambrian depositional age were suggested by various authors (Ozgiil et. al,
1991; Dean and C)zg[il, 1994; Giinay et al., 1995; Dean and Monod, 1995; Kozlu and Gonciioglu;
1995, 1997).

The Saricicek Schists crops out within the core of an anticline near the Aksu stream in the
southern part of the Belence village to the southeast of Egirdir (Isparta). The basement of the unit
is not observed in this area. It consists of green-green beige and dark violet meta-sandstone with
green-violet meta-siltstone alternations from bottom to the top. Upwards, the formation is
transitional to beige to brown, medium- to thick-bedded meta-sandstone/meta-siltstone
alternations. At this transitional zone, there are discontinuous lenses of channel-fill type
conglomerates with pebbles of green-violet siltstones and mudstones. The succession with meta-
sandstone/meta-siltstone alternation is conformable with the overlying green, white, pink and light
beige quartzites (Kocaosman Formation of Senel et al., 1996) and is followed by the Lower-Middle
Cambrian Caltepe and the Upper Cambrian-Lower Ordovician Seydisehir formations,
respectively. It is confirmed that the Saricicek Schists display a graditional contact to the overlying
units, as previously mentioned by Dumont and Kerey (1975),

In this study it is established that the Celiloglu and Orenkaya Quartzite members of the Early
Cambrian Hiidai formation in the Sandikli area are the equivalents of the Sarigicek Schists and
Kocaosman formation, respectively in the Karacahisar Dome. It is further established that the
conglomeratic layers between them are of channel-fill type and do not represent an unconformity.
Consequently, the depositional age of the Saricicek Schists is not Precambrian but Early Cambrian
according to the age determination of Erdogan et al. (2000) from the corresponding levels in the
Sandikli area. By this, it is put forward that the Precambrian unconformity in the Taurides should
be located between Sandikli-type basement complexes and Gogebakan-type Early Cambrian
formations.

A similar unconformity between the Precambrian and Lower Paleozoic successions in the Eastern
Taurides is also reported recently by Ozgiil and Kozlu (2002).
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Orta Toroslarda Bozyazi-Ovacik Arasinin Jeolojisi

Mehmet Ali GUL
TPAO Arama Grubu, Ankara

Hasancik fayt ile birbirinden ayrilan Bozyazi ve Ovacik yoreleri, Toros kitasal kabuguna ait farkl:
tektonostratigrafik konuma sahip tektonik birlik ile birimlerin yan yana geldigi bir alandir.

Hasancik fay1 dogusunda Anamur-Bozyaz yoresindeki birim ve birlikler alttan iiste dogru
asagidaki sekilde siralanmugtir. En altta Kambriyen-Ust Kretase yagh Antalya birligi ile Alanya
birligi yer almaktadir. Her iki birligi Paleosen- Eosen yash Anamur formasyonu uyumsuz
ortmektedir. Anamur formasyonu iizerinde ise alttan {iste dogru Ust Mestrigtiyen- Erken
Tersiyer(?) yash Tekmen formasyonu, Kambriyen-Ust Kretase yaslt Gozce birimi, Infrakambriyen
yaslt Aydincik birimi, Ordovisiyen-Kretase yasli Haytbiiki birimi, Kazikli dere birimi ile en iistte,
kendi iginde birkag kez dilimlenen Devoniyen-Geg Kretase yaslt Aladag birligi ile kitasal kabuk ve
okyanussal kabugun karigimindan olusan Bozkir birligi yer alir. Hasancik fay1 dogusunda, Ovacik
yoresinde, alttan iiste ise Infrakambriyen-Alt Eosen yag aralikh Ovacik birimi, Kretase-Ust Kretase
yash kismen metamorfize olmug Sipahili birimi, Triyas yaslh(?) Pamucak birimi, 1nfrakambriyen
yaslt Aydicik birimi, Ordovisiyen-Ust Kretase yas araliklt Araca birimi, Kambriyen-Ust Kretase yas
araliklt Korucak birimi, Kretase-Ust Kretase yvagh Gedikdagi birimi, Kambriyen-Ust Kretase yas
aralikli  Gokbelen birimi ile en istte Aladag birligi ve Bozkir birligi yer alir. Tiim bu birim ve
birlikler Miyosen yash birimler tarafindan uyumsuz olarak ortiilmektedir. Gedikdagi ile Sipahili
birimleri Sipahili birligi icerisinde, Ovacik birimi ise Geyikdag birligi icerisinde ele alinmustir.
Bolgenin bugiinkii konumuna gelmesinde genel olarak dort tektonik faz énemli rol oynamustir :
a-Ust Kretase, b-Alt Eosen sonu c-Orta Fosen sonu, d-Ust Eosen sonu.

Anahtar Kelimeler:

Birlik (Union): Genellikle bir kugak boyunca izlenen ayni yag ve ozelliklere sahip birimleri iceren
tektonik birimler ve tektonik dilimlerden olusan en biyiik tektonik parcadir.

Tektonik Birim (Unit): Ayn1 birlik icerisinde olamsina kargin eksik birimler veya farkl fasiyeste
birimler icermesi ve farkh tektonik davranislar gostermesi ile taninur,

Geology Of Bozyazi-Ovacik Area In Middle Taurus

Bozyazi-Ovacik area that is separeted by the Hasancik fault is a terrain where tectonic units and
unions with different structural and sedimentologic characteristics are exposed.

In the west of Hasancik fault, geological section of Bozyazi areais given as follows from bottom to
top: Cambrian-Late Cretaceous Antalya and extensively metamorphised Alanya Unions is seen.
Both of this union are overlain unconformably by Late Paleocene-Eocene Anamur formation.
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Geological unions tectonicallyoverlying Anamur formation from bottom to top are: Late
Maaestrichtian-Early Tertiary? Tekmen Group, Cambrian- Late Cretaceous aged — Gozce,
Haytbiikii, Kaziklidere units. At the top of section Devonian-Late Cretaceous Aladag Union is
tectonically overlain by Late Cretaceous aged Bozkir union which is a melange of oceanic and
continental crusts, had been placed tectonically over those underlying unions.

in the east of Hasancik fault, geological section of Ovacik area is given as follows from bottom to
top: Cambrian-Farly Eocene Ovacik unit belongs to Geyikdagi union, Late Cretaceous Sipahili
unit  belongs to Sipahili union, Cambrian-Late Cretaceous Araca unit, Cambrian- Late
Cretaceous Korucak unit, Bozkir union, Late Cretaceous Gedikdagi unit belongs to Sipahili
union, Cambrian-Late Cretaceous — Gokbelen unit, finally at the top Aladag union and Bozkir
union. This tectonic units are overlain by Miyocene aged sedimentary rocks.

The area was structurally configured in four distinct phases: a.Late Cretaceous, b. Late Early
Focene c.End of Middle Eocene d.End of Late Eocene.
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Fliiviyal Morfolojinin Aktif Tektonik Tarihge Aclsmdq_n Degerlendirilmesine
Eskisehir Havzasi Giineyinden Bir Ornek

Faruk OCAKOGLU, Salih AKAN

Osman Gazi Universitesi, Jeoloji Miihendisligi Biliimii, Eskisehir

Fliviyal sistemler, kaide seviyesinin (akasuyun yatagmi agindirabilecegi en disiik seviyenin) temel
belirleyiciliginde yeryiiziinii hidrodinamik etkilerle bigimlendiren énemli ajanlardan biridir. Belirli
iklimsel ve litolojik kosullar altinda boyuna profillerini kaide seviyesine ulastirma egilimindeki bu
sistemler, kaide seviyesinin degismesi ile morfolojik/morfometrik farklilasmaya ugrarlar. Bu
nedenle nihai kaide seviyesi olarak denizlerden uzak kitaigi havzalarda fliiviyal morfolojik analiz,
onemli kaide seviyesi degisim nedenlerinden biri olan aktif tektonik etkinligin zaman i¢indeki
evrimine 11k tutma potansiyeline sahiptir.

Eskisehir havzasi, kuzeyi heniiz ayrintli cahsilmamig ancak olasilikla normal faylarla belirlenmis,
glneyi ise daha iyi bilinen kabaca D-B gidisli normal fay segmentleriyle sinirlanmig 120 km
uzunlugunda ve 20 km genisliginde bir ¢okiintii alanidir. Porsuk Nehri, havza giineyindeki genig
yiiksek alanlart akaglayarak cokiintii alanina girer. Burada batdan gelen eksenel Sarisu Nehri'yle
birlesir. Havza uzanimina paralel olarak doguya dogru ilerlerken kuzey ve glineyden gelen kisa,
mevsimlik akarsularla birleserek Polatls (Ankara) civarinda, Sakarya Nehri'ne kavugur.

Porsuk nehrinin havzaya girdigi Eskisehir kent merkezinin GB’sinda ve GD’da Sultandere civarinda
iki farkly aktif yapryla iliskili yaklagik D-B gidisli gizgisel sarpliklar bulunmaktadir (Sekil 1). Porsuk
nehri, GB’daki aktif yapinin giineyinde yer alan yiikselen blogu 790 m yatak yiikseltisi ile katetmekte
ve fay sarpligimin nihayetlendigi bir noktadan hemen ayni ylikseltide havzaya acilmaktadir.
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Sekil 1: Eskisehir giineyinde Miiviyal morfolojik analizlerin odaklandigr alanlar
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Bu alanda Porsuk’un d(egi§ik kesimlerinde yaklagtk 900 m kodunda yer alan yer yer yaygin bir
taraca kalmtist bulunmaktadir. Giincel nehir ile kollarindaki taracalar tahrip eden derin
kazinmalar, komsu akarsu sistemlerini kapmalari ve bir kag kitlesel heyelan, kaide seviyesinin 100
m kadar diigsmesiyle nehrin genglesmeye maruz kaldigimi gostermektedir. Bu kaide seviyesi
diigiimii icin en makul agiklamanin havza kenari veya icindeki bir akdf yapi oldugu ileri
strilmustiir.

GD'da Sultandere civarinda aktif fayin yiikselen blogu tzerindeki Sarisungur Nehri'ne ait agag
sekilli drenaj sisteminin yer yer kesilmeden diisen blok tizerinde de devam ettigi; ancak ylikselen
blok iizerinde buradaki diisey atimla ilgili bagka ve daha geng bir drenaj takimimimn gelistigi
gozlenmektedir. Her iki sistem de halen yataklarini kazima egilimindedir. Bu gozlem de, daha
kuzeyde kaide seviyesini énemli dlctde diisiirerek Sarisungur sisteminde genglesmeye yolagan,
arazide actk morfotektonik ipuglar sergilemeyen baska ve onemli bir aktif yapinin varhgini dolayh
olarak gostermektedir.

Her iki alandaki fliiviyal morfolojik verilerin isaret ettigi bu aktif yapiya ait ilk ipucu Eskigehir Ovast
icinde Porsuk'un aniden déndiigii ve 8 km boyunca BKB dogrultusunda cizgisel olarak uzandig
menderes kugagidir. Menderes kugaginmn yakin kuzey ve giineyindeki sondaj loglarinda Kuvaterner
sedimanlarinin kalinlik degisimleri bu bolgede BKB gidigh, Kuvaterner sedimanlar ile ortili ve bu
yiizden topografik anomali sunmayan bir aktif faymn varhgina isaret etmektedir. Olast akdf faym kent
merkezindeki smirh bir kesiminde, ayni dogrultuda dizilen sicak su kaynaklart da flitviyal morfolojik
analizlerden itibaren dolayli olarak varligy ileri siirtilen bu hipotezi destekler niteliktedir. Anilan aktf
yap1 kent merkezini katettiginden varhgi, karakteri ve atim miktari ile ilgili daha giivenilir ve ayrinth
bilgiler igin yiiksek ¢oziintrlikli sismik cahigmalara ihtiya¢ bulunmaktadur.

An Example Of Fluvial Morphological Evaluation With Respect To Active
Tectonic History From The Southern Eskisehir Basin

Fluvial systems are one of the important agents reshaping hydrodynamically the the earth’s surface
in accordance with their base levels. Under the given climatic and lithologic circumstances, the
fluvial systems try to reach base level in their longitudinal profile. A new event changing the base
level will create a change in morhpology and morhometry of the system. For this reason, the
fluvial morhpological analysis of the intracontinental basins far from the oceans (that constitutes
the ultimate base level highly affected by eustatic sea-level change) has a potential to delineate the
history of the active tectonic events.

Modern Eskisehir basin is a 120 km long and 20 km width depression that is limited to the south
by roughly E-W running normal-faulted segments. The northern margin is also presumably
normal faulted. The Porsuk river drains the southern relatively high-altitude region, and enters
the depression to the SW. After coalescing with the Sarisu river, it runs eastward parallel to the
morphological trend feeding by the some secondary seasonal branches. To the NW of Polath
(Ankara) it joins with the Sakarya river.

In two distinct area to the SW and SE of the Eskigehir city center, the site where the Porsuk enters
the depresion and the Sultandere district respectively, two linear scarps extend in approximately
the E-W direction (Figure 1). The Porsuk river traverses the hanging block at an altitute of 790 m,
and open to the the basin floor where the fault-scarp became extinct. In this area, a remain of the
terrace of Porsuk at 900 m extends considerably. Deep erosion, of both Porsuk and its subsidiaries,
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small scale piracy of neighboring systems, several landslides, all indicates a fall of about 100 m of
base level and the resulting rejuvenation of the Porsuk system.

To the SE, near the Sultandere district, an older drainage pattern (the Sarisungur river) that
continues over both the foot-wall and hanging-wall blocks without interruption, and another very
young pattern carved into hanging-wall block are observed. Both set of systems are actually
incising the surface. This observation as well, implies an active tectonic structure that causes the
rejuvenation in the Sarisungur river system The unique visible clue of this structure is the 8 km
long, WNW-running meander belt of Porsuk river. Evaluation of drill logs with respect to
Quaternary sediment to the north and south of this meandering river course shows clear thickness
variation, probably related with a buried active structure below modern sediments. Several hot-
water outflows in nearby locations support the burried-fault interpretation. Since the inferred
structure via fluvial morphological analysis traverses the city center, high-resolution seismic studies
are needed to verify the structure, and to delineate its nature and the amount of offset.
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Urla Cokiintiisii Miyosen istifinin Stratigrafisi ve
Volkanik Fasiyesleri, Bati Anadolu, Tiirkiye

Okmen SUMER, Fuat ERKUL, Hasan SOZBILIR ve Ugur INC
Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimi, 35100 Bornova, Izmir

e-mail : okmen.sumer@dew.edu.tr

Urla (Izmir) ¢evresindeki Miyosen istifi, batida Karaburun Yiikseltisi, doguda Seferihisar Horst'u
arasindaki K-G gidisli bir yapisal ¢okiintii iginde bulunur. Istif altta kirintih fasiyesteki Bozavlu ve
Cankurtaran formasyonlarindan, iistte Urla kiregtagindan olusur ve Bornova filigi tizerine
uyumsuz olarak oturur. Istif Iskele trakiti tarafindan kesilir ve Yarantepe bazalti tarafindan
ortiliir. Bozavlu formasyonu egemen olarak kaba ve ince taneli akarsu fasiyesi, Cankurtaran
formasyonu ise biiytimeli lapilli igeren gapraz katmanlanmah volkanik kumtaglari, trakit
lavlarindan yapili volkanik bresler ve bu fasiyeslerin ardalanmasindan olusur. Iki formasyon
birbirleriyle yanal-diisey gecislidir. Gegis zonunda, yer yer biyiimeli lapilli seviyeleri iceren gapraz
katmanli kumtast ve trakitik volkanik bres ardalanmasi karakteristiktir. Her iki formasyon
icerisinde capraz katmanlar, normal-ters derecelenmeler ve kanal dolgulart gibi yapilar yaygindir.
Bozavlu formasyonundaki bu yapilar sedimenter olaylarla iliskili olmalarina kargim, Cankurtaran
formasyonunda bu yapilar volkanik akmalarla iliskilendirilmistir. Urla kiregtasi, beyazimsi gri
renkli ve bol gastropodlu golsel karbonatlardan yapilidir. Birim igerisinde az miktarda marn,
kiltagi gibi diizeyler de karbonat istifi iginde yer alir. Tortul istift kesen Iskele trakiti, dom, trakitik
dayk ve lav toplulugundan olusur. Dayklarin uzunluklar: 50 — 100 m, geniglikleri ise 10 — 15 m
arasinda degigmektedir. Trakitik dayklarin yerlesimi baskin olarak K-G olmasina karsin, az da olsa
yaklagik D-B yerlesimlerde séz konusudur. Bolgedeki en geng volkanik evre tim istifi orten
olivinli bazalt lavlarindan yapili Yarantepe bazaludir.

KD-GB ve KB-GD geng yapisal hatlarla kontrol edilen Kuvaterner yash altivyonal ¢okeller tim
birimleri uyumsuzlukla orter.

Yukarida sunulan arazi verileri ve stratigrafik iliskiler igginda, bolgede trakit bilesimli volkanik
aktivite karasal ortamda ve iki evrede geligmistir. {1k evre patlamali bir volkanizma, ikinci evre ise
trakitik lav akmalar ve trakitik yerlesimler ile temsil edilir. Ilk evre volkanizmanin olusturdugu
tirbiillans (surge) — yagis (fall) ve volkanik breg fasiyes topluluklarinin ardalanma sunmasi ve
bitytimeli lapilli iceren seviyelerin varhg, ilk evrenin patlamali, magma-su girigimi ile geligen
“freatomagmatik” bir volkanizma oldugunu isaret eder. Ayrica trakitik dayk yerlesimlerinin
yaklagik K- KD ve K-KB uzanimlara sahip olmasi ve geng aliivyonal ¢okellerin de bu tektonik
yonlerle kontrol edilmesi, K-G dogrultulu yapisal hatlarin Miyosen’den giniimiize kadar devam
ettigi seklinde yorumlanabilir.
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Stratigraphy and Volcanic Facies of the Miocene Sequence in
the Urla Depression, Western Anatolia, Turkey

The Miocene sequence around Urla (Izmir) is- located in N-S trending depression between
Karaburun Uplift in the west and, Seferihisar Horst in the east. The sequence is made up of
Bozavlu and Cankurtaran formations at the lower part with clastic facies and Urla limestone at the
upper part. The sequence is cut by Iskele trachyte and is covered by Yarantepe basalt. Bozavlu
formation is dominantly made up of fine to coarse-grained fluvial facies. Cankurtaran formations
are represented by the white-pinkish volcaniclastic layers. The volcaniclastics are composed of
cross-stratified, accretionary lapilli bearing volcanic sandstone and monomictic volcanic breccia
intercalation. The contact between these formations is laterally and vertically transitional. The
transition zone is characterized by an alternation of accretionary lappili-bearing, cross-bedded
volcanic sandstone and trachytic volcanic breccia. Both formations display abundant sedimentary
structures such as normal and reverse grading and channel fills. Although the sedimentary
structures within the Bozavlu formation are related to sedimentary procceses, the volcaniclastic
dominated facies of Cankurtaran formation is formed by syn-and post- eruptive processes. Urla
limestone is composed of gastropoda-bearing lacustrine carbonate rocks with minor intercalation
of marl-claystone. The Iskele trachyte cutting the sedimentary sequence consists of dome, dyke
and lava association. The general trend of the dykes is approximately N-S in direction. The dykes
are 50 -100 m long and 10-15 m wide. The youngest volcanic phase represented by olivine basalt
lava flows is the Yarantepe basalt, which covers the whole sedimentary and volcanic succession.

The region is cut by the late-stage structural lines trending NE-SW and NW-SE which are active
during Quaternary and the deposition of Quaternary young sediments are largely controlled by
these structures within the area.

Field evidences and stratigraphic relationships presented above show that two stages of trachytic
volcanism occurred in a subaerial environment. The first stage volcanism forming the
phreatomagmatic surge and fall deposits is represented by the succession of explosive events. The
second stage of the trachytic volcanism is more coherent than that of first stage, producing lavas
and dyke associations. The coincidence of the structural trends forming the intrusive rocks and
alluvial deposits can be interpreted as the N-S trending structural lines were active since Miocene
to recent.
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Giimiildiir (izmir) ve Bigadic (Balikesir) Arasinda Uzanan
Miyosen Sonrasi Yash KD-Dodrultulu Acommodation
Zonuna ait Saha Verileri, Bati Anadolu

Hasan SOZBILIR*, Fuat ERKUL* ve Okmen SUMER*
*Dokuz Eyliil Universitesi, Miithendislik Fakultesi, Jeoloji Mithendishigi Béliimii,
35100 Bornova-Izmir/Tiirkiye, e-mail: hasan.sozbilir@deu.edu.tr

Bu caligma giineyde Giimiildir (Izmir) kuzeyde Bigadig (Balkesir) arasinda kalan yaklagik 150 km
uzunlugunda ve 10 km genigligindeki KD-dogrultulu bir zonda yapilan jeolojik haritalama ve
yapisal gozlemleri agiklar.

Bu zonun degisik zamanlarda aktif olduguna dair caligmalar bulunmaktadir. Okay ve dig. (1996)
Bornova Flis Zonu'nun Kretase sonunda bu zon boyunca gelisen bir transform fay zonu icinde
olustugunu belirtir. Kaya (1979) bu zon i¢inde KD-dogrultusunda uzanan bolgeyi Akhisar
cokiintiisii olarak tanimlamig ve bu ¢okiintiyi siirlayan yapisal hatlarin Miyosen éncesinden
kalitsal normal faylar oldugunu iddia etmigtir. Ring ve dig. (1999) Kiklad metamorfik cekirdek
kompleksi ile Menderes Masifini birbirinden aymran ve Miyosen'de her iki metamorfik
kompleksteki farkli kabuk geniglemesini kontrol eden sol yonli bir transform fay zonunun olmast
gerektiginden bahsederler.

Bu caligmada yukarida tanimlanan zonun Miyosen'den sonra da aktif hale gectigine dair yapisal
veriler elde edilmistir. Bu zon icinde kalan Miyosen birimleri cok sayida dogrultu atmli faylarla
kesilmis ve bu dogrultu aumli faylara bagli olarak Miyosen birimlerinde hem normal fay hem de
kiviim  gibi  deformasyon yapilart  gelismistir.  Bu veriler ozellikle K-KD dogrultulu Urla
cokiintiisiinde, Gubukludag grabeninde, Kemalpaga-Torbali havzasinda ve daha kuzeyde Akhisar-
Bigadig arasindaki Miyosen yiizleklerinde gézlenmistir. Ayrica Miyosen birimlerinin temelini
olusturan Bornova Flis Zonu i¢inde de ¢ok sayida dogrultu atim bilesenli faylar saptanmistir. Bu
zona ait yapisal hatlar Pliyo-Kuvaterner yash D-B dogrultulu normal faylarla kesilmistir.

Bu zon D-B dogrultulu Gediz, Kiiciik Menderes ve Biiyiik Menderes grabenlerini bati sinirmi
olusturur ve olasilikla grabenlerin olusumlar sirasinda da K-G dogrultulu genigleme tektoniginin
gelismesine katkida bulunmustur. Zonun icinde kalan Kuvaterner havzalarin ¢ogu K-KD
dogrultulu dogrultu atimh faylarla sinirlandimlmistic ve bu nedenle Kuvaterner havzalari romb
graben veya pull-apart havzalar niteligindedir. Aletsel déonemde Bat Anadolu’da elde edilen
deprem kayitlarinda episantirlarin KD-dogrultulu hatlar boyunca dizilmesi, bu zonun gliniimiizde
de aktif oldugunu gostermektedir.

85



