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Metamorfik ve Tektonik Evrimi
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Birgok orojenik kusak birbirleriyle belirgin bir yapisal devamlilik gdsteren Mavisist ve Barroviyen
kusaklar icermektedir. Yunanistan’dan Naxos ve Tiirkiye’den Sivrihisar bolgeleri bunlara iki 6rnek
olarak verilebilir. Tiirkiye’nin bati kesiminde yer alan Sivrihisar Masifi’nin giiney kisimlarinda,
benzer sedimanter ve bazaltik kdken kayalarindan tiiremis, dalma-batma ve bunu izleyen kitasal
carpisma ile iliskili metamorfik birimler yiizeylemektedir. Dalma-batma zonunda olusan yiiksek
basing — disiik sicaklik (YB-DS) kayalari, aragonitten doniisme 1sinsal kalsit kristalleri igeren
mermerler ve kuvars-fengit sist ara katmanlar1 iceren, eklojit bloklu mavisistlerden (>15 kbar, 550 °C)
yapilidir. Orta basing — orta sicaklik (OB-OS) birimleri ise ilerleyen bir metamorfizmay1 tanimlayan
kloritoid, granat, stavrolit, disten =sillimanit iceren sist ve meta-kuvarsitlerden olugmaktadir.
Kloritoid’den sillimanite kadar olan tiim Barroviyen serisi 1 km.’den daha az bir yapisal kalinliga
sahiptir, dolayisiyla essicaklik egrileri birbirlerine olduk¢a yakin konumdadir. Ar/Ar yaslandirma
yontemi mavisist birimleri i¢gindeki fengit minerallerinin 87—-81 My arasi1 plato yasina sahip oldugunu
gosterir. OB-OS birimleri i¢cindeki muskovitler gorece daha geng plato yasi (63—57 My) verirken,
gecis zonu igindeki beyaz mikalar tam bir plato olusturmamakla birlikte 83—72 My arasi birlestirilmis
bir yas verirler. YB-DS ve OB-OS kusaklar1 ayni s1g denizel / kita kenar1 birimlerinin farkli tektonik
dilimlerinden meydana gelmistir. YB-DS tektonik diliminin yitim ve yiizeylemesi Geg¢ Kretase’de
gergeklesirken, OB-OS dilimi Paleosen—Eosen yash ¢arpisma siirecinde gomiilmiis, metamorfizmaya
ugramis ve tekrar yilizeylemistir. Kusaklar arasindaki dokanak, her iki birime ait mermerlerin birbiriyle
dokanak yapmasi nedeniyle arazi 6lgeginde belirgin degildir. Her iki birim de ayni yonelime sahip, iyi
gelismis bir ¢izgisellik gosterir. YB-DS birimlerinde sodik amfibol ve fengit, OB-OS birimlerinde ise
kloritoid, disten, sillimanit ve muskovit s6z konusu ¢izgiselligi olusturur. Buna karsin mermerler
icindeki iz elementlerinin miktarindaki degisim ve kalsit dokusundaki farkliliklar dokanagin
belirlenmesini miimkiin kilar. YB-DS kusag1 i¢inde yer alan, yaklasik 200 m kalinligindaki yapisal
gecis zonu mermerler igerisinde kismen yeniden kristallesmis 1ginsal kalsitlerin varligiyla karakterize
olmaktadir. Bu mermerlerin yeniden kristallesmeleri, OB-OS diliminin yiizeylemesi sirasinda YB-DS
kusaginin taban kesimlerinde 1sil etkiye neden olmalarindan kaynaklanmaktadir. OB-OS kusaginin
dokanaga yakin kesimlerinde ise EBSD analizi ile tespit edilen, kristallografik tercihli yonelime sahip,
yeniden kristallesmis kalsit kristalleri gbzlenmektedir. Barroviyen kusagimin geri kalaninda ise kalsit
kristalleri herhangi bir yonelim gdstermezler.

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

Key Words: Ar ages, Barrovian sequence, blueschist, metamorphism, Sivrihisar

17



62. Tiirkiye Jeoloji Kurultayi, 13—17 Nisan 2009, MTA — Ankara

Camlica Metamorfitleri’nde Yeralan Yiiksek-Basin¢ Metabazit Diliminin
(Eklojit/Mavisist) Petrografisi, Tektonik Ortami ve Rodop Masifi ile Iliskisi, Biga
Yarimadasi, Kuzeybati Anadolu

Firat Sengiin, Erding Yigitbas ve Ismail Onur Tung

Canakkale Onsekiz Mart Universitesi, Miihendislik-Mimarhik Fakiiltesi
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Yiiksek-basing metamorfik kayaglar1 Alpin orojenik sistemi igerisinde son derece yaygindir ve eski
dalma-batma zonlarmi gostermesi agisindan son derece onemlidir. Biga Yarimadasi’nin kuzeybati
boliimiinde yeralan Camlica metamorfik toplulugu alttan {iste dogru diisiik dereceli orta-basing
kosullarinda bagkalagima ugramis metalav ve metatiifden yapili Andiktasi formasyonu, granat-mika
sist, albit-epidot-klorit gist, kalksist ve mermer ardalanmasindan olusan Dedetepe formasyonu ve fillit-
mermer ardalanmasindan yapili Salihler formasyonu’ndan olusmaktadir. Dedetepe formasyonu
icerisinde ~2 km uzunlugunda ve 500 m genisliginde metabazit tektonik dilimi yiizlek vermektedir.
Bu metabazit tektonik dilimi baglica metagort, amfibolit, eklojit, mavisist, talk sist ve tremolit/aktinolit
sistten olugmaktadir. Eklojitlerin genel mineral bilesimleri omfasit + granat + epidot + kuvars +
glokofan + fengit £+ rutilden olusmaktadir. Buna karsin ge¢ evre makaslama zonlart boyunca
eklojitlerden doniismiis mavisistlerin genel mineral bilesimleri ise glokofan + granat + epidot + klorit
+ fengit + kuvars + sfendir. Bu parajenez yliksek basing mavisistlerini igaret etmektedir.
Eklojit/mavisistlerin etrafinda yaygin olarak granat iceren kuvarsca zengin sistler (metacort)
bulunmaktadir. Bu sistlerin genel mineral bilesimleri kuvars + fengit + granat + klorit + piyemontitten
olugmaktadir. Alpin yash yiiksek basing metamorfizmasina ugrayan kayaclar daha sonra albit, klorit
mineralleri ve glokofan mineralinin etrafinda geligen tremolit/aktinolit replasmaninin gelismesine
neden olan yesilsist fasiyesinde retrograd metamorfizmaya ugramislardir. Eklojit ve mavisistlerde
meydana gelen yesilsist fasiyesi metamorfizmasi yiikselme sirasinda, akigkanlarin kayalarin igerisinde
dolagmasiyla kontrol edilmektedir.

Biga Yarimadasi’nin en bati ucunda yeralan Camlica metamorfitleri igerisindeki eklojit/mavisistler
bolgesel olarak kuzey Ege’de daha biiyiik alanlarda yiizlek veren Rodop Masifi igerisinde bulunan
eklojitlerin tektonik ortami ile karsilastirildiginda metamorfizma kosullari bakimindan farklilik
sunmaktadir. Rodop Masifi’ndeki eklojitler kita-kita ¢arpigmasi iiriinii kabuk kalinlagmasi tektonik
ortamini tanimlayan yiiksek dereceli kitasal kabuk malzemesi igerisinde bulunan orta sicaklik
eklojitleridir. Buna karsin Camlica metamorfitlerindeki eklojit/mavigistler ise yitim ortamini
tanmimlayan tipik diisiik sicaklik eklojitleridir. Sonucta eklojit/mavisitler, 6nceden diisiiniildiigii gibi
diizenli bir pasif kita kenar istifi igerisindeki, ¢cevre kaya ile birlikte YB’ca ugramis kayalar olmayip
Camlica metamorfitleri igerisinde tektonik bir dilim olarak bulunmaktadir. Bu 6zellikleri, Rodop
metamorfik kusagin igerisinde yer almasina karsin Camlica eklojitlerinin dogrudan Rodop eklojitleri
ile iligkilendirilmesini problemli hale getirmektedir.

Anahtar Sozciikler: eklojit/mavisist, YB metamorfizmasi, Camlica metamorfik toplulugu, Biga
Yarimadasi
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Petrography, Tectonic Setting of High-Pressure Metabasite (Eclogite/Blueschist)
Slices in the Camlica Metamorphics and Relationship with the Rhodope Massif,
Biga Peninsula, Northwest Anatolia
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High-pressure metamorphic rocks in Alpine orogenic system are widely common and very important
for representing old subduction zones. The Camlica metamorphic association located on the
northwestern part of the Biga Peninsula is represented by the Andiktasi formation experienced
metamorphism at medium-pressure conditions consisting of metalava, metatuff and metapelite, the
Dedetepe formation including garnet-mica schist, albite-epidote-chlorite schist, calcschist and marble,
and the Salihler formation consisting of phyllite-marble intercalation, from bottom to top. Metabasites
occur as tectonic slices within schist-marble intercalation of the Dedetepe formation, which are about
2 km long and 500 m wide. These metabasite tectonic slices chiefly compose of metachert,
amphibolite, eclogite/blueschist and tremolite/actinolite schist and talc schist. The mineral assemblage
in the eclogites consists predominantly of omphacite + garnet + epidote + quartz + glaucophane +
phengite + rutile. However, blueschist retrograded from eclogites during late stage shear zones
comprises garnet + glaucophane + epidote + chlorite & phengite + quartz + sphene, which shows HP
blueschist-facies metamorphism. These rocks are surrounded by quartz-rich schist including quartz +
phengite + garnet + chlorite + piemontite. Alpine high-pressure metamorphic rocks are overprinted by
retrograde metamorphism in greenschist facies with development of albite, chlorite, and
tremolite/actinolite replacement around glaucophane. Greenschist facies metamorphism of
eclogite/blueschist is controlled by the incoming of fluid phase into metamorphic rocks during
exhumation.

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

Key Words: eclogite/blueschist, HP metamorphism, Camlica metamorphics, Biga Peninsula
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Menderes Masifi 6nemli bir Ege metamorfik ¢ekirdek kompleksi olup, granata dayali termobarometri
bolgenin evrimine yonelik modelleri gelisirmek igin sikg¢a kullanilmaktadir. Masif, biikiilme,
ylzeyleme ve/veya gerilme yollariyla birgok naplara ayrilmistir. Cine nap1 biiylik oranda
metabazitlerle ardalanan amphibolite-granulit fasiyesindeki orto- ve para-gnayslardan olusmaktadir.
Cine ve Bozdag naplan terslenmis bir metamorfik gradyan gostermektedir. Cine napindaki granat
iceren topluluklarin basing-sicaklik kosullarinin 670-730 °C ve 6.2—6.3 kbar, Bozdag kayaglarinin ise
480-540 °C ve 6.1-7.6 kbar oldugu baska bir ¢aligmada belirtilmistir.

Bu calismada Giiney Menderes Masifi’ndeki Cine napinda bulunan granat i¢eren kayaclarin Th-Pb
iyon mikroprob monazit yaslari, X-151mm1 element haritalari, yiiksek kontrastli geri sagilmig elektron
(BSE) ve kathod 1s1ldamasi (CL) sekilleri sunulmaktadir. Cine nap1 kayaglarindan biri (grt + bt + ms +
chl + pl + ilm + zr + qtz + mnz + aln + ap) coklu-evre granat gelisimi gostermektedir. Bu kayagtaki
granatlar 3 degisik bolge gosteren biiyiik (mm 6lgekli) yarisekilli tanelerden olusmaktadir: (1) yiiksek
Y igerikli, kapanim-dolgulu 6zsekilli ¢ekirdekler (500—700 um ¢apinda), (2) ¢ekirdekten birkag yiiz
mikron 6teye uzanan c¢eper-ortasi alanlar, (3) kapanim icermeyen (10-100pum kalinlikta) dis ¢eperler.
Dis geperler, granatlarin orta-geper ve ¢ekirdek bolgelerine gore BSE de daha agik gdriinmekte ve
daha az kirik icermektedir. Granat kapanimlari ¢ogunlukla qtz + ilm + ap + zr’ dan olugsmaktadir. BSE
goriintiileme kullanilarak ayrica granatlarin dis ¢eperlerinden orta ¢eperlerine dogru uzanan, daha hafif
materyalin izlerine rastlanmistir ve bunlar muhtemelen gerileyen akigkanlarin gegis yollarininin
kalintilarini temsil etmektedir. Bu izler granatta mevcut kiriklar1 kesmekte ve sadece yiiksek kontrastli
BSE goriintiilemede farkedilebilmektedir. Buna ek olarak, CL teknikleri kullanilarak kayactaki
plajioklaz 3 bélgeye ayrilmistir: kirmizi-kahverengi ¢ekirdekler, mor ve agik mor orta ¢eperler, ve
beyaz dig ¢eperler. Plajioklaz taneleri arasinda kalan sinirlar beyaz olarak segilmektedir.

Cine nap1 kayaglart igerisindeki monazit taneleri, hidrotermal alterasyon ile uyumlu olarak, apatit
ve/veya allanit ile reaksiyon gostermekte, ve lifsi dokudadir. Bu taneleri Th-Pb iyon mikroprob
metodu ile dl¢lilmesine dair denemeler yapilmis, fakat yiiksek orandaki olagan Pb (97-62%) anlamli
sonuglarin ¢ikmasini engellemistir. Buna karsilik, Cine kayacglarindan biri 501+18 Ma yasinda
monazite kapanimlarima ve ortalama 42+5 Ma yas veren matriks tanelerine sahip granatlar
igermektedir.

Burada belirtilen granat iceren kayaclardan elde edilen goriintiiler ve monazit yaslari, Cine napinin tek
bir Barrovian-tipi metamorfizmadan etkilendigi ve Menderes Masifi’ndeki granatlarin tek bir zamanda
olustugu diistincesiyle celismektedir. Biz burada Cine ve Bozdag naplar1 arasindaki terslenmis
metamorfizmanin nedeninin ¢oklu evre metamorfizma gegiren birimlerin kiimelenmesi oldugunu
diistinmekteyiz.

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

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

Monazite grains in several Cine nappe rocks we collected are present in reaction with apatite and/or
allanite, and have fibrous texture, consistent hydrothermal alteration. Attempts were made to date
these grains using the Th-Pb ion microprobe method, but high amounts of common Pb (97-62%)
precluded meaningful results. However, one Cine nappe rock contains garnets with inclusions of
monazite that are 501+18 Ma and matrix grains that average 42+5 Ma.

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

Key Words: Menderes Massif, geochronology, monazite, extension tectonics, Turkish Aegean region
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Agvanis Massifi, GGD-KKB yo6niinde uzanan, ~20 km uzunlugunda, ~6 km genisliginde kabaca
dortgen bigimli metamorfik bir kiitle olup, paralel iki kenar1 boyunca Kuzey Anadolu Fayina bagh
faylarla siirlandirilmaktadir. Bu metamorfik kiitle, Dogu Pontidler’in Liyas-0ncesi temel birimlerinin
bir pargasi olarak goriilmektedir. Bu ¢alisma, Agvanis metamorfitlerinin bagkalasim kosullarini ve
yasini ele almakta ve elde edilen verileri Dogu Pontidler’in Liyas dncesi jeodinamik gelisimi agisindan
tartismaktadir.

Agvanis metamorfitleri, baslica metabazit, fillit ve mermerden, tali oranda da metagort ve
serpantinitlerden olusmaktadir. Bu metamorfik kayalar, Erken Eosen (~52 Ma) yash kuvars-diyorit,
dasit-porfir ve yas1 bilinmeyen tonalit tarafindan kesilmektedir. Bu kayaglarin yerlesimleri ¢gevreleyen
kayaclarda, dokanak baskalasima neden olmustur. Gerek sokulum kayalar1 gerekse dokanak
baskalagim halelerindeki kayagclar, iyi gelismis yapraklanma sunmaktadir. Bu durum, Erken Eosen
doneminde sokulumlarin yerlesimi sirasinda ve sonrasinda masifin tektonik gerilme altinda olduguna
isaret etmektedir. Iyi gelismis yapraklanmadan &tiirli, sokulum kayalarinin bazilar1 6nceki
caligmalarda bolgesel metamorfitlere dahil edilmistir.

Metabazitler, hornblend/+aktinolit, albit, klorit, epidot, titanit, magnetit, kuvars ve zbiyotit
icermektedir. Fillitler ise kuvars, muskovit, klorit, albit, +granat, ilmenit, rutil, apatit, turmalin kapsar.
Mineral parajenezleri, masifin yesilsist ve albit-epidot amfibolit fasiyesi kosullarinda baskalasima
ugramis oldugunu gostermektedir. Dokanak baskalasimina maruz kalmig kayalarda, bolca biyotit ve
plajiyoklas bilesimleri genis araliklarda (Ang_49) sagilma gostermektedir. Bolgesel bagkalagimin
kosullari, granat-fengit termometresi ile ~500 °C ve basing kosullari ise >6 kbar sinirlandirilmistir.

Diisiik dereceli metamorfizmanin yasini belirlemek icin, {i¢ 6rnekten secilen muskovitler iizerinde
asamali *"Ar/*’Ar yas tayini yapilmistir. Bu 6rneklerden ikisi ilk gazsizlastirma adimindan son
gazsizlastirma adimina kadar siirekli artan rahatsiz edilmis yas tayflari sunmaktadir: En son
gazsizlastirma asamasindan elde edilen yas degeri 197.3 + 6 ve 207 + 2 My (2c)’dir. Ugiincii 6rnek,
dokanak bagkalagimindan bariz olarak etkilenmis olup, hem muskovit ve biyotitlerden hata paylar
icinde uyusan yas degerleri (51 £ 1 & 50 £ 1 My, 20) elde edilmistir. Bu yas degerlerine gore,
yesilsist-albit-epidot amfibolit fasiyesli baskalasim, ~205 My (Geg¢ Triyas) veya daha once
gergceklesmis olmalidir. Ar-Ar yas tayflarinin rahatsiz edilmesine neden olan olay ise Erken Eosen’de
kuvars diyorit ve dasit porfirlerin yerlesimidir.

Agvanis Masifi, kayag¢ birlikteligi, baskalasim kosullar1 bakimindan bir yigisim karmagasina
benzemekte olup, Bati Pontidler’deki Karakaya Karmasasi’nin Niliifer Birimi ve Pulur Masifi’deki

disiik-dereceli tektono-metamorfik birimle denestirilebilir niteliktedir.

Anahtar Sozciikler: diisiik dereceli metamorfizma, jeotermobarometri, OAr/* Ar mika yaslandirmasi,
jeodinamik evrim, Agvanis (G6lova), Dogu Pontidler
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Metamorphic evolution of the Agvanis Massif (Golova, Eastern Pontides):
Preliminary Results
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The Agvanis Massif, is a SSE-NNW-trending lodzenge-shaped exposure, ~20 km long and ~6 km
accross, and is constraind by the subsidary faults of the North Anatolian Fault. The massif is regarded
as part of the pre-Liassic basement of the Eastern Pontides. This study deals with metamorphic
conditions and age of the Agvanis Massif, and discuss these date in terms of the geodynamic evolution
of the pre-Liassic basement of the Eastern Pontides.

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

The metabasites comprise hornblende/+actinolith, albite, chlorite, epidote, titanite, +magnetite, quartz
and =tbiotite. The phyllites contain quartz, muscovite, chlorite, albite, garnet, ilmenite, rutile, apatite
and turmaline. The mineral paragenesis suggests that the massif underwent greenschist-albite-epidote-
amphibolite-facies metamorphism. In samples subjected to contact metamorphism, abundant biotite
occur and plagioclases display large compositional scattering (Ang.4o). Conditions of metamorphism
are constrained as ~500 °C and >6 kbar.

In order to constrain the timing of the low-grade metamorphism, incremental *°Ar/*’Ar dating were
performed on three muscovite and one biotite separates from three samples. Two moscovite separaes
yielded a disturbed agespectra, steadily increasing age spectra fron the first to the last degasing steps.
The age values from the last degasing step are 197.3 = 6 and 207 = 2 Ma (2c). The third sample is
obviously affected from the contact-metamorphism, yielding consistent muscovite and biotite ages
within the range of error (51 = 1 & 50 £ 1 Ma, 20). Accordingly, greenschist to albite-epidote
amphibolite facies metamorphism occurred at ~205 Ma (Late Triassic) or earlier. Event which led to
the disturbance of Ar-Ar age spectra is emplacement of Early Eocene quartz-diorite and dacite

porphyres.

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

Key Words: low-grade metamorphism, geothermobarometry, **Ar/*’Ar mica dating, geodynamic
evolution, Agvanis (Go6lova), Eastern Pontides
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Kirsehir Masifi’ndeki Kaman Siyrilma Fay1 ve Makaslama Kinematigi,
Orta Anadolu Kristalen Kompleksi, Tiirkiye

Come Lefebvre, Reinoud Vissers ve Douwe Van Hinsbergen

Utrecht University, Department of Earth Sciences, 3508 TA Utrecht,
The Netherlands (E-posta: come@geo.uu.nl)

Orta Anadolu Kristalen Kompleksi’nin (OAKK) metamorfik kayalarinin yiizeylemesini saglayan
mekanizma giliniimiizde yogun bir sekilde tartisilmaktadir. Komsu havzalardaki stratigrafik veriler
Orta Anadolu metamorfitlerinde Paleosen’den bu yana devan eden, tortullasmayla es yash bir
ylizeylemeyi isaret eder. Oysa apatit fizyon izi verileri giiney (Nigde: 8-30 °C/My, 9—12 My’a kadar)
ve kuzey (Kirsehir-Akdag: 3 °C/My 37-42 My’a kadar) masifler arasinda belirgin bir mekanizma
farkliliginin mevcut oldugunu gostermektedir. Bu durum, yiizeylemenin Nigde Masifi’nde siyrilma
faylar1 boyunca tektonik tasinma, Kirsehir-Akdag Masifi’'nde ise erozyonla gerceklestigi seklinde
yorumlanmaktadir.

Burada kuzey Kirsehir Masifi’nin oOrtiisiinden kurtulmasi sirasinda gelisen ana yapilara iliskin veriler
sunulmaktadir. Masifteki uzama lineasyonlarina dayali olarak ¢ekirdek ve kenar arasinda belirgin bir
ayrim yapilabilmektedir. Masif’in ¢ekirdeginde giineye dogru bir hareket gozlenirken batida bu
hareket BKB yo6niindedir.

Kaman yakinindaki giiney sinirinda, Kirsehir bloguna ait, baskin olarak mermerlerden yapili iist
amfibolit fasiyesindeki metasedimentler ana bir fay zonuyla lstte bulunan ve sadece diisiikk dereceli
okyanus tabani metamorfizmasindan etkilenmis Ankara Melanjina ait ofiyolitik kayalardan ayrilirlar.
Baranadag graniti yakinlarinda, tabakali ve ¢ok iri kristalli mermerlerin gozlendigi bu dokanakta iyi
gelismis, stinlimliiden kirillgan kosullara dogru kesiksiz bir evrim goézlenmektedir. Deformasyonun
lokalize oldugu, yaklagik 200 m genisligindeki bu zonda milonitler ve iri taneliden ince taneliye kadar
degisen kataklazitler g6zlenmektedir.

Kaman deformasyon zonunda kiiciik oOlgekli tipik yapilar yaygmn olarak goézlenmektedir.
Protomilonitik mermerlerde oblik ikizlenmeler gosteren asimetrik kalsit porfiroklastlar1 bu yapilara
ornek verilebilir. Milonitik kayalardaki hareket verileri, iizerleyen kirillgan yapilar ve dokanak
boyunca iist kesimlere dogru metamorfizma kosullarindaki belirgin diisiis Kaman fay zonunun
genlesmeli bir siyrilmay1 tanimladigini gostermektedir. Kirsehir Masifi’nin kuzeybati kesimi bu
styrilma boyunca, tavan blogunu olusturan ‘metamorfik olmayan’ ofiyolitlerin altindan yiizeylemistir.
Bu veriler kuzey OAKK da tektonik yiizeylemenin 6nemli oldugunu gostermekte ve bu olayin basit
bir erozyonun iiriinii olmadigini belgelemektedir.

Anahtar Sozciikler: OAKK, Kirsehir Masifi, yiizeyleme, makaslama, siyrilma fayi, Kkalsit
mikroyapist
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Shearing Kinematics and Kaman Detachment Fault in the
Kirsehir Massif, Central Anatolian Crystalline Complex, Turkey

Come Lefebvre, Reinoud Vissers & Douwe Van Hinsbergen

Utrecht University, Department of Earth Sciences, 3508 TA Utrecht,
The Netherlands (E-mail: come(@geo.uu.nl)

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

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

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

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

Key Words: CACC, Kirsehir Massif, exhumation, shearing, detachment fault, calcite microstructure
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Alanya Masifi’nin Tektonostratigrafisi ve Coklu Metamorfik Evrimi
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Orta Toroslar’in glineyinde yer alan Alanya Masifi, tektonik bir dokanakla Antalya Birligini {izerler.
Paleosen—Eosen yagh tortullar tarafindan uyumsuz olarak oOrtiilen Masif, kuzeyde Hadim Nap1
tarafindan tektonik olarak iizerlenir. Masifin polimetamorfik evrimini ortaya ¢ikarmak amaciyla batida
Gundogmus, orta kesimde Alanya-Demirtashi ve doguda Anamur kuzeyinde ii¢ bolge ¢aligilmugtir.
Giindogmus bélgesi tipik nap y1gin1 yapisi sunar. Bu tektonik istif alttan iiste dogru; (1) Ust Permiyen
yasli mermerler, (2) Mavisist melanji, (3) Yesilgist fasiyesindeki fillitge baskin, ince karbonat ve
kuvarsit diizeyleri igeren diizenli seri ve (4) Ust Permiyen yasli mermerlerden olusmaktadir. Mavisist
melanj1 glaukofan-fengit sist ve kalksistten olusan matriks igerisine gomiilii yiiksek-basing bloklar
(epidot glaukofanit, omfasit epidotit, glaukofan-kuvars sist), neritik mermer ve serpantinit
bloklarindan olusur. Alanya-Demirtasli arasinda kalan bolge napl bir yapiya sahiptir. Tektonik olarak
en altta Antalya Birligi yer alir. Bunun ilizerinde sirasiyla Gokketir, Kargicak, Sugozii ve Yumrudag
Naplarindan olusan Alanya Masifi gelir. Alanya Masifi’ne ait metamorfitler olasili Bolkardagi
Birligine ait, Jura yasli dolomitlerden olusan Kusyuvast Napi tarafindan {izerlenir. Gokketir Nap1
olasili Triyas yaslt mermer, sist ve kalksist ardalanmasindan olugur. Bunun {izerinde yesilimsi-sarimsi
renkli klorit sist, kirli sar1 renkli kuvarsit ve kahverengi dolomit ardalanmali, kiviimli ve budinaj
yapisi gdsteren Infrakambriyen yas konaginda inceledigimiz Kargicak Nap1 yer alir. Bu nap igerisinde
kloritten granat zonuna kadar degisen ilerleyen orta-basing metamorfizmasi gézlenir. Gékketir Napini
tektonik olarak iizerleyen Sugdzii Nap1 baskin olarak granat-glaukofan-fengit sistlerden yapilidir.
Bunlar igerisinde yer alan eklojitlerde, granathi glaukofanitlerden yesilsist metabazitlerine dogru
gelisen bir geri doniisiim gozlenir. Yesilsist fasiyesinde baskalasima ugramis olan Yumrudag Napi;
tabanda metaklastikler ve bunlar1 gecisli bir dokanakla iizerleyen kalin katmanli ve metaboksit igerikli
Ust Permiyen platformuna ait dolomitik mermerlerden olugmaktadir. Anamur’un kuzeyindeki iigiincii
bolgede orta-basing metamorfizmasmnin farkli kosullarinda baskalasima ugramis, infrakambriyen yash
iic tektonik dilim ayirtlanmistir. Istifsel olarak en altta diisiik dereceli yesilsist fasiyesi kosullarini
tanmimlayan fillit, kuvarsit ve dolomit ardigigindan olusan tektonik dilim yer alir. Bu dilim, orta-basing
metamorfizmasinin {ist-amfibolit fasiyesi kosullarin1 tanimlayan kayalar tarafindan iizerlenir. Bu
yiiksek dereceli metamorfitler, sillimanit, disten, staurolit ve granat igeren sist yapisinda olup, asidik /
bazik bilesimli, damar karakterli meta-magmatik katkilar icerir. Alanya Masifine ait en iist tektonik
dilim ise yine yesilsist fasiyesindeki diisiik-dereceli metamorfiklerden olusmaktadir. Bolgede yer alan
metamorfik kayaglar Paleosen—Eosen yasli cakiltasi, kumtagi ve kirectasindan yapili Anamur
Formasyonu tarafindan uyumsuz olarak iizerlenir. Aladag Birligine ait metamorfik olmayan Hadim
Nap1 bolgedeki en {iist tektonik dilimi olusturur. Alanya Masifi’nin polimetamorfik evrimi igerisinde,
Gilindogmus melanjindaki mavisist metamorfizmasi, Sugdzii Napi’nmin mavisist-eklojit fasiyesi
metamorfizmasi ve bunlar iizerleyen yesilsist fasiyesi kosullarindaki Barrow tiirli orta-basing
metamorfizmast Neotetis Okyanusunun giiney kolunun Geg¢ Kretase—Erken Tersiyer (?) yasl yitim ve
ylizeyleme siiregleriyle iliskilidir. Buna karsin Anamur’un kuzeyindeki iist-amfibolit fasiyesindeki
metamorfizma bu silirecten ayr1 diisinilmelidir. Bu metamorfizma, Gondwana’nin Geg
Proterozoik’teki evrimi ile baglantili Pan-Afrikan orojenezi ile iliskilendirilebilir.

Anahtar sozciikler: Alanya Masifi, eklojit, mavisist, omfasit, glaukofan, fengit, Anamur
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The Alanya Massif tectonically overlies the Antalya Unit, south of the middle Tauride belt. The
Massif which is unconformably covered by Paleocene—Eocene sediments is tectonically overlain by
Hadim Nappe to the north. Three different areas have been studied, from west to east — Glindogmus,
Alanya-Demirtagli and Anamur — to reveal the polimetamorphic evolution of the Alanya Massif. The
Glndogmus area shows a typical nappe pile structure. This nappe pile is composed from bottom to top
by (1) Upper Permian marbles, (2) a blueschist mélange, (3) a coherent greenschist-facies series
consisting of phyllites, carbonates and quartzite intercalations and (4) Upper Permian marbles. The
blueschist mélange is made up of high-pressure blocks (epidote glaucophanites, omphacite epidotites
and glaucophane-quartz schists), neritic marbles and serpentinites embedded in a matrix of
glaucophane-phengite schists and calcschists. A similar nappe structure is also observed in Alanya -
Demirtagh area. The Alanya Massif which comprises the Gokketir, Kargicak, Sugézii and Yumrudag
Nappes overlies the unmetamorphosed Antalya Unit. The Kusyuvasi Nappe comprising Jurassic
dolomites similar to the Bolkardag Unit rests tectonically over the metamorphic rocks of Alanya
Massif. The Gokketir Nappe, probably Triassic in age, consists of schists, calcschists and marble
intercalations. This nappe is overlain by the Infracambrian Kargicak Nappe composed of strongly
folded and boudinaged green-yellow chlorite schists, pale yellow quartzites and brown dolomite
intercalations. In this nappe, a progressive medium-pressure metamorphism ranging from chlorite to
garnet zones is observed. The Gokketir Nappe is tectonically overlain by the Sug6zii Nappe which
comprises dominantly garnet-glaucophane phengite schists with eclogite lenses. The Eclogites display
a retrograde overprint from garnet glaucophanite to greenschist. The Yumrudag Nappe is composed of
greenschist metaclastics and transitionally overlying metabauxite-bearing Upper Permian platform-
type dolomitic marbles. In a third area, north of Anamur, three Infracambrian tectonic slices with
different P/T conditions of medium-pressure metamorphism were recognized. The lowermost tectonic
slice consists of phyllites, quartzites and dolomite intercalations, which underwent low-grade
greenschist facies metamorphism. It is overlain by Barrovian-type upper-amphibolite facies rocks.
These high-grade rocks are dominated by mica schists with sillimanite, kyanite, staurolite and garnet
which include acidic to basic meta-igneous rocks as boudinaged lenses and veins. The uppermost
tectonic slice comprises low-grade, greenschist facies rocks. The metamorphic rocks of the Alanya
Massif are unconformably covered by Paleocene—Eocene conglomerates, sandstones and limestones
of the Anamur Formation. The non-metamorphic Hadim Nappe of the Aladag Unit forms the
uppermost tectonic slice of the region. The polimetamorphic evolution of the Alanya Massif with
blueschist metamorphism in the Giindogmus mélange, eclogite-blueschist facies metamorphism in the
Sugozii Nappe and their Barrovian-type retrograde overprint under greenschist facies conditions can
be attributed to subduction and exhumation processes of the southern branch of the Neotethys during
Late Cretaceous—Early Tertiary (?) times. However, the upper-amphibolite facies metamorphism north
of Anamur should be excluded from this process and should be ascribed to Pan-African orogeny
related to the Late Proterozoic evolution of Gondwana.

Key Words: Alanya Massif, eclogite, blueschist, omphacite, glaucophane, phengite, Anamur
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Anadolu’daki Mavisist Kusaklarmin Tliskisi
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Son on yilda Anadolu’da birgok mavigist olusumu belirlenmis ve bunlarin temel 6zellikleri ayrintili
olarak ortaya konmustur. Yitimle baglantili jeodinamik ortamlarin yorumlanmasi agisindan bu
mavigist bolgelerinin 6nemli oldugu konusunda genel bir kan1 mevcut olmasina karsin bu kusaklarin
paleocografik agidan tanimlanmasinda heniiz bir fikir birligi bulunmamaktadir.

Radyometrik ve petrolojik verilere dayali olarak Tavsanli mavisist zonunun 85-80 My da ve 2443
kbar / 430£30 °C kosullarinda metamorfizmaya ugradigi net olarak ortaya konulmustur. Son
zamanlarda ise Afyon Zonu’na ait mavisist metasedimentlerinin stratigrafik olarak 65-55 My
araligma sikistirilan, 8+2 kbar basing ve 350450 °C sicaklik kosullarinda baskalagima ugradigi
belirlenmistir. Giinlimiize degin bu zonlar Kirsehir blogunun giineyi boyunca uzanan ikili bir yap1
olarak degerlendirilmistir. Heniiz radyometrik olarak yaslandirilmamis olmasima karsin, 8+2 kbar /
420+£20 °C kosullarinda metamorfizmaya ugramis Likya Naplari ve Menderes Masifi’nin Ortii
serilerinde gozlenen, 12 kbar / 440 °C kosullarindaki baskalasim da bu genel tektonik cat1 i¢erisinde
degerlendirilmelidir. Bunlara ek olarak Dilek Yarimadasi’nda ve Samos’ta, Menderes Masifi’ni
tektonik olarak iizerleyen ve Likya Naplan tarafindan iizerlenen Kikladik Kompleks’e ait mavigist
kalintilart gézlenmektedir. Eosen’de (40 My) 10+2 kbar / 450420 °C kosullarinda metamorfizmaya
ugramis olan bu kayalar, Afyon-Tavsanli mavisist ¢iftini Menderes Masifi’'nin YB
metasedimentlerinden ayiran bir tektonik dilim niteligindedir. Birbirinden farkli yas ve kosuldaki bu 5
mavigist kusaginin yan sira giineyde, Alanya mavisistleri Torid platformuna ait nap yigini tarafindan
tektonik olarak iizerlenmektedir. Bunlar, Bat1 ve Orta Anadolu’ya ait jeodinamik model igerisinde
degerlendirilmesi gereken, giineye ait diger bir kenet zonunu tanimlamaktadir.

Son zamanlarda Bitlis Kompleksi ve Ermenistan’da Dogu Anadolu’ya ait yeni mavisist kusaklar1
belirlenmistir. Ermenistan’daki Amassa—Stepanovan kenetine ait 95-90 My yash mavisistlerde 12+2
kbar basing ve 550+30 °C sicaklik kosullar1 tanimlanmustir. Bunlar, Dogu Tiirkiye’den Bati iran’a
kadar Tetis’in yitim evrimiyle iligkili olarak yorumlanmaktadir. Fakat bunlarin Dogu ve Orta
Anadolu’daki mavisistler ve kenet kusaklarina ait kalintilarla nasil iliskilendirilebilecegi heniiz tesbit
edilememistir. Bitlis kompleksindeki 73—-75 My yasl mavisistler metabazit ve metasedimentlerinde
10+£2 kbar basing ve 370+30 °C sicaklik kosullari belirlenmistir. Bu kosullar Bati Anadolu’daki
mavisist kusaklartyla bir korelasyon olasiligini giiglendirmektedir. Su anda kesin bir korelasyon zor
goziikse de Alanya kenetiyle bir korelasyon olasidir.

Mavisist metasedimentleri Ege sahillerinden itibaren baglamakta, Afyon Zonu (Tavsanli YB kusaginin
giiney kesimi) boyunca Orta Anadolu Kristalen Kompleksinin giiney sinir1 boyunca kenet zonunu
izleyerek Dogu Anadolu’da Biinyan/Kayseri’ye ulasmaktadir. Bu kenet zonunun Izmir-Ankara-

Erzincan zonu veya Amanos-Elazig-Van kusaginin eslenigi olmadig1 diisiiniilmektedir.

Anahtar Sozciikler: Anadolu, YB metamorfizmasi, mavisist
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The Anatolian Blueschist Belt Connection

Roland Oberhinsli', Osman Candan?, Mete Cetinkaplanz, Ciineyt Akal®,
Amaury Pourteau', Romain Bousquet' & Aral I. Okay®

! Institut fiir Geowissenschaften, Universitit Potsdam, Postfach 601553, Potsdam 14415, Germany
(E-mail: roob@geo.uni-potsdam.de)
2 Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Tinaztepe Kampusii, Buca, TR-35160 Lzmir, T tirkiye
3 [stanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisti, Maslak, TR—34460 Istanbul, T tirkiye

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

So far the relation of the well dated Tavsanli blueschists with a metamorphic age of 85-80 Ma and P-
T conditions around 2443 kbar and 430+30 °C and the recently investigated blueschist metamorphic
metasediments of the Afyon Zone at conditions of 8+2 kb at 350+50°C with stratigraphically
constrained ages between 65—55 Ma is established as a dual structure along the southern margin of the
Kirsehir block. The relation of the Lycian nappes, recording metamorphic conditions of 8+2 kbar at
420+£20 °C, as well as the Menderes cover sequence with conditions around 12 kbar at 440 °C, both so
far not dated have to be fitted into this pattern. Additionally the remnants of the Cycladic blueschists,
showing blueschists recording conditions of 10£2 kbar at 450+20 °C and ages of 40 Ma on the Dilek
Peninsula and Samos rest on top of the Menderes complex and lay below the Lycian nappes. They
represent a tectonic slice separating the fore mentioned Tavsanli-Afyon Blueschist ‘duplex’ from the
HP relicts in the sediments of the Menderes complex. Far south of these 5 blueschist belts with
varying ages and PT conditions the Alanya blueschist is tectonically overlain by the nappe stack of the
Tauride platform. They document another southernly suture that has to be fit into a geodynamic model
for Western and Central Anatolia.

In eastern Anatolia blueschist belts were recently reported from the Bitlis complex and Armenia. The
blueschists of Amassa-Stepanovan suture in Armenia record 12+2 kbar at 550+30 °C and show
metamorphic ages of 95-90 Ma. They are interpreted as to link the Tethys subduction history from E-
Turkey to W-Iran. How they relate to the blueschists and the remnants of suture zones in eastern and
central Anatolia is yet to be established. The blueschists and blueschist facies metasediments of the
Bitlis complex record 10£2 kb at 370+30 °C with a metamorphic age of 73—75 Ma. These conditions
might encourage a correlation with the blueschist belts from western Anatolia. At present a straight
forward correlation seems difficult, however, a correlation with the Alanya suture seems appealing.

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

Key Words: Anatolia, HP metamorphism, blueschist
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Istranca Masifi’nin gliney kismui birbirlerinden baskalagim oncesi bir uyumsuzlukla ayrilan, cesitli
gnays, mikasist ve nadir olarak da amfibolitleri iceren bir temel ve metakonglomera ve
metakumtaglarindan olusan bir ortiiden olusmaktadir. Bu c¢alismanin amaci, Istranca Masifi’nin bu
kesiminin tektonik sitili, bagkalagim kosullarinin ve zamaninin belirlemektir.

Triyas Oncesi temele ait amfibolit ve ortognayslar epidot-amfibolit-fasiyesi kosullarini gdsteren
mineral parajenezleri ‘plajiyoklas (An;;_35) + epidot = hornblend + kuvars’ igrmektedir. Buna karsilik,
kuzeyde Triyas Ortiisiine ait 6rneklerde ise ‘biotit + muskovit + K-feldispat + albit + kuvars + kalsit’
parajenezini igermekte, bu ise peristerit boslugun kuzeyde asilmadigim gostermektedir: Baskalagim
derecesi giineyde epidot-amfibolit fasiyesinden kuzeyde albit-epidot amfibolit veya yesilsist fasiyesine
kadar diismektedir. Basing-sicaklik kosullari, epidot-amfibolit fasiyesine ait boliimde 485-530 °C ve
0.60—0.80 GPa olarak belirlenmistir. Kuzeyde ise kosullarin biraz daha diisiik oldugu tahmin
edilmektedir.

Istranca Masifi’nin temel birimleri gesitli kalinliklarda ve yapraklanmaya parallel bir ¢ok siinek
makaslama zonu igerir. Ayrica baskalagimin ge¢ asamalarini temsil eden kirilgan deformasyon zonlar
da geligmistir. Sabit giineye egimli yapraklanma ve gilineybatidan giineydoguya dalimli ¢ekme
cizgisellikleri, kuzey yonelimli makaslamalar ve kuzey verjansl siinek ve kirllgan makaslama zonlar
gibi yapisal unsurlar, kuzey yonli sikismali bir deformasyonu ve eslik eden yiikselmeyi isaret
etmektedirler.

Baskalasim yasini ve soguma kosullarini siirlandirmak igin tiim ¢alisma alanina yayilmis 21 6rnek
tizerinde Rb-Sr muskovit ve biyotit yaslanirmasi yapilmistir. Muskovit Rb-Sr yaslar giineyden kuzeye
dogru 162 My’dan 142 My’a sistematik olarak azalir. Calisma alaninin en kuzeyinde ise beklenmedik
derecede eski yaslar (279-296 My) elde edilmistir. Biyotit Rb-Sr yaslarida giineyde 153 My dan
kuzeyde 134 My yila sistematik olarak diismektedir. Bu yaslar ve elde edilen sicaklik degerleri, hem
baskalagim hem de yiikselmenin farkli zamanlh olduguna isaret etmektedir. Bununla birlikte ¢aligma
alaninin en kuzeyinde baskalasim esnasinda Rb-Sr muskovit yaslari sifirlanmamaiglardir.

Elde edilen veriler, bagkalasim ve satha cikisin, biitiin Istiranca Masifinde es-zamanli olmadigini
gostermistir. Bu farkli zamanli baskalasim ve takip eden yiikselme tarafimizdan kuzeye ilerleyen ve
kuzey verjanslt bir bindirme dilimiyle iligkililendirilmistir. Istranca Masifi’'ndeki sikigsmali olaylar
biiylik ihtimalle giineyde yer alan Rodop Masifinde gelismis es zamanli ve kuzey verjansh dalma
batma / ¢arpisma sistemiyle iliskilidir.

Anahtar Sozciikler: P-T belirlemesi, Rb-Sr yaslandirmasi, ayrik zamanli bagkalasim ve soguma,
sikismali yilikselme, Istranca Masifi
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The southern part of the Strandja Massif comprises a basement of various gneisses, mica schists and
rare amphibolite, and a cover of metaconglomerate and metasandstone, separated from each other by a
pre-metamorphic unconformity. The purpose of this study is to determine tectonic style, metamorphic
conditions and age of the metamorphism.

The metamorphic mineral assemblages in the amphibolites and orthogneisses (pre-Triassic basement)
are characterized by the stable coexistence of ‘plagioclase (An;;_35) + epidote + hornblende + quartz’,
suggestive of epidote-amphibolite-facies conditions. However, the metasandstone sample (Triassic
cover) comprises the mineral assemblage ‘biotite + muscovite + K-feldspar + albite + quartz +
calcite’, suggesting that the peristerite gap was not crossed. Metamorphic grade decreases from the
epidote-amphibolite facies in the south to the albite-epidote amphibolite or greenschist-facies in the
north. Estimated P-T conditions are 485—-530 °C and 0.60—0.80 GPa in the epidote-amphibolite facies
domain, and slightly lower in transitional domain.

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

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

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

Key Words: P-T estimates, Rb-Sr dating, diachronous metamorphism and cooling, compressional
exhumation, Strandja Massif, Turkey
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Afyon Zonu’nun Stratigrafisi ve Alpin Metamorfizmasi
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Tiirkiye’nin genel tektonik catisi ierisinde Izmir-Ankara-Erzincan Kenet Zonu’nun giineyinde kalan
kesim ‘Anatolidler’e ait YB/DS metamorfizmasi zonlari’ ve ‘Toridler’ olmak iizere iki {initeye
ayrilmaktadir. Anatolidler’e ait olan ve Tavsanli Zonu ile Menderes Masifi arasina sikismig olan
Afyon Zonu, Bati Anadolu’da Simav’dan baslayarak Kirsehir blogunun giiney ve dogusundan Ig
Anadolu’da Kayseri’ye kadar 600 km den fazla kesiksiz olarak izlenebilen bir kusak olusturmaktadir.
Afyon Zonu sade bir stratigrafiye sahip olup ‘Mesozoik dncesi temel’ ve onu uyumsuz olarak
tizerleyen ‘Trivas—Erken Tersiyer ortii serileri’ nden yapilidir. Bu zonda ii¢ farkli karakterde temel
tanimlanmigtir. Simav bolgesinde diisiik dereceli metakirtililar ve onlar igerisine sokulmus ¢ok
sayida Alt Devoniyen granitinden yapili bir Devoniyen oOncesi temel gozlenmektedir. Afyon
cevresinde ise temel, glaukofan i¢eren metagabro ve ender olarak olasili Triyas yash lokokratik
metagranitler tarafindan kesilen, Pan-Afrikan yash orta-yiiksek (?) dereceli metapelitlerden yapilidir.
Konya yoresindeki temel, birbirinden bir uyumsuzlukla ayrilan, (i) Siluriyen—Alt Karbonifer yasli,
kalin mermerler ve bunu uyumlu olarak {izerleyen, karbonat ve metavolkanit bloklar1 igeren meta-
silisiklastik tortullardan yapili diizenli seri ve (ii) Erken Permiyen yash, dom, lav ve kirntili
fasiyeslere sahip meta-trakiandezitlerden yapili iki {initeden olusmaktadir. Buna karsin ortii serileri
Afyon Zonu’nun genelinde 6zdes bir stratigrafi sunmaktadir. Bunlar tabanda, Gondvana’nin kuzey
kenarinda agilan Neotetis Okyanusu’nun kuzey kolunun riftlesme evresini tanimlayan Alt—Orta Triyas
yaslt taban metakonglomeralar1 ve/veya riyolitik-dasidik metavolkanitlerle baslamaktadir. Bu
konglomeralar karasal-sig denizel ortami tanimlayan kuvarsit, kuvars fillit, fillit ve mermer
ardalanmasi tarafindan dereceli olarak iizerlenmektedir. Bu kirintililar uyumlu bir dokanakla
paleontolojik olarak Anisiyen—Erken Kretase araliginda yaslandirilmis, 2000 m kalinligindaki
platform tiirii karbonatlar tarafindan lizerlenmektedir. Karbonatlar, ofiyolit {izerlemesi ve platformun
cOokmesini ifade eden, °‘rozetli mermer’ olarak tanimlanan ¢o6rt diizeyli pelajik mermerlere
gecmektedir. Pelajik mermerler iizerine, ofiyolit, serpantinit, mavisist metabazit, pelajik ve neritik
karbonat bloklar1 i¢ceren, Ge¢ Maastrihtiyen—Erken Paleosen yasli, filig tlirii kumtasi-seyl ardalanmasi
gelmektedir. Tim birimler Ge¢ Paleosen—Eosen yasli, metamorfik olmayan karasal-sig denizel
tortullar tarafindan uyumsuz olarak ortiilmektedir.

Afyon Zonu'nun Kiitahya’dan Kayseri’'ye kadar uzanan kesimlerinde, Alt Triyas yash kirintil
metasedimentler igerisinde bolgesel dlgekte Fe-Mg karfolit olusumu belirlenmistir. Bunlara ek olarak
rozetli mermerler igerisinde aragonitten doniisme lifsi karbonat kristallerinin varlig1 ve metavolkanit /
metagabrolarda glaukofan gelisimi Alpin yash disiikk dereceli bir YB/DS metamorfizmasini
tanimlamaktadir. Yaklagik 350+50 °C/8—10 kbar kosullarin1 ifade eden bu topluluklar, Mesozoik pasif
kita kenar1 ¢okellerinin Mesozoik Oncesi temelle birlikte yaklagik 35 km derinlige gomiildiigiinii
gostermektedir. Anatolidler’e ait tektonik zonlarda, genel stratigrafik ozellikler agisindan Anatolit-
Torid platformunun Triyas—Ge¢ Kretase evrimi ile iligkili biiyliik benzerlikler mevcuttur. Son
zamanlarda bu zonlar igerisinde genelde karfolitin varligir ile tanimlanan yaygm YB/DS
metamorfizmasi verileri elde edilmeye baslanmistir. Jeolojik, petrolojik ve jeokronolojik veriler, bu
zonlarin Geg Kretase—Eosen tektonometamorfik evrimlerinin Neotetis Okyanusu’nun kuzey kolunun
tilketilmesi sirasinda gerceklesen yitim, ofiyolit iizerlemesi, platformun i¢ ekaylanmasi ve kitasal
carpisma siireci ile iligkilendirilebilecegini gdstermektedir.

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

Regional occurrence of Fe-Mg carpholite in the Afyon Zone from Kiitahya via Konya to Kayseri is
recognized in the Lower Triassic clastic metasediments of the cover series. Furthermore, fibrous
carbonate crystals pseudomorphosed after aragonite in rosette marbles and glaucophane in
metavolcanites and metagabbros indicate an Alpine low-grade, high-P/low-T metamorphism. These
assemblages represent temperature of about 350+50 °C and minimum pressure of 8—10 kbar,
corresponding to a burial depth of about 35 km for the Mesozoic passive continental margin sediments
and the underlying pre-Mesozoic basement units. There are close resemblances on the general
stratigraphical characteristics among the tectonic zones of the Anatolides which can be ascribed to the
Triassic—Late Cretaceous evolution of the Anatolide-Tauride platform. Recently, common HP
evidence characterized by carpholite occurrences has been found out in these zones. Considering
geological, petrological and geochronological evidence, the Late Cretaceous—Eocene
tectonometamorphic evolution of these zones can be attributed to continuous processes of subduction,
obduction, internal imbrication of the platform and continental collision during consumption of the
northern branch of the Neotethys.

Key Words: Afyon zone, HP metamorphism, carpholite, Anatolides
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Bat1 ve Orta Tiirkiye’de Mesozoyik ve Tersiyer boyunca Tetis’e ait okyanusal alanin tiiketilmesi
stireci, birgok okyanusal havzanin kapanmasi ve bunlar arasindaki kitasal bloklarin birbirine
eklenmesi ile gergeklesmistir. Bu olaylarin Alpin (Kretase—Tersiyer) tarihgesi, Bati Tiirkiye’nin
tektonik yapist ile yakindan iligkilidir. Tiirkiye mikro kitasi; (a) Paleo-Tetis’in Kimmeriyen’de (Geg
Triyas) kapanmasiyla bir araya gelen Pontid blogu, (b) Ge¢ Kretase—Paleosen’de kismen YB-DS
kosullarinda metamorfizmaya ugramis Anatolid-Torid blogu, (c) Ge¢ Kretase yash yiiksek dereceli
metamorfitler ve onlara eslik eden sokulumlardan yapili Orta Anadolu Kristalen Kompleksi ve (d)
Alanya naplarindan yapilidir. Genelde kabul goren bu yapiya karsin s6z konusu tektonik iinitelerin
imbrikasyon mekanizmalar1 hala tartisma konusudur. Var olduklar diisiiniilen okyanuslarin 6zellikle
sayilar1 ve konumlar1 giiniimiizde yaygin bir sekilde sorgulanmaktadir. Ozellikle Orta Anadolu’da,
Anatolid-Torid blogu ile Orta Anadolu Kristalen Kompleksi arasinda Neo-Tetis’e ait boyle bir
okyanusun bulunma olasilig1 uzun siireden beri tartisilmaktadir.

Anatolid-Torid Blogu’nun sedimanter ortiisiinde gergeklestirilen son ¢aligmalar yitimle iligkili Alpin
yaslt YB-DS metamorfizmasinin sadece en kuzeydeki Tavsanli Zonu ile simnirli kalmadigini, aksine
biitiin tektonik zonlarda (Tavsanli Zonu, Afyon Zonu, Menderes Masifi ve Likya Naplari) yaygin bir
sekilde gozlendigini ortaya koymustur. Tetis’e ait YB-DS metasedimentlerindeki bu yeni bulgular
nedeniyle s6z konusu zonlarin Alpin evrimleri tekrar gilincellik kazanmistir. Afyon Zonu’nun orta
kesiminde, Orta Triyas metapelitleri ve metakonglomeralari yaygin bir sekilde Fe-Mg karfolitin
varlig1 ile tanimlanan YB-DS topluluklari icermektedir. Bu topluluklar 6—9 kbar basing ve yaklasik
350 °C sicaklik kosullarini tanimlamaktadir. Metamorfizmanin yasi ise stratigrafik olarak 65-55 My
arasina sikismakta olup Tavsanli Zonu’nun metamorfizmasindan (85-80 My) biyiik farklilik
sunmaktadir.

Yeni gozlemler, Afyon Zonu’nda karfolit iceren kayalarin batida Kiitahya’dan baglayarak Konya ve
Yahyali {izerinden doguda Kayseri’ye kadar kesiksiz bir uzanim sundugunu gostermektedir. Bu durum
s6z konusu YB-DS metamorfizmasi kusagimin Bati Anadolu’da Menderes Masifi’nin kuzeyinden
gecerek doguda Orta Anadolu Kristalen Kompleksi’nin giineyi ve dogusu boyunca uzandigini ortaya
koymaktadir. Bu yeni bulgular Van Der Kaaden (1966) tarafindan belirtilen glaukofan ve/veya
lavsonit igeren bazi kayalarin s6z konusu bu YB-DS metamorfizmasi ile iliskilendirilebilecegini
gostermektedir. Bu baglamda, Geg¢ Kretase’den Eosen’e kadar uzanan zaman diliminde, Orta Anadolu
Kristalen Kompleksi ile Anatolid-Torid Blogu arasinda uzandig: diisiiniilen, Neo-Tetis Okyanusu’na
ait I¢ Toros Okyanusu’nun tiiketilmesi yaklasitk 600 km boyunca takip edilebilen bir yigisim
kamasmin gelisimine neden olmustur. Ote yandan, Giineybat: Tiirkiye’de, diger bir YB-DS
metamorfizmasi kusagir olan Likya Naplari’nin Menderes Masifi’nin kuzeyinden giineye dogru
ilerleyerek Torid Platformu iizerine yerlestigi konusunda genel bir goriis mevcuttur. Afyon Zonu ile
Likya Naplar’'nin bu farkli tektonik konumlari, s6z konusu YB metamorfizmasi kayalariin
birbirileriyle olan iliskilerinin ve yiizeyleme mekanizmalarinin tekrar  sorgulanmasim
gerektirmektedir.

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

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

New observations indicate that these carpholite-bearing rocks of the Afyon Zone are present from
Kiitahya via Konya and Yahyali to Kayseri, depicting a long HP-LT tectonic unit running from north
to the Menderes Massif to south and east to the Central Anatolian Crystalline Complex. It is
noteworthy that some of these HP-LT metamorphism occurrences are closely related to glaucophane-
and/or lawsonite-bearing rocks already reported by Van Der Kaaden (1966). Therefore, from Late
Cretaceous to Eocene, the consumption of a Neo-Tethyan Inner Tauride ocean between Anatolide-
Tauride Block and Central Anatolian Crystalline Complex has formed a coherent accretionary wedge
over 600 km. Besides, in Southwestern Turkey, the HP-LT Lycian Nappes emplaced by overthrusting
from north of the Menderes Massif onto the Tauride Platform. Contrasting tectonic settings between
Afyon Zone and Lycian Nappes raise major questions about their relation together and about the
exhumation processes of the HP rocks in each area.

Key Words: Neo-Tethys realm, western-central Turkey, Afyon Zone, HP-LT metapelites,
accretionary wedge
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Yoncayolu Metamorfitleri’nin (Uziimlii-Erzincan) Mineralojisi,
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Ankara-Erzincan Siitur Zonunda bulunan, diisiik-cok diisiik dereceli yesilsist fasiyesinde bolgesel
metamorfizma O6zellikleri sergileyen Permo—Triyas yasli Yoncayolu Metamorfitleri alanin temelini
olusturmaktadir. Arduvaz, fillat, yesilsist, metadasit, metabazik, metagranit, kalksist ve kuvarsit tiirii
kayaclardan olusan birim, Refahiye Ofiyoliti tarafindan tektonik olarak oOrtiilmektedir. Taban
kisimlarini daha ¢ok yesilsistlerin olusturdugu metamorfik istif, liste dogru sirasiyla metabazik,
metagranit ve kalk-gistler seklinde devam etmektedir. Yesilsistlerin mineral parajenezini serizit +
klorit + kuvars + kalsit + albit + epidot + illit/muskovit, metabazik kayaclarin mineral birlikteligini ise
kuvars + klorit + albit + hornblend + epidot + tremolit olusturmaktadir. Kloritlerin Al-Mg-Fe {iggen
smiflama diyagraminda orneklerin tamamu 1. tip Mg’ca zengin alana diismekte olup, metapelitlerde
ripidolit, metabaziklerde ise piknoklorit bilesimindedir. Klinopiroksenlerin ayrigmasi sonucu olugan
amfiboller ferromagnezyo-hornblend bilesiminde iken, yesilsistlerde bulunan plajiyoklaslar ise
metamorfizmanin etkisi ile tamamen albite (Ang ;) donlismiistiir.

Yoncayolu Metamorfitleri ¢ogunlukla diisiikk, yer yer ise orta K’lu kalk-alkalen &zelligindedir.
Jeokimyasal olarak okyanusal adayay1 bazaltlari ile volkanik yay bazaltlar1 bilesiminde ve dagilimlar
okyanus ortast sirt1 bazaltlarina benzemektedir. Birimin iist kesimlerinde bulunan metagranitler ise
granodiyorit/tonalit bilesimli granitlerden tiiremis olup, metaliimin karakterli ve I tipi 6zelliktedir.
Tektonik olarak ise volkanik yay granitoyidlerini temsil eder. Birim genellikle magmatik, yer yer ise
sedimanter kdkenli olup, volkano-tortul bir kokene isaret etmektedir.

Metapelitlerde 6lgiilen illit Kristalinite degerleri (IC) A°26= 0.124—0.238, Klorit Kristalinite degerleri
(ChC) A°20=0.146—0.298 ve Arkai indeksi degerleri (AI) 0.229-0.345 arasinda degismekte olup, KI-
Al ve IC-ChC arasindaki pozitif bir korelasyon (R’= 0.65) gézlenmektedir. Orneklerin tamami
epizonal metamorfik kosullart isaret etmektedir. Yesilsist fasiyesinde Slgiilen klorit termometresine
gore birimin metamorfizma sicakligi 321-347 °C, basinci ise yaklasik 4 kbar olarak hesaplanmugtir.

Anahtar Sozciikler: Yoncayolu metamorfitleri, yesilsist fasiyesi, epizonal metamorfizma, illit
kristalinite degerleri, klorit kristalinite degerleri, Arkai indeksi (Al), klorit jeotermometresi
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The investigation area is placed of Ankara-Erzincan Suture Zone and low and very low-grade
metamorphic rocks of Permo—Triassic cropping out in the area formed the basement. Yoncayolu
Metamorphites consisting of slate, phyllite, greenschist, metadacite, metabasic, metagranite, calcschist
and quartzite is the product of regional metamorphism within the facies of very-low and low-graded
semi-greenschist and greenschist. Refahiye Ophiolite mélange covers this unit tectonically. Schists
largely take place at the base of the metamorphic unit, which is followed upwards by metabasics,
metagranite and calc-schist. Mineral assemblages of greenschist consist of sericite + chlorite + quartz
+ calcite + albite + epidote + illite/K-white mica. Also metabasics are characterized with quartz +
chlorite + albite + hornblende + epidote + tremolite mineral assamblages. Chlorites, which are samples
of Mg-dominant chlorite plot in the appropriate subfields of type-I chlorite on the Al-Mg-Fe triangular
compositional diagram, are ripidolite in composition from metapelites and pycnochlorite in
composition from metabasic rocks. Amphibole, altered probably former clinopyroxene, is ferri-
magnesio-hornblende in composition, and albite (Ang;_3) in composition plagioclases are typically in
greenschist facies rocks.

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

Illite Crystallinity values measured in metapelites is varies between (IC) A°26= 0.124—0.238, Chlorite
Crystallinity values changes between (ChC) A°20= 0.146—0.298 and Arkai Index values ranges from
(AI) 0.229-0.345. There is positive correlation (R*= 0.65) between index pairs of KI- Al and IC-ChC.
All samples points an environment of epizone metamorphic conditions. When compared to chlorite
thermometer index rocks of greenschist facies is a formed temperature between 321-347 °C and about
4 kbar pressures.

Key Words: Yoncayolu metamorphites, greenschist facies, epizonal metamorphism, illite crystallinity
(IC), chlorite crystallinity (ChC), Arkai index (Al), chlorite geothermometry
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KB Iran’daki ofiyolitler kuzeyde Kafkasya Kenet Zonu ile giineyde Zagros Kenet Zonu arasinda yer
almaktadir. Bu ofiyolitlerin batiya dogru, Dogu Anadolu’daki jeolojik birimlerle olan denestirilmesi
biiyiik fay sistemleri ve Tersiyer—Kuvaterner volkanik ortii nedeniyle belirsizlesmektedir. KB iran’da
iki tlir ofiyolit ayirtlanmistir. Bunlar, KD’daki Erken Jura yash metamorfik ofiyolitler ve GB’daki
metamorfik olmayan Geg¢ Kretase yash ofiyolitlerdir. Bu ofiyolitler Neotetis’e ait okyanusal kabuk
kalintilarin1 tanimlamaktadir. Bati Iran ve Tiirkiye’deki metamorfik olmayan ofiyolitler yas agisindan
benzerdir. Bu ¢aligmada metamorfik ofiyolitlere ait amfibolitler arastirilmigtir. Bu amfibolitlerin
toplam kaya jeokimyas: bunlarin farkli ilksel magma tiplerinden tiiredigini gostermektedir.
Amfibolitler yaygin bir sekilde toleyitik bazaltlardan tiiremektedir. OIB bilesimi gosteren az sayidaki
ornegin ilksel kayalar1 ise bir deniz dagi olusumuyla iligkilendirilebilir. Calisilan amfibolit
orneklerinin biiyiikk ¢ogunlugu MORB 6zelligi sergiler. Granath amfibolitlerdeki granat bilesimleri
biiyiik olasilikla amfibolitlerin yiizeylemesi sirasinda gerceklesen biiyiimelerden kaynaklanan hafif bir
ters zonlanma gostermektedir. Granat cekirdeklerinin bilesimi metamorfizmanin en iist kosullarini
ifade etmektedir. Zonlanma profillerinde keskin degisimlerin bulunmayis1 amfibolitlerin olasilikla tek
bir metamorfik olaya bagli olarak gelistigini gostermektedir. Hornblend — plajioklas, granat — amfibol
ve hornblend igerisindeki Al miktar1 gibi yari nicel termobarometrik hesaplamalara dayali
THERMOCALC sonuglar1 pik metamorfizma kosullar1 i¢in 10-12 kbar basing ve ~700-800 °C
sicaklik degerleri vermektedir. Pik ve pik sonrasina ait degerler amfibolitler i¢in saat yoniinde bir P-T
evrimini tanmimlamaktadir. Bu tlir bir evrim amfibolitlerin bir metamorfik taban olma olasiligini
ortadan kaldirmakta ve carpigma ile iliskili bir kokeni desteklemektedir. Bu nedenle amfibolitlerin
ilksel kayalarinin Neotetis Okyanusuna ait okyanus ortast sirtinda olustugu ve okyanusal kabugun
yitimi ve izleyen evrede gergeklesen ¢arpisma sonucu metamorfizmaya ugradigi sdylenebilir.

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

Key Words: amphibolite, MORB, ophiolite, clockwise P-T path, NW Iran
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