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Gediz Grabeninin Kuvaterner Jeolojisi ve Evrimi

Quaternary Geology and Evolution of the Gediz Graben

H. Yavuz HAKYEMEZ', Fikret GOKTAS?, Tevfik ERKAL?
IMTA Maden Etit ve Arama Dairesi, 06520 Ankara
(e-posta: yavuzhakyemez@yahoo.com)
2MTA Ege Bolge Miidiirliigii, Bornova, Izmir
34fyon Kocatepe Universitesi, Fen-Edebiyat Fakiiltesi, Cografya Béliimii, Afyonkarahisar

oz
Bat1 Anadolu’nun en geng ve dnemli yapisal elemanlarindan biri olan Gediz Grabeni havzasi, Kuvaterner
doneminde dikkat cekici jeolojik ve jeomorfolojik asamalari olan bir evrim gegirmistir. Kuvaterner

basindan bu yana akmis olan eski ve yeni Gediz nehirleri ile degisik boyutlardaki goller, K-G genisleme
rejimi i¢inde gelisen tektonik denetimli bir havza evrimi siirecinde ¢okellerini dolgulamistir.

Bu ¢aligmada Gediz havzasmin erken ve ge¢ Kuvaterner sirasinda sinsedimanter tektonizmayla degisen
karakteristikleri ¢okel fasiyesleri ve ortamsal 6zellikleri tanitilmakta, nehrin denizle bulugsma seriiveninin
Kuvaterner sonlarinda, olasilikla Holosen ortalarinda gerceklestigi vurgulanmakta ve havzanin Kuvaterner
boyunca gecirdigi jeolojik-jeomorfolojik evrim yorumlanmaktadir.

Anahtar kelimeler: Bati Anadolu, Gediz Nehri, Gediz Grabeni, Kuvaterner, paleocografya, tektonik
denetim.

ABSTRACT

The Gediz Graben basin, one of the youngest and important structural elements of the Western Anatolia,
has an evolutionary history with markedly geologic and geomorphologic phases during the Quaternary.
The old and actual Gediz River, running since the beginning of the Quaternary, and various sized lake
have deposited their sediments during a tectonic-controlled basin evolution processes developed in N-S
extension regime.

In this study, sedimentary facies, environmental properties and characteristics of the Gediz basin changed
by synsedimentary tectonics during the early and late Quaternary are explained. Also it is emphasized that
the joining adventure of the river with the sea was probably lived in the middle of the Holocene, and the
geologic and geomorphologic evolution of the river in the Quaternary is interpreted.

Key words: Gediz Graben, Gediz River, paleogeography, Quaternary, tectonic control, Western Anatolia,



GIRIS

Bati Anadolu’nun D-B uzanimli grabenlerinden
biri olan Gediz Grabeni’nin olusumunu denetleyen
tektonizmayi, havzanin  ¢okel  dolgusunun
stratigrafisi ve sedimantolojik o6zellikleri ile
bolgenin jeomorfolojik karakteristiklerini ele alan
cok sayida jeolojik ve jeomorfolojik (Ering, 1954,
1955, 1978; Arpat ve Bingdl, 1969; Eisma, 1978;
Dewey ve Sengor, 1979; Erol, 1982; Ozaner ve
Bozbay, 1982; Kozan, 1982; Bircan vd., 1983;
Aksu ve Piper, 1983/1984; Aksu vd. 1987,1990;
Sengor, 1987; Yagmurlu, 1987; Roberts, 1988;
Iztan ve Yazman, 1990; Paton, 1992; Cohen vd.,
1995; Dart vd., 1995; Ediger vd., 1996; Emre,
1996 a,b; Seyitoglu ve Scott, 1996; Yusufoglu,
1996; Giirsoy vd., 1998; Kogyigit vd., 1999;
Seyitoglu vd., 2000; Yilmaz, 2000; Yilmaz vd.,
2000; Sozbilir, 2001, 2002; Seyitoglu vd., 2002;
Bozkurt ve Sozbilir, 2004; Emre vd., 2005;
Kazanci vd., 2009, 2011, 2012) ve paleocografik

verileri de kullanan arkeolojik (Cilingiroglu,

H. Yavuz HAKYEMEZ, Fikret GOKTAS, Tevfik ERKAL

2009) arastirma yapilmistir. Cok iyi ylizlekler
veren ¢okel dolgusu havza olusumu ve yersekilleri
gelisiminin anlasilmasinda son derece zengin
gbzlem olanaklar1 sunmaktadir.

Bati Anadolu’nun en 6nemli
Gediz
icinde aktig1 Gediz havzasi, iilkemizde en ¢ok
Ancak

biitiin bu caligmalarda nehrin ve iginde aktig1

akarsularindan biri  olan Nehri’nin

calisilan alanlardan birisi olmustur.
havzanin olusumu ve havza c¢okellerinin gelisim
Oykiisliniin yeterince anlatildigl sdylenemez. Bu
calisma s6z konusu boslugu kismen kapatmay1
amagclamaktadir.

Burada Gediz Nehri’nin ge¢ Kuvaterner
boyunca gecirdigi jeolojik ve paleocografik
evrim sergilenirken, Gediz Grabeni iginde erken
Kuvaterner’den itibaren akmis olan eski Gediz
Nehri ve onunla yanal iligkili aluviyal sistemlerin
olusturdugu ¢okellerin jeolojisi, fasiyes 6zellikleri
ve istiflenme diizenine de kisaca deginilecektir
(Sekil 1).
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Sekil 1 Inceleme alanmin jeoloji haritast ve
incelenen DSI kuyularmin konumlari
(MTA (2002) ve Goktas (2012)’den
yararlanilarak hazirlanmistir).

Figure 1.  Geological map of the research area with

the locations of DSI wells (Modified after
MTA (2002) and Géktas (2012)).

GEDIZ GRABENI VE PLEYISTOSEN
COKELIMi

Gediz Nehri’nin jeolojisini ve evrimini ele
almadan 6nce Gediz Nehri’nin ne zaman olusmaya

ve ¢oOkel dolgulamaya bagladigi sorusuna yanit
aramak gerekir.

Gediz Grabeni’nin i¢inde bulundugu
bolge Neojen ve Kuvaterner boyunca dolgulanma,
tektonik ve jeomorfoloji bakimindan karmagik
bir evrim gecirmistir. Bati Anadolu’da Orta
Miyosen’den itibaren agilmis olan fay denetimli
Neojen havzalarmin genel uzanimi KD-GB’dir.
Bu graben havzalarinda Orta Miyosen siiresince
Kiitahya-
Usak dolayinda genellikle fluviyal, deltayik ve

¢Okelmis olan dolgular, kuzeyde
golsel ortamlari, glineyde Aydin-Denizli-Mugla
yorelerinde ise baslica golsel ortami karakterize
ederler (Kaya, 1980; Leflef, 1980; Yilmaz, 2000).
Bir bagka deyisle, bu donemde fluviyal sistemler
pek cok yerde kabaca kuzeyden giineye dogru
gelismis ve goller ise glineyde yer almig ve zaman
zaman kuzeye ilerlemistir. Orta Miyosen’den
Pliyosen’e kadar ulasan yaslara sahip dolgular
iceren ve Ozellikle Gediz Grabeni’nin kuzeyinde
belirgin olan bu KD-GB uzanimli graben
havzalarmm, K-G genislemeyle ortaya ¢ikan
D-B ve KB-GD uzanimli grabenler ile kdkensel
iligkileri yoktur.

Gediz Grabeni’nin bugilinkii KB-GD
uzanimlt bigimlenisi, Bati Anadolu’nun K-G
dogrultulu genislemesiyle birlikte Kuvaterner
basindan  itibaren  gelismeye  baslamistir.
Grabendeki erken donem c¢okeliminin yagini
veren mikromemeli faunasi gec¢ Villaniyen-
erken Bihariyen’i karakterize etmektedir (Sarica,
2000). Ancak daha once Geg Pliyosen iginde ele
alman Villaniyen katinin ve erken Bihariyen’in,
Kuvaterner baslangicinin ICS tarafindan 2,59
milyon yil dncesine indirilmesi nedeniyle erken
Kuvaterner’e taginma zorunlulugu dogmustur
(Kazanci, 2009; Mascarelli, 2009; ICS, 2013).
Biiylik  Menderes  Grabeni’ndekilerle aym
fasiyeslere sahip olan ve bu nedenle bu iki

grabenin neredeyse bir ayna goriiniimiine sahip



olmasini saglayan bu ¢okellerin olusturdugu istifin
orta kesiminden de Biiyilk Menderes Grabeni’nde
gec Pleyistosen (Toringiyen) yasi elde edilmistir
(Unay vd., 1995; Unay ve Bruijn, 1998; Unay ve
Goktas, 1999; Goktas ve Hakyemez, 2000; Sarica,
2000). Gediz Grabeni’nin agilmasiyla iligkili olan
Kuvaterner yash aluviyal ve fluviyal g¢okeller,
ozellikle grabenin aktif olan giiney kenar1 boyunca
kesintisiz yiizlekler verir.

Cokel istifin en alt kesimi, kirmizi renkli
altivyon yelpazesi cakiltaglari (Q1) ile yerel olarak
golsel kiltas1 ve silttasi igerikli (Q3), gri renkli
fluviyal kumtasi-silttasi-¢cakiltasi ardalanmasindan
(Q2) meydana gelen, 1000 metreden kalin bir istifle
karakterize olur (Sekil 2). Bu istif, havzanin bati
ve kuzeybati kesimlerinde yiizeyleyen ve Goktas
ve Hakyemez (2000) tarafindan Biiyiik Menderes
Grabeni’nde tanimlanan “Hidirbeyli iiyesi’nin
denestirilebilir esdegeri olan, katmanlanmasi
belirsiz veya masif goriiniimli kiltasi, silttagi ve
kumtas1 diizeylerinden olusan golsel ¢okellere
(Q3), deltaik
fasiyesler araciligiyla yanal yonde gecis gosterir.
Q2 ile simgelenen aksiyal fluviyal sistem, yani

kumtast ve silttagi bilesimli

eski Gediz Nehri’nin tortullasma ekseni, styrilma
etkinlik
giineye kaymis ve Q2 istifi Q1 istifinin iizerine

faymin  Pleyistosen’deki stirecinde
asma yapmistir. Mikromemeli faunasina gore
Gediz ve Biiyiik Menderes graben dolgularinin
yasi, ge¢ Villaniyen’den (erken Pleyistosen)
erken Toringiyen’e (ge¢ Pleyistosen) kadar uzanir
(Unay vd., 1995; Unay, 1997: yaymlanmamis veri

hakkinda sozIii goriisme; Sarica, 2000).

Nemli  iklimde
yelpazelerini temsil eden, 300-600 metre arasinda

olugmus  aliivyon

H. Yavuz HAKYEMEZ, Fikret GOKTAS, Tevfik ERKAL

degisen kalinliklardaki, sarimsi1 kahve renkli, kotii-
orta boylanmali cakiltagi-egemen istif (Q4), lst
yast olasilikla erken Toringiyen’e ¢ikan Q2 istifini
-styrilma fay1 oniinde- uyumsuz olarak orter. Q4
istifinin havzanin KB’sindaki yelpaze deltasi ve
deltayik karakterdeki denestirilebilir esdegerleri
ise, gol alanlar1 lizerine ilerleyerek Q3 ¢okeliminin
gerceklestigi  gollerin - giderek  kiiciilmesine
neden olmustur. Yani, yanal giriklik iliskisiyle
baslayan fluviyal ve aliiviyal tortullasma, havza
tabanini olusturan tavan blogunun siirekli giineye
egimlenmesi sonucunda Q2 istifinin Q1 iizerine
asmastyla sonuclanmis; Gediz Nehri tortullagma
ekseni de, olasilikla Q4 orgilii akarsu-egemen
alitvyon yelpazesi olusumunu tetikleyen “supra-
detachment” faylanmanin denetiminde tekrar

kuzeye kaymistir.

Budolgulanma evresinden sonra, grabenin
aktif giiney kenarinda “supra-detachment” faylarin
yine havza yoniinde go¢ etmesiyle olusmus,
moloz akmasi1 cakiltaglarinin egemen oldugu,
yaklagik 100 metre kalinliginda ve olasilikla en
ge¢ Toringiyen yasl yerel aliivyon yelpazesi
cokelleri de (QS5: telescoping fan deposits),
yiikselen Q4 istifi ve onceki Kuvaterner ¢okelleri
icine kazinmis vadilerin 6niinde geligmistir.

Istiflenmeye iliskin bu veriler, onceki
tim istifleri kesen en gen¢ ana aktif fayin
oniinde gelismis aliivyon yelpazesi ve akarsu
cokellerinin en ge¢ Toringiyen’den sonra
¢okelmeye bagladigini, bir baska deyisle halen
gelisimi siirmekte olan bu aliivyon yelpazeleri ve
akarsularin Holosen’den itibaren ortaya ¢iktigin

isaret etmektedir.



Gediz Grabeninin Kuvaterner Jeolojisi ve Evrimi

alaninin
stratigrafi  kesiti (Goktag (2012)’den
alman litostratigrafi diizeni, ICS (2013)

Sekil 2. Inceleme genellestirilmis

kronostratigrafi ~ diizenlemesine  gore
revize edilmistir).

Figure 2.  Generalized stratigraphical section of

research area (After Goktas (2012);

revised based on ICS (2013) time scale).

GEDIiZ GRABENINDE GEC KUVATERNER
ISTIFLERI

Stratigrafik diizeni yukarida genel olarak verilen

Pleyistosen yasli ¢okel istiflerinin iizerine,

havza i¢inde Holosen c¢okelleri dolgulanmistir.

Bu ¢okeller halen havzayr doldurmaya devam
ettiginden, yalnizca kenar fasiyesleri, bolgesel
ylikselim nedeniyle havza kenarlarinda yan kol
akarsularin kazimalariyla olusan birkag metrelik
yarmalarda smirli ylizeylemeler vermektedir.
Bu nedenle DSI arastirma kuyularmin loglarina
basvurularak baslica Holosen ¢dkellerine ve
kismen de Pleyistosen ¢okellerine ait litolojik
bilgiler saglanmistir. Bu kuyularda Pleyistosen ve
Holosen yasli ¢gokelleri kesin olarak ayirt etmek
miimkiin olamasa da, ¢cokelme hizlar1 bakimindan
Holosen siiresince ¢okelmesi miimkiin olmayan
kalinliklardaki golsel ¢okellerin varligi, istiflerin
bir kismmin Ust Pleyistosen’e ait olabilecegini
gostermektedir.

Calismada havzanin bati1 kesiminde ag¢ilan
toplam 22 adet DSI kuyusunun loglari incelenmis
ve litoloji tanmimlamalar1 ¢Okelme ortamlarini
yorumlamak amaciyla degerlendirilmistir (Sekil
3). Bu kuyular Saruhanli-Manisa arasinda (7647,
7648,45244,16861-A, 7646, 31886, 7645, 18711,
18717, 3824-A nolu kuyular), Turgutlu-Alagehir
arasinda (3823, 3822-A, 43658 nolu kuyular),
Akhisar dolayinda (20984, 16986, 6305, 6188,
18716) ve Turgutlu-Kemalpasa arasinda (57412,
3981, 59487, 49077 nolu kuyular) yer almaktadir.

Kuyularda kesilen litoloji topluluklar1 beg
grupta toplanmistir. Yalnizca 16861-A, 31886,
16986 ve 6305 nolu kuyularda gozlenen ve
Kuvaterner tortullagmasi dncesi temel kayalarimi
olusturan ilk grup, Neojen golsel kirectaslar ile
Mesozoyik yasl denizel kirectaslarini da kapsar.

Kuyulardaki Kuvaterner c¢okelleri ise
baslica dort grupta toplanmis ve bunlar 1) alivyon
yelpazesi ¢okelleri, 2) akarsu ¢okelleri, 3) gdlsel
¢okel arakatkili yelpaze deltasi ve delta ¢okelleri
ve 4) golsel ¢okeller olarak tanimlanmistir.

Incelenen  DSI  kuyu  loglarinin

tanimlamalar1 agsagida verilmistir (Sekil 3):



7647 nolu kuyunun 85 metrelik st
kesiminde olasilikla kuzeydeki havza kenarinda
gelismis yelpaze deltasina ait olan ve gri renkli
kiiclik cakil, kum ve siltlerden olusan ¢okeller
kesilmistir (Sekil 3A). Alttaki 120 metrelik kesim
ise kahvengi, kumlu golsel kiltas ve silttaglarindan
olusur.

7648 nolu kuyunun iist 130 metresinde
KD’dan Saruhanli’ya
deltaya ait bej ve kahverengi kum, cakil ve siltler

dogru gelismis olan

gecilmistir. Alttaki 49 metrelik kesim ise kahve
ve gri-mavi renkli, kumlu golsel kiltaglarindan
olusmaktadr.

45244 nolu 158 metrelik kuyuda yalnizca
kuzeyden giineydeki gole dogru gelismis olan
deltaya ait cokeller gozlenir. Bunlar gri renkli
killerden olusan golsel arakatkilar igerir. Delta
cokelleri bej-gri renklerde, kiigiik cakil ve
kumlardan olusmustur.

16861-A nolu kuyunun iist 28 metresinde
beyaz-gri renkli kum ve siltlerden olusan akarsu
cokelleri yer almaktadir. Daha alttaki 74 metrelik
kisim “bej renkli kumlu kil” olarak tanimlanmig
ve golsel c¢okel olarak yorumlanmistir. Holosen
¢okellerinin altinda Kuvaterner Oncesi temeli
olusturan Mesozoyik yasli kiregtaslar1 yer alir.

7646 nolu kuyunun istten 115 metrelik
boliminde gri renkli c¢akil, kum ve Kkil-silt
diizeylerinden olusan ve akarsu c¢okelleri olarak
yorumlanan litolojiler gozlenmistir. Sondajin
hemen KD’sunda yiizeyleyen fliiviyal ¢okeller
icinde, orta Pleyistosen’i gosterdigi bildirilen
bliyilk  memeli (Palaeoloxodon
antiquus Falconer ve Cautley, Cervus elaphus
Linné, Equus sp.) bulunmustur (Sahinci, 1976).
185. metreye kadar devam eden sondajin alt 70

kalintilar

metrelik boliimiinde ise gri renkli, {istte daha fazla
kumtag1 diizeyleri igeren ve golsel ¢okel olarak
yorumlanan kiltagi-egemen bir istif goriliir.

H. Yavuz HAKYEMEZ, Fikret GOKTAS, Tevfik ERKAL

31886 nolu kuyunun iist 48 metresi
boyunca gri renkli ¢akil, kum ve siltlerden olusan
akarsu c¢okelleri gecilmistir. Bunun altinda, 73
m kalmhgindaki gri renkli golsel kiltagi-kumtasi
istifi, Kuvaterner Oncesi temeli temeli olusturan
beyaz renkli Neojen killi kiregtaglarma kadar
devam eder.

7645 mnolu kuyu Manisa aliivyon
yelpazesinin {izerinde yer alir ve sondajin iist 88
metresi akarsu ¢okellerini kesmistir. Toplam 220
m derinligi olan kuyunun alttaki 132 metresinde

ise golsel kum ve killer gozlenmistir.

18711 nolu kuyuda kesilen istifin {ist 70
metresi baglica kaba cakiltaglarindan meydana
gelen aliivyon yelpazesi ¢okellerinden, altindaki
75 metrelik kesim akarsu kokenli kiigiik ¢akilli
kumlar ve siltlerden, en alttaki 45 metrelik istif ise
bej renkli gdlsel kil ve siltlerden olugmaktadir.

18717 mnolu kuyu Caldag’m hemen
giineyinde, havza kenarinda yer alir ve istteki
bej-kahve renkli ¢akil ve kaba kumlardan olusan
akarsu cokellerinin yalnizca 9 m kalinliginda
kesilmesinin nedeni bu olabilir. Daha alttaki 145
metrelik kesimde ise gri-yesil-bej renklerdeki
golsel killer yer almaktadir.

3824-A nolu kuyunun en {ist 56 metrelik
kesimi akarsu kokenli olarak yorumlanan gri-yesil
renkli ¢akil ve kumlardan olusur. Bunlarin altinda
54 m kalinliginda, mavi-yesil-bej renkli golsel
killer bulunur. Daha altta, yer yer kum arakatkili iri
cakillardan olusan 26 metre kalinligindaki kesim
ise kuzeyde yer alan Caldag’dan kaynaklanmis
yelpaze deltast veya yan kol akarsularin ¢okeli
olarak yorumlanmistir. En alttaki 26 metrelik
boliim, golsel olarak yorumlanan yesil renkli,
kumlu killerden ibarettir.

3823 nolu kuyuda kesilen istifin {ist 70
metrelik kismi akarsu kokenli, kiiciik c¢akillt
kumlar ve cakillardan olusur. Bunun altindaki 95
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metrelik kesim ise gdlsel ince kum ve siltlerden
ibarettir.

3822-A nolu kuyunun istteki 42 metrelik
Alttaki
145 metrelik kesim de baslica kumlu killerden

kesiminde akarsu cakillar1 bulunur.

olusmaktadir.

43658 nolu kuyuda tiimiiyle ¢akilli kum
ve siltlerden olusan akarsu ¢okelleri kesilmistir.

200 m derinliginde acilan 20984 nolu
kuyunun tstten 95 metrelik kesiminde golsel kil
ve silt arakatkili kaba cakiltaslarindan olusan
yelpaze deltast ¢okelleri kesilmistir (Sekil 3B).
Istifin alt boliimil ise, cok az kum ve kiiciik cakil
ince diizeyleri iceren bej renkli golsel killerden
olusmaktadir.

16986 nolu kuyunun iist 135 metresinde
kalin kumlu ¢akil diizeylerinin yine kalin silt-kil
diizeyleriyle ardalanmasindan olusan yelpaze
deltasi-gol c¢okeli ardalanmasi goriilmektedir.
Bunun altindaki 45 metrelik ¢okel istifi ise tiimiiyle
bej renkli, golsel kil ve siltlerden olusur. Daha
altta, olasilikla Kuvaterner oncesi temele ait olasi
Mesozoyik yagh denizel kirectaslar1 gozlenmistir.

6305 nolu kuyuda kesilen istifin tiimii
kizil kahverengi golsel killerden olugmaktadir.
Bu killer Mesozoyik yash temel iizerinde yer
almaktadir.

6188 nolu ustteki 145
metrelik kesimi c¢akil, kumlu c¢akil ve Kkil-silt

kuyunun

ardalanmasindan olusmus, yelpaze deltas: olarak
yorumlanan bir istif sunar. Toplam 270 m olan
kuyunun bunlarin altinda kalan kesimi yesil renkli,
go6lsel kumlu silt ve killerden ibarettir.

Genellikle golsel killerin kesildigi 18716
nolu kuyunun 250. metresi dolayinda ¢akilli
yelpaze deltasi ¢okellerine rastlanmigtir.

57412 nolu kuyunun ist 56 metrelik

bolimi  aliivyon yelpazesi c¢akiltaslarindan,

onun altindaki 40 metrelik kesimi ise golsel
killerden olugmustur (Sekil 3C). Bunlarin altinda
Kuvaterner oncesi temel (Mesozoyik denizel
kiregtaglari) temel bulunur.

216 m derinligindeki 3981 nolu kuyuda
¢ok az c¢akil-kum arakatkili, yesil renkli golsel
killer kesilmistir.

Erken Kuvaterner c¢okelleri iizerinde
acilmig olan 59487 nolu kuyuda istifin {ist 15
metrelik bolimi golsel kiltagi, sonraki 110
metrelik boliimii akarsu kokenli kumtasi-silttast
ardalanmasi ve en alttaki 125 metrelik boliimi
golsel killerden olusur.

49077 nolu kuyunun {izerinde yer aldig
allivyon yelpazesine iliskin c¢okellerin yalnizca
15 metrelik kalinlig1, bu en gen¢ yelpazenin ¢ok
yakin bir donemde dolgulanmaya bagladigini
gOsterir. Bunun altinda yer alan istif baglica golsel
kiltas1 ve kumtaslarindan olusmaktadir.

Bu kuyu verileri ve giincel fasiyeslerin
graben i¢indeki dagilimi gostermektedir ki, Gediz
Nehri havzasinin bat1 kesiminde Holosen istifinin
iist kesimi havza kenarlarinda yelpaze deltas1 ve
delta cokellerinden olusurken, havza ortasinda
akarsu c¢okelleri yer almaktadir. Ancak havzanin
batisindaki kuyularda bu kaba kirintililarin altinda
golsel ¢okeller bulunmakta ve havza kenarlarinda
bunlar birbirleriyle giriklik gostermektedir. Ote
yandan, Saruhanli’nin KD’sunda, Nuriye kdyiiniin
hemen batisindaki bogazin 6niindeki eski deltanin
yilizey morfolojisi ve dagitim kanallar1 ag1 hava
fotograflarinda acik olarak gozlenmektedir. Bu
nedenle Saruhanli dolayindaki kuyularda ilk
kesilen ¢okeller “deltaik” olarak yorumlanmastir.

TARTISMA

Asagida Gediz havzasimin Pleyistosen ve Holosen
evrimleri ayr1 ayri tartisilmistir. Guniimiizdeki
¢cokelme sistemlerinin baslangici olmasi ve elde



edilebilen verilerin zenginligi nedeniyle Holosen
evrimi daha ayrmtili olarak verilmistir.

Pleyistosen

Gediz Grabeni’'nin i¢inde bulundugu bdlge
Neojen ve Kuvaterner boyunca dolgulanma,
tektonik ve jeomorfolojik bakimdan karmasik
bir evrim gecirmistir. Bati Anadolu’da erken
Miyosen’den itibaren K-G ve KD-GB dogrultulu
faylar tarafindan agilan ya da sinirlanan Neojen
havzalarinin genel uzanimi KD-GB’dir. Ozgiin
olarak golsel ¢okellerin dolgulandigi bu grabenler,
K-G genislemeyi simgeleyen D-B uzanimh
grabenlerin agilmasindan ¢ok dnce olusmustur ve
onlarla kokensel baglantilar1 yoktur (Kaya, 1979;
Yilmaz, 2000).

Gerek yiizeyde gozlenen fasiyes dagilimi
gerekse kuyu loglarindan elde edilen veriler,
Gediz Grabeni i¢indeki fluviyal sistemin akis
yOniiniin Kuvaterner basindan itibaren KB’ya
dogru oldugunu gostermektedir. Gilineydeki ana
styrilma faymin tavan blogu {lizerinde yaygin
ylizeylemeleri olan Kuvaterner yash aluviyal ve
fluviyal ¢okeller, Kuvaterner basindan itibaren
KB-GD dogrultusunda olugmaya baglamis olan
Gediz Grabeni icinde kuzeybati yoniinde akmis
olan bir “eski Gediz Nehri” ve bu nehre kuzey ve
giineyden kavusmus olan aliivyon yelpazelerinin
driintidiir (Sekil 1).

Fluviyal sistemin kuzeybatiya dogru

akmis olmasma iliskin iki Onemli kanit

bulunmaktadir. Bunlardan ilki, Turgutlu’nun
giiney ve batisinda Q4 ¢akiltaslar1 arasinda golsel
silttag1 arakatkilarinin yer almasi ve Kemalpasa
cokilintlisiinin  kuzey kenarinda, Kemalpasa
Organize Sanayi Bolgesi ile Cobanisa arasinda
yapimi siiren demiryolu yarmalarinda Erken
Kuvaterner’e ait mavimsi gri-bej renkli kiltast

ve silttaglart ile temsil edilen golsel ¢okellerin
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yiizeylemesidir (Goktas, 2012; Sekil 4). ikinci
kanit ise havzanin dogu kesiminde gerek havza
kenarlarinda gerekse DSI arastirma kuyularinda
yalnizca fluviyal ¢okeller gozlenirken; havzanin
bati-kuzeybati kenarlarinda kalmtilar yiizeyleyen
ve Manisa-Saruhanli-Turgutlu arasindaki
ovada acilan DSI arastirma kuyularinin hemen
hepsinde kesilen, ayrica havzanin kuzeybati
kesiminde sadece kesilen boliimii bile ¢okelme
hizlar1 bakimindan Holosen siiresince ¢okelmesi
mimkiin olmayan kalmliklardaki, kapali bir
golii karakterize eden, yiiksek organik gereg
icerikli, siyahims1 koyu gri silttagi-kiltasi istifinin
bulunmasidir. Bu veriler, Manisa-Saruhanli-
Turgutlu arasinda ve Kemalpasa ile Akhisar
cokiintiilerindeki Holosen gollerinin, Pleyistosen

déneminden kalint1 olduklarini gosterir.

Paleocografya haritalarinda (Sekil 5)
Gediz havzasmin Kuvaterner boyunca gegirdigi
sedimanter ve jeomorfolojik evrimi sirasiyla
gosterilmektedir.  Sekil S5a, havzanin geg

Pleyistosen’deki evrimini gostermektedir.

Holosen

Grabenin aktif gliney kenarinda, ana siyrilma
faymin kuzeyinde yer alan ve Holosen ¢okelleri ile
Pleyistosen ¢okelleri arasinda siir olusturan ana
aktif faym taban blogu iizerinde Erken Kuvaterner
fluviyal ¢okellerinin yaygin olarak yiizeylemesi,
olasilikla Pleistosen sonu-Holosen baslarinda
Gediz Nehri havzas1 dolgulanma ekseninin -bir
baska deyisle Gediz Nehri yatagmin- siyrilma
fayi iizeri fay sisteminin (supra-detachment fault
system) havzaya dogru ilerlemesi sonucu olarak
kuzeye gog ettigini gostermektedir.

Kuzeye, yaklasik bugiinkii konumuna
kayarak kuzeybatiya akmaya devam eden yeni
Gediz Nehri boyunca ve bu nehre kavusan yan
kollar ontinde gelisen dolgulanmanin tarihi,
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Holosen sirasinda 6nemli olaylart kapsar.
Saptanabilen insan yerlesimleri ve uygarliklar1 da

nehrin bu evriminden etkilenmis olmalidir.

Sekil 5b, Gediz
Holosen’deki

gostermektedir. DSI arastirma kuyularinda, Manisa-

Nehri  havzasmimn
evriminin ilk asamasini
Saruhanli-Turgutlu arasinda fluviyal kum ve ¢akill
kumlar tarafindan 6rtiilmiis olan gélsel kil ve siltler
kesilirken, grabenin bu alanin dogusunda kalan
kesiminde yalnizca kumlu ve ¢akilli fluvial ¢okeller
gozlenmektedir (Sekil 2, 3). Bu kayitlar, Holosen’de
kuzeyekaymisyeniyatagidadnceki gibikuzeybatiya
akmaya devam eden Gediz Nehri'nin Holosen
baglarinda da Manisa-Saruhanli-Turgutlu arasinda
yer alan eski bir gdle bosalmaya devam ettigine
isaret eder. Havzanin batisindaki irili ufakli géllerin
varligimi dolayli yénden belgeleyen bir diger kanit da,
gollerin bulundugu alanlarda higbir antik yerlesimin
bulunmamas1 ve saptanan yerlesimlerin tiimiiniin
g0l cevrelerinde yer almasidir. Doneme iligkin
paleocografya haritasinda gortildiigii gibi (Sekil 5b),
Holosen baglarinda bolgedeki yerlesim yerlerinin
bir kismi Kemalpaga goli kiyilarinda (Ulucak,
Yenmig, Nemrut), bir kismi1 da kuzeyde Akhisar-
Golmarmara arasindaki iki kiiciik gol ¢evresinde
(Kayislar, Nuriye, Alibeyli, Arpali IT) yer almaktadir
(French, 1965, 1969; Meri¢, 1993: Cilingiroglu,
2009). Bugiin kurumus olan ve c¢okelleri DSI
tarafindan agilmis drenaj kanallarinda yiizeyleyen
Akhisar ¢evresindeki kiiciik goller topografik
olarak alcak alanlar olusturur. Holosen basinda
bu gollerin giineydoguya akan dereler araciligiyla
birbirleriyle baglantili oldugu diistiniilmektedir.
Iki kiiciik kuzey goliine giren akarsularin yalnizca
birkag km*’lik kiiciik deltalar1 varken, giineybatiya
yonelimli dar bir vadiden gegerek giineyde yer alan
Manisa-Saruhanli-Turgutlu arasindaki biiyiik gole
(Manisa golii) kuzeydeki gollerin suyunu bosaltan
akarsuyun (bugiinkii Kum Cay1’nin atas1) 6niinde,
Nuriye Koyl yakimindaki vadi ¢ikisinda biiylik bir

delta gelismistir. Bu deltanin dagitim kanallarinin
izleri 1:35.000 olcekli hava fotograflar1 ve Aster
goriintiilerinde net olarak secilebilmektedir (Sekil 6).

Ayn1 donemde Gediz Nehri’nin Alasehir-
Turgutlu arasinda aktigi ve Turgutlu dolayinda
Manisa g6line kavustugu diisiiniilmektedir.
Olasilikla, bugiinkii Gordes Cayr ile Gediz
Nehri’nin graben disindaki kesiminin atalari,
temel kayalart icine kazinmis birer yan kol
olarak eski Gediz Nehri'ne kuzeydogudan
birlesmekteydi. Bunlardan daha giineydoguda,
Salihli’'nin ~ kuzeyinde  yer Gediz

Grabeni’nin kuzey kenarinda, Adala Ilgesi’nin

alani,

14.5 km kuzeydogusundaki Divlittepe konisinden
yaklagik 25.000 yil once ¢ikarak Gediz Nehri
vadisine ydnelen bazalt akintisinin (Divlittepe
Volkanitleri: 1982 ve 1993) igine
kazinmistir. Giinlimiizdeki Gediz Nehri’nin akis

Ercan,

yukar1 kesimini olusturan bu akarsu vadisinin
graben ovasma kavustugu yerde bir aliivyon
yelpazesi gelismistir. Bu donemde baslica
aliivyon yelpazeleri, grabenin giiney kenarindaki
aktif normal fay boyunca birlesik yelpazeler
olusturarak gelismis, kuzey kenarda ise yelpaze

gelisimi goreli sinirli kalmustir.

Ote yandan Holosen baslarinda,

Menemen’in  dogusunda  baslica  Neojen
volkanitlerinden meydana gelen KD-GB uzanimli
bir sirt, Manisa golii ile Ege Denizi arasinda bir
bariyer konumundaydi. En ge¢ Pleyistosen-erken
Holosen’de tiim diinya denizlerindeki gibi Akdeniz
ve Ege Denizi’'nde de deniz diizeyi bugiinkiine
gore yaklasik 90-130 m daha algakti (Shackleton,
1987; Fairbanks, 1989; Colonna vd.,1996;
Fleming vd., 1998; Waelbroeck, 2001; Chappell,
2005; Miller, 2005; Caputo, 2007) ve Ege Denizi
Menemen batisinda bir korfez olusturmaktaydi.
Buradaki korfezin dogu kenarinda bati yoniinde
akan bir akarsuyun oniinde olusan bir yelpaze

deltas1 denize dogru biiylimeye baslamig ve bu



akarsu yatagini Dumanli Dag ile Yamanlar Dag1
arasinda geriye, doguya dogru asindirmaya
baslamisti. Manisa tarafinda da goliin batisindaki
kii¢iik bir bir akarsu da yatagini bati yoniinde
geriye asindirtyordu. Es zamanli olarak, eski
[zmir K&rfezi’nin giiney kenarindaki “Izmir Fay1”
(Emre vd., 2005) oniinde kiiclik yelpaze deltalar

gelismekteydi (Sekil 5b).

Sekil 3.

H. Yavuz HAKYEMEZ, Fikret GOKTAS, Tevfik ERKAL

Ikinci evrenin  basinda, olasilikla,
giineydeki ana siyrilma faymnin tavan blogunun
giineye egilmesinin artmasi, kuzeydeki iki kiiglik
s1g gOlliin sularini giineye akaglamasina neden
olmustur. Muradiye batisindaki sol yonli dogrultu
atimh transfer fay zonunun (Emre vd., 2005)
etkinleserek bati kesiminin goreli yiikselmesiyle,

Dumanli Dagile Yamanlar Dagi arasinda Menemen

Gediz Nehri havzasi bat1 kesiminde incelenen DSI kuyularinin kayitlari ve yalinlastirilmis fasiyesleri;

A. Saruhanli-Manisa-Alagehir arasi, B. Akhisar yoresi; C. Turgutlu-Kemalpasa yoresi.

Figure 3.

Simplified facies of DSI well logs investigated in the western part of the Gediz River basin. A. Saruhanli-

Manisa-Alasehir district, B. Akhisar district; C. Turgutlu-Kemalpasa district.
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ve Manisa yonlerine akmakta olan iki akarsu
yataklarim1 hizla derinlestirmis; batidaki akarsu
dogudakini kapmis ve Manisa golii ile Menemen
yelpaze deltas1 arasinda, Gediz Grabeni’nin Ege
Denizi’'ne baglantisin1 saglayan dar ve derin
bir vadi olusmustur. Bu vadinin ag¢ilmasi,
daha yiiksekte yer alan Manisa golii suyunun
(Menemen’de delta gelisimini de tetikleyerek)
Ege Denizi’ne bosalmasi sonucunu dogurmustur
(Sekil 5c). Bu bosalimin sonucunda, Gediz
havzasinda fluviyal sistem eski gol alani {izerine
de ilerleyerek egemen olmustur. O donemin Nif
Cayr’nin sulart da, Turgutlu giineyinde agilan
vadiden gecerek yaklasik olarak bugiin Gediz
Nehri’'ne kavustugu yerden go6liin bosalimiyla
tagkin ovasma doniisen alan iizerinden Gediz
Nehri’ne bosalmistir. Biiyiilk Manisa gdliiniin bu
sekilde ortadan kalkmasi, havzanin paleocografik
evrimindeki en 6nemli olaydir.

Sekil 4.

kiltas1 ve silttaslarindan olugan golsel ¢okeller.

Figure 4.

Ering (1954, 1955) Menemen bogazinin
acilmas1 ile 1ilgili olarak c¢esitli alternatifler
ileri stirmiistiir. Erkal ve Hakyemez (1993) ile
Hakyemez vd. (1999) ise bunlardan “Manisa
goliinlin tasmas1 ve akarsu geriye asindirmasi
batisindaki  akarsuyun
kapma olaymin” birlikte c¢alismasiyla Gediz
Nehri’nin  deniz
olabilecegini belirtmislerdir. Yukarida anilan
Muradiye batisindaki KD-GB dogrultulu transfer
fay zonunun batisindaki volkanitler i¢inde bu
faylanma nedeniyle olusan kiigiik faylar (Sekil
1) ile gelismis eklem sistemi akarsu kapmasiyla

sonucunda  bariyerin

ile kavusmasini saglamis

sonuglanan vadi agilimini desteklemis olmalidir.

Gediz Nehri’nin denize kavusmasinin
sonucunda Menemen yakinindaki yelpaze deltast
bir delta ovasina doniismiis ve Orta Miyosen yasl
golsel c¢okellerden (“Aliaga kiregtasi”: Kaya,

Kemalpasa Holosen ¢okiintiisiiniin kuzey kenarindaki Erken Kuvaterner’e ait mavimsi gri-bej renkli

Early Quaternary lacustrine deposits composed of bluish gray to beige coloured claystone and siltstone

at the northern margin of the Kemalpasa graben formed in Holocene.
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1979) olusan (bugiin iizerinde Menemen/Maltepe
organize sanayi bolgesinin yer aldigi) adatepenin
eski hali olan “Maltepe Adasi”na kadar yayilmistir.

Bu donemin, Dogu Akdeniz bolgesinde
8200 il
tarihlenen ani iklimsel degigsim olayindan kisa bir

kurakligr tetikleyen ve Oncesine

siire sonrasindaki, Kemalpasa-Ulucak hiiytigi
yerlesiminin ve olasilikla bdlgedeki tiim yerlesim
alanlarinin (Yenmis, Nemrut, Kayislar, Nuriye,
Alibeyli, Arpali II) (French, 1965, 1969; Merig,
1993) terk edildigi zamana (yaklagik 7800-7900
yil once: Cilingiroglu, 2009) karsilik gelebilecegi
diisiiniilebilir. Younger Dryas’taki (gliniimiizden
12800-11500 yil oncesi; Muscheler vd., 2008)
kurak ve sert iklimden sonra Holosen basinda
aniden baglayan ve 8800-9000 yil once heniiz
deniz diizeyi yiikselmekteyken de devam eden
goreli sicak ve nemli iklim kosullarinda (Friedrich
vd., 1999; Alley, 2000) kurulmus Ulucak yerlesim
alaninin yaklasik 1000 yil sonra terk edilmesinde
yalnizca Dogu Akdeniz’deki kuraklik degil, belki
de bundan daha 6nemli olarak bolgedeki gollerin
denize akaglanmasi da rol oynamis olabilir.

Sekil 5d, bolgedeki
akaclanmasindan sonraki

gollerin
paleocografyay1
gostermektedir. Ortaya c¢ikan manzara, yaklasik
olarak gilinlimiiz morfolojisine ve ortamsal
konumlarina benzemektedir. Havzadaki gollerin
hemen tiimii Manisa-Menemen arasindaki
acilmis dar vadi lizerinden sularin1 Ege Denizi’ne
bosaltarak kurumus ve eski Manisa goli
alaninda olusan genis ovada menderesli akarsu
sistemi geligmistir. Ayn1 donemde aktive olan
glineydeki normal faym Oniinde gergeklesen
faya dogru egimlenme nedeniyle kuzey alanlar
goreli yiikselmis ve bu yiikselim de daha ok
miktarda ¢Okelin havzaya tasmmasi sonucunu
dogurmus olmalidir. Boylece, akaglama alaninin
genisligi nedeniyle en fazla ¢okeli gereci tasiyan

bugiinkii Gediz Nehri’nin graben diginda kalan
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kesiminin grabene kavustugu noktada, yani Salihli
kuzeyindeki Bintepeler alaninin dogusunda bir
aliivyon yelpazesi gelisimi baglamistir. Bu yelpaze,
Marmara Golii’'ne bugilin kuzeybatidan suyunu
bosaltan ve olasilikla o donemde Gediz Nehri’ne
kavusan Gordes Cayr’nin (bugiin insan eliyle
diizenlenmis bir kanal halinde olan) Gélmarmara
dogusundaki kesiminin oniinii tikayarak Marmara
Goli’niin meydana gelmesine neden olmustur.

Kuzey alanlardaki yiikselimin bir sonucu
da, Gediz Nehri’nin bat1 kesiminde akis rejiminin
degismesidir. Salihli-Alagehir arasinda bu fluviyal
sistemin dogu parcasi (Alasehir Cay1) menderesli
birlikte, Gediz
Nehri’nin graben i¢inde kalan bati kesimi giderek

karakterini  degistirmemekle
var olan taskin ovasina gomiilerek bir oOrgiilii
akarsuya doniismiistiir. Bu nedenle, s6z konusu
yiikselimin Gediz Grabeni’nin bat1 kesimine sinirlt
kalmis veya batida daha etkin olmus olabilecegi
ileri siiriilebilir.
Gilinimiizde Gediz Nehri orgili ile
menderesli tip aras1 gegis Ozellikleri gdsteren,
ancak orgiili karakteri agir basan bir akarsudur
(Sekil Se). Yatagmi onceki tagkin ovasi igine
5 metre kadar kazimistir. Alagehir Cayi’nin
insan yapisi kanallara yoneltilmesi oncesindeki
dogal yatagi ise menderesli karakterini kismen
kaybetmis ve giineyden havza ortasmna dogru
biiyliyen allivyon yelpazeleri tarafindan oldukga
kuzeye itilmistir.
Goli,
besleyen akarsuyun (bugiinkii yapay kanal) Kum

Marmara kuzeybatidan  gdlii
Cay1 tarafindan kapilmasi sonucunda kiigtilm{istiir.
Kuzeydeki yiikselim nedeniyle giiniimiiziin Gediz
Nehri yatagi, Salihli kuzeyinde grabene girdigi
noktadan itibaren kuzeybatida Marmara Golii’ne
ve gilineybatida Gediz Nehri tagkin ovasina
acilan mevcut aliivyon yelpazesi-yelpaze deltasi

kompleksi i¢ine kazinmistir.
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Ancak giiniimiizden 3800-3100 yil
oncesine ait Miken uygarligina ait cok sayida
yerlesim merkezini barindiran Menemen ovasinda
(Bilen, 2008), kesin olan tek bulgu, bu dénemde
hemen hemen deniz kiyisinda bulunan bir antik
yerlesim yerinin Menemen’in 10 km kadar
batisinda yer alan, Ege Denizi’ne yaklagik 8,5 km

uzakliktaki Maltepe Beldesi dolayinda oldugudur?.

Bolgede, Izmir’in batisindaki Karaburun
denizel havzasinda, Aksu vd. (1987) tarafindan,
s1g sismik deniz tabani profillerinden ¢ikarsanan

yorumlanmis  dolgulanma  sekanslar1  ile

sapropel diizeyi ve izotopik kat sinir1 verilerinin

1 Bu ybredeki kazilar emekli Prof. Dr. Armagan Erkanal (HU)
baskanlhiginda yapilmis olup, konuyla ilgili yaymlar igin http:/
arkeo.hacettepe.edu.tr/tr/prof-dr-armagan-erkanal web adresine
bagvurulmasi 6nerilir.
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karsilastirilmasinadayanilarak hesaplanantektonik
¢okme hiz1 1000 yilda 1 m olarak belirlenmistir.
Eger bu tektonik ¢okme hizi bdlgesel yiikselim
hizina esitse, o zaman giiniimiizde eski menderesli
akarsu taskin ovasi i¢ine 5 m kadar kazinmis olan
Gediz Nehri’nin yatagini kazimaya baglamasi,
Kazanci vd. (2009, 2011)’nin Biiyilk Menderes’in
drenaj alaninin genislemesi ve graben batisindaki
korfezin dolmaya baglamasina ait tarihe iliskin
diistindiikleri gibi, yaklasik 5000 yil Oncesine
veya daha sonrasina tarihlendirilebilir. Ancak bu
cikarsama, gimdilik, spekiilatif bir diisiinceden
Oteye gegememektedir.
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Sekil 5.

Figure 5.

H. Yavuz HAKYEMEZ, Fikret GOKTAS, Tevfik ERKAL

Geg Pleistosen-Holosen sirasinda Gediz Nehri havzasindaki en geng ¢okel dolgusu fasiyeslerinin
dagilimini gdsteren paleocografya haritalari. a) Geg Pleyistosen dénemi, b) Holosen ilk evresi,
¢) Holosen ikinci evresi, d) Holosen iigiincii evresi, ¢) Gliniimiiz (Rakamlar Gediz deltas1 lizerindeki
dagitim kanallariin go¢ sirasin1 gostermektedir).

Palaeogeographic maps showing the distribution of sedimentary facies in the Gediz River Basin during
the Late Pleistocene and Holocene. A) Late Pleistocene, b) Holocene first phase, c) Holocene second
phase, d) Holocene third phase, €) Present (Numbers indicate the order of formation or shifting of delta
distributaries on then Gediz delta).
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Sekil 6. Nuriye Koyl yakininda kuzeyden Manisa goliine agilan Holosen deltasinin dagitim kanallari. Koy
Saruhanli’nin 11 km DKD’sundadir.

Figure 6.  Distributaries of the Holocene delta at the northern margin of the Manisa Lake near Nuriye village,
located at 11 km ENE of Saruhanli town.
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SONUCLAR

Gediz
tektonizmasi ile sekillenmistir ve Kuvaterner

Grabeni, asil  olarak  Kuvaterner

tektonizmasi ile bu tektonizma denetiminde
gelismis c¢okelimin en iyi izlendigi yerdir. Bir
baska deyisle, Gediz Nehri’nin jeolojik evrimi,
Gediz Grabeni’nin Kuvaterner’deki tektonizma
denetimli dolgulanmasimi temsil eder. Caligmada
elde edilen sonuglar asagida ana basliklar halinde
verilmistir.

1. Gediz Grabeni Kuvaterner basinda aliivyon
batida bu
sistemlerin suyunu bosalttig1 bir gol ile isgal

yelpazesi, Orgili akarsu ve

edilmistir.

2. Grabenin bat1 kesiminde genis alanlar kaplayan
g0l bugiinkii Manisa, Saruhanli, Turgutlu,
Akhisar, Kemalpasa ovalarini &rtmekte olup
Caldagile Spil Dag1 ve gble uzanan yarimadalar
durumunda idi. G6l baslangigta dogu yoniinde
Ahmetli’ye ulagmaktaydi. KB yoniinde akan
eski Gediz Nehri ile kuzeyden géle kavusan
eski Kum Cayr’nin deltalar1 olusmus, gol
kenarinda yer yer yelpaze deltalar1 geligmistir.

3. En gec Pleyistosen-erken Holosen’de Ege
Denizi-Akdeniz’in deniz diizeyi bugiinkiine
gore yaklasik 90-130 m daha algakti ve
Menemen’in dogusunda batiya akan ve Manisa
gOliiniin batisinda doguya akan birer akarsu
bulunuyordu. Diisiik deniz diizeyi ve tektonik
etkinlik bu akarsulardan oOzellikle batida
olaninin geriye agindirmasini hizlandirmig ve
kaynak tarafinin Manisa gdliine yaklagmasini
saglamistir.

5. Olasilikla Holosen bagslarinda Manisa goli

Menemen tarafindaki akarsu tarafindan
kapilmis ve birbiriyle baglantili Manisa ve
Kemalpasa gollerinin sulart Ege Denizi'ne
bosalmistir. B6lgedeki antik Ulucak yerlesimin

yaklasik 9000 yil once terk edilmesinde bu
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olayin rolii olabilir. Menemen deltasinin 6nemli
bir boliimii kapilan goliin sulari tarafindan
insa edilmis olmalidir. Suyu bosalan g6l alani
menderesli irmak ¢okelimine sahne olmustur.

6. Menemen bogazinin agilmasinin ardindan, orta-
ge¢ Holosen’de, deniz diizeyinin de yiikselmesi
ile (Lambeck, 1995; Lambeck ve Purcell,
2005 ) Gediz Nehri giiniimiizdeki drenajini
kazanmigtir. Bu donemde giineydeki aktif faya
dogru egimlenme nedeniyle kuzey alanlar goreli
yiikselmis ve bu daha cok c¢okelin havzaya
taginmasi Boylece,
bugiinkii Gediz Nehri’nin graben disinda

sonucunu  dogurmustur.

kalan kesiminin grabene kavustugu noktada
bir aliivyon yelpazesi olugsmustur. Bu yelpaze,
olasilikla o dénemde Gediz Nehri’ne kavusan
Gordes Cayr’'nin  Golmarmara dogusundaki
kesiminin Oniinii tikayarak Marmara Golii’niin
meydana gelmesine neden olmustur. Menemen
deltasinda ise, olasilikla 5000 y1l 6nce yatagina
5 metre kadar gomiilen Gediz Nehri’nin heniiz
bugtinkii genisligine kavusmamis delta diizligii
alani, Ge¢ Tun¢ donemi Miken kralligindan
baglayarak bugiine degin ¢esitli uygarliklara
yasam alani olusturmustur.
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EXTENDED SUMMARY

The Gediz River basin, in which an important
river of the Western Anatolia runs, is one of the
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most studied areas in Turkey. Unfortunately, it
cannot be said enough to have been described the
history of formation of the river, the basin in which
it has run and the the development of basin fill.
This paper aims to address this lack.

In this paper, while the geologic and
paleogeographic evolution of the Gediz River
during the Quaternary is explained the geology, it
will be briefly described the facies characteristics
and stratigraphic arrangement of the deposits of
the Gediz River, which has run since the beginning
of the early Quaternary in the Gediz Graben,
and alluvial systems interfingering with the river
(Figure 1).

The fault-controlled Neogene basins
became to open in the Middle Miocene have a
NE-SW direction. Sediments deposited in these
basins during the Middle Miocene characterize
fluvial,
around Kiitahya and Usak in the north whereas
the lacustrine environments in the vicinities of
Aydin, Denizli and Mugla. In other words, the
streams running roughly from the north to south
discharged the lakes in the south. There is not a
genetic relationship between these grabens and
the other E-W and NW-SE trending ones occured
by N-W extension.

The NW-SE trending shape of the Gediz
Graben has begun to develop from the beginning
of Quaternary as a result of N-S extension of the
Western Anatolia. The micromammalian fauna in
the lowest part of the graben-fill characterizes the
late Villanian-early Biharian (Sarica, 2000). The
upper part of the Villanian and the lower part of
the Biharian stages, which were considered in the
latest Late Pliocene in the papers cited above, are
in the Quaternary period today (ICS, 2013). A late
Pleistocene (Toringian) fauna was determined in
the middle part of the succession exposed in the
Blyuk Menderes Graben which has the same

deltaic and lacustrine environments
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facies with the one in the Gediz Graben, so that the
successions in both grabens have mirror images
(Unay et al., 1995; Unay and Bruijn, 1998; Unay
and Géktas, 1999; Goktas and Hakyemez, 2000,
Sarica, 2000). The Quaternary alluvial and fluvial
deposits related with the opening of the Gediz
Graben have continuous outcrops along the active
southern margin of graben.

The lower part of this sedimentary
succession is characterized by a sequence
thicker than 1000 meters composed of reddish
alluvial fan conglomerates (Q1) interfingered
with gray coloured fluvial sandstone, siltstone
and conglomerate alternation (Q2), including
lacustrine claystone and siltstone (Q3) in part
(Figure 2). This succession laterally passes into
lacustrine deposits in the western part of the
graben through the deltaic facies. Because the
depositional axis of the fluvial system, i.e. the old
Gediz River, shifted toward the active detachment
fault in the Pleistocene Q2 sequence overlapped
the Q1 sequence. The northward back-shifting of
the depositional axis of Gediz River was probably
occured in the control of supra-detachment faults
triggered the formation of Q4 braided-stream
dominated alluvial fans. The age of Q1, Q2 and
Q3 deposits ranges from late Villanian (early
Pleistocene) up to early Toringian (late Pleistocene)
based on micromammalian fossils (Unay, et al.,
1995; Unay, 1997: personal communication on
unpublished data; Sarica, 2000). A succession 300-
600 meters thick and mainly composed of yellowish
brown conglomerates deposited in humid alluvial
fans (Q4) unconformably overlies the Q2 sequence,
which its latest deposition time is probably early
Toringian, in front of the detachment fault. Lateral
equivalents of Q4 sequence, which was depositing
in fan delta and delta environments in northwest of
the basin, prograded over the lacustrine areas and
caused to decrease the lake areas in which the Q3
sequence was depositing.



Subsequent to this depositional phase,
local telescoping alluvial fan sediments (Q5),
which were mainly composed of nearly 100 meters
thick debris flow conglomerates in probably
late Toringian age and deposited as a result of
basinward shifting of the supra-detachment faults
developed on the detachment fault located along
the active southern margin of the graben, were
accumulated in front of the valley scoured into
the uplifted Q4 sequence and older Quaternary
sediments.

The data of stratification show that
alluvial fan and fluvial sediments deposited in
front of the youngest main supradetachment fault
offset all the older successions were deposited
after the late Toringian. In other words, the recent
alluvial fans and the recent Gediz River have
occurred since the beginning of the Holocene.

Holocene sediments have been deposited
on the Pleistocene sequences in the basin. Because
they continue to fill the basin, only their marginal
facies expose in a few meters high tributary
stream incisions occurred as a result of uplift
at the margins. So, the lithological data about
Holocene sediments and partly about Pleistocene
deposits has been obtained from DSI (State
Hydraulic Works) research well logs. Logs of 22
wells drilled in the western part of the basin were
investigated, and lithologic descriptions on the
logs were evaluated to interpret their depositional
environments (Figure 3).

Based on the evaluation of well logs and
the distribution of recent sedimentary facies in
the graben, it is understood that the upper part
of the Holocene sequence is composed of alluvial
fan and fan delta deposits along the basin margins
whereas the fluvial sediments are dominated in the
centre of basin. However lacustrine sediments are
drilled under the coarse grained deposits in the
western part of basin and they are interfingered
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at the margins. On the other hand, the surface
morphology and network of distributaries of
an ancient delta, which is located in the front
of the stream strait just at the western side of
Nuriye village in the northwest of Saruhanli, are
clearly visible on the aerial photos. Thus, the first
drilled deposits in the wells around Saruhanlt are
interpreted as deltaic sediments.

Both distribution of facies pattern on the
field and well log data show that the flow direction
of fluvial system has been to the northwest since
the beginning of Quaternary. The Quaternary
alluvial and fluvial deposits widely exposed on the
hanging wall of the detachment fault in the south
are the products of “older Gediz River” run to NW
and the alluvial fans reached the river from north
and south in the NW-SE trending Gediz Graben
since the early Quaternary (Figure 1).

Two evidences indicate the northeastward
flowing of the fluvial system. One of them is the
existence of lacustrine siltstone interlayers in Q4
conglomerates in the south and west of Turgutlu
and exposing of lacustrine deposits composed of
claystone and siltstone alternation at the northern
margin of the Kemalpasa Holocene basin (Goktas,
2012; Figure 4). Other one is that existence of
siltstone-claystone succession with high organic
material content representing the sedimentation
in a closed lake observed in all wells drilled on
the plain surrounding by Manisa, Saruhanh
and Turgutlu cities and exposed western and
northwestern margins of the basin, whereas the
fuvial sediments drilled in the wells and exposed
at the margins of the basin in the eastern part of
the graben. Because even the drilled upper part
of this succession has an impossible thickness to
be deposited during the Holocene, if considering
the sedimentation rate, the lower part of it must
be deposited during the Pleistocene. These data
show that the lakes between the Manisa, Saruhanli
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and Turgutlu, and in the Kemalpasa and Akhisar
basins are remnants of Pleistocene paleo-lakes.

The sedimentary and geomorphologhical
evolution of the Gediz basin during the Quaternary
are shown on the paleogeographic maps as five
phases (Figure 5). Figure 5a show the evolution of
the basin during the late Pleistocene.

Extensive exposures of early Quaternary
deposits on the foot wall of the main active
boundary fault between Pleistocene and Holocene
deposits located in the north of detachment fault
show that the depositional axis of the Gediz
River basin, or in other words the bed of Gediz
River, shifted to north as a result of the basinward
progradation of supra-detachment fault system.

The history of deposition developed along
the new Gediz River shifted to its actual course
in the north and in front of its tributaries has
been covered a series of important events during
the Holocene. Antique human settlements and
civilizations in the region could be affected by this
evolution.

Figure 5b shows the first phase of the
evolution of Gediz River basin in the Holocene.
Lacustrine clays and silts overlain by fluvial sands
and pebbly sands were recorded in the DSI wells in
the area between Manisa, Saruhanli and Turgutlu,
whereas only the sandy and pebbly fluvial deposits
were observed to the eastern side of this area in the
graben (Figure 2, 3). These records indicate that
the Gediz River was still continuing to discharge
into an ancient lake between Manisa, Saruhanli
and Turgutlu in the beginning of Holocene. Another
evidence indirectly supported the existance of
large and small lakes in the western part of the
basin is that the absence of antique settlements in
the ancient lake areas but all they builted around
these lakes. As shown on the paleogeographic
map, some of antique settlements are situated at
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the margins of Kemalpasa Lake and some other
ones are located around two small lakes between
Akhisar and Gélmarmara (French, 1965, 1969;
Merig, 1993, Cilingiroglu, 2009). The small lakes
around Akhisar form low areas today and their
deposits expose in DSI drainage channels. It is
thought that they were connected to each other
by the streams run to the southeast in the early
Holocene. While the streams feeding two small
northern lakes formed a few km? small deltas,
a big delta was developed in southwestern end
of a NE-SW directed narrow valley of a stream,
ancestor of recent Kum Stream, discharged the
waters of the small lakes into the Manisa Lake in
the NE of Saruhanli. The distributary channels of
this delta are clearly visible on aerial photos and
Aster images (Figure 6).

During this phase, the Gediz River was
running between Alasehir and Turgutlu and
discharging into the Manisa Lake. It is strongly
possible that the ancestors of present Goérdes
Stream and some recent parts out of the graben
of Gediz River were jointed the ancient Gediz
River from northeast as tributaries along the
incised valleys in the basement rocks. One of them
located in north of Salihli was incised in a basalt
flow erupted from the Diviittepe cone, 14.5 km
NE of Adala town in the northern margin of the
Gediz Graben, about 25.000 years ago (Divlittepe
volcanics: Ercan, 1982, 1993). An alluvial fan was
developed in the reaching point to the graben plain
of this stream, which forms the upstream part of
actual Gediz River. During this time interval, the
alluvial fans were developed forming coalescing
fans along the southern active fault whereas along
the northern margin the fan development was
more limited.

On the other hand, a NW-SE trending
ridge composed of volcanic rocks in the east of
Menemen at the beginning of Holocene was



forming a barrier between the Manisa Lake and
Aegean Sea. The sea level of Mediterranean
and Aegean Sea was 90 to 130 meters lower
than present sea level in during the latest late
Pleistocene and early Holocene as like as all the
seas on the world Shackleton, 1987; Fairbanks,
1989; Colonna et al.,1996; Fleming et al., 1998;
Waelbroeck, 2001; Chappell, 2005, Miller, 2005;
Caputo, 2007). There was a bay of the Aegean Sea
to the west of Menemen and a fan delta in front
of a small stream running to the west began to
prograde towards the sea at the eastern end of this
bay. Contemporaneously, small fan deltas were
developing in front of the Izmir Fault (Emre et al.,
2005) along the southern margin of the Izmir Bay
(Figure 5b).

At the beginning of second phase,
because of a possible increase in southward
tilting of the hanging wall of detachment fault,
waters of two northern small lakes flowed into the
southern areas. Two streams between the Dumanli
and Yamanlar mountains running to Manisa
and Menemen directions deepened their valleys
rapidly as a result of relative uplift of western side
of the left-lateral transfer fault zone in the west
of Muradiye (Emre et al., 2005) by activation
the fault. Consequently, western stream captured
the eastern one and a narrow valley connecting
the Gediz Graben with the Aegean Sea occurred
between the Manisa Lake and the Menemen fan
delta. Openning of the valley resulted in draining
of the water body of the Manisa Lake and
triggering the delta development in the Menemen
area (Figure 5c) whereupon the fluvial system
dominated in the Gediz basin by prograding over
the older Manisa Lake area. Additionally, the
ancient Nif Stream flowed into the Gediz River
running through the valley incised in the south of
Turgutlu and crossed the flood-plain area, remnant
of the Manisa Lake. The extinguishment of the big
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Manisa Lake is the most important event in the
paleogeographical evolution of the basin.

Ering (1954, 1955) proposed various
alternatives for the incising of Menemen valley.
Erkal and Hakyemez (1993) and Hakyemez et al.
(1999) remarked that the reaching of the Gediz
River to the Aegean Sea was provided by co-working
of “flooding of the Manisa Lake and capturing of
western stream by back-erosion of streams™. The
valley incision was probably supported by the
minor faults and joint system in the volcanic rocks
created as a result of the transfer fault zone in the
west of Muradiye (Figure 1).

After the Gediz River reached to the
sea the fan delta near Menemen changed into a
deltaic plain and spread out to “Maltepe Island”
which is an inselberg today onwhich an organized
industrial zone is established.

This phase may be correlated with the
leaving time of nearly all the antique settlements
(French, 1965, 1969; Meri¢, 1993) in the region
(dated 7800-7900 BP: Cilingiroglu, 2009) after
the abrupt climatic change event triggered the
dryness in the Eastern Mediterranean region
dated 8200 BP. Not only the dryness in the Eastern
Mediterranean, but more importantly that the
drainage of the lakes in the region could played
a role in abandonment of the Ulucak antique
settlement 1000 years after its establishment in
8800-9000 BP during warm and humid climate
and rising sea level conditions (Friedrich et al.,
1999, Alley, 2000) suddenly began in the beginning
of the Holocene after the arid and hard climate of
Younger Dryas (12800-11500 BP.: Muscheler et
al., 2008).

Figure 5d shows the paleogeography
after the lakes were drained. The landscape
resembles very much the present morphology and

environmental configuration. Much of the lakes in
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the basin dried by discharging their waters through
the Menemen valley into the Aegean Sea, and a
meandering river developed on the wide plain, the
remnant of ancient Manisa Lake area. In the same
phase, because of tilting of the hanging wall of the
activated southern fault towards the fault northern
areas uplifted relatively and consequently larger
amount of sediment were transported into the
basin. Thus, because the part of Gediz River out
of the graben transported maximum amount of
sediments as a result of its wide drainage area, an
alluvial fan began to develop at the point it reaches
the graben in the east of the Bintepeler area
located at the north of Salihli. This fan caused to
create of the Marmara Lake by plugging the part
in the east of Golmarmara of the Gordes Stream
(this part is in the form of a human-made channel
today), which was a tributary of the Gediz River
at that time but it is discharging into the Marmara
Lake at the present.

The uplift of northern areas also caused
a change in the flow regime of Gediz River. The
western part of the Gediz River within the graben
changed into a braided river by incising the flood
plain in time whereas the eastern part of the
fluvial system (Alasehir Stream) did not change
its meandering character between Salihli and
Alasehir. So, it is arguable that the uplift could be
restricted to the western part of the Gediz Graben
or it could be more effective in the west.

In present, the Gediz River is an
anatomizing river that its braided character is
more predominant (Figure 5e). Its bed was incised
5 meters deep in older flood plain. The natural
channel of the Alasehir Stream lost its meandering
character partially and it was pushed to the
northern margin of the basin by southern alluvial
fans developed towards the basin before the water
of the Alagehir Stream transferred to the artificial
channels.
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The Marmara Lake has become smaller
as a result of capturing of the stream feeding the
lake from northwest (it is an artificial channel
today) by the Kum Stream to the northwest
direction. Because of uplift in the northern margin
of the graben, the bed of the present Gediz River
was incised in the existed alluvial fan-fan delta
complex, which is adjacent with the Marmara
Lake at the northwest and flood plain of the Gediz
River at the southeast, as from its reaching point
to the graben to the north of Salihli town.

Although five shorelines were observed on
the Menemen deltaic plain (Erkal ve Hakyemez,
1993; Hakyemez et al., 1999) it has been not
found any precise data on the progradation of the
various lobes of deltaic plain when and where.
The only data we sure that is an antique Mycenean
settlement very close the shoreline was located
around Maltepe village 8.5 km away from the
Aegean Sea on the Menemen plain covering lots
of settlements of Mycenean civilization prevailed
3800-3100 BP.

The rate of tectonic subsidence was
calculated as about 1 m per year at the Karaburun
basin to the west of Izmir by Aksu et al. (1987). If
it is considered to equal to the regional uplift rate,
the Gediz River may hav e started to cut down its
former meandering flood plain approximately 5000
years ago or later as in the discussions of Kazanci
et al. (2009, 2011) about the times of enlarging of
the drainage area of the Blyuk Menderes River
and initiation of filling of the estuarine in the west
of the Buyuk Menderes Graben. Unfortunately,
this inference can not be an argument more than a
speculative opinion for now.

The Gediz Graben was briefly configured
by Quaternary tectonics and it is the best-observed
area of the Quaternary tectonics and the deposition
controlled by it. In other words, the geological
evolution of the Gediz River represents the fault-



controlled deposition in the Gediz Graben during
the Quaternary.
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Bolkardag Birligi Devoniyen Yash Metakumtaslarinin Petrografisi ve
Jeokimyasi: Sedimanter Siirecler, Provens ve
Tektonik Ortam i¢in Baz1 Sinirlamalar

Petrography and geochemistry of Devonian aged metasandstones of Bolkardagi Unit: some
constrains on sedimentary procesess, provence and tectonic environment
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oz

Orta (Bozkir-Konya, Isali formasyonu Gerez iiyesi) ve Dogu (Kangal-Sivas, Kangal formasyonu
Bakartepe iiyesi) Toroslar’da allokton Bolkardagi Birligi’ne ait Devoniyen yash metakumtaslari; baslica
kuvars (monokristalin ve polikristalin), feldispat (mikroklin ve plajiyoklaz), fillosilikat (illit, klorit, C-V,
C-S ve dikit) ve kayag parcalari (fillit ve kuvarsit) igermektedir. Polikristalin kuvars, mikroklin ve fillitik
kayac parcalar1 Bakirtepe liyesinde, plajiyoklaz ise Gerez tiyesinde daha yiiksek miktarda bulunmaktadir.
Gerez tliyesi genellikle kuvars arenit, Bakirtepe iiyesi ise subarkoz bilesimli metakumtaslari ile temsil
olunmaktadir. Devoniyen yasli metakumtaslari, altinda ve tstiindeki ayn1 yaslt birimlere gore litolojik
(kum boyu silisiklastik kayag¢larin baskinligl) ve mineralojik (daha fazla feldispat ve kuvars icermesi,
1M illitlerin ortaya ¢ikmasi, farkl: fillosilikat birliktelikleri) farkliliklara sahiptir. Metakumtaglari, yiiksek
Si0,, ALO,, Fe,0, ve K,O igerigi ile karakteristik olup; feldispat tiirlerine bagli olarak Bakirtepe tiyesi
Gerez Uyesine gore K,O igerigi bakimindan zengin, buna karsin CaO ve Na,O igerikleri bakimindan daha
fakirdir. Metakumtaglarinin kondrite normalize iz element dagilimlarina gore; Bakirtepe ve Gerez iiyeleri
birbirinden ayrilmakta ve hem sedimanter hem de magmatik kokenli kaynak alanlardan beslendigini
ortaya koymaktadir. Sonug¢ olarak; Bolkardagi Birligi’nin birimleri yas, stratigrafik konum ve litolojik
benzerlikler sunmakla birlikte, kaynak alani, ¢okelmesi ve diyajenez/metamorfizma tarihgesi agisindan
onemli farkliliklar icermektedir. Bu farkliliklar, kesiksiz bir sedimantasyondan ziyade, olasilikla Toroslarin
kuzey birliklerine 6zgii Variskan orojenezi ile iligkili transgresyonla provensteki ani degisimlerden
kaynaklandig1 bi¢iminde degerlendirilmistir.

Anahtar Kelimeler: Toros Kusagi, Bolkardagi Birligi, Kil/Fillosilikat, Petrografi, Jeokimya
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ABSTRACT

The Devonian metasandstones from allocthonous Bolkardagi Unit outcropping in Central (Bozkir-
Konya, Isali formation Gerez member) and Eastern (Kangal-Sivas, Kangal formation Bakirtepe
member) Taurides mainly include quartz (monocrystalline and polycrystalline), feldspar (microcline
and plagioclase), phyllosilicate (illite, chlorite, C-V, C-S and dickite) and rock fragments (phyllite and
quartzite). Polycrystalline quartz, microcline and phyllitic rock fragments found as higher amounts in
the Bakirtepe member, but plagioclase in the Gerez member. The metasandstones are represented by
a composition of quartz arenite in the Gerez member, whereas of subarkose in the Bakirtepe member.
Devonian metasandstones have differences such as lithologic (dominance of sand-size siliciclastic rocks)
and mineralogic (more feldspar and quartz, appearance of 1M illites, different phyllosilicate assemblages)
with respect to overlying and underlying units with same age. Metasandstones were characterized by high
contents of SiO,, ALO,, Fe,O, and K,O, and Bakirtepe member is rich in K,0 but poor in CaO ana Na,O
in comparison with those of the Gerez member depending on feldspar types. Bakirtepe and Gerez members
are separated from one another and fed largerly from both sedimentary and magmatic sources according
to the ratios of chondrite-normalized trace elements. As a conclusion, The members of Bolkardagi Unit
have the same age and similar stratigraphic setting and lithologies, hovewer some important differences
with respect to their sources, sedimentations and diagenetic/metamorphic histories. These differences
were evaluated as sudden changes in provence through transgression related to Variscan orogeny peculiar
to northern units of Taurides rather than continuous sedimentation.

Key Words: Tauride Belt, Bolkardag: Unit, Clay/Phyllosilicate, Petrography, Geochemistry

GIRIS birliklerden kuzey kokenli allokton Bolkardagi

Inceleme alani allokton Bolkardag: Birligi’nin ve Aladag birlikleri giineye dogru, giiney kokenli
Orta Toroslar (Bozkir-Konya) ve Dogu allokton Antalya ve Alanya Birlikleri ise kuzeye
Toroslar (Kangal-Sivas) biciminde iki bolge ile  greliveya para-otokton Geyikdagi Birligi (Ozgiil,
sinirlandirilmis olup; Bozkir bélgesi Konya N 1976) iizerine bindirmislerdir (Sekil 1). Geyikdag:
27-¢2, ¢3 ve N28-dl1, d2, d3, d4 nolu 1 : 25.000 Birligi kismen kesiksiz ve metamorfizmadan
olcekli topografik paftalarm kesistigi yaklasik 500 daha iyi korunmus istifler sergilerken, allokton
km?, Kangal bolgesi ise Divrigi J 39-d2 paftas birliklerden 6zellikle Bolkardag: Birligi ¢ok diisiik

icerisindeki yaklasik 125 km? lik bir kesimi dereceli metamorfizma kosullarii yansitmakta
kapsamaktadir. ve Devoniyen’den daha yashh  birimleri
Inceleme alanmin yer aldigi Torid- igermemektedir.
Anatolid  Platformu  bir  Alpin  kitasal Toros  Kusagi’'ndaki  Paleozoyik-Alt
mikrolevhasini  temsil etmekte olup, Geg Mesozoyik yash otokton ve allokton (Bozkaya
Kretase yasli Alpin orojenezi nedeniyle Neotetis ve Yal¢m, 2007; Bozkaya ve dig., 2011), ayrica
okyanusunun kapanmasi ve carpisma sonucu Karakaya Karmasigr (Tetiker ve Yalcin, 2010)
kabuk kalinlagmasina ugramigtir (Sengér ve birimlerindeki metakumtaglarinin  petrografik,

Yilmaz, 1981; Goncilioglu ve dig., 1997). Toridleri petrolojik ve jeokimyasal oOzellikleri; kaynak
olusturan naplar veya tektono-stratigrafik bolge, kaynak kayac, koken ve/veya jeotektonik

28



Bolkardag: Birligi Devoniyen Yash Metakumtaslarnmn Petrografisi ve Jeokimyast: Sedimanter Siiregler; Provens ve Tektonik Ortam Igin Bazi Smirlamalar

konumu ve bdlgenin paleocografik evriminin

yorumlanmasina iliskin ~ Onemli  veriler
sunabilmektedir. Bu ¢ercevede, Bolkardagi Birligi,
Sorkun Grubuna ait Isali formasyonu—Gerez iiyesi
(Bozkir-Konya) ve Kangal formasyonu—Bakirtepe
iiyesi (Kangal-Sivas) olarak adlandirilan Orta-Ust
Devoniyen yasli metakumtaslari incelenerek;
iki farkli bolge ve ayni orojenik kusaga ait olan
Devoniyen yash esdeger birimlerin mineralojik-
petrografik ve jeokimyasal ozelliklerinin ortaya
konulmasi ve birbirleriyle denestirilmesi, ayrica
metakumtaglarinin  diyajenez sonrasi evrimleri
(diyajenez ve/veya metamorfizma dereceleri) ve
jeotektonik konumlarinin belirlenmesi yoluna

gidilmistir.

Sekil 1.
cografik konumu.
Figure 1.
studied areas.
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JEOLOJIiK KONUM

Konya ilinin gilineyinde yer alan Bozkir ilgesi
civarindaki Bolkardagi Birligi’ne ait Devoniyen-
Kretase yas araligina sahip diyajenetik-¢ok diisiik
derecelimetamorfik birimler, 6ncekiarastiricilarca;
Giiney I¢ Anadolu Birligi (Ozgiil, 1971), Beysehir
Hoyran naplari icerisinde degerlendirilen “Hadim
Nap1”(Monod, 1977; Gutnicvedig., 1979) ve Siilek
Karmasigi ile birlikte Bozkir Alloktonu igerisinde
degerlendirilen “Sorkun Grubu” (Ozgelik, 1984,
1985) olarak adlandirilmistir. Orta Toroslar’da
yer alan Hadim naplarindan Bozkir Birligi’nin,
Senoniyen’de Bolkar ve Aladag birlikleri iizerine,
daha sonra bu ii¢ birligin Liitesiyen’de Geyikdag1

Giiney Anadolu’nun tektonik birlikleri (Ozgiil, 1976; Gonciioglu ve dig., 1997) ve inceleme alanlarmin

Tectonic units of South Anatolia (Ozgiil, 1976; Génciioglu et al., 1997) and geographic settings of the



Birligi lizerine kuzeyden giineye dogru yerlestigi
belirtilmektedir (Ozgiil, 1976, 1983).

Bozkir yoresindeki Sorkun Grubu, Isal
(Orta-Ust Devoniyen), Celmeliler (Karbonifer),
Karadag (Permiyen), Barth (Triyas), Haciomer
(Jura) ve Akalan (Kretase) formasyonlarindan
olusmaktadir. Incelemenin konusunu olusturan
Devoniyen yash Isali formasyonu Ozcelik
(1984 ve 1985) tarafindan bes iiyeye ayrilmistir.
Bu birim alttan {iste dogru Yanik (metasilttas
arakatkili  sleyt),
metakirectast), Hesapalani (metakumtast,
metasilttagt ve metakirectagr arakatkili sleyt),
Gerez (sleyt arakatkili  metakumtasi)
Dogruyol (metadolomitik kiregtasi) liyelerinden
olugmaktadir. Formasyonun alt iyesini
olusturan Yanik iiyesi, yaklasik 250 m kalinliga

sahip olup, Kurugay yoresinde gri, krem ve yer

Aygir  (metadolomit  ve

Ve

cn

yer pembe renkli 5-10 ve 30-40 cm kalinliga
sahip meta-kirectasi ve ender olarak meta-silttast
arakatkilar1 iceren gri, yer yer de yesil renkli
karbonatli arduvazlar (veya sleyt) yer almakta iken,
Karacahisar yoresinde hemen hemen tiimiiyle gri-
yesil renkli ve daha parlak gdriiniimlii arduvazlar
karakteristiktir (Bozkaya ve Yalcin, 1997). Alt-
Devoniyen yasl birimdeki arduvazlarda dilinimin
yani sira yer yer makroskopik burusma klivajlart
da gozlenmektedir. Yanik iiyesinin iizerinde yer
alan Aygir liyesi iki farkli alanda yiizlek vermekte
olup, yaklasik 400 m kalinligindadir. Birim biiytik
Olclide gri-krem, yer yer de beyazimsi-sarimsi
renkli meta-dolomitler ve daha az da gri-siyah
renkli meta-kiregtaglart olmak {izere tliimiyle
meta-karbonatlardan ~ olugmaktadir.  Yaklasik
600 m kalinliga sahip Hesapalani iiyesinin
egemen litolojisini gri-yesil ve ender olarak da
yesilimsi-kahve ve beyazimsi, parlak, yer yer
mat gorlinimli  arduvazlar olusturmaktadir.
Yer yer burusma klivajlarininda izlenebildigi
arduvazlarla arakatkili olarak, gri-siyah yer yer
krem renkli metakumtasi (15-30 cm), yesilimsi-
kahverengi metasilttagi (10-15cm) ve gri-siyah
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renkli metakirectaslari (15-20cm) gozlenmektedir.
Gerez liyesi, yaklasik 90 m goriiniir kalinliga sahip
olup, baslica yesil ve daha az da beyaz-krem renkli
20-30 cm kalinliktaki metakumtasi ve yer yer de
gri-yesil renkli metasilttagi arakatkili (10-15 cm)
gri-yesil arduvazlardan olusmaktadir. Arduvazlar
daha mat goriiniim sunmasi ve daha sert olmasiyla
diger iyelerdekilerden ayrilmaktadir (Yalgin
ve Bozkaya, 1997). Dogruyol {iyesi litolojik
olarak siyahimsi-gri renkli, orta katmanli, yer
yer dolomitik, kismen de kristalize kiregtagindan
olugsmaktadir. Mikroskopik olarak bol
(mercan) igermektedir.

fosil

Kangal-Alacahan yoresi, Toros kusagina
ait Bolkardagi Birligi nin (Ozgiil, 1976) kuzeydogu
ucunu temsil etmekte olup, bolgede ylizeyleyen
Paleozoyik yash ve diisilk dereceli metamorfik
kayaglar Giltekin (1993) tarafindan Kangal
Formasyonu olarak adlandirlmistir. Kangal
formasyonu alttan iiste dogru; Kinalar, Bakirtepe,
Diizce ve Hoyiiktepe iiyelerinden olusmaktadir.
Kangal formasyonunun en alttaki birimi olan
Kinalar {yesinin alt smir1 gorilememektedir
(Yalgin ve Bozkaya, 1997; Yilmaz ve Yilmaz,
2004). Kinalar tiyesi egemen litoloji olarak, koyu
yesilimsi, gri ve boz renklerde olup, yiizeysel
alterasyon nedeniyle kirmizimsi ve grimsi-sari
renklerde gorlinen genis yayilimli arduvazlardan
olugmaktadir. Kinalar liyesinin iizerindeki birim,
Giiltekin’in (1993) “Bakirtepe metakuvarsit iyesi”
adlamasimin cografik boliimii korunarak diistik
dereceli metakumtaslarindan olustugu gozetilerek
Yalgin ve Bozkaya’nin (1997) Bakirtepe lyesi
adlamasi esas alinmigtir. Yaklagik 200 m kalinliga
sahip Bakirtepe iiyesinin egemen litolojisini gri-
siyah renkli, ince tabakalanmali, yer yer mikali
olan anki-metakumtaslar1 ve bunlarla ara katkili
(10-100 cm) yesil renkli anki-metaseyl ve/veya
arduvazlar olusturmaktadir. Bakirtepe {iyesi
devrik senklinalin kuzeybati kanadinda 20 m’lik
fay zonunda bresik metakumtaglari ve silisli
demir olusumlar1 (limonit, gotit, hematit, pirit)
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icermektedir. Diizce {iyesi, bordo-pembe renkli,
cogunlukla mat, yer yer parlak goriinimlii anki-
metaseyl ve kahvengi-siyah renkli ince taneli
metakumtast (yer yer metasilttasi) ardalanmasi
ile temsil edilmektedir. 50-100 cm ‘lik gri
fosilli da
gozlenmektedir. Birim bol miktarda makrofosil

renkli, metakirectas: arakatkilari

icermektedir.  Hoyliktepe  liyesini  silttasi
ve kumtast ile ender olarak seyl/metaseyl
arakatkilar1 igeren gri-sar1 renkli, ince tabakali,
fosilli kristalize kirectaslari olusturmaktadir.

Birimin goriiniir kalinliginin yaklasik 100 m

oldugu belirtilmistir.

MATERYAL VE YONTEM

Bolkardag1 Birligi’ne ait Devoniyen yash
metakumtaslarini  iceren Isali  formasyonu

Gerez liyesinden 13 adet ve Kangal formasyonu
Bakirtepe iiyesinden 22 adet olmak iizere
toplam 35 adet kayag Ornegi alinmistir. Kayag
orneklerinden ince kesite dayali optik mikroskopi
(OM), X-151nlar1 kirinimi (XRD) (tiim kayag-TK
ve kil fraksiyonu-KF, b, politipi) incelemeleri
ve kimyasal analizler (tiim kayag ana, iz ve nadir
toprak element) gerceklestirilmistir. Bunlardan
mineralojik-petrografik incelemeler biitiiniiyle
Cumhuriyet Universitesi Jeoloji Miihendisligi
Boliimii Kirma-Ogiitme-Eleme, Kil Ayirma ve
Mineraloji-Petrografi ve Jeokimya Arastirma
(MIPJAL),

ise Activation Laboratuvarlari’nda

Laboratuvarlari’nda kimyasal
analizler

(Actlab, Ontario-Kanada) gerceklestirilmistir.

OM ve XRD yontemlerinin ayrintilari
yazarlarin yayinlarinda (6rnegin; Yal¢in ve
Bozkaya, 2002), tiim-kaya¢ kimyasal analizlerin
is akist ise ilgili laboratuvarin internet sayfasinda

verilmistir.
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PETROGRAFI
Detritik Bilesenler

Metakumtaglarindaki silis minerallerini ¢ogunlukla
monokristalin, daha az da polikristalin kuvarslar
olugturmaktadir. Metakumtaglarinda tipik olarak
gozlenen ve yer yer dalgali sonme gdsteren
monokristalin kuvarslar (Sekil 2a-d), Gerez liyesinde
silis minerallerinin yaklasik % 98, Bakirtepe
iyesinde ise % 93’linii olusturmaktadir. Bakirtepe
liyesi metakumtaglarinda tipik olarak gozlenen
polikristalin kuvarslar, monokristalin kuvarslara gore
daha belirgin dalgali sonmeye sahip olup, birbirleriyle
girift dokulu ve esboyutlu-poligonal kristal
birliktelikleri seklinde ayirt edilmektedir (Sekil 2e-
f). Yar1 yuvarlak-yar1 kdseli ve iyi-¢ok iyi boylanma
sunan kuvarslar matriksle girift sinir iligki sunmakta
olup, bu ozellik Bozkir yoresi metakumtaglarinda
daha belirgin gozlenmektedir (Sekil 2a-b). Matriksin
% 5’den az oldugu omeklerde, ozellikle Kangal
yoresi metakumtaglarinda detritik bilesenler yeniden
kristallenme iiriini silis biiytimeleri ile gevrelenmistir
(Sekil 2¢-d).

Bozkir (Konya) yéresi Isali formasyonu
Gerez 1liyesi metakumtaglarindaki  feldispat
minerallerini baglica plajiyoklaz olusturmakta,
buna karsin Kangal (Sivas) yoresi Kangal
formasyonu Bakirtepe iiyesi metakumtaslarinda
ise baglica mikroklin daha az da ortoklaz ve
plajiyoklaz  (albit-oligoklaz)  gézlenmektedir
(Sekil 3). Toplam feldispat miktar1 Bakirtepe tiyesi
metakumtaglarinda yiiksek, buna karsin Gerez
formasyonunda daha diisiiktiir. XRD incelemeleri
ile de kanitlandig1 iizere; mikroklinler Bakirtepe
iiyesine ait metakumtaslarinda egemen feldispat
minerali olup, genellikle killesme ve serizitlesme
gibi bozunmalar gostermemektedir (Sekil 3b-d).
Plajiyoklazlarm sonme acgilar1 15-20° arasinda
degismekte olup, Michel Levy yoOntemine gore
% 50 den az anortit bilesimini (albit-oligoklaz-
andezin) yansitmaktadir. Plajiyoklazlar ikizlenme
diizlemlerininbelirgin olmamastyla karakteristiktir
(Sekil 3a-c). Iyi boylanma sergileyen plajiyoklaz
taneleri genellikle yar1 yuvarlak-yar1 koselidir.



Sekil 2.

Figure 2.
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Metakumtaglarinin OM fotograflari (¢ift nikol=¢n, tek nikol=tn), a) Serizitik matriks baglayicili, iyi
boylanmis ve yar1 koseli/yart yuvarlaklagmis monokristalin kuvarslar (Gerez iiyesi, metasubarkoz, ¢n),
b) Serizitik matriksle girift sinir iligkisine sahip, iyi boylanmali, yar1 yuvarlaklasmig monokristalin
kuvarslar ve daha iri taneli girift sinirl polikristalin kuvarslar (Gerez iiyesi, metasubarkoz, ¢n), c-d)
Biitiiniiyle ikincil silis biiytimeleri ile cimentolanmis yar1 yuvarlaklasmis ve iyi boylanmis monokristalin
kuvarslar (Bakirtepe iiyesi, metasubarkoz, c-¢n, d-tn), ¢) Orta-iyi boylanmis monokristalin kuvarslar ve
uzamis ve kismen girift sinirlt kuvars kristallerinden olusan polikristalin kuvarslar (Bakirtepe tiyesi,
metasubarkoz, ¢n), f) Orta boylanmali ve yar1 yuvarlak monokristalin kuvarslar ve bunlara eslik eden
yonlenmis ve girift sinirli kuvarslardan olusan polikristalin kuvarslar (Bakirtepe iiyesi, metakuvars
arenit, ¢n).

OM microphotographs of metasandstones (crossed nicol=cn, open nicol=on), a) Well sorted and
subrounded/subangular monocrystalline quartz with groundmass of sericitic matrix (Gerez member,
metasubarkose, cn), b) Suture relations between well sorted-subrounded monocrystalline quartzs and
sericitic matrix, and coarser grained polycrystalline quartzs with suture boundary relation (Gerez
member, metasubarkose, cn), c-d) Subrounded and well sorted monocrystalline quartzs cemented with
completely secondary silica growths (Bakirtepe member, metasubarkose, c-cn, d-on), e) Moderate-
well sorted monocrystalline quartzs, and polycrystalline quartzs forming elongated and partly sutured
boundary monocrystalline quartzs (Bakirtepe member, metasubarkose, cn), f) Moderate sorted and
subrounded monocrystalline quartzs, and polycrystalline quartzs forming quartzs with elongated and
sutured boundary (Bakirtepe member, metaquartz arenite, cn).
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Sekil 3.

Figure 3.

Metakumtaslarinin OM fotograflar1 (¢n), a) Iyi boylanmus, silis ¢imentolu ve karbonat dolgulu catlaklar
iceren metakumtasi 6rneginde yar1 yuvarlaklasmis plajiyoklazlar (Gerez iiyesi, metasubarkoz), b) Orta-
iyl boylanmali metakumtas1 6rneginde yar1 yuvarlak mikroklinler (Bakirtepe iiyesi, metasubarkoz),
¢) Iyi boylanmisve silis ¢imentolu metakumtasi drneginde yari yuvarlak mikroklin ve plajiyoklaz
mineralleri (Bakirtepe iiyesi, metasubarkoz), d) Serizitik baglayict ile girift siur iliskili mikroklin
(Bakirtepe iiyesi, metafeldispatik grovak).

OM microphotographs of metasandstones (cn), a) Subrounded plagioclases within well sorted and
silica-cemented sandstone sample including carbonate-filled cracks (Gerez member, metasubarkose),
b) Subrounded microclines within well sorted sandstone sample (Bakirtepe member, metasubarkose),
¢) Subrounded microcline and plagioclase minerals within well sorted and silica-cemented sandstone
sample (Bakirtepe member, metasubarkose), d) Microcline with sericitic groundmass and suture

boundary relation (Bakirtepe member, metafeldspathic greywacke).

Fillosilikat mineralleri metakumtaslarinda
baglayici malzeme ve feldispatlardan itibaren
bozunma ve detritik bilesen olarak ti¢ farkli sekilde
gbzlenmektedir. Baglayict malzeme konumundaki
fillosilikatlar; Gerez formasyonun illit, klorit ve
kloritli aratabakalilar, Kangal formasyonunda
illit ve kaolinit bigimindedir. Bozunma {iriinii
fillosilikatlar, optik mikroskopik gozlemlere gore
genellikle ortoklazlardan itibaren killlesme ve
serizitlesme bi¢iminde olup, baslica illit, daha az
miktarda klorit ve kaolinit olusumu s6z konusudur.
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Isali formasyonu Gerez iiyesine ait
orneklerde klorit-mika istifleri olarak adlandirilan
(Voll, 1960; Craig ve dig., 1982; Krinsley ve dig.,
1983) detritik mikalar gozlenmistir (Sekil 4a-
b). Klorit-mika istifleri gerilmeli basenleri isaret
eden karakteristik dokusal veriler bigiminde
degerlendirilmekte (Merriman ve Frey, 1999;
2005)
birliklerde de yaygin olarak saptanmistir (Bozkaya
ve Yal¢in, 2000; 2004; Bozkaya ve dig., 2002;

2006).

Merriman, olup, Toros kusagindaki



Fillosilikat mineralleri detritik taneler
ve matriks diginda zaman zaman silis dolgulu
catlaklarda otijenik ve/veya neoformasyon tiriini
olarak iri yaprakg¢iklar bigiminde olusabilmektedir
(Sekil 4c-d). Bu tiir olusumlarda; baglangigta ince
taneli olarak gelisen kloritler biciminde meydana
gelmekte, artan diyajenez/metamorfizma
derecesiyle birlikte kristal boyutlar1 daha da
artmaktadir. Detritik mika mineralleri; incelenen
metakumtaslarindan Gerez iiyesine ait bir ornek
disinda, eser miktarda gozlenmektedir. Mika
minerallerini en fazla i¢ceren KF-62 nolu ornekte
(Sekil 4e-f), mikalarin belirgin bir ydnlenme
dokusu  kazandirdiklart

gbze c¢arpmaktadir.

Metakumtaglarindaki mika
minerallerinin yan1 sira monokristalin kuvarslarin

uzun eksenlerinin de eslik etmektedir. Baslica

yonlenmeye,

muskovit ve daha az miktarda biyotitlerle temsil
edilen mika mineralleri (Sekil 4b), {001} istiflenme
diizlemlerine paralel ince-uzun ve kismen
biikiilmiis levhalar halinde gézlenmektedir. Mika
minerallerince zengin zonlarda opak minerallerin

de artis s6z konusudur.
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Incelenen 6rneklerde agir mineraller
olarak baslica zirkon, turmalin, apatit ve opak
mineraller belirlenmistir. Zirkon ve opak mineraller
tim orneklerde, turmalin (Sekil 5a-d) ve apatit
(Sekil Se-f) ise bazi 6rneklerde gézlenmistir.

Metakumtaglarinda genellikle yonlenmesi
ve serizit igermesiyle karakteristik sleyt/fillit tiirii
metamorfik ve porfirik dokusulu volkanik kayag
parcalar1 gozlenmistir. Girift siir iliskili kuvars
kristalleri igerisinde iri serizitik pullar igermesi ve
belirgin yonlenme gdstermeleriyle ayirt edilebilen
sleyt/fillit pargalar1, Gerez ve Bakirtepe iiyelerinin
her ikisinde, buna karsin volkanik kayag parcalari
yalnizca Bakirtepe liyesinde belirlenmistir (Sekil
6a-f). Bakirtepe iiyesinde ender olarak turmalin
iceren metamorfik kayac¢ parcgalart ve porfirik
dokulu volkanik kayag pargalar1 da gozlenmektedir
(Sekil 6e-f). Metamorfik kayac pargalart bazi
orneklerde kuvars ve feldispatlardan daha kiiglik
boyutlu (Sekil 6 c-d), baz1 6rneklerde ise daha
biiylik boyutludur (Sekil 6e-f).
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Sekil 4.

Figure 4.

Metakumtaslarmim OM fotograflari, a-b) Serizit-klorit matriksli iyi boylanmali zayif ve kaba klivaj
diizlemlerine sahip metakumtasi 6rneginde klorit-mika istifleri (Gerez iiyesi, metasubarkoz, a-¢n,
b-tn), c-d) Silis dolgulu damarlar icerisinde yar1 yelpaze bicimli, 1sinsal dizilimli otijenik ve/veya
neoformasyon kokenli klorit olusumlart (Gerez iiyesi, metakuvars arenit, c-¢n, d-tn), e-f) Serizit
matriksli, iyl boylanmis metakumtas1 6rneginde yonlenme gosteren ince-uzun, kismen biikiilmiis
opaklagmis biyotit ve muskovitler ile bunlara eslik eden klorit mika-istifleri ve opak minerallerce
zengin seviyeler (Bakirtepe tiyesi, metafeldispatik grovak, e-¢n, f-tn).

OM microphotographs of metasandstones, a-b) Chlorite-mica stacks within the metasandstone
sample with sericitic-chloritic matrix, well sorting and weak-coarse cleavage planes (Gerez member,
metasubarkose, a-cn, b-on), c-d) Semifan-shaped and radial chlorite occurrences with origin of
authigenic and/or neoformation within the silica-filled veins (Gerez member, metaquartz arenite, c- cn,
d-on), e-f) Thin-long, partly curved and opacited biotites and muscovites associated with chlorite-mica
stacks, and levels rich in opaque minerals (Bakirtepe member, metafeldspathic greywacke, e-cn, f-on).
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Sekil 5.

Figure 5.
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Metakumtaglarinin OM fotograflari, a-b) Girift tane sinirli kuvarslara eslik eden yar1 yuvarlak turmalin
ve yuvarlak zirkon taneleri (Gerez tiyesi, metakuvars arenit, a-¢n, b-tn), ¢) Yar1 yuvarlak turmalin tanesi
(Bakiartepe iiyesi, metasubarkoz, ¢n-tn), d) Yuvarlak zirkon tanesi (Bakirtepe iiyesi, metasubarkoz,
¢n-tn), e) Girift sinirlt kuvarslar igerisinde gubuksu prizmatik ve yuvarlagimsi apatit taneleri (Gerez
iiyesi, metasubarkoz, tn), f) Iyi boylanmali ve grift sinirl kuvarslar icerisinde cubuksu/ignemsi apatitler
(Bakurtepe iiyesi, metafeldispatik grovak, tn).

OM microphotographs of metasandstones, a-b) Subrounded tourmaline and rounded zircon grains
associated with sutured quartzs (Gerez member, metaquartz arenite, a-cn, b-on), c¢) Subrounded
tourmaline grain (Bakirtepe member, metasubarkose, cn-on), d) Rounded zircon grain (Bakirtepe
member, metasubarkose, cn-on), e) Platy prismatic and rounded apatite grains within the sutured
quartzs (Gerez member, metasubarkose, on), f) Prismatic/accicular apatites within well sorted and
sutured quartzs (Bakirtepe member, metafeldspathic greywacke, on).
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Sekil 6.

Figure 6.

Metakumtaslarinn OM fotograflari, a-b) Iyi yuvarlak, serizit iceren yénlenmeli sleyt/fillit tiirii
metamorfik kaya¢ parcasi (Gerez iiyesi, metakuvars arenit, a-¢n, b-tn), c-d) Orta-iyi boylanmali
metakumtaslarinda yart koseli-yar1 yuvarlak, monokristalin kuvarslardan daha kiigiik tane boyutlu
sleyt/fillit parcalar1 (Bakirtepe iiyesi, metasubarkoz, c-¢n, d-tn), e-f) Iyi boylanmali metakumtaslarinda,
kuvars ve feldispatlara gore daha biiyiik boyutlu, yart yuvarlak turmalinli ve porfirik dokulu volkanik
kayac pargalari (Bakirtepe {iyesi, metasubarkoz, a-¢nol, b-tn).

OM microphotographs of metasandstones, a-b) Well rounded and sericite-bearing oriented slate/
phyllite type of metamorphic rock fragment (Gerez member, metaquartz arenite, a-cn, b-on), c-d)
Slate/phyllite fragments, less grained than subrounded monocrystalline quartzs in the moderate-well
sorted metasandstones (Bakirtepe member, metasubarkose, c-cn, d-on), e-f) Tourmaline-bearing rock
fragment and subrounded prophyritic textured volcanic rock fragment larger than quartz and feldspars
in the well sorted sandstones (Bakirtepe member, metasubarkose, a-cn, b-on).
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Baglayici Bilesenler

Incelenen  metakumtaglarmin ~ baglayicisini
biiytik dlctide kloritlesmis ve

kismen kaolinlesmis matriks ile ikincil kuvars

serizitlesmis,

biiylimeleriyle iligkili silis cimento olusturmaktadir
(Sekil 7).

Matriksi olusturan mineraller; Gerez liyesi
illit+klorit+C-V
iiyesi Orneklerinde illit+dikit bi¢imindedir. Bu
tiir mineralojik farkliliklara, dokusal ozellikler
arasindaki farkliliklar da eslik etmektedir. Serizitik

orneklerinde iken, Bakirtepe

baglayici miktarinin yiiksek oldugu kayaglarda
artan diyajenez/metamorfizma derecesiyle birlikte
kuvars ve feldispat taneleri ile matriks arasinda
girift/stiturlu smir iliskisi s6z konusudur (Sekil

7).
Dokusal Ozellikler

Metakumtaglari; Gerez liyesinde ince kum ve kaba
silt (0.1-0.2 mm ve 0.03-0.06 mm) ve Bakirtepe
iiyesinde ise biiyiik 6l¢ilide orta kum (0.2-0.5 mm),
daha az da kaba ve ince kum (0.5-1.5 mm ve <0.2
mm mm) boyu bilesenlerden olugmaktadir.

Boylanma  dereceleri, Gerez  ve
Bakirtepe iiyesi metakumtaglar igin iyi-cok iyi,
baz1 Orneklerde orta-iyi olarak belirlenmistir.
Gerez iiyesi metakumtaglar1 genellikle daha iyi
boylanmali iken (Sekil 7a-b) Bakirtepe {iyesi
metakumtaglarinda boylanma derecesi orta ve
kotii olabilmektedir (Sekil 7c-d).

metakumtaglarinin monokristalin

Incelenen

kuvars
iceriklerinin yiiksek, buna karsin plajiyoklaz
igeriklerinin diisiik olmasi mineralojik agidan
olgunlagtiklarin1 gostermektedir. Metakumtaglari
ve metasilttaglarinda kuvars ve feldispat taneleri
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ile matriksteki serizit ve kloritler arasinda

girift/stiturlu~ smir  iligkisi  sdzkonusudur.
Metakumtaglarinda yaygin olan bu veriler ileri
diyajenez/gok diisiik dereceli metamorfizma

sirasindaki dokusal degisimleri yansitmaktadir
(Sekil 71).
X-ISINLARI KIRINIMI MINERALOJISI

Gerez 1iyesi metakumtaglarinda baslica kil/
fillosilikat, kuvars ve feldispat (ortoklaz ve
plajiyoklaz) mineralleri saptanmstir. Orneklerin
hemen hemen tiimiinde kuvars +
+ fillosilikat/kil  birlikteligi
Kil minerallerini illit, klorit, C-V ve C-S
olusturmaktadir. En  yaygm kil
birlikteligini illit + klorit + C-V olusturmaktadir.
[1lit + klorit, illit + C-V + C-8S, illit + C-S belirlenen
diger fillosilikat topluluklaridir.

feldispat
gozlenmektedir.

mineral

Bakartepe
baslica kuvars, feldispat (biliylik 6l¢iide mikroklin)
ve fillosilikat Bu
mineraller tim O&rneklerde go6zlenmekte olup,

iyesi  metakumtaslarinda

mineralleri  icermektedir.
ortalama degerlerine gore bolluk sirast kil,
feldispat ve kuvars bigimindedir. Baz1 6rneklerde
az miktarda gotit mineralleri de belirlenmistir.
Birimin kil fraksiyonunu temsil eden mineralleri
illit kaolinit/dikit En
yaygin kil mineral birlikteligini illit + kaolinit/
dikit olusturmakta, illit de
gozlenmektedir. Kil minerallerinin ortalama
bolluk sirasi illit (% 90) ve dikit (%10) bi¢ciminde
siralanmaktadir.

ve olusturmaktadir.

ayrica yalnizca

Politipi incelemelerine gore
Bakirtepe iiyesi illitleri, Gerez {iyesindekilere
benzer bi¢gimde 2M, 1M ve 1M, tiirlerini

icermektedir
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Sekil 7.

Figure 7.

Metakumtaslarinin OM fotograflari, a-b) Iyi boylanmali metakumtaslarinda ikincil silis ¢imento ve ince
kristalli silis dolgulu ¢atlaklar (Gerez {iyesi, metakuvars arenit, a-¢n, b-tn), c-d) Orta-koti boylanmali
metakumtaslarinda silis ¢imento ve gozenekte gelismis otijenik 1sinsal dikit olusumlar1 (Bakirtepe
iiyesi, metasubarkoz, a-¢n, b-tn), ¢) ince kum boyutlu, iyi boylanmali metakumtasinda diisiik miktarda
(< % 5) serizitlesmis-kloritlesmis matriks (Gerez iiyesi, ¢n), f) ince kum boyutlu, iyi boylanmali
metakumtaglarinda yiiksek miktarda (> % 15) serizit matriks ve siitlirlu sinir iliskili kuvarslar (Bakirtepe
iiyesi, metafeldispatik grovak, ¢n).

OM microphotographs of metasandstones, a-b) Secondary silica cementing and fine silica-filled cracks
in the well sorted metasandstones (Gerez member, metakuartz arenite, a-cn, b-on), c-d) Silica cementing
and radial dickite occurrences developed in the pores from moderate-poor sorted metasandstones
(Bakirtepe member, metasubarkose, c-cn, d-on), e) Low amount (< % 5) of sericitized-chloritized
matrix in the fine sand sized and well sorted metasandstone (Gerez member, ¢n), f) Large amount (>
% 15) of sericitized matrix and sutured quartzs in the fine sand sized and well sorted metasandstone
(Bakirtepe member, metafeldspathic greywacke, cn).
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METAKUMTASLARININ PETROKIMYASI
Ana ve iz Element Bolluklari

Metakumtaglarmin  ana, iz ve nadir toprak
element (NTE) analizleri Cizelge 1°de verilmistir.
En bol

metakumtaglarinin bilesenlerini olusturan ana ve

bulunan ana oksitlerin degerleri;
tali minerallerin ve kismen kayag¢ parcalarmin
kimyasina karsilik gelmekte, buna karsin karbonat
minerallerinin ¢ok az ve/veya hi¢ igerilmedigini

gostermektedir.

Incelenen metakumtaslarinda en onemli
fark, Bakirtepe iiyesi orneklerinin Gerez iiyesi
orneklerine gore K,O’ce zengin, CaO ve Na,O’ce
daha fakir olmasidir. Bu durum, Bakirtepe
iyesi oOrneklerinin baslica K-feldispat, Gerez

iiyesi Orneklerinin ise plajiyoklaz icermesi ile

uyumludur.
Bazi iz elementlerin agisindan
degerlendirildiginde; birimlere gore Ornekten

ornege degiskenlik gozlenmektedir. Bakirtepe
gegis Sc;
granitoyid elementlerinden W; karisik davranigh
Sb; kalicihigr  diisiik
elementlerden Rb, Cs, Ba ve Ga; kaliciligr yiiksek

iiyesinde metallerinden  sadece

elementlerden As ve
elementlerden U; buna karsin Gerez iiyesinde
diger elementler daha bol bulunmaktadir. Ortalama
bolluklar1 bakimindan NTE’den La, Ce ve Pr
Bakartepe, diger elementler ise Gerez iiyesinde

daha yiiksek derisimlere ulagsmaktadir.
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Petrografik ve Kimyasal Adlandirma/
Sinflandirma
Metakumtaglarinin modal mineralojik

bilesimlerine gore (Cizelge 2); d6rneklerde; kuvars
% 31-74 (ortalama % 60), feldispat % 1-15
(ortalama % 7), kayac parcalart % 1-12 (ortalama
% 4), agir mineraller % 1-12 (ortalama % 4),
matriks % 3-45 (ortalama % 15) ve ¢imento %
3-20 (ortalama % 10) arasinda degisen miktarlara
sahiptir. Bunlardan kuvarslari monokristalin ve
polikristalin; kaya¢ pargaciklarini metamorfik
ve sedimanter, agir mineralleri ise muskovit,
biyotit, klorit, apatit, zirkon, turmalin, opak temsil
etmektedir. Metakumtag1 Ornekleri, QFL iicgen
diyagraminda (Folk, 1974); M<% 15 i¢in arkoz
olan bir 6rnek hari¢, Bakirtepe iiyesi Ornekleri
cogunlukla subarkoz ve Gerez iiyesi Ornekleri
kuvars arenit (Sekil 8a), M>% 15 igin feldispatik
grovak alanlarinda yer almaktadir (Sekil 8b).

Pettijohn ve dig. (1973) tarafindan
olusturulan  Log(SiO,/AL,O,)- Log(Na,0/K,0)
kimyasal smiflama diyagraminda Bakirtepe ve
Gerez lyeleri metakumtasi Ornekleri birimlere
farkliliklar ~ gOstermekte
kiimelenmektetir (Sekil 8c). Modal mineralojik

gbre  Onemli ve

bilesime gore; subarkoz olarak adlandirilan
Bakirtepe iiyesi metakumtaslar1 arkoz, kuvars
arenitleri temsil eden Gerez iliyesi metakumtaglari
arkoz-subarkoz-sublitarenit olmak {izere daha
genis bir alanda yer almaktadir. Yer yer ortaya ¢cikan
bu farkliliklar matriks (serizitik beyaz K-mika
veya dikit) ve ana minerallerin (mikroklin veya

playiyoklaz) yaygmligindan kaynaklanmaktadir.
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Cizelge 1. Bolkardagi Birligi metakumtaglarinin ana oksit (% agirlik), iz ve NTE (ppm) analizleri.

Table 1. Major (wt %), trace and REE (ppm) analyses of metasandstones from Bolkardag: Unit.

Birim | Bakirtepe iiyesi | Gerez iiyesi

Oksit KF-52 KF-53 KF-54 KF-58 KF-62 KF-65 BD-26 BD-29 BD-33 BD-35 BD-38
SiO2 67.83 90.45 63.47 85.17 73.57 84.18 81.11 93.06 72.90 89.28 73.05
TiO2 0.821 0.301 0.976 0.195 0.400 0.167 1.134 0.278 1.226 0.679 1.129
A1203 14.60 4.80 17.49 6.58 11.37 7.13 7.02 1.81 9.82 3.25 10.71
2Fe,0, 4.25 0.51 3.50 1.25 4.23 2.40 6.20 1.44 7.86 1.23 6.37
MnO 0.014 0.007 0.047 0.003 0.012 <0.001 0.035 0.021 0.024 0.049 0.012
MgO 1.31 0.19 1.76 0.22 1.26 0.44 1.04 0.23 1.12 0.27 1.28
CaO 0.32 0.22 0.38 0.14 0.18 0.12 0.22 0.12 0.32 1.37 0.32
Na,O 0.17 0.12 0.13 0.13 0.42 0.16 0.76 0.30 0.71 0.49 1.00
K,0 6.43 2.72 7.10 3.92 6.01 4.34 1.15 0.23 1.70 0.77 221
P,O; 0.24 0.11 0.25 0.1 0.15 0.09 0.18 0.07 0.24 0.18 0.23
LOI 2.86 0.88 3.37 1.13 2.08 1.07 2.11 0.93 3.07 1.83 2.63
Toplam 98.84 100.30 98.48 98.83 99.68 100.10 101.00 98.48 98.98 99.40 98.94
Cr 70 30 90 20 100 30 120 170 60 <20 50
Ni 40 <20 40 <20 60 <20 90 80 60 <20 40
Co 10 8 14 11 7 9 21 9 28 6 14
Sc 12 3 18 2 6 3 4 1 8 2 9
Vv 94 22 141 18 52 31 88 20 89 30 87
Cu 20 <10 <10 <10 70 <10 10 80 50 <10 50
Pb 6 <5 <5 6 10 6 7 5 21 6 16
Zn <30 <30 <30 <30 <30 <30 90 <30 100 <30 110
Bi 0.4 <0.1 0.5 0.1 0.3 <0.1 0.4 0.1 0.2 <0.1 0.3
In <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sn 2 <1 3 <1 2 <1 <1 48 2 <1 2
\\% 234 598.0 14.8 184 80.9 418.0 78.3 318.0 90.6 129.0 47.1
Mo <2 <2 <2 <2 <2 <2 <2 3 <2 <2 <2
As 13 <5 8 <5 <5 <5 <5 <5 6 <5 <5
Sb 2.6 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.2 0.5 1.2 <0.2
Ge 14 09 1.7 1.0 1.1 1.0 1.4 1.1 1.8 1.2 1.4
Be 2 <1 3 <1 2 <1 1 <1 2 <1 1
Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 5.3 <0.5 <0.5 <0.5
Rb 110 39 130 49 98 67 37 9 62 25 67
Cs 3.0 0.5 5.2 0.6 5.3 1.2 1.3 0.4 1.4 0.7 1.3
Ba 369 369 612 461 556 425 244 50 270 112 303
Sr 30 20 20 31 46 35 28 9 54 47 55
T1 0.34 0.12 0.39 0.16 0.34 0.18 0.20 0.05 0.33 0.15 0.36
Ga 18 4 23 5 11 9 9 2 14 4 14
Ta 1.02 2.29 1.17 0.88 0.67 1.53 1.06 1.04 1.40 1.06 1.23
Nb 10.4 4.2 12.0 2.8 6.2 3.0 9.7 2.6 14.9 7.4 13.9
Hf 8.1 4.8 5.8 2.1 3.7 3.2 10.2 2.1 12.3 7.7 10.3
Zr 318 188 220 79 134 151 402 79 480 319 427
Y 29.6 10.2 38.7 10.5 16.1 8.9 24.8 10.9 35.9 20.6 322
Th 13.10 6.28 12.20 2.56 5.38 3.23 9.13 2.09 12.5 6.35 10.40
U 2.98 1.29 3.55 0.72 1.73 1.04 1.87 0.40 2.76 1.36 2.16
La 41.1 9.93 57.5 5.71 11.6 12.8 22.1 8.9 26.6 15.9 26.1
Ce 82.2 20.9 108.0 11.3 23.7 26.8 441 17.6 53.5 343 532
Pr 9.36 2.28 12.2 1.26 2.68 2.92 5.30 2.02 6.36 4.07 6.39
Nd 36.00 8.84 45.60 4.81 10.40 11.10 21.00 7.71 25.80 16.90 25.40
Sm 7.09 1.85 8.65 1.13 2.29 2.11 4.88 1.61 6.20 3.97 592
Eu 1.550 0.450 1.870 0.348 0.656 0.536 1.210 0.413 1.610 0.887 1.510
Gd 5.76 1.76 6.85 1.34 241 1.75 5.02 1.54 6.74 3.87 6.10
Tb 0.99 0.33 1.20 0.27 0.44 0.29 0.86 0.27 1.15 0.65 1.04
Dy 5.42 2.01 6.77 1.74 2.57 1.58 4.67 1.41 6.23 3.53 5.63
Ho 1.05 0.40 1.30 0.36 0.52 0.32 0.89 0.27 1.18 0.66 1.07
Er 3.33 1.23 4.06 1.04 1.62 0.95 2.62 0.76 3.44 1.89 3.11
Tm 0.509 0.184 0.611 0.153 0.249 0.146 0.387 0.103 0.510 0.274 0.460
Yb 3.32 1.19 3.86 0.96 1.63 0.96 2.46 0.63 3.23 1.72 2.90
Lu 0.495 0.183 0.568 0.136 0.250 0.146 0.380 0.092 0.505 0.263 0.439

Not: Fe O,, toplam demir. LOI: toplam ugucu igerigi
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Cizelge 2. Bolkardag: Birligi metakumtaslarinin modal mineralojik bilesimleri.
Table 2. Modal mineralogical compositions of metasandstones from Bolkardag: Unit.
. Ornek No/ % % %
Birim .
Bilesenler Q F Lt H M C Q F L Qm F Lt
KF-51 74 1 4 3 3 15 97 1 2 94 1 5
KF-52 47 4 2 6 35 6 91 8 1 88 8 4
o KF-53 63 12 2 2 5 16 83 16 1 82 16 2
'% KF-54 31 11 2 7 45 4 73 26 1 69 27 4
g KF-56 64 9 9 3 2 13 86 12 2 76 12 12
2 KF-57 68 1 4 2 5 20 97 1 2 94 1 5
% KF-58 62 15 4 3 6 10 78 20 2 75 20 5
- KF-62 53 12 6 4 18 7 80 19 1 72 19 9
KF-65 52 15 11 2 6 14 74 21 5 64 21 15
KF-67 68 4 12 1 9 6 94 5 1 79 5 16
o BD-26 74 9 2 7 5 3 89 11 0 87 11 2
‘1:’, BD-29 78 1 1 2 5 13 99 1 0 98 1 1
:g BD-33 49 4 1 4 37 5 91 1 90 2
g BD-35 64 3 2 14 4 13 94 5 1 92 5 3
BD-38 49 5 1 3 35 7 89 10 1 87 10 3
Qm=Monokristalin kuvars, gostermektedir (Sekil 8d). Bakirtepe iyesi
Qp=Polikristalin kuvars, P=Plajiyoklaz, metakumtaglart arkoz-subarkoz, Gerez {yesi
AF=Alkali  feldispat, H=Agir  mineraller metakumtaglart  litarenit-sublitarenit  alanlart

(muskovit, biyotit, klorit, apatit, zirkon, turmalin,
opak), M=Matriks (kil, serisit), C=Cimento
(karbonat (k), silis (s), Fe-oksit (f)), Ls=Sedimanter
kayac pargalari, Lm=Metamorfik kaya¢ parcalari,
Q=Toplam kuvars (Qm+Qp), F=Toplam Feldispat
(P+AF), L=Toplam duraysiz kayac¢ parcaciklar

(LstLm+Lpv), Lt=Toplam kaya¢ pargalar
(Qp+Ls+Lm+Lpv).

Herron’un  (1988)  Log(SiO,/ALO,)-
Log(Fe,0,/K,0) smiflama diyagraminda ise

incelenen metakumtaglar1 genis bir aralikta
yayilmakta ve cogunlukla ayr1 alanlarda dagilim
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icinde ve vake (petrografik % 50-90 arasinda
kil-silt boyu bilesen igeren killi kumtas1 ve siltli
kumtagi) alanmin saginda yer almaktadir. Ayrica
siniflandirma diyagraminda (Sekil 8d), toplam
Fe,0, igeriklerinin Bakirtepe iiyesi 6rneklerinde
diisiik ve Gerez tiyesi 6rneklerinde yiiksek (klorit
ve C-V), K,O igeriginin Gerez iiyesi 6rneklerinde
yiksek (K-beyaz mika), SiO,/ALQO, oraninin
(kuvars/feldispat ve dikit) ise her iki birim i¢in
degisken oldugu goriilmektedir. Diger bir ifadeyle,
bu degisimler; feldispat ve fillosilikatlarin miktari
ile iliskilidir.
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Sekil 8. Bolkardag: Birligi metakumtaslarinin modal mineralojik ve kimyasal adlandirilmasi, a-b) QFL (Folk,
1974), ¢) Log(SiO,(Al,0,) - Log(Na,0/K,0) (Pettijohn ve dig., 1973); d) Log(SiO,(Al,0,) - Log(Fe,0,/
K,O) (Herron, 1988).

Figure 8.  Modal mineralogical and chemical nomenclature of metasandstones from the Bolkardagi Unit, a-b)
QFL (Folk, 1974), c) Log(SiO,(ALQ,) - Log(Na,O/K,0) (Pettijohn et al., 1973); d) Log(SiO,(Al,O,) -
Log(Fe,0./K,0) (Herron, 1988).
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Sedimanter Siirecler

Kirmtili sedimanter kayaclarin petrokimyasini
en c¢ok etkileyen sedimanter siire¢lerden birisi
ylizeysel bozunma ve derinsel bozusmadir
(alterasyon). Ust kitasal kabugun yaklasik olarak
% 70’ini olusturan baglica feldispatlar ve kismen
volkanik cam bozunma/bozusma siirecinde
belirleyici olmaktadir (Nesbitt ve Young, 1984;
Taylor ve McLennan, 1985). Bu nedenle, ana
element bilesimindeki degisimlerin ¢ogu ALO,-
(CaO+Na,0)-K,0  jeokimyasal
degerlendirilmekte (Nesbitt ve Young, 1984) ve bir
derinsel bozusma indeksi (Kimyasal Alterasyon
Indeksi-CIA) formiilize edilmektedir (Ornegin;
Nesbitt ve Young, 1984; Nesbitt ve dig., 1996).
Incelenen metakumtaglarmin  CIA  degerleri;

sisteminde

Bakirtepe metakumtaslart icin 58-65 (ortalama
61) ve Gerez metakumtaglari igin 44-71 (ortalama
65) arasinda degigsmektedir (Sekil 9a). Bakirtepe
metakumtaglart AL,O,-K,O ¢izgisine yakin ve
biyotit-muskovit arasinda, Gerez metakumtaglari
granodiyorit-seyl ¢izgisine paralel uzanmaktadir.
Bu bulgular; Bakirtepe metakumtaslarinin daha
az ylizeysel bozunma ve/veya derinsel bozusmaya
ugradigina, ayrica Gerez metakumtaglarinin seyl
tirii kayaclarin metamorfizmasi ile olustuguna
isaret  etmektedir.  ALO,-(CaO™+Na,0+K,0)-
(XFe,0,+MgO) diyagraminda (Sekil 9b) ise;
incelenen metakumtaglarinin = CIA  degerleri;
Bakirtepe metakumtaslart i¢in 46-53 (ortalama
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50), Gerez metakumtaslar i¢in 37-47 (ortalama
43)
piroksen ¢izgisinin {izerinde yer almaktadir.

arasinda  degismekte olup, feldispat-
Bakirtepe metakumtaglar1 teorik granit, Gerez

metakumtaglart1  teorik  smektit  bilesiminin

cevresinde yogunlagmaktadir. Fedo ve dig.
(1995) tarafindan Onerilen bir baska alterasyon
indeksi (Plajiyoklaz Alterasyon Indeksi-PIA)
ise plajiyoklazlarin sedimanlardaki bozusma
yonelimlerini ortaya koymak igin Onerilmekte
olup; incelenen metakumtaglarimin PIA degerleri;
Bakirtepe ornekleri igin 80-90 (ortalama 84) ve
Gerez Ornekleri i¢cin 42-82 (ortalama 70) arasinda

degismektedir (Sekil 9c).

(1988)
edilen bozunma indeksine (Kimyasal Yiizeysel
Indeksi-CIW)
metakumtaglarmin  CIW  degerleri;

Harnois tarafindan formiilize
incelenen
Bakirtepe
ornekleri i¢in 89-94 (ortalama 93) ve Gerez

Bozunma gore;

ornekleri icin 50-85 (ortalama 74) arasinda

degismektedir.  Incelenen  metakumtaslarinin
kimyasal bozunma iliskilerini gosteren PIA
(Fedo ve dig., 1995)-CIA (McLennan ve Murray,
1999) ve CIW (Harnois, 1988)-CIA (McLennan
ve Murray, 1999) diyagramlari, silikatlarin ortag
derecede yiizeysel bozunma gegirdiklerini ortaya
koymaktadir (Sekil 10). Ayrica bunlardan CIA-
CIW iligkisinin iyi derecede pozitif (R?>=0.63)
oldugu goriilmektedir.
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Sekil 9.

Figure 9.

Sekil 10.

Bolkardag: Birligi metakumtaglarinin CIA (McLennan ve Murray, 1999), PIA (Fedo ve dig., 1995)
ve bazi oksitlerin molekiiler oranlarinin iiggen diyagramlarda dagilimi, a) Felsik diyagram (Bazi
magmatik-sedimanter kayaclarin ve minerallerin ideal bilesimleri ile iist kabuga ait bazi kaya tiirlerinin
yiizeysel bozunma yo6nelimleri: McLennan ve dig., 2003), b) Mafik diyagram (Ortalama magmatik
kayag bilesimleri: Nockolds, 1954), ¢) PIA (Ab=Albit, An=Anortit).

Distributions of CIA (McLennan and Murray, 1999), PIA (Fedo et al., 1995) and molecular ratios of
some oxides in the triangle diagrams from metasandstones in the Bolkardagi Unit, a) Felsic diagram
(Ideal compositions of some magmatic and sedimentary minerals, and weathering trends of some rock
types bolonging to upper crust. McLennan et al., 2003), b) Mafic diagram (Average compositions of
magmatic rocks: Nockolds, 1954), c) PIA (Ab=Albite, An=Anortite).

Bolkardagi Birligi metakumtaslarinin kimyasal bozunma iliskilerini gésteren diyagramlar, a) PIA (Fedo
ve dig., 1995)-CIA (McLennan ve Murray, 1999), b) CIW (Harnois, 1988)-CIA (McLennan ve Murray,
1999).

Figure 10. Diagrams showing chemical weathering/alteration relations of metasandstones from the Bolkardagi

Unit, a) PIA (Fedo et al., 1995)-CIA (McLennan and Murray, 1999), b) CIW (Harnois, 1988) -CIA
(McLennan and Murray, 1999).
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Incelenen metakumtaglarinin ana oksit
de
ortaya koyacak bi¢gimde son bozunma/bozusma

degisim diyagramlari; detritik yonelimi
triinii olan ALO, igerigine kars1 diger oksitler
kullanilarak Sekil 11°de verilmistir. Na,O ve
CaO harig, diger ana oksitler ALO, ile anlamh
korelasyona sahiptir. SiO, ile negatif, digerleri ile
pozitif korelasyon gostermektedir. AL,O, en zayif
Na,0O (r*=0.001), en yiiksek ise SiO, (r*=0.95)
Genellikle,
agisindan yiiksek ALO, ve disik SiO, igerikli

ile  korelasyon gostermektedir.
olan metakumtaglar1 diyagramin sag; diisiik ALO,
ve yiiksek SiO, igerikli olanlar ise sol kesiminde
kiimelenmektedir. Bu durum, K-mikalarin ve/veya
feldispatlarin artisina karsin, kuvars miktarinin
azalmasiyla iligkilidir. Benzer iligkiler ALO, ve

K,O arasinda da gorilebilmektedir. ALO,‘in
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artisina karsin CaO ve Na,O’in kismen sabit kalist
plajiyoklazlar; AlO,-TiO, iliskisi daha ziyade
Ti- ve/veya Fe-Ti oksitler, ALO,-tFe,O, iliskisi
strastyla Fe-oksit, klorit ve kismen biyotit, AL,O,-
MgO iliskisi klorit ve biyotit, Al,O,-P,O; iliskisi
apatit icerigi ile denetlenmektedir.

ALQ;,’iin bazi iz elementler ile korelasyon
iligkileri  Sekil 12’de
element korelasyon iliskisi ana oksitlere gore daha
belirgin olup, 1=0.59-0.94 (Sm ve Ga) arasinda
degismektedir. AlLO,’e karst kalicihigr diisiik
elementlerden Rb ve Ga’un artis1 K-mikalar;
diyajenez/metamorfizmadan etkilenmeyen gecis
metallerinden V, kalicig1 yiiksek elementlerden
U ile NTE’den Nd ve Sm’un artis1 ise tiiredikleri
kaynak bolgeye isaret eden taginmis bilesenler ile
iligkilidir.

sunulmustur.  ALO,-iz
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Sekil 11.  Bolkardag: Birligi metakumtaslarmin Al,O,’ye karsi ana oksit degisim diyagramlar1 (DT=Detritik
Yonelim).

Figure 11. Variation diagrams of major oxides versus Al,O, from metasandstones in the Bolkardagi Unit (DT=
Detrital Trend).
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Sekil 12.
Yonelim)
Figure 12.
Detrital Trend).

Incelenen metakumtaslarinin  kondrite
(Sunve McDonough, 1989) gére normalize edilmis
iz element dagilimlar1 ve ayrica karsilastirma
amactyla Alt ve Ust Kitasal Kabuk (LCC ve UCC:
Taylor ve McLennan, 1981), Kuzey Amerikan Seyl
Bilesimi (NASC: Haskin ve dig., 1968, Condie,
1993, Gromet ve dig., 1984), ayrica Condie (1993)
tarafindan verilen Arkean-Proterozoik Kratonik
Kumtaglart  (A-Pr-CS), Arkean-Proterozoyik-
Fanerozoyik Granitler (A-Pr-Ph-G) ve Arkean-
Proterozoyik-Paleozoyik Felsik Volkanitler’in
(A-Pr-Ph-FV) ortalama bilesimleri de Sekil
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Bolkardag Birligi metakumtaslarmin ALO,’ye karsi iz element degisim diyagramlari (DT=Detritik

Variation diagrams of trace elements versus Al,O, from metasandstones in the Bolkardag: Unit (DT=

13a’da sunulmustur. Incelen metakumtaslarinin
iz element dagilim desenleri NASC, Kratonik
LCC, Granitlere Felsik
Volkanitlere benzer olmakla birlikte; birimler

Kumtaslarina, ve
birbirinden ayrilmakta ve belirgin ayrimlasmay1
ifade etmektedir. Bolkardagi metakumtaglari P
(1-4 kat) harig, kuvvetli zenginlesmeye (Sr i¢in
1 ve Th icin 451 kat) sahiptir. P’daki fakirlesme
apatit gibi P-iceren agir minerallerin azligimi veya
yoklugunu; Th’daki zenginlesme ise Th-igeren
agir minerallerin, Ozellikle zirkon, monazit ve/
veya titanitin katkisini isaret etmektedir. Incelenen
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metakumtaslari sirastyla Th, Ta, La, Nd, Zr ve Tb
i¢in belirgin pozitif; K, Nb, Sr, P ve Ti i¢in negatif
anomaliye sahiptir.

Toplam NTE konsantrasyonu Bakirtepe
iiyesi metakumtaslar1 i¢in 52-198 ppm (ortalama
110 ppm) ve
43-139 ppm
degismektedir.

Gerez iiyesi metakumtaslar1 igin
(ortalama 106 ppm) arasinda
Incelenen  metakumtaslarinin
kondrite (Sun ve McDonough, 1989) normalize
NTE dagilimlar1 ve karsilastirma amaciyla LCC,
UCC, NASC, Kratonik Kumtaslari, Granitler ve

Felsik Volkanitlerin dagilimlar1 da Sekil 13b’de

Sekil 13.

gosterilmistir. Bolkardagi metakumtaslarinda hafif
NTE’den agir NTE’e dogru icerikleri azalmakta
olup; Bakirtepe ve Gerez metakumtaglarinin
desenleri birbirinden kismen ayrilmakta ve
ayrimlagmay1 gostermektedir. Metakumtaslarinda
tiim elementlerigin belirgin yaklasik 243-4 (La-Lu)
kat arasinda degisen zenginlesmeler mevcut olup,
negatif Eu anomalisine sahiptir. NTE igerikleri
Alt ve Ust Kitasal Kabuktan oldukca farkli ve
biiyiik; buna karsin NASC, Granitlere ve Felsik
Volkanitlere olduk¢a, Kratonik Kumtaslarina ise

kismen benzerdir.

Bolkardagi Birligi metakumtaglarinin kondrite normalize iz (a) ve NTE (b) dagilimlari. Kondrit: Sun

ve McDonough, 1989; Kratonik Kumtaglar1 (A-Pr-Ph-CS), Felsik Volkanitler (A-Pr-Ph-FV), Granitler
(A-Pr-Ph-G): Condie, 1993; NASC i¢in Nb ve Y: Condie, 1993; diger elementler: Gromet ve dig.,
1984), NASC: Ho ve Tm elementleri Haskin ve dig., 1968; diger elementler Gromet ve dig., 1984; LCC
ve UCC: Taylor ve McLennan, 1981; A-Pr-Ph-CS, A-Pr-P-FV, A-Pr-Ph-G: Condie, 1993.

Figure 13.

Chondprite-normalized element patterns of metasandstones from the Bolkardagi Unit, a) Trace

(Chondrite: Sun and McDonough, 1989; A-Pr-Ph-CS, A-Pr-Ph-FV, A-Pr-Ph-G: Condie, 1993; Nb
and Y for NASC: Condie, 1993; other elements: Gromet et al., 1984), b) REE (Chondrite: Sun and
McDonough, 1989; NASC: Ho and Tm elements from Haskin et al., 1968; other elements from Gromet
etal, 1984, LCC and UCC: Taylor and McLennan, 1981, A-Pr-Ph-CS, A-Pr-P-FV, A-Pr-Ph-G: Condie,

1993).
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Provens

Ana elementler kullanilarak kumtaslarinin provens
izlerini saptamaya ydnelik ayirtman diyagramlar,
Roser ve Korch (1988) tarafindan onerilmistir.
Birinci ayirtman diyagramda (Sekil 14a) incelenen
metakumtaglart biitiiniiyle kuvarsli sedimanter
provens alan i¢inde bulunmakta ve birimler farkl
ayrilmaktadir.  Ikinci
14b) Bakirtepe
iiyesi metakumtaglar1 kuvarsli sedimanter; buna

alanlarda kiimelenerek

ayirtman diyagramda (Sekil
karsin Gerez iiyesi metakumtaslari ¢ogunlukla

mafik magmatik, birer 6rnek ise ortag ve kuvarsh

sedimanter kaynak alanda yer almaktadir.

Sekil 14.

Omer BOZKAYA, Hiiseyin YALCIN, Remzi ERYILMAZ

Jeotektonik Konum

tektonik konumlarinin

modal

Kumtaglariin

belirlenmesinde mineralojik ~ ve
kimyasal bilesim olmak tizere iki farkli yontem
kullanilmakta olup; her iki yontemle incelenen
tektonik

depolandig1 ortaya konulmaya calisilmistir.

metakumtaglarinin - hangi ortamda

Metakumtaglarmin  modal mineralojik
bilesimleri (bak Cizelge 6.2) QFL (Dickinson
ve dig., 1983) ve QmFLt (Dickinson ve Suczec,
1979) iiggen diyagramlarina yerlestirilmistir. QFL

diyagraminda 6rneklerin tamaminin kitasal bloku
temsil eden gecis kitasal ve kraton i¢i alanlarinda

Kumtasi-¢camurtasi birliktelikleri i¢in incelenen kumtaglariin provens ayirtman diyagramlart (Roser ve

Korch, 1988), a) Ana oksit i¢erikleri, b) ana oksit oranlari.

Figure 14. Provence discrimination diagrams of studied sandstones for sandstone-mudstone associations (Roser
and Korch, 1988), a) Major oxide contents, b) Major element ratios.

yer aldigi gorlilmektedir (Sekil 15a). QmFLt
diyagraminda karisik ve kuvarsl yeniden iglenmis
orojenik alana karsilik gelen birer 6rnek haric;

diger 6rnekler yine kitasal ve kraton i¢i alanlarinda

bulunmaktadir (Sekil 15b).
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Sekil 15.

Bolkardag: Birligi metakumtaglarinin modal mineralojik bilesimlerine gore jeotektonik ortam ayirtman

diyagramlari; a) QFL (Dickinson ve dig., 1983), b) QmFLt (Dickinson ve Suczek, 1979).

Figure 15.

The geotectonics settings of metasandstones from Bolkardag: Unit in the triangle diagrams based on

their modal mineralogical compositions, a) QFL (Dickinson et al., 1983), b) OmFLt (Dickinson and

Suczek, 1979).

Ana oksitler ile kirmtilh semidentar
kayaclarin tektonik ortamini belirlemede kullanilan
i¢ tiir ayirtman diyagram bulunmaktadir. Bhatia
(1983) tarafindan Paleozoyik kumtaslar1 icin
birinci ve ikinci ayirtman fonksiyonlarini esas
alan degisim diyagrami esas alinarak incelenen
metakumtaglart i¢in  kullanilmigtir.  Bakirtepe
iyesi metakumtaglari, aktif kita kenarmi temsil
metakumtaglar1  pasif
(Sekil

16a). Kumtaslarinin ana oksit bilesimine gore

ederken, Gerez iiyesi

kita kenart alaninda konumlanmistir

jeotektonik ortamlarinin belirlenmesinde
kullanilan diger bir simiflama da Kroonenberg

(1994) tarafindan onerilen SiO,/20-(Na,0+K,0)-
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(TiO,+ALO,+tFeO,) tiggen diyagramdir (Sekil
16b). Bu ayirtman diyagramda Gerez iiyesine
ait ¢ Ornegin belirtilen alan diginda kaldigi,
diger iki Ornegin pasif kenar alanma distiigii
gozlenmektedir. Bakirtepe tyesi Ornekleri ise
kitasal ada yay1 ve pasif kenar ile temsil edilen
alanda yer almaktadir. Kumtaglarinin jeotektonik
ortamini belirlemede kullanilan diger bir diyagram
ise Roser ve Korch’un (1986) SiO,-K,0/Na,0
ikili 16¢c). Bu
diyagrama gore Gerez iiyesi metakumtaslarina ait

degisim diyagramidir (Sekil

bir 6rnek harig (aktif kitasal kenar), diger Gerez ve
Bakartepe tiyelerine ait metakumtaglari pasif kenar
alaninda yer almaktadir.
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Bolkardag: Birligi metakumtaslarinin ana oksit iceriklerine gore jeotektonik ayirtman diyagramlari,

Sekil 16.
a) F1-F2 ayrimlasma fonksiyonu (Bhatia, 1983), b) SiO,/20-(Na,0+K,0)-(TiO,+ALQO,+tFe,0,)
(Kronenberg, 1994), ¢) SiO,-K,0/Na,O (Roser ve Korch, 1986)

Figure 16. Geotectonic diagrams for metasandstones of Bolkardagi Unit based on major oxide contents, a) FI1-F2

discrimination function (Bhatia, 1983), b) SiO,/20-(Na,0+K,0)- (TiO,+Al,0,+tFe,0,) (Kronenberg,
1994), ) SiO,-K,0/Na,O (Roser ve Korch, 1986).

Bhatia ve Crook (1986) farkli tektonik
ortamlara ait grovaklar i¢in ayirtman diyagramlar
gelistirmisti.  La/Th  degisim diyagramida
incelenen metakumtast  Ornekleri  ¢ogunlukla
kitasal yay (Sekil 17a); La-Th-Sc {iggen
diyagraminda ise La kosesine yakin olup,
Bakartepe tiyesi 6rnekleri ¢ogunlukla kitasal yay,
Gerez liyesi ornekleri aktif ve pasif kitasal kenar
(Sekil 17b); Ti/Zr-La/Sc diyagraminda ¢gogunlukla
kitasal yay ve aktif kitasal kenar (Sekil 17¢); La/Y-

Sc/Cr diyagraminda Bakirtepe liyesine ait {i¢ 0rnek
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ve Gerez liyesi ornekleri tanimlanan alan disinda
kalmakta, Bakirtepe liyesine ait ii¢ 6rnek ise pasif
kenar ortamini temsil etmektedir (Sekil 17d). Th-
Co-Z1/10 diyagraminda iki 6rnek tanimlanmamis
bolgede yer almakla birlikte, cogunlugu ada yay1
ve kitasal yay ortamlarini kapsayacak bigimde
genis bir alanda kiimelenmektedir (Sekil 17e).
Th-Sc-Zr/10 iiggen diyagraminda Gerez iiyesi
ornekleri bliylik pasif kenar, Bakirtepe tiiyesi
ornekleri ise kitasal yay alaninda ve yakininda
kiimelenmektedir (Sekil 17f).
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Sekil 17.  Bolkardag: Birligi metakumtaglarinin iz element igeriklerine gore jeotektonik ayirtman diyagramlari

(Bhatia ve Crook, 1986), a) La/Th, b) La-Th-Sc, c) Ti/Zr-La/Sc, d) La/Y-Sc/Cr, e) Th-Co-Z1/10, f) Th-
Sc-Zr/10.

Figure 17. Geotectonic diagrams for metasandstones of Bolkardagi Unit based on trace element contents (Bhatia

and Crook, 1986), a) La/Th, b) La-Th-Sc, c) Ti/Zr-La/Sc, d) La/Y-Sc/Cr, e) Th-Co-Zr/10, f) Th-Sc-Zr/10.
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SONUCLAR VE TARTISMA

Isali formasyonu Gerez iiyesi ile Kangal
formasyonu Bakirtepe iiyesi Devoniyen yasli olup,
her ikisi de metakumtaglarinin egemen olmasiyla
altinda ve istiinde yer alan birimlerden belirgin
bir farklilik sunmaktadir. Calismanin konusunu
olusturan bu iki birimin altinda ve tistiinde yer
alan birimler Bozkir ve Kangal ydrelerinde
de benzer litolojilere sahiptir. Bu durum, aym
donemde ¢okelen birimlerin yanal yonde farklilik
sunmadiklari, benzer paleocografik ve/veya
jeotektonik konumlara sahip olduklarina isaret

etmektedir.

Metakumtaslari baslica kuvars
(monokristalin ve polikristalin kuvars), feldispat
(mikroklin, pertitik ortoklaz ve plajiyoklaz),
fillosilikat (illit, klorit, C-V, C-S ve kaolinit)
mineralleri ve kayag pargalari (sleyt/fillit, kuvarsit)
feldispat

ve fillitik kayac¢ pargalari Bakirtepe iiyesinde

icermektedir.  Polikristalin  kuvars,
daha yiiksek miktarlarda bulunmaktadir. Buna
gore, Bakirtepe iiyesi metakumtaslar1 genellikle
subarkoz, Gerez liyesi metakumtaslari ise kuvars
kumtast ve subarkoz bilesimindedir. Feldispat
mineralleri Gerez iiyesinde plajiyoklaz, Bakirtepe
iiyesinde ise mikroklin ile temsil edilmektedir. Bu
durum her iki iiyenin koken kayaglarinin farkl

oldugunu gostermektedir.

klorit-
mika istifleri icermesi, daha az silis ¢imento

Gerez 1lyesi metakumtaglari,
icermesi, daha ileri derecede yonlenme fabrigi
ve metamorfizma derecesine sahip olmasi ve 1M
illitin yan1 sira klorit, C-S ve C-V aratabakalilar
icermesi agisindan Bakirtepe liyesi Orneklerine
gore farklilik Bakirtepe iiyesi
orneklerinin yukarida siralananlarin yani sira, daha
iri tane boyuna ve daha diisiik boylanma derecesine

sahip olmasi, dikit igermesi ve 1M illitin daha

sunmaktadir.

egemen olmasiyla karakteristiktir. Bu durum,
birimlerin koken kayagla iliskili beslenmenin
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yani
konum ve sedimanter siireclerindeki farkliliklar

sira paleocografik ve/veya jeotektonik

da yansitmaktadir. Turmalin ve 6zellikle zirkon
tanelerininkismen, bazi6rneklerdebelirginbigimde
yuvarlaklagsmis olmasi, kumtaslarini olusturan
bilesenlerin bir kisminin daha yash bir sedimanter
kaynaktan tiiredigini de diistindiirmektedir. Opak
minerallerin metamorfik kokenli mika zonlarinda
yogunlagmasi; bu mineraller ile metamorfik
kayaclar arasinda kokensel bir iliskiye isaret
etmektedir. Tiim bu veriler; Bakirtepe iiyesinin
granitik kaynagin yani sira az da olsa metamorfik,
Gerez lyesinin ise metamorfik ve volkanik bir

kaynaktan beslendigini ortaya koymaktadir.

Ana oksit igeriklerine gore, Bakirtepe
liyesi Ornekleri Gerez tiyesi drneklerine gore K,O
bakimindan zengin, buna karsin CaO ve Na,O
bakimindan daha fakirdir. Bu durum, Bakirtepe
iiyesi orneklerinin baglica K-feldispat (mikroklin),
Gerez liyesi orneklerinin ise plajiyoklaz icermesi
ile iligkilidir. CIA degerleri; kaolin gibi saf
aliminosilikat kalintilar i¢in 100 olmak iizere,
ylizeysel bozunma ve/veya derinsel bozusma
gecirmemis c¢ofgu magmatik ve metamorfik
kayaclarda yaklasik 50 veya daha azdir. Incelenen
metakumtaslarina  ait  veriler  diyajenetik/
metamorfik ve/veya detritik fillosilikatlar ve
feldispatin bollugu ile agiklanabilmekte, ayrica
iyl
gostermektedir. Ayrica, CIA degerindeki dagilim

sedimanter boylanmanin da gelistigini

Bakirtepe metakumtaslarinin =~ Gerez’e  gore
daha fazla bozunma ge¢irdigini gostermekte
olup; farkliliklar ise felsik-mafik bilesenlerin
kullaniminin dogal sonucu ortaya g¢ikmaktadir.
Diger taraftan, PIA degerleri metakumtaslarina
ait plajiyoklazlarin 6nemli 6l¢lide bozustugunu

gostermektedir.

Detritik yonelim; Cox ve dig. (1995)
tarafindan ¢amurtaslarinda tanimlanan Bilesimsel
Degisim indeksi (ICV-Index of Compositional
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Variability) degerleri ile gdsterilmistir. Incelenen
metakumtaglarinin - ICV  degerleri  genis bir
aralikta; Bakirtepe liyesi i¢in 14-46 (ortalama 25)
ve Gerez iyesi i¢in 7-11 (ortalama 9) arasinda
saptanmistir. Incelenen metakumtaslarinin ICV
ortalama degerleri Kratonik Kumtaglari (9-23),
Granitler (44-49) ve Felsik Volkanitler (35-
48) ile karsilastirildiginda, Bakirtepe liyesi i¢in
kratonik kumtaslar1 harig, daha diisiik oldugu
gortilebilir. ICV-K,0/AL0,
K-fillosilikatlarin 6rneklerdeki bolluguna gore

iligkisi feldispat ve

farkli olmakta; diger bir ifadeyle diyajenetik/
metamorfik evrim en ¢ok Gerez, en az Bakirtepe
metakumtaglarini etkilemis goziikkmektedir.

Sedimanter kayaclarin Th/U oranlari,
kaynaktaki yiizeysel bozunma hakkinda bazi
ipuglart vermektedir. U*’lin ¢ozlinebilir U™’e
oksidasyonundan dolay1, yiizeysel bozunma
Th/U oraninin yiikselmesine neden olmaktadir
(McLennan ve Taylor, 1991; McLennan ve dig.,
1993). Bununla birlikte, indirgen kosullardaki
sedimantasyon sirasinda U’un derisimi Th/U
oranint  diigiirecek  bicimde  degismektedir.
Th/U oran1 3’ten biiyiik oldugunda g¢ogunlukla
yilizeysel bozunma, 3’ten kii¢iik Th/U orani ise
provens etkisini yansitir (McLennan ve Taylor,
1991). Aktif kitasal kenar basenlerinden tiireyen
glincel camurlar 1-6 arasinda degisen Th/U
oranina sahiptir (McLennan ve dig., 1993). Tipik
Ust Kitasal Kabuk (UCC) kokenli magmatik
kayaglar i¢in 3.5-4.0°den kii¢lik Th/U orani post-
Arkeen tiirbiditlerinde yaygindir, fakat Arkeen
esdegerlerinde mevcut degildir (McLennan
ve Taylor, 1991). NASC’de Th/U orani tipik
olarak yiiksek (4.62) olup, kaynaktaki yiizeysel
bozunma sirasindaki U kaybini yansitir. incelenen
metakumtaglarinin Th/U oranlar1 Bakirtepe tiyesi
icin 3.1-4.9 (ortalama 3.8), Gerez liyesi icin 4.5-
5.2 (ortalama 4.8) arasinda degismekte olup;

kaynaktaki yiizeysel bozunmaya isaret etmektedir.
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Incelenen her iki iiyeye ait metakumtaslarinin
Th/U oranlar; ortalama Arkeen-Proterozoyik-
Paleozoyik-Mesosenozoyik Bazaltlari’ndan
(Condie, 1933) oldukea kiigiik, buna karsin Gerez
iiyesi daha ziyade LCC-Kratonik Kumtaslari-
Felsik Volkanitlere; Bakirtepe iiyesi ise UCC-
NASC’lere benzerdir.

Kumtaglarinda agir minerallerin (6rnegin;
zirkon, monazit, manyetit) zenginlesmesine neden
olan sedimanter siireclerden birisi de sedimanter
1973). Agir
mineral topluluklarindaki iligkiler, ana mineraller

boylanmadir (Pettijohn ve dig.,

arasindaki iliskilere gore sedimanter taginma
stireclerinden daha az etkilenme egilimindedir
Morton 1993).

tekrarlanan yeniden ¢evrimleri

(Ornegin, ve  Johnson,
Sedimanlarin
bol agir mineral iceren kumlarda, dolayisiyla
bu minerallere bagl iz elementlerde kuvvetli
zenginlesme gostermektedir (Ornegin; McLennan
ve dig., 1993; McLennan, 2001). Incelenen
metakumtaglari i¢in Th/Sc oranlar1 Bakirtepe tliyesi
icin 0.7-2.1 (ortalama 1.2) ve Gerez liyesi i¢in 1.2-
3.2 (ortalama 2.1); Zr/Sc oranlar1 sirasiyla 12-63
(ortalama 36) ve 47-160 (ortalama 89) arasinda
degismektedir. Th ve Zr uyumsuz elementler olup,
daha uyumlu bir element olan Sc’a gore bagil
olarak zenginlesmistir. Ayrica zirkon eklenmesini,
dolayisiyla sedimanter boylanma yonelimine
(SST) isaret etmektedir. Diger bir ifadeyle;
sedimanter dongii stireglerinde Zr/Sc, Th/Sc’daki
degisimlerden yaklasik bagimsiz olarak daha fazla
artma egilimindedir. Incelenen metakumtaslarinin
(La/Yb), oranlar1 Bakirtepe tiyesi i¢in 4.3-10.7
(ortalama 7.4), Gerez iiyesi i¢in 5.9-10.1 (ortalama
7.1), Eu,/Eu* (Taylor ve McLennan, 1985) oranlari
Bakartepe icin 0.75-0.87 (ortalama 0.80), Gerez
liyesi igin 0.65-0.95 (ortalama 0.75) ve Gd /Yb,
oranlar1 Bakirtepe iiyesi igin 1.15-1.51 (ortalama
1.34) ve Gerez iiyesi i¢in 1.69-2.02 (ortalama
1.81) arasinda degismektedir. Eu /Eu* ile Gd/



Yb, oranlar1 ve sedimanter boylanma yonelimine
(SST) gore; Gerez iiyesi metakumtaslart daha
yiiksek boylanmaya sahiptir.

Kayagclardaki ferromagneziyen
Cr, Ni, V)

zenginlesmeleri; ylksek Cr/V ve CrNi ve diisiik

gecis metallerinin  (6rnegin Fe,

Y/Ni oranlarina sahip ofiyolitik veya mafik ve
ultramafik magmatik bir kaynak bileseninin
bulunusunda bir indikator olarak alinabilmektedir
(Ornegin; Danchin, 1967; Hiscott, 1984; Wrafter
ve Graham, 1989; Bock ve dig., 1998). Cr/V
oranlari; mafik kaynaklardaki kromitin, yani
ofiyolitik provenansin varligina isaret etmektedir.
Bakirtepe  iiyesi 0.6-1.4
(ortalama 1.1) ve Gerez liyesi metakumtaglarinin

metakumtaglarinin

0.6-8.5 (ortalama 2.4) arasinda degisen ¢ok diisiik
Cr/V oranlari, ofiyolitik veya ultramafik bir
kaynaktan beslenmedigini gostermektedir. Soyleki
mafik/ultramafik provenans i¢in Onerilen Cr/Ni
oranlar1 10 veya daha biiyiiktiir (Ornegin Jaques
ve dig., 1983). Y/Ni oranlar1 ferromagneziyen
zenginlesmenin bir indeksi olarak felsik kaynaga
kargt mafik kaynagin belirteci olmaktadir. Y/Ni
oranlar1 Bakirtepe tiyesi metakumtaglari igin 0.3-
0.9 (ortalama 0.6) ve Gerez iiyesi metakumtaglari
icin 0.1-1.0 (ortalama 0.6) arasinda degismekte
olup; silisik+felsik bir provensi diisiindiirmektedir.
Diger taraftan; inceleme alan1 metakumtaglarinin
kondrite normalize iz element, Ozellikle NTE
oranlart alt ve st kitasal kabuktan oldukga farkli
ve biiylik; buna karsin NASC, Granitler ve Felsik
Volkanitlere oldukea, kratonik kumtaslarina ise
kismen benzerdir. Bu veriler hem sedimanter
hem de magmatik bir kaynaktan beslendigini
diisiindiirmektedir.

Modal
metakumtaglarinin  Kitasal Bloku temsil eden

mineralojik bilesimleri,
gegis kitasal ve kraton i¢i ortamda depolandigim
gostermektedir. Ana ve/veya iz element igerikleri
ve oranlart belirgin farkliliklar icermekle birlikte,
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cogunlukla pasif kenara isaret eden jeotektonik
ortami karakterize etmektedir. Tektonik ortamlarla
iligkili diyagramlar arasindaki farkliliklar; bu tiir
ayirtman diyagramlari kullanilmasinda ne kadar
dikkatli olunmasi gerektigini bir defa daha ortaya
koymaktadir.

Sonu¢ olarak; Bolkardagi Birligi’nin
Orta Toroslardaki Isali formasyonu Gerez iiyesi
ile Dogu Toroslardaki Kangal formasyonu
Bakartepe tiyesi birimleri yas, stratigraifk konum
ve litolojik benzerlikler sunmakla birlikte, kokeni,
¢okelmesi ve diyajenez/metamorfizma tarihgesi
farkliliklar

Mineralojik-petrografik ve petrokimyasal olarak

acisindan  Onemli igermektedir.
degerlendirilen bu farkliliklar, her iki birim
icin genis Olgekte stratigrafik bir farklilagsmanin
bu

uyusmazliklar, kesiksiz bir sedimantasyondan

varhigim1  diisiindiirmektedir. Birimlerdeki
ziyade, olasilikla Toroslarin kuzey birlikleriyle
iligkili Variskan orojenezinden (Gonciioglu ve
dig., 2000; Bozkaya ve Yalgin, 2004b) ileri gelen
transgresyonla provensdeki ani degisimlerden

kaynaklanabilecegi bi¢iminde degerlendirilmistir.

EXTENDED SUMMARY

In this study, thin-section petrography, X-ray
diffraction (whole rock and clay fraction)
and petrochemical (major, trace and REE)
analysis have been carried out in the Devonian
metasandstones from allocthonous Bolkardag:
Unit outcropping in Central and Eastern Taurides
(Bozkir-Konya and Kangal-Sivas) regions.

The Gerez member of Isali formation in
Central Taurides and the Bakirtepe member of
Kangal formation in Eastern Taurides were made
up of metasandstones with slate intercalations.
These units bearing metasiliciclastic lithologies
and reflecting shallow marine environment have a
position of guide level for Bolkardagi Unit.



Bolkardag: Birligi Devoniyen Yash Metakumtaslarnmn Petrografisi ve Jeokimyast: Sedimanter Siiregler; Provens ve Tektonik Ortam Igin Bazi Smirlamalar

Metasandstones mainly include quartz
(monocrystalline and polycrystalline), feldspar
(microcline and plagioclase), phyllosilicate (illite,
chlorite, C-V, C-S and dickite) and rock fragments
(phyllite and quartzite). Polycrystalline quartz,
microcline and phyllitic rock fragments found
as higher amounts in the Bakirtepe member,
but plagioclase in the Gerez member. The
metasandstones are represented by a composition
of quartz arenite in the Gerez member, whereas
of subarkose in the Bakirtepe member. The
metasandstones of Gerez member exhibit less
amounts of silica cement, clear orientation fabric
and metamorphism and contain C-S and C-V
mixed-layered clays as well as chlorite. However,
Bakirtepe member has relatively higher amounts
of polycrystalline quartz, phyllite fragments and
dickite, and lower textural maturity, orientation
and metamorphic grade. The Gerez member
presents illite + chlorite + C-V = C-S, but the

Bakirtepe member has illite + dickite associations.

Devonian metasandstones have
differences such as lithologic (dominance of
sand-size siliciclastic rocks) and mineralogic
(more feldspar and quartz, appearance of 1M
illites, different phyllosilicate assemblages) with
respect to overlying and underlying units with
same age. These mineralogic records indicating
a stratigraphic differences result from change of
provenance related to transgression causing by
the Variscan orogeny rather than an uninterrupted
sedimentation.

Metasandstones were characterized by
high SiO,, ALO,, Fe,0, and K,O contents, and
Bakirtepe member is rich in K,O but poor in CaO
ana Na,O in comparison with those of the Gerez
member depending on feldspar types. Chemical

alteration index data show that the silicates are
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undergone intermediate weathering processes,
Just as particularly intensive in Bakirtepe member.
Incompatible elements and especially the ratios
of Th/Sc - Zr/Sc and Eu JEU* - Gd, /Yb, indicate
relatively higher sedimentary sorting trend for
metasandstones of the Gerez member. Major oxide
and trace element abundances, AL,O_-major oxides
and Al O,-trace elements variations reveal detrital
trend, indirectly evolution of metasandstones. The
compositional variation index values are high in
Bakirtepe member and diagenetic/metamorphic
evolution affect mostly the metasandstones of the
Gerez member, but less in the Bakirtepe member
on the evaluation together with K,O/Al,O, ratios.
Bakirtepe and Gerez members are separated from
one another and fed largely from both sedimentary
and magmatic sources according to the ratios
of chondrite-normalized trace elements and
especially REE in the metasandstones. The ratios
of Cr/V and Y/Ni of metasandstones indicate
that they are fed dominantly from a silicic and/
or felsic plutonic source rather than ophiolitic
Modal mineralogic
composition of metasandstones shows a craton-
continental transition depositional environment
representing the Continental Block.

or ultramafic sources.

As a conclusion; Gerez member of Isali
Unit
Taurides and Bakirtepe member of Kangal
formation in Eastern Taurides have the same age
and similar stratigraphic setting and lithologies,
however some important differences with respect
to their sources, sedimentations and diagenetic/
metamorphic histories. These differences were
evaluated as sudden changes in provenance
through transgression related to Variscan orogeny
peculiar to northern units of Taurides rather than
continuous sedimentation.

formation from Bolkardagi in Central
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ABSTRACT

The aim of the presented study is to review the ophiolites and ophiolitic mélanges of Turkey
and their importance for constraints on the evolution of the region. On the basis of the existing data, the
ophiolitic associations of Turkey are classified into three main groups.

1. Group comprises pre-Alpine ophiolites and mélanges located on the southern edge of the
Istanbul zone. These associations are in Pre-Jurassic age, and represent ophiolitic sequences of the Pontide
Suture zone. The Karakaya complex represents pre-Alpine ophiolitic mélange and developed during the
emplacement of the pre-Alpine ophiolites. The opening and closing ages and polarity of the Paleotethys
is still a question.

2. Group can be divided into two sub-belts and they are the Northern-Northeastern and the Southern
sub belt. They are allied to the North Anatolian Ophiolitic Belt (NAOB). The northern-northeastern sub-
belt extends from Izmir to eastward, continuing as the Ankara-Erzincan zone and as the Sevan-Akera
sub-belt of the Lesser Caucasus Ophiolitic Belt (LCOB). This sub-belt directly represents the northern
branch of Neotethys. The ophiolites of this sub-belt represent dismembered ophiolitic sequences and
take place within the Late Cretaceous melanges. The southern sub-belt begins in the Marmaris area and
continues eastward to the Hadim, Aladaglar, Tecer-Divrigi, Erzurum, Kagizman areas, and then on to the
Vedi sub-belt of the LCOB. The ophiolitic outcrops of the Hinis area and northeast of Lake Van, may be
the southernmost products of the southern sub-belt of the NAOB associations. In the framework of age,
composition, and tectonic setting ophiolites and mélanges of the southern sub-belt and northern sub belt
show similar characteristic features. Therefore the southern subbelt units may be tectonically transported
products of the northern sub-belt. The opening of the northern branch of Neotethys began in Triassic time
in the west, in the Jurassic in the east. The closing of the northern branch of Neotethys was initiated in the
Late Cretaceous and ended in pre-Middle Eocene time.

3. Group is represented by the Southern and Southeastern Anatolian Ophiolitic Belt (SAOB) comprising
Jurassic-Lower Cretaceous ordered ophiolitic sequences and Late Cretaceous mélanges. Opening of the
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southern Neotethys began in Triassic and closure began in the Late Cretaceous and ended in pre-Late
Miocene.

2. and 3 groups of ophiolites with mélanges are separated from one another by the Taurus Unmetamorphic
Axis of the Anatolide-Tauride block These ophiolites together include Mid Ocean Ridge Basalt (MORB)
and Supra-subduction zone (SSZ) type ophiolites, emplaced along double northward subduction zones in
Late Cretaceous. The emplacement style for the ophiolitic units along NAOB and SAOB show a flower
structure, on the basis of the presence of north- and south-facing overthrusts.

Keywords:, Alpine ophiolites, mélanges, pre- Alpine ophiolites, sutures, Turkey.

OZET

Sunulan ¢alismanin amact Tiirkiye 'nin ofiyolitleri ve ofiyolitik karisiklart ile bu birimlerin bélgenin
evrimine yonelik sinirlamalarina iliskin onemini gozden gecirmektir. Var olan verilere gore Tiirkiyedeki
ofiyolitik topluluklar ti¢ ana grup halinde simiflandrilabilir.

1. Grup, Istanbul zonunun giiney kenarinda yer alan pre-Alpin ofiyolitleri ve ofiyolitik karisiklar: kapsar.
Bu topluluklar Jura dncesi yasta olup Pontit Kenet zonunun ofiyolitik dizilerini temsil ederler. Karakaya
kompleksi pre-Alpin ofiyolitik karisiklar: temsil eder ve bu birimler pre-Alpin ofiyolitlerin yerlesimi
swrasinda olusmugstur. Paleotetis’in a¢ilma ve kapanma yast ile polaritesi esas olarak hala tartisma
konusudur.

2. Grup, iki alt kusaga ayrilabilir ve bunlar Kuzey Anadolu Ofiyolit Kusagi (KAOK) ile temsil edilir. Kuzey-
Kuzeydogu alt kusag, Izmirden doguya dogru sira ile Ankara-Erzincan zonu ve Kiiciik Kafkas Ofiyolit
Kusagimin Sevan-Akera alt kusagi olarak devam etmekte olup, Neotetisin kuzey kolunu dogrudan temsil
eder. Bu alt kusagin ofiyolitleri parcalanmis ofiyolitik dizileri temsil eder ve Ust Kretase yasta ofiyolitik
karisiklarla birlikte yer alir. Giiney alt kusagi ise Marmaris yoresinde baslar ve doguya dogru sira ile
Hadim, Aladaglar, Tecer-Divrigi, Erzurum, Kagizman yérelerinde devam ederek Kiiciik Kafkas Ofiyolit
Kusagimn Vedi alt kugsagina baglanir. Hinis yoresi ve Van Goéliiniin kuzeydogusundaki yiizeylemeler,
KAOK toplulugunun giiney alt kusaginin en giineyindeki par¢alart olabilirler. Giiney alt kusaginin ofiyolit
ve karisiklart yasg, bilesim ve tektonik konum agisindan kuzey alt kusaginin ofiyolitik birimlerine benzer
ozellikler sunarlar. Bu nedenle giineydeki birimler, kuzeydekilerin tektonik olarak tasinmis iiriinleri
olabilir. Neotetis’in kuzey kolunun agilmast batida Triyas ta, doguda Jurasik te basladi. Neotetis 'in kuzey
kolunun kapanmasi ise Geg Kretase'de basladi ve Orta Eosen oncesinde sona erdi.

3. Grup, diizenli Jura-Alt Kretase ve Geg Kretase yasta ofiyolitik dizileri ve Ge¢ Kretase yasta ofiyolitli
karisiklart kapsayan Giiney ve Giineydogu Anadolu Ofiyolit Kusagi (GAOK) ile temsil edilir. Giineydogu
Anadolu’da Neotetis’in giiney kolunun a¢iimasi Permiyen-Triyas doneminde, kapanma ise Geg¢ Kretasede
basladi ve Ge¢ Miyosen dncesi donemde sona erdi.

2. ve 3. grup ofiyolitler ve karisiklar birbirlerinden Anadolu-Toros blokunun metamorfik olmayan ekseni
ile ayrilirlar. Bunlar birlikte Okyanus Ortasi Sirti Bazaltlart (OOSB) ve Yitim Zonu Ustii (YZU) tiirde
ofiyolitler icermekte olup kuzeye dalimli ¢ift yitim zonu boyunca Ust Kretase 'de yerlesmislerdir. Ofiyolitik
birimlerin yerlesme bicimi, KAOK ve GAOK boyunca kuzeye ve giineye bakan bindirmelerin varlig
gozetildiginde bir ¢icek yapisini gosterir.

Anahtar kelimeler: Alpin ofiyolitleri, karisiklar, kenedler, pre-Alpin ofiyolitler, Tiirkiye.

62



Ophiolites and Ophiolitic Mélanges of Turkey: A Review

INTRODUCTION

Ophiolites and ophiolitic mélanges are important
rock associations for understanding the evolution
of orogenic belts. In the light of modern global
tectonic theories, ophiolitic rocks within mountain
chains have been interpreted as oceanic lithospheric
fragments obducted onto continental margins
during orogenic processes (Gass, 1967; Coleman,
1971; Dewey and Bird, 1971; Dewey, 1975;
Hall, 1976). In addition, the association which
is characterized by blocks of relatively different
components of rocks, up to a few kilometers in
size and embedded in a matrix, is referred to as
a mélange (Greenly, 1919; Bailey and McCallien,
1950; Hsii, 1968) or ophiolitic mélange (Gansser,
1974; Delaloye and Desmons, 1980; Desmons,
1981). The mélange is commonly considered to be
a product of the intense tectonic deformation and
mixing of rock material in trenches (Hamilton,
1969; Dewey and Bird, 1971; Hall, 1976). Thus,
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there should be relationships between suture zones
and the sites of former oceans (Burke et al, 1977).

On the other hand, while some researchers
emphasized the role of tectonic crushing (Hsii,
1968; Hamilton, 1969), others postulated gravity
1973;
Norman, 1975) as a mechanism of emplacement

sliding (Dimitrijevic and Dimitrijevic,

for ophiolitic rock associations. Therefore, it is
imperative that the development of ophiolites/
ophiolitic rocks and mélanges be evaluated and
interpreted holistically.

Turkey is a key domain for ophiolitic
rock units in the eastern Mediterranean region.
The ophiolitic units of Turkey and surrounding
regions occupy an important part of the eastern
Mediterranean region. In this study, the ophiolitic
rock associations of Turkey have been investigated
in detail and the ophiolites and ophiolitic mélanges
have been differentiated (Figure 1).



Figure 1.

Sekil 1.
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Ophiolites, ophiolitic mélanges and metamorphic massifs of Turkey (MTA, 2002 and our various
observations). Important regions of the ophiolitic units have been indicated in circles with capital letters
in red. A- Aladag (Eastern Taurus), Ca- Cangaldag and Kargi (Central Pontides), Ci- Cigekdag (Central
Anatolia), D- Dipsizgdl (Hadim- Central Taurus), E- Elekdag and Kiire (Western Pontides), G- Gevas
(Van, Eastern Anatolia), I- Ispendere-Komiirhan, Guleman (Eastern Taurus), K- Kagizman (Agr1, NE
Anatolia), Ka- Kizildag (Antakya, Eastern Mediterranean), M- Marmaris (SW Taurus), O- Oltu (NE
Anatolia), P- Pulur and Kopdag1 (Eastern Pontides), T- Tecer and Divrigi (East of the Central Anatolia),
R- Refahiye (Erzincan), S- Sunnice- Cele (Western Pontides).

Tiirkiye 'nin ofiyolitleri, ofiyolitli karisiklar: ve metamorfik masifleri (MTA, 2002 ve ¢esitli gozlemlerimiz).
Ofiyolitik birimlerin bulundugu énemli bélgeler daireler i¢inde kirmizi biiyiik harflerle gosterilmistir.
A- Aladag (Dogu Toroslar), Ca- Cangaldag ve Karg:t (Orta Pontitler), Ci- Cigekdagt (Orta Anadolu),
D- Dipsizgél (Hadim- Orta Toros), E- Elekdag ve Kiire (Bati Pontitler), G- Gevas (Van, Dogu Anadolu),
I- Ispendere-Komiirhan, Guleman (Dogu Toroslar), K- Kagizman (Agri, KD Anadolu), Ka- Kizildag
(Antakya, Dogu Akdeniz), M- Marmaris (GB Toroslar), O- Oltu (KD Anadolu), P- Pulur ve Kopdagi
(Dogu Pontidler), T- Tecer and Divrigi (Orta Anadolu 'nun dogusu), R- Refahiye (Erzincan), S- Sunnice-
Cele (Bati Pontitler).
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Indeed, in previous studies, the ophiolitic
rock assemblages in Turkey have been divided
into three groups by Juteau (1980). These are,
namely, the Northern Ophiolitic Belt, the Peri-
Arabic Belt, and the Tauride Ophiolitic Belt.
Attempts to place Tauric subduction in the
geodynamic history of Turkey have led to two
conflicting alternative models (Michard et al.,
1984). The first model involves a single Tethyan
ocean between the Pontides and the Tauric-
Arabian platform, subducting northward beneath
the Pontides and southward beneath the Taurides.
The latter led to the Late Cretaceous opening of
back-arc basins, such as the Elaz1g back-arc basin,
which effectively split the formerly continuous
Tauric-Arabian platform. On the other hand,
Ricou et al. (1984) and Whitechurch et al. (1984)
supported the idea that the eastern Mediterranean
ophiolites originated from a single ocean basin
in central Turkey to the north of the Tauride belt.
This model also implies a single ocean basin and
suggests that ophiolites have been thrust over the
Tauride belt and transported for a long distance
over the platform carbonates. The second model
involves a northern Tethyan ocean and a southern
Mesogean ocean, both were subducting northward
1977) and/or subduction
of Paleotethys and the northern and southern

(Biju-Duval et al.,

branches of Neotethys (Sengor and Yilmaz, 1981;
Robertson and Dixon, 1984). This last model
implies that the Pontides evolved as the active
margin of southern Eurasia.

The ophiolitic rock assemblages along
the Tauride Belt crop out either to the north or
the south of the Taurus Calcareous Axis (TCA),
and the TCA represents a carbonate platform of
Mesozoic age that contains generally dismembered
relicts of oceanic lithosphere derived from the
northern branch of the Neotethyan Ocean during

Late Cretaceous time (Juteau, 1980; Sengor
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and Yilmaz, 1981). It is suggested that the
ophiolitic wildflysch of the Taurus suture in SE
Turkey represents trench mélanges that were not
subducted but were thrust out of the trench zone
due to uplifting associated with the final phase
of subduction (in Late Cretaceous time) between
the Arabian Foreland to the south and the Bitlis
Massif to the north (Hall, 1976). In addition, the
Mediterranean ophiolites are thought to have
formed in a divergent (spreading) tectonic setting
during the early stages of oceanic subduction

(suprasubduction zone) (Pearce et al. 1984;
Robertson, 1994).

In conclusion, there are many
disagreements on  definition, distribution,

characteristic features, tectonic setting, geological
age and correlations of the ophiolites and mélanges
of Turkey, the main reason for which is the lack of
sufficient data. The aim of the present paper is to
review the main characteristics of these ophiolitic
rock associations and to evaluate them based upon
current studies. First, pre-Alpine ophiolites with
mélanges have been defined, and then Alpine
ophiolitic associations have been classified into
two groups, the main features of which have
been presented in detail; these are separated from
one another by the TUA. In this context, it may
be possible to better grasp the discussions and
constraints on the evolution of the region, and to
elucidate the relationship between the ophiolitic
rock associations and suture zones in such a way
as to secure a fresh understanding.

PRE-ALPINE OPHIOLITES AND
MELANGES

The oldest, metamorphosed ophiolites, located
to and in the south and southeast of the Istanbul
zone (Okay et. al., 1994), have been interpreted as
ophiolites derived from the Paleo-Tethyan Ocean



(Sengdr et al., 1980). The Karakaya Complex
developed during the emplacement of the
ophiolites. Therefore, these meta-ophiolites with
the complexes likely originated from the same
oceanic realm. In the presented study, pre-Liassic
ophiolites and melanges have been defined as the

products of the pre-Alpine ophiolitic complexes.

Pre-Alpine Ophiolites

These ophiolites form a discontinuous linear belt
of oceanic fragments immediately, locating to and
in the south and southeast of the Istanbul zone,
constitute the peri-Istanbul zone ophiolites. The
characteristics of pre-Alpine ophiolites have been
presented in terms of definition and distribution,
characteristic features, tectonic setting, geological

age, correlation and conclusions.
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Definition and distribution

Outcrops of the pre-Alpine and/or Paleotethyan
ophiolites are not widespread. Some of the
ophiolites belong to the pre-Alpine ophiolites,
such as those known as the Almacik meta-
ophiolite (Figure 2), Cele meta-ophiolite (Figure
1, S). However, the Elekdag, Cangal and Kiire
units (Figure 1, E) had been interpreted as
ophiolitic remnants of the Paleo-Tethys, as well
(Yilmaz and Sengor, 1985). Then, the Cangal
unit has been defined as the Cangal complex
and as a product of oceanic arc (Ustadmer and
Robertson, 1997). In addition, Permo-Triassic and
Cretaceous complexes of the Central Pontides had
been differentiated from each other by Okay et al.
(20006). In this area (Figure 1, Ca), Cangaldag and
Kargi complexes represent Permo-Triassic units.
Similarly, Permo-Triassic and Upper Cretaceous
complexes differentiated from each other in the
Tokat area (Y1lmaz and Yilmaz, 2004a).
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Figure 2.  Simplified geological map and cross-section of the area among Ak¢akoca, Hendek, Diizce and Dokurcun
(Gedik and Aksay, 2002; Pehlivan et al., 2002).

Sekil 2. Akgakoca, Hendek, Diizce ve Dokurcun arasinda yer alan bélgenin yalinlastirilmis jeoloji haritasi ve
enine kesiti (Gedik ve Aksay, 2002; Pehlivan vd., 2002). Yer i¢in Sekil 1’e bakiniz.
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Isolated outcrops of the Paleotethyan
ophiolites are scarce and their main outcrops occur
between the Istanbul zone and the Pontides (and/or
Sakarya Continent). The Almacik Dag area (Figure
2) is a typical place, where the metamorphic and
unmetamorphic units of ophiolites have been
separated from one another. Figure 2 shows the
setting of the Paleotethyan suture zone, which
is situated between the unmetamorphic Istanbul
zone and the western Pontides. The eastern part
of this complex contains island-arc meta-tholeiites
and transitional to calc-alkaline metabasites that
chemically are quite similar to those of the Cele
meta-ophiolite (Bozkurt et al., 2008).

The ophiolites along the Siinnice Dag
(Fig.1, S) are named as the Cele meta-ophiolite
and, with their cover - the Yellice Formation
(Yigitbas and Elmas, 1997; Tiysiiz et. al., 2004)
- represent other outcrops of the Paleotethyan
ophiolites. The Kiire Nappe (Yilmaz and Sengor,
1985), and/or the Kiire meta-ophiolites (Sengdr
et. al., 1984; Ustadmer and Robertson, 1999) are
outcrops of Paleotethyan ophiolites. However,
some units, representing the basement of the
Istanbul zone along the Siinnice Dag, had been
interpreted as relicts of the Pan-African basement
(Okay et al., 2008).

Pre-Alpine ophiolites are also interpreted
as products of the Intra-Pontian Ocean (Sengor et.
al., 1980). However, the existence of this ocean
is speculative and controversial. There are no
precise data about the age of opening and closure
of this ocean. The passive continental- margin
sequences along both sides of the ocean are no
longer discernible. Because of these discrepancies,
it is difficult to establish the setting of the Intra-
Pontide Ocean in paleogeographic reconstructions
for the Paleotethyan ocean.
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Stratigraphical features

The Almacik meta-ophiolite and Cele meta-
ophiolite at least represent ophiolitic slices,
although the rocks have been deformed via
metamorphism and tectonism. From bottom to top,
in general, this sequence includes serpentinized
peridodite, amphibole gneiss, metagabbro-
amphibolite, metadiabase and metalava (Yigitbas

and Elmas, 1997).

The Cangal complex represents an oceanic
arc (Ustadmer and Roberson, 1997), comprising
serpentinite, metagabbro, metadiabase, metaspilite
and metaporphyrite which took on their present
disposition through conditions of ~ 3.5/ 5 Kb P
and T of ~ 350°C and higher (Y1ilmaz, 1983).

The Kiire meta-ophiolite has also been
studied in detail. For instance, Sengor et al. (1984)
interpreted the Kiire Nappe as a subduction-
accretion complex which accumulated along the
northern margin of the Cimmerian Continent
(later the Sakarya Continent). This unit includes
SSZ zone and oceanic-ridge basalts (Ustadmer
1997). In addition, intrusive

lherzolites cut the lower part of the basalts, which

and Roberson,

form the volcanic upper unit of the Kiire ophiolite.
The lherzolites are massive in character, occurring
in tabular forms with hectometric dimensions.
High T-low P conditions are indicated by mineral
compositions (Cakir et. al., 2006). In short, it can
be said that the pre-Alpine ophiolites represent an
ordered ophiolitic sequence, and that the various
levels of the sequence have been defined in detail.

Ophiolite geochemical signature and tectonic
setting

Despite  hydrothermally  induced element

migration, a tholeiitic affinity is recognizable in
the distribution of the less mobile elements of
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the pillow lavas in the Paleotethyan ophiolites of
northern Turkey (Yi1lmaz and Sengdr, 1985).

On the hand,
geochemical data suggest that the Kiire Ophiolite
represents a fragment of a marginal basin
generated above a subduction zone (Ustadmer
and Robertson, 1999; Kozur et. al., 2000) and/or
a Tethyan suprasubduction marginal basin (Cakir
et. al., 2006). The Kiire Ophiolite is interpreted as
a product of the Paleotethyan ocean, as evidenced

other trace-element

by the presence of IAT- to MORB-type extrusive
rocks and a depleted mantle sequence (Ustadmer
and Robertson, 1999).

On the basis of geochemical data
presented by Okay and Tiiysiiz (1999) and Moix
et al. (2008), the subduction of the Intra-Pontian
Ocean should be northward. The tectonic units and
ophiolites of the region were assembled following
a continental collision between Gondwanaland
and Laurasia during the Late Cretaceous (Y1lmaz
et al.,, 1995). During this collision, Pre-Alpine
ophiolites may have been also added to the Intra-
Pontide Suture Zone.

In addition, south-facing overthrusts are
dominant along Paleotethyan ophiolites in the
area between Kiire and Kargi (Y1lmaz and Sengor,
1985). However, Ustadmer and Robertson (1997)
suggest a model showing at first northward, and
then southward. In the framework of this model,
both south-facing and north-facing overthrusts
have been defined.

On the other hand,
associations of the Intra-Pontide Ophiolitic Belt
have been thrust southward onto the western
Pontides and, in turn, have been overthrusted
by the Istanbul zone to the north. However,

ophiolitic rock

northwest-facing and southeast-facing overthrusts
are widespread (Gedik and Aksay, 2002; Pehlivan
et al., 2002) along the suture in the Almacikdag
area as well (Figure 2).
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In fact, pre-Middle Jurassic and younger
structures have not been separated from each
other among the pre-Alpine ophiolites. Therefore,
it is difficult to reach a conclusion concerning
the polarity of the subduction responsible for the
emplacement of the ophiolites and mélanges.

Geological age

The geological age of the pre-Alpine ophiolites
may have been reset from Precambrian to Triassic.
For instance, the Lower Ordovician Kurtkdy
Formation unconformably overlies the Cele meta-
ophiolite. The nappe package and ophiolites were
metamorphosed together during the Coniacian-
Santonian interval (Y1lmaz et al., 1995).

On the basis of a radiometric age from
metagranite (Okay et al., 2008) that intruded the
meta-ophiolitic rocks, the age of the Cele meta-
ophiolite may be Cambrian and/or Precambrian
(Chen et. al., 2002). However, on the basis of
paleontological and other geochronological data,
the age of the Kiire meta-ophiolite is at least pre-
late Middle Jurassic, and probably between Late
Triassic and Middle Jurassic (Aydin et. al., 1995;
Kozur et. al., 2000; Terzioglu et. al., 2000; Cakir
et. al., 20006).

Although the age of these ophiolites
may be pre-late Middle Jurassic, it is thought to
be in the time interval between Precambrian and
Triassic, in general.

Pre-Alpine Ophiolitic Mélanges

Although there are many local names such as
Almacik ophiolitic mélange (Pehlivan et al., 2002)
and Arkotdag mélange (Tokay, 1973) for the Late
Cretaceous products of the Intra-Pontide Ocean
in the same region, the term Karakaya Complex
generally  represents

pre-Alpine  ophiolitic



mélanges, which tectonically overlie Hercynian
basement, including a thick graywacke section
with Devonian, Carboniferous
limestone olistoliths,

and Permian
which are intercalated
with abundant basic lavas and volcaniclastic and

pelagic rocks of Triassic age.

Definition and distribution

The Karakaya Complex is a metavolcano-
sedimentary unit, a strongly deformed and locally
metamorphosed Permo-Triassic orogenic series in
the Pontides. The name Karakaya Formation was
introduced by Bingol et al (1975). This unit was
renamed the Karakaya Complex by Sengdr et al
(1984). The complex comprises several mappable
rock units (Okay et. al., 1991).

Although there is general agreement that
the Karakaya Complex is restricted to the Sakarya
Zone (Okay, 1989) and/or Sakarya Composite
Terrane (Gonclioglu et. al., 1997) of the western
and central Pontides, it also exists along the
southern edge of the eastern Pontides as far east
as the Erzincan area and the Lesser Caucasus as
accreted tectonic slices along the North Anatolian-
Lesser Caucasus Ophiolitic Belt.

Stratigraphical features

The Karakaya Complex is divided into two
subtectonic units: the Lower Karakaya Complex
and the Upper Karakaya Complex (Okay and
Gonciioglu, 2004).

The Lower Karakaya Complex has been
mapped under various names, and comprises
a highly deformed sequence of metabasites
intercalated with phyllite and marble, representing
a typical metavolcano-sedimentary unit in the
Tokat area (Y1lmaz and Yilmaz, 2004a). The rocks
of the unit are generally foliated, isoclinally folded
and are cut by copious shear zones.
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he Upper Karakaya Complex is made up of
several tectono-stratigraphic units. However, there
is general agreement that this complex includes
a thick series of arkosic sandstones, graywacke,
basalt, limestone, grain flows, debris flows, and
olistostromes, and also the Akgdl Formation. In
most studies, the Akgdl Formation is considered
separately from the Karakaya complex (Okay and
Gonclioglu, 2004); this formation comprises dark
gray to black shales and siltstones intercalated
with scarce turbiditic sandstones and includes
blocks of spilite, diabase, gabbro and serpentinite
within the clastic rocks of the formation.

Ophiolite geochemical signature and tectonic
setting

Two models have been proposed to explain the
tectonic setting of the Karakaya Complex: (1) a
rift model and (2) a subduction-accretion model.

The mafic volcanic rocks in the Lower
Karakaya Complex generally display a within-
plate geochemical signature, and have been
interpreted as an oceanic island (Capan and Floyd,
1985). In addition, the first model assumes that
the Karakaya Complex was deposited in a Late
Permian rift, which developed into a small, oceanic
marginal basin that subsequently closed in the
Late Triassic via southward subduction (Kogyigit,
1987; Geng and Yilmaz, 1995; Gonciioglu et al.,
2000).

The subduction-accretion model was first
proposed by Tekeli (1981a), and was later modified
by Pickett and Robertson (1996) and Okay (2000).
In fact, southward-dipping subduction (eg Sengor
and Yilmaz, 1981) and northward- dipping
subduction (Okay, 2000; Stampfli et al., 2001)
have been suggested for the emplacement of the
Karakaya complex.
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In addition, on the basis of Robertson
and Ustadmer (2012), the accretionary prism of
the Karakaya complex was emplaced northward
over deltaic to deep marine cover sediments
of the Sakarya Continenet during Norian time.
These models assume that the Karakaya Complex
developed via subduction-accretion processes
acting on the oceanic crust during the Late
Paleozoic-Triassic time interval. Despite these
explanations, the original place of subduction
and emplacement mechanism of the Karakaya
complex remains controversial.

Geological age

Paleontological data from the Karakaya Complex
are limited. Scarce chert and pelagic limestone
blocks of Carboniferous age have been recognized
in arkosic sandstones northeast of Balya (Okay
and Mostler, 1994), and north of Bursa these
clastic rocks contain a large number of olistoliths
of Permian and Triassic age (Kaya et al., 1986).

Early Triassic conodonts are reported from
marbles intercalated with metabasites that crop
out south of Bursa; that is, from the type locality
of the Niliifer Unit (Kozur et al., 2000). Similarly,
Middle Triassic conodonts are described from
Kozak Dag in northwestern Anatolia (Kaya and
Mostler, 1992). Lower Triassic foraminifera have
been determined from a low-grade-metamorphic
clastic series (Akyiirek et al., 1979).

Middle Triassic (Anisian)
blocks are also reported from the Akgdl Formation
(Onder, 1988; Kozur et. al., 2000). Based on trace-
fossil content, Kozur et al. (2000) suggested a
Late Triassic age for the clastic rocks. The Upper
Triassic-Liassic,

limestone

foraminifera-bearing ~ Akgol
Formation is cut by Middle-Jurassic granitoids
(Boztug et al., 1984).

Radiometric age data from the Karakaya
Complex that crops out north of Eskigehir (Okay
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et. al., 2002) yield latest Triassic ages (205-203
Ma). In the Pulur Massif of the eastern Pontides,
a metabasite-phyllite-marble series, the Hossa
Group of Okay (1996), has yielded Early Permian
(263-260 Ma) Ar-Ar and Rb-Sr phengite and
amphibole ages (Topuz et al., 2004). The age range
of this complex is from Permian to Triassic in the
Tokat area (Yilmaz, 1982; Yilmaz and Yilmaz,
2004a).

In spite of differences mentioned above,
it can be concluded that the Karakaya Complex
represents an orogeny caused by Latest Triassic
northward obduction of subducted-accreted
products of Paleotethys (Tekeli, 1981a; Kogyigit
etal., 1991; Okay et al., 1996).

ALPINE OPHIOLITES AND MELANGES

The Alpine ophiolites and mélanges of Turkey
can be divided into two main belts. As indicated
in Figure 1, the red dotted line represents the
Taurus Unmetamorphic Axis (TUA), which
separates these ophiolitic belts from one another.
The Northern and Northeastern Anatolian Alpine
Ophiolitic Belt (NAOB) represents the northern
branch of Neotethys, whereas the Southern
and Southeastern Anatolian Alpine Ophiolitic
Belt (SAOB) represents the southern branch of
Neotethys.

The Northern-Northeastern Anatolian Alpine
Ophiolitic Belt

The North Anatolian Ophiolitic Belt(Y1lmaz, 1989;
Yilmaz and Yazgan, 1990) and/or the Northern-
Northeastern Anatolian Alpine Ophiolitic Belt
(NAOB) include two sub-ophiolitic belts as well:
the northern and the southern sub-belts.

The northern sub-belt begins in Izmir
(Figure 1) and continues eastward to Ankara, then
Erzincan and, finally, to the Sevan-Akera sub-
belt of the Lesser Caucasus Ophiolitic Belt. The



southern sub-belt begins in the Marmaris area in
SW Turkey and continues eastward to the Hadim,
Aladaglar, Tecer-Divrigi, Erzurum and Kagizman
areas (Figure 1), and onward to the Vedi sub-belt of
the Lesser Caucasus Ophiolitic Belt. The scattered
ophiolitic outcrops of eastern Anatolia, such as the
ophiolites of the Hinis area and to the northeast
of Lake Van, may be the southernmost products
of the southern sub-belt. Both sub-belts include
allochthonous outcrops of ophiolites and Upper
Cretaceous mélanges which together record, at
very least, the destruction of the northern branch
of Neotethys.

However, there are some ophiolitic units,
representing Alpine ophiolites along the Intra-
Pontide suture as well. For instance, Domuzdag
complex is one of them and includes ophiolitic
fragments, which representing Cretaceous HP/
LT metamorphic rocks. The Intra-Pontide oceanic
basin has also been interpreted as a branch of
Neotethys (Gonciioglu et. al., 2008). On the
basis of data from the Arkotdag mélange (Tokay,
1973), it is suggested that ridge-spreading in
the Intra-Pontian Ocean continued at least from
Middle Jurassic to middle Late Cretaceous time
(Gonciioglu et, al., 2008). This area may be a
critical as a place where ophiolites and mélanges
of Paleotethys and Neotethys are intermixed.
However, there has not been yet enough data to

support this interpretation.

The characteristics of the ophiolites and
ophiolitic mélanges of the NAOB have also been
presented in order of definition and distribution,
characteristic features, tectonic setting, geological
age, correlation and conclusions, respectively,
within the framework of certain particular

locations.
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Definition and distribution

The northern sub-belt of the NAOB is directly
located along both sides of the North Anatolian-
Lesser Caucasus suture, whereas the southern
sub-belt of the NAOB represents typical ophiolitic
outcrops and an accretionary complex; these were
emplaced southward onto the Tauride-Anatolide
Platform during Late Cretaceous time. However,
there are many scattered outcrops of the northern
branch of Neotethys along the north side of the
TUA (Fig.1). The ophiolites and mélanges of the
NAOB can be grouped regionally as NW/SW
Anatolian, Central Anatolian and NE-E Anatolian
ophiolites and mélanges. Some of the ophiolites
and mélanges of each region have been studied in
detail.

For in NW Anatolia, the
Orhaneli (Bursa) ophiolite (Sarifakioglu et al.,
2008) is a typical ophiolitic outcrop situated 20 km
south of Bursa (Figure 3), and is associated with

instance,

an Upper Cretaceous mélange (Ozkogak, 1969),
which is located along the tectonic boundary
between the western Pontides to the north and the
Anatolide-Tauride block to the south (Figure 3).
This ophiolite with mélange is a product/marker
of the Izmir-Eskisehir-Ankara Suture (e.g., Okay
1999). However, the Marmaris
ophiolites (Capan, 1981), including the Lycian

and Tiysiiz,

ophiolitic nappes, make up the southern sub-
belt of the NAOB and the SW Anatolian region
(Figure 1, M and L). These nappes represent the
allochthonous parts of the Anatolian Terrane and
overly the Beydaglari/Menderes autochthonous
rocks in the west (Brunn et al., 1971; Ricou et.
al., 1979; Moix et. al., 2008). There is a consensus
that the Menderes Massif represents a tectonic
window beneath the ophiolitic nappes (eg. Okay,
2008).

In the central Anatolian region to the
north, the Ankara Mélange (Bailey and McCallien,
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1950; Ozkaya, 1982; Capan et. al., 1983) and the
Kalecik Unit (Tiiysiiz et al., 1995) in the Ankara-
Cankir1 region, the Cigekdag ophiolite (Figure 1,
Ci) in the Central Anatolia (Yaliniz et al., 2000),
Yesilirmak Group (Yilmaz et al., 1997a, b) with
the Tekelidag M¢élange (Yilmaz, 1981a, 1982;
Yilmaz and Yilmaz, 2004a) between Tokat and
Sivas (Figure 4), and the Refahiye Complex
with the Karayaprak M¢élange (Figure 1, R) in
the Erzincan area (Yilmaz, 1985a) make up the
northern sub-belt of the NAOB.

However, the Bozkir Unit of the Hadim
area and Dipsizg6l (Fig.1 D) Ophiolitic Mélange
(Ozgiil, 1976), the Aladag Ophiolite (Tekeli,
1981b), and the Tecer and Divrigi (Figure 1, T)
(Giines) ophiolites (Capan, 1981; Yilmaz and
Yilmaz, 2004b; Parlak et. al., 2006) represent
the southern sub-belt of the NAOB. The Central
Anatolian Massif may represent a tectonic window
beneath the ophiolitic nappes as suggested by
Yilmaz and Yilmaz (2004a; 2006).

In the NE-E Anatolian region to the north,
the pre-Liassic Karayasmak ultramafic-mafic
association (Eyuboglu et al., 2010) along the Pulur
Massif (Okay et al., 1991), the Kopdag1 ophiolites
(Akdeniz, 1994) to the northeast (Fig.1, P) of
Askale (Erzurum), and the Demirkent Magmatic
Complex to the east of Yusufeli with Giivendik
dyke complex (Konak et. al., 2009) in the Oltu
region (Figure 1, O) are parts of the northern sub-
belt of the NAOB, whereas the Sahvelet ophiolites
and Bozyukustepe M¢élange (Figure 5) in the
Erzurum area (Yilmaz et. al., 1988, 1990, 2010),
and the Kagizman Ophiolites with mélanges in
the northern part of the Agr1 Province (Figure 1,
K) are part of the southern sub-belt of the NAOB.
The Mehmetalan Unit (Senel, 1987) of the Van
area and ophiolites to the north of Hims (Figure
5) including ophiolites with ophiolitic mélange,
may be the southernmost outcrops of the southern
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sub-belt. For instance, the Akdag Metamorphics
of the Hinis area crop out beneath ophiolites as
a tectonic window (Yilmaz et al., 1988). In this
framework, it is clear that NAOB includes pre-

Alpine and Alpine ophiolites together.

As a result, the Menderes Massif, the
Central Anatolian Crystalline Complex and
the Akdag metamorphics of the East Anatolia
collectively represent the metamorphic northern
margin of the Tauride-Anatolide block (Figure 1).

Stratigraphical features

The ophiolites of the northern and southern
sub-belt of the NAOB comprise dismembered
ophiolitic sequences. The ophiolitic series mainly
include mantle peridotites, mafic-ultramafic
cumulates and plagiogranites notwithstanding
some local differences. For instance, the Orhaneli
ophiolite and the Dagkiiplii ophiolite consist
mainly of ultramafic cumulates and subordinate
mafic cumulates in the NW Anatolian region
(Sarifakioglu, 2006; Sarifakioglu et al., 2008).
In addition, magmatic mineral assemblages of
plagioclase and pyroxene are still preserved in
gabbros of the Anatolian ophiolites (Onen, 2003).
The secondary mineral assemblages in the diabase
dykes show that the Anatolian ophiolites have
not been affected by the HP/LT metamorphism
recorded in the Orhaneli Group (Okay and

Whitney, 2010).
The the

uppermost tectonic units in the region and consist

Lycian Nappes represent
of ultramafic tectonites (e.g., the Marmaris
ophiolites) which are cut by isolated diabase
dykes (Juteau, 1980). The tectonites are underlain
by a metamorphic sole composed of amphibolite

and quartzite resting on a tectonic mélange.
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Figure 3.  Geological map and cross-section of the southern part of the Bursa Province (after Okay, 1996 and
MTA, 2002). See Figure 1 for location

Sekil 3. Bursa 'nin giiney kesiminin jeoloji haritasi ve enine kesiti (Okay, 1996 ve MTA, 2002 'den yararlanilarak
hazirlanmigtir). Yer i¢in Sekil 1’e bakiniz.
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Figure 5.  Geological map and cross-section of the area between Pasinler and Hinis (Erzurum) (Yilmaz et al.,
1990, 2010). See Figure 1 for location.

Sekil 5. Pasinler ile Hinis (Erzurum) arasindaki bolgenin yalinlagtirilmis jeoloji haritasi ve enine kesiti (Yilmaz
vd., 1990, 2010). Yer icin Sekil 1’e bakiniz.
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In the Central Anatolia, ophiolites of the
Kalecik Unit in the Ankara-Corum area constitute
an ordered ophiolitic slice within ophiolitic
mélange (Tiysliz et. al,, 1995). The following
units (from bottom to top) of the Cicekdag
ophiolite are recognized: layered and isotropic
gabbro, plagiogranite, a dyke complex, a basaltic
volcanic sequence and a Turonian-Santonian epi-
ophiolitic cover (Yaliniz et al., 2000). In the area
between Tokat and Sivas, there are dismembered
ophiolitic outcrops within the Tekelidag mélange
(Yilmaz, 1981a, 1982). The Erzincan Nappe
includes ophiolites and mélange with reworked
materials. The dyke complexes of the Yusufeli and
Oltu areas (Konak et. al., 2009) may be a horizon
within the ophiolitic sequence.

On the other hand, the ophiolites of
the southern sub-belt of the NAOB represent
obducted slices of the oceanic crust with ophiolitic
mélanges on the Taurus Platform. On the basis of
data presented by Capan (1981), the ophiolites of
Marmaris, Mersin, Pozanti, Pinarbasi and Divrigi
were obducted ophiolites on the Taurus Platform
and should belong to the same oceanic crust and,
thus, be cogenetic throughout the Taurus Belt.
Among these, the Divrigi ophiolite comprises an
ordered ophiolitic sequence which from bottom to
top includes mantle tectonites, ultramafic to mafic
cumulates, isotropic gabbros and a sheeted dyke
complex (Yilmaz and Yilmaz, 2004b).

The Sahvelet ophiolites of the East
Anatolia region represent dismembered ophiolitic
slices in mélange and comprise serpentinite,
peridotite, gabbro and diabase (Y1lmaz et al. 1990).
The Kagizman ophiolites and Mehmetalan unit of
the Van area (Senel, 1987) have characteristics
those are similar to the ophiolites (including

mélanges) exposed in the Erzurum area.
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Ophiolite geochemical signature and tectonic
setting

Although the NAOB can be divided into two sub-
belts, there are also many scattered outcrops of
ophiolites along the belt. Therefore, the ophiolite
geochemical signature and tectonic setting of the
units should be discussed in detail.

The field and petrochemical studies
suggested that the Orhaneli ophiolite and the
Dagkiiplii ophiolite developed as products of
island-arc tholeitic (IAT) and/or boninite-like
magmatism in an intraoceanic suprasubduction
zone system (Sarifakioglu, 2006; Sarifakioglu et.
al., 2008). On the basis of data presented by Tiiysiiz
et al. (1995), as a result of collision between the
Sakarya and Kirsehir microcontinents, ophiolites,
mélange units and ensimatic- arc volcanic rocks
were emplaced along the suture. In addition, it
has been suggested by Gokten and Floyd (2007)
that the tholeiitic compositions of pillow basalts
within the ophiolitic mélange around Ankara
have affinities with both N- and E- type MORB,
although most of them are probably representative
of tholeiitic ocean islands.

In the Mugla area to the north of TUA,
the models suggested for the origin of ophiolites
indicate that the cpx-harzburgites are products of
first- stage melting and low-degrees of melt rock
interaction that occurred in a mid-ocean ridge
(MOR) environment (Uysal et al., 2012).

The of
volcanic rocks of the Cigekdag ophiolite in the

geochemical characteristics
Central Anatolia are similar to supra-subduction
zone type ophiolites, which were emplaced by
movement of the south-facing arc and/or north-
dipping subduction.

Inthe area ofthe Tokatand Sivas provinces,
the petrochemical features of volcanic rocks in
ophiolitic mélange resemble those of tholeiitic
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rocks that form at mid-ocean ridges, whereas the
Upper Cretaceous (possibly Turonian) volcanic
rocks seem to be identical to those of island arcs
(Y1lmaz, 1981b). In addition, the abyssal-tholeiitic
level of the Erzincan-Refahiye ophiolite is thought
to represent fragments of upper mantle and oceanic
crust (Buket, 1982; Yilmaz, 1985a) that were
generated from the ridge of the Tethyan ocean. On
the other hand, chemical analyses of basic volcanic
rocks in the mélange of the Erzincan Tanyeri area
indicate compositions consistent with low-K
tholeiites and calc-alkaline basalts of an island-
arc setting (Bektas, 1981). Consequently, it has
been suggested that the ultramafic and leucocratic
rocks of the Refahiye ophiolite developed in the
carliest stages of island-arc development in a
suprasubduction setting (Rice et al., 2009) and a
fore-arc tectonic setting in the northern branch of
the Neotethyan ocean, with characteristics similar
to most of the eastern Mediterranean Cretaceous
ophiolites (Sarifakioglu et. al., 2009). In addition,
the Karayasmak ultramafic-mafic association was
derived from high-Al hydrous basaltic magmas
which developed via partial melting of previously
subducted and metasomatized subcontinental
lithospheric mantle (pre-Liassic, Alaskan-type
ultramafic-mafic complex) in the Eastern Pontides
(Eytiboglu et al., 2010).

The geochemical evidence suggests that
the Divrigi ophiolite formed in a suprasubduction-
zone tectonic setting with the metamorphic sole
rocks to the north of the Tauride platform (Parlak
et al., 2000).

For instance, Okay and Siyako (1993)
indicated the position of the Izmir-Ankara
Neotethyan suture between Izmir and Balikesir.
In this framework, the Orhaneli ophiolite with
mélange reflects a flower structure between the
Anatolide-Tauride block and the western Pontides
(Figure 3). In this area, both north-facing and
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south-facing overthrusts are common along the
ophiolitic units (Okay, 1996; MTA, 2002).

In the area between the llgaz-Kargi Massif
and Cankir1 Basin, south-facing overthrusts are
dominant along ophiolitic tectonic units and
indicate evolution of a south-facing arc system
with intra-oceanic subduction (Tiysiiz et. al.,
1995).

However, the area between Resadiye
(Tokat) and Uzunyayla (Sivas) is characterized by
complex structure (Figure 4). In this area, there are
both paleotectonic and neotectonic structures due
to a process of new basin formation. Insofar as it is
necessary to distinguish these structures from each
other, Yilmaz and Yilmaz (2004a) first divided
the paleotectonic and neotectonic structures and
then interpreted the emplacement of ophiolites
and mélanges in the Tokat area. In this area,
the Izmir-Ankara-Erzincan suture separates the
central Pontides from the Anatolide-Tauride block
(Figure 4). On the basis of their interpretation, the
ophiolites with mélanges were obducted onto the
northern and southern platforms thus configuring
a flower structure, and subsequently this structure
was deformed via collisional and post-collisional
tectonic processes.

In the East Anatolia between Erzurum
and Hinis, south-facing overthrusts predominate
(Figure 5) and the Akdag Metamorphics of
eastern Anatolia are exposed as a tectonic window
beneath the ophiolites and may represent the
metamorphic equivalents of the Central Anatolian
Crystalline Complex (Yilmaz et al., 1988, 1990,
2010). Similarly, in the Saray (Van) area (Figure
6),
predominate along the southern boundary of the

south-facing  paleotectonic  overthrusts
ophiolites and ophiolitic mélanges (Yilmaz et.
al., 2010). Therefore, these ophiolites may be the
southernmost products of the northern branch of
Neotethys.



In conclusion, it may be said that the
ophiolites of the NAOB are products of MORB-
, OIB- and SSZ-type tectonic settings, including
fore-arc, island-arc and back-arc basalts. To
explain such a system, double subduction with
northward polarities is suggested for the northern
branch of Neotethys.

Geological age

Many geochronological and paleontological
studies have been done in NW Anatolia. For
example, Harris et al. (1994) obtained an age
of 101+4 Ma by means of Ar-Ar dating of the

garnet-amphibolite metamorphic sole beneath an
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ophiolitic slab. Ar-Ar dating has also been done
on metamorphic sole rocks — that is, basement
to the Tavsanli (Kiitahya) ophiolites; an age of
93+2 Ma was obtained from these rocks (Onen
and Hall, 2000). Radiolarian ages obtained from
the Bornova Flysch Zone indicate an Upper
Ladinian to Upper Carnian deepening of the
Tauride-Anatolide Platform and also opening
of the Neotethyan izmir-Ankara seaway (Tekin
and Gonciioglu, 2007); moreover, formation of
OIB-type intra-plate seamounts within the Izmir-
Ankara Ocean began in the late Bathonian and
persisted until early Aptian (Gonclioglu et al.,
2006). The age of the mélange in NW Anatolia is
Late Cretaceous (Ozkogak, 1969).
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Figure 4.  Geological map and cross-section of the area between Resadiye (Tokat) and Uzunyayla (Sivas) area
(Yilmaz, 1982; Yilmaz et al., 1993a). See Figure 1 for location.

Sekil 4. Resadiye(Tokat) ile Uzunyayla (Sivas) arasinda yer alan bolgenin jeoloji haritasi ve enine kesiti
(Yilmaz, 1982; Yilmaz vd., 1993a). Yer icin Sekil 1’e bakiniz.
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Figure 6.  Simplified geological map and cross-section of the area east of Lake Van; AIP: Anatolian-Iranian
Platform (Senel, 1987; Yilmaz et al., 2010). See Figure 1 for location.

Sekil 6. Van'in dogu kesiminin yalnlastirilmis jeoloji haritast ve enine kesiti, AIP:Anadolu-Iran Platformu
(Senel, 1987, Yilmaz vd., 2010). Yer icin Sekil 1 ’e bakiniz.
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In SW Anatolia, along the Lycian Nappes,
the age of the Burdur mélange is Cenomanian-
Santonian (Ozkaya, 1982). K/Ar dates from
metamorphic-sole rocks yield a date of 104+4 Ma
for the Lycian Nappes, and these dates have been
interpreted as the ages of the initial displacement
of ophiolitic rocks under intraoceanic conditions
(Thuziat et al. 1981; Dilek and Moores, 1990).
The ophiolites and mélanges are unconformably
overlain by limestones, mudstones, basalts and
turbidites of Maastrichtian-Eocene age. The Irmak
mélange in the Ankara region may be Senomanian-
Senonian in age based upon the results of
paleontological studies, and Maastrichtian clastic
rocks unconformably overlie this mélange (Capan
et. al., 1983). The age of the mélanges and
ensimatic arc is Cenomanian-Maastrichtian in
the area between the Ilgaz-Kargi Massif and the
Cankir1 Basin, and Late Paleocene and younger
sedimentary rocks overlie unconformably all
tectonic units and the intervening contacts (Tiysiiz
et al,, 1995). From a NW-SE section between
Eldivan (Cankir1) and Cigekdagi (Kirsehir), SSZ-
type ophiolite and its plagiogranites yielded an
age of 180.48+0.34 Ma (Dilek et. al., 2009).

However in the area between Tokat and
Sivas, the age of ophiolites may be Jurassic-
Lower Cretaceous, but the mélange is Late
Cretaceous in age and overlain by a Santonian-
Campanian fore-arc unit (Yilmaz, 1981a, 1982;
Yilmaz and Yilmaz, 2004a). Maastrichtian clastic
rocks overlie the ophiolitic units and continental
fragments throughout the region, from Tokat
to the Munzurdag (Yilmaz and Yilmaz, 2006).
However, in the Erzincan area, limestone blocks,
Liassic lavas and different Jurassic-Cretaceous
limestones are abundant in the Upper Cretaceous
mélange. Reworked materials derived from the
mélange occur within the Maastrichtian-Paleocene
clastic rocks. The ophiolites of the Kop Dag1
area (Akdeniz et al., 1994) and dyke complexes
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between Yusufeli and Oltu (Konak et. al., 2009)
are tectonic slices within the Upper Cretaceous
mélange (Yilmaz et al., 2000). The age of the
ophiolites and ophiolitic mélange in the Divrigi
area is also Late Cretaceous (Y1lmaz and Yilmaz,
2004b).

The pre-Liassic mélange of the Tokat
area occurred in a trench and/or an arc-trench gap
(Tekeli, 1981a). There is also pre-Liassic ophiolite
in the Erzincan area (Tatar, 1978; Kogyigit, 1990,
1991), Early Jurassic SSZ type ophiolites also
(Altintas et al., 2012) along the NAOB. Different
ophiolites from Precambrian to Late Cretaceous
age occurred along the Lesser Caucasus Ophiolitic
Belt (Belov et al., 1978; Zakariadze et al., 1983)
which represents the easternmost extension of
the NAOB. In addition, a pre-Liassic Alaskan-
type ultramafic-mafic complex also occurs in the
eastern Pontides (Eyiiboglu et al., 2010).

In the Erzurum-Hinis area, the ophiolitic
mélange is composed of volcano-sedimentary
matrix that encloses a mixture of diverse blocks of
Triassic to Cenomanian age and, upward, pelagic
limestone of Campanian age. Maastrichtian-
Eocene units with olistostromal levels -comprising
materials reworked from the ophiolitic units -
rest upon the ophiolitic nappes and continental
metamorphic rocks along a regional uncorformity
(Yilmaz et al., 1988, 1990).

In conclusion, pre-Alpine and Alpine
ophiolites coexist along the northern sub-belt
of the NAOB. However, the Alpine ophiolites
include Jurassic-Cretaceous MORB-type and
Upper Cretaceous SSZ-type ophiolites along the
NAOB. The coexistence of pre-Alpine and Alpine
ophiolites along the NAOB may be related to a
congruent Paleotethys and Neotethys and/or a
long-lived relict basin of Paleotethys. Otherwise,
pre-Alpine ophiolites may be interpreted as
reworked materials of Paleotethys.



The Southern and Southeastern Anatolian
Alpine Ophiolitic Belt

The South and Southeast Anatolian Alpine
Ophiolitic Belt (SAOB) includes ophiolites and
mélanges of the southern branch of Neotethys.
This belt begins SW of Antalya and continues
toward Southeast Anatolia to Cilo Mountain
around Hakkari. The Taurus Unmetamorphic Axis
(TUA) separates the SAOB associations from the
NAOB associations (TUA, Figure 1). First, the
characteristics of ophiolites and then the ophiolitic
mélanges of each region will be presented under
separate headings below.

Definition and distribution

Originally, the ophiolitic associations of the
region were named complexes, such as the
Antalya complex, Maden complex (Peringek
1979a, Peringek 1990), Hatay complex, and so
on. Subsequently, the ophiolites and mélanges
have been differentiated from one another. In
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this framework, the Tekirova ophiolite, Mersin
ophiolite, Kizildag ophiolite, Ispendere-K&miirhan
meta-ophiolite and/or Guleman ophiolite, and the
Cilo ophiolite are well known ophiolitic rock units
of the SAOB. In addition, the Goksun ophiolite
and Gevas ophiolite may be other ophiolitic units
of the SAOB, since they are located to the south
of the TUA, as shown in Figure 1 (Yilmaz et al.,
2010).

However, the ophiolitic mélanges of this
belt have been defined under different names,
such as the Kumluca mélange around Antalya
(Figure 7), the mélanges of Antalya basin in the
Western Taurides (Yilmaz et al, 1981a; Yilmaz,
1984), Dipsizgdl melange in the Central Taurides
(Ozgiil, 1984),
and Kozlu, 1984) and/or the Daglica mélange
(Yilmaz et al., 1993a) to the north of the Binboga
Mountains in the Eastern Taurides and the Kogali
complex (Peringek, 1979a, 1979b, 1990; Peringek
and Ozkaya 1981) or mélange in the Southeast
Anatolia (Figs. 8 and 9).

Daglica complex (Peringek
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Figure 7.  Tectonic units and their relationships in the Antalya area (Yilmaz et al., 1981a, Yilmaz, 1984; Senel,
1997; MTA, 2002). See Figure 1 for location

Sekil 7. Antalya yoresi tektonik birlikleri ve iliskileri (Yilmaz vd., 1981a, 1984, Senel, 1997, MTA, 2002). Yer
icin Sekil 1’e bakiniz.
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From these units, the Antalya Complex
lies in a critically important area near the junction
between the Hellenides and Taurides, in an area
with a few contrasting geological histories (Brunn,
1974; Monod, 1976; Robertson and Woodcock,
1982). The Antalya Complex includes a lava-
sedimentary mélange and together with ophiolitic
rocks (Robertson, 1993). Harzburgite and dunite
are mappable units of this ophiolite (Figure 7). In
this area, the Antalya suture is a tectonic contact
between the ophiolites and the western Tauride
unit. The Mersin and Pozanti-Karsant1 ophiolites
contain tectonites underlain by an amphibolite
sole, cumulates, and pillow lavas with volcano-
sedimentary intercalations (Parlak et al., 1995,
1997, 2002).

Other ophiolitic rock units, such as the
Kizildag (Figure 1, Ka; Antakya), Goksun (Figure
8), Ispendere-Komiirhan, Guleman (Figure 1, 1)
and also Gevas and Cilo ophiolites (Figure 1, G)
form a discontinuous nonlinear belt and represent
relicts of obducted ophiolites of the SAOB. These
ophiolites, and also the Kogali mélange (Figure
9), are widespread throughout the region and are
exposed to the north of the Arabian Platform in SE
Turkey. The Kogali mélange is composed of blocks
of ophiolites with epi-ophiolitic sedimentary
rocks, and overlies a wildflysch of the Karadut
complex tectonically (Peringek, 1979a,b).
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All of the ophiolitic massifs mentioned
above are characterized by ophiolitic sequences
and were emplaced with mélanges during closure
of the southern branch of the Neotethyan Ocean
in Late Cretaceous time along the southern side
of the TUA. During the Late Cretaceous-Early
Tertiary, there was a change from platform (that
is, the Arabian Platform) to foreland basin. The
emplacement of ophiolitic nappes coincided with
this change.

In general, the volcano-sedimentary
units of Late Cretaceous (Maastrichtian)-Tertiary
age that crop out in the Southeastern Anatolian
Orogenic Belt are commonly referred to as the
Maden complex (Peringek 1979a,b, Yazgan,
1983; Aktas and Robertson, 1984). However,
the Maden mélange (Hempton, 1985) is defined
as back-arc basin sediments and volcanic rocks
the

Thus, the Maden unit is redefined as a volcano-

metamorphosed  to greenschist  facies.
sedimentary succession of Middle Eocene age
(Peringek, 1979a,b) representing a local short-
lived back-arc basin which reached the stage of
an embryonic ocean (Yigitbas and Yilmaz, 1996).
In our opinion, the Eocene Maden complex and/
or Maden mélange may be reworked materials of
the Kogali mélange along the Southeast Anatolian

Orogenic Bellt.
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Figure 8.  Geological map and cross-section of the area between Uzunyayla and Kahramanmarag (Tarhan, 1985;
Yilmaz et al., 1993a). See Figure 1 for location.

Sekil 8. Uzunyayla ile Kahramanmaras arasindaki bélgenin jeoloji haritast ve enine kesiti (Tarhan, 1985;

Yilmaz vd., 1993a). Yer icin Sekil 1’e bakiniz.
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Stratigraphic features

The ophiolites of the SAOB, in general, occur
as ordered ophiolitic sequences. The Antalya
Complex includes ophiolite and mélanges. The
ophiolite comprises harzburgitic tectonites,
sheeted dykes,
volcanics and associated sedimentary rocks
(Juteau, 1975; Robertson and Woodcock, 1982;

Bagcr et al., 2006). The mélanges of this region

cumulates, isotropic gabbro,

are represented by a volcano-sedimentary unit.

The Mersin ophiolite comprises ultramafic
cumulates showing adcumulate-heteradcumulate
texture, consisting mainly of dunite, wehrlite and
pyroxenite. Igneous lamination, size grading and
rhythmic layering are observed as accumulation
Mafic
cumulates, mainly gabbro, leucogabbro, olivine

features in the ultramafic cumulates.
gabbro and anorthosite, constitute almost two-
thirds of the whole cumulate section (Parlak et al.,
1996).

The Kizildag ophiolite includes a well-
developed sheeted dyke complex and poorly
preserved volcanic complex (Tekeli et al., 1983;
Erendil, 1983). At the north of the Goksun area,
the Daglica mélange is composed of a volcano-
sedimentary unit in the north, whereas the Goksun
meta-ophiolite (Tarhan, 1982,1984) and/or the
Goksun ophiolite in the south (Y1ilmazetal., 1993a)
and Ispendere-Komiirhan ophiolite (Yazgan,
1983) represent ordered ophiolitic sequences
including, from bottom to top, serpentinite and
peridotite, wehrlitic and gabbroic cumulates,
isotropic gabbro and, locally, a diabasic sheeted
dyke complex and pelagic volcaniclastic rocks.
The ultramafic cumulates of the Guleman ophiolite
begins with dunites that are followed upward
by alternations of wehrlite and clinopyroxenite.
The gabbroic section comprises represented by
troctolite, gabbro and quartz diorite (Ozkan and
Oztunali, 1984, Aktas and Robertson, 1984).
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The Gevas ophiolite is exposed in an
E-W-trending narrow belt immediately to the
south of Lake Van, and comprises serpentinized
ultramafic rocks, cumulate and isotropic gabbros,
microgabbro and plagiogranite overlain by
extrusive rocks and pelagic sediments (Yilmaz et
al., 1981b). In addition, the Cilo ophiolite includes
two tectonic slices, showing reversed stratigraphic
order. Whereas the lower slice comprises pillow
lavas with dykes and sill layers, the upper slice
is made up of cumulate sequences; both slices
are cut by some granitic injections (Yilmaz et al.,
1979; Yilmaz, 1985b).

In southeastern Anatolia, the Kocali
mélange represents an imbricated unit that
is located between wildflysch of the Karadut
complex and ophiolitic sequences. The matrix of
the mélange is made up of sheared serpentinites
or multicolored radiolarian mudstones, cherts,
shales and interlayered basaltic lavas (Yilmaz et.
al., 1993Db).

As a result, it may be concluded that the
ophiolites and ophiolitic mélanges of this belt
are tectonic alternations, and were formed and
emplaced synchronously.

Ophiolite geochemical signature and tectonic
setting

The ophiolites of the Antalya Complex possibly
formed in an oceanic ridge (Juteau et al., 1977)
and/or a suprasubduction zone (Robertson, 1993;
Bagci et al., 2002, 2006). In terms of trace- and
rare-earth-element chemistry, the Mersin ophiolite
has the chemical signature of MORB and VAB,
suggesting a suprasubduction zone. Structural
evidence from the sub-ophiolitic metamorphic sole
suggests that the Mersin ophiolite was obducted
over the Bolkardag Mesozoic carbonates, from
SE to NW (Parlak et al., 1995). The MORB- and
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VAB- type tectonic settings are valid for other
ophiolitic massifs along the SAOB (Erendil, 1983;
Aktas and Robertson, 1984; Tarhan, 1986; Dilek,
1995; Parlak et al., 2009; Varol et al., 2011). Field,
geochemical and petrographical evidence suggest
that the Cilo ophiolite also represents an ensimatic
island-arc association emplaced onto the Arabian
Platform (Yilmaz, 1985b).

In southeastern Turkey, the Bitlis Massif
as the main metamorphic unit of the eastern Taurus
Belt is thrust southward over an ophiolitic-flysch
complex, which is also thrust southward over
sedimentary rocks of the Arabian foreland (Hall,
1976). This geodynamic setting is valid for a great
number of the ophiolitic units of southeastern
Turkey. Within this the Kogali
mélange developed in a subduction zone between
the Bitlis Massif and the Arabian foreland (Hall,
1976). Detailed mapping of the Bitlis Suture, to
the southwest of Lake Hazar also shows that thrust

framework,

faults between units are north-dipping, listric
and, collectively, make up a thin-skinned system
(Sungurlu, 1974; Sungurlu et al., 1984; Hempton,
1985).

The ophiolites of SE Turkey were
emplaced northward as large slices, possibly over
the arc-trench gap, and also moved southward by
gravity-sliding onto the formerly passive Arabian
margin (Aktas and Robertson, 1984).

However, there is a critical area between
Uzunyayla and Kahramanmaras where the setting
ofthe ophiolites and mélanges has been approached
and discussed from different points of view. For
instance, Yilmaz et al. (1993a) suggested that the
Goksun ophiolite originally may have been a klippe
from the overturned ophiolitic sequence over the
Keban-Malatya Metamorphic Unit; conversely,
on the basis of evidence presented by Peringek
and Kozlu (1984), Yilmaz et al. (1993b) and
Robertson et al. (2006), this ophiolite (and/or the
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Berit ophiolite) may crop out as a tectonic window
beneath the Malatya Metamorphic Unit. If that is
the case, the huge metamorphic nappe should have
passed over the ophiolite; therefore, the ophiolite
should have been highly metamorphosed.
However, the Goksun ophiolite has not been
metamorphosed to a high grade, although the root
zone comprises high-grade meta-ophiolitic rocks
within the Piitlirge Metamorphics. Therefore, the
Southeastern Anatolian Suture should be situated
between the Piitiirge Metamorphics and Keban-
Malatya Metamorphics of the Anatolide-Tauride

Platform (Figure 8).

Robertson et al. (2006) pointed out
that the Binboga mélange (Daglica mélange of
Yilmaz et al., 1993a) was a product of a northerly
Mesozoic oceanic basin, and the Berit (or Goksun)
ophiolite formed as an incipient oceanic arc within
the southern branch of Neotethys during the Late
Cretaceous. In addition, on the basis of Parlak
et al. (2012) tectonic restoration of the region
suggests that an ocean basin existed between the
Malatya- Keban platform to the north and Bitlis-
Piitlirge continental unit to the south and Upper
Cretaceous ophiolites and incipient volcanic arc
are interpreted to have formed above a north-
dipping subduction zone within this ocean.

It is compulsory to consider the geology
of the eastern Taurides as a whole. The Giiriin
1993a)
constitutes the main axis of the Taurus Carbonate

relative autochthon (Yilmaz et al.,

Platform, which separates the northern ophiolitic
associations (e.g., the Piarbasi ophiolite and
Kiregliyayla mélange) from the southern ophiolitic
associations (e.g., the Goksun ophiolite and
Daglica mélange) as seen in Figure 8. However,
the age of the ophiolitic associations on both sides
is Late Cretaceous, while the age of the platform is
Cambrian-Lower Eocene without a break between
Uzunyayla and Beritdag areas along the Giiriin



relative autochthon (Yilmaz et al., 1993a). In this
framework, the northern ophiolitic association is
part of the northern branch (and/or Inner Taurides)
of Neotethys, whereas the southern ophiolitic
association is part of the southern branch of
Neotethys. In addition, the tectonic setting of the
ophiolites is another important question. On the
basis of our field study, the setting of ophiolites is
different from that previously envisaged, vis-a-vis
Yilmaz et al. (1993b) and Robertson et al. (2006).

Figure 8 shows the setting of the tectonic
units between Uzunyayla and Kahramanmaras.
The root zone of the ophiolite can be seen to the
north of [licakdy. The Goksun ophiolite is situated
between Binboga Dag and Berit Dag, and the top
of the ophiolite is not tectonically overlain by
the Keban-Malatya Metamorphics. The northern
contact represents a young, overturned structure.
It is clear that the lower levels of this ophiolite
are gabbro and the upper levels are a sheeted dyke
complex preserved along this overturned structure.
The southern contact is an active fault (the Stirgii
fault). In addition, the ophiolite is located between
the root zone and the Daglica mélange to the north
(Y1lmaz et al., 1993a), and the Daglica mélange is
located to the south of the TUA. In this area, the
ophiolite and mélange together are products of the
southern branch of Neotethys. As a result it is not
necessary to interpret the setting of the ophiolite
as a tectonic window in the Goksun area. The
original setting of the ophiolite may have been
changed later during collisional processes.

Figure 9 shows the setting of the tectonic
units in the area between Bing6l and Silvan
(Diyarbakir). This section is a characteristic one;
here, it is possible to exactly determine the present
relationships between the Anatolide-Tauride block
(that is the Bitlis Massif) and Arabian Platform
with the Southeast Anatolian Suture. The Kocali
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mélange with associated ophiolite represents a

suture-zone product.

In addition, it is possible to envisage a
combined setting for the ophiolites and different
ophiolitic mélanges in the Late Cretaceous. Figure
10 shows a simplified setting for the ophiolitic
associations along a geotraverse between the
Istanbul zone and the Arabian Platform during
Late Cretaceous time. In the beginning of the Late
Cretaceous, all dataallow us that double arc systems
were active both to the south of Pontides and also
to the north of the Arabian Platform (Figure 10A).
This perspective explains, better than previously
proposed models, the setting of the ophiolitic
associations and the reasons for the metamorphic
complexes with their evolutionary history. In
addition, it is clear that metamorphic complexes
along both sides of the TUA are equivalents of
the Anatolide-Tauride Platform, which cropped
out beneath ophiolitic associations as tectonic
windows and suggest intense deformation of
platforms near suture zones (Figure 10B).

In fact, along the Southeast Anatolian
Suture, south-facing overthrusts predominate
(Figure 11A) and were reactivated during the
late Tertiary. However, in the Gevas (Yilmaz
et al., 1981b) and Goksun areas (Yilmaz et al.
1993a), north-facing overthrusts are defined along
northern contacts of the ophiolitic units. On the
basis of these data, the structures delineating the
ophiolitic units show both south- and north-facing
overthrusts together in the same tectonic settings

(Yilmaz et al., 2010).

In short, many of the ophiolites of
southern Turkey formed during the progressive
elimination of the southern branch of Neotethys
above a north-dipping, intra-oceanic subduction

zone.
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Figure 9. Simplified geological map and cross-section of the area between Bing6l and Silvan (Diyarbakir) (MTA,
2002 and new observations). See Figure 1 for location.

Sekil 9. Bingdél ile Silvan (Diyarbakir) arasindaki bolgenin yalinlastirilmis jeoloji haritast ve enine kesiti (MTA,
2002 ve yeni gozlemler). Yer icin Sekil 1’e bakiniz.
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Figure 10.
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A probable generalized geological cross-section between the Istanbul Platform and Arabian Platform

at the begining of the Late Cretaceous [A] and between the Pontide and Arabian Platform at the end of

Late Cretaceous time [B]. No scale.
Sekil 10.

Ge¢ Kretase baslangicinda Istanbul Platformu ve Arap Platformu arasimn genellestirilmis olast bir

enine jeoloji kesiti [A] ve Ge¢ Kretase sonunda Pontitler ve Arap Platformu arasinin genellestirilmis

olasi bir enine jeoloji kesiti [B]. Olgeksiz.

As aresult, it is thought that the ophiolites
and ophiolitic mélanges of the Southeast Anatolian
Suture may have risen and been emplaced due to
collision between the Anatolide-Tauride block to
the north and the Arabian Platform to the south.
The ophiolites associated with ophiolitic mélanges
spread to both north and south as flower structures
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(Figs. 9, 10 and 11) and were eroded following
the Late Maastrichtian. The present setting and
distribution of the ophiolites with ophiolitic
mélanges in the area is a result of erosion and the
formation of a Tertiary foreland basin (Yilmaz et
al., 2010).
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Figure 11.

Simplified recent geological cross-sections of the eastern (A-B) [A] and western (C-D-E) [B] parts

of Turkey: Paleozoic (Pz), Jurassic-Cretaceous (JC) and Upper Cretaceous (Cu) levels have been
differentiated in the eastern part of Pontide-Transcaucasus continent-arc system. See Figure | for

location.
Sekil 11.

[A] Tiirkiye 'nin dogu kesimi (A-B) ile [B] bati kesiminin (C-D-E) yalinlastirilmis enine kesitleri:

Pontid-Kafkasya kita-yay sistemi’nin dogu kesiminde, Paleozoyik (Pz), Jura-Alt Kretase(JC) ile Ust
Kretase (CU) yash diizeyler ayirt edilmistir. Kesit yerleri i¢in Sekil 1’ e bakiniz.

Geological age

On the
evaluations of the Antalya ophiolite, the age of

basis of geochronological
the ultramafic cumulate is 122 Ma, the cumulate
gabbro 50* 10 or 68 * 5.5 Ma, and the diabase
55%3 Ma or 69* 4 Ma, whereas the age of the
mélange is Late Cretaceous (Yilmaz, 1982).
Robertson and Woodcock (1982) and Robertson
(1993) reported a Late Cretaceous age from pelagic
carbonate rocks interbedded with mafic volcanic
rocks, and also suggested that the oceanic crust
of the region was created during Late Cretaceous
time, associated with submergence and onset
of pelagic carbonate deposition on platform
areas. On the basis of evidence set forth by
Robertson (1993) and Bagci et al. (2006), regional
compression in Antalya area began in the latest
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Cretaceous (Maastrichtian) and led to subduction-
accretion, as evidenced by volcanic-sedimentary
mélange. Suturing was completed during the Late
Paleocene-Early Eocene, resulting in collision and

imbrication of the carbonate platform.

K-Ar analyses of rocks from the Mersin
ophiolite yield an age of 93.4 * 2.2 Ma, recording
the initial detachment of the oceanic crust (Parlak
et al., 1995).

The
sedimentary unit of the ophiolites in the Goksun
(Tarhan, 1982, 1984; Yilmaz et al., 1993a) and
Kizildag areas indicate an age of Jurassic-Late

fossil contents of the volcano-

Cretaceous (pre-early Maastrichtian) (Tinkler et
al., 1981; Tekeli et al., 1983). The age of volcanic
sequences of the Kocali complex between Malatya



and Adiyaman has been assigned to late Triassic
based on the radiolarian data from the associated
pelagic rock units (Varol et al.,, 2011) and late
(Sungurlu, 1974,
Uzuncimen et al. 2011) ). K/Ar radiometric dating

Jurassic-early ~ Cretaceous

of the biotites from granodiorites associated with
the Ispendere-Komiirhan meta-ophiolites yielded
ages of 75% 2.5 Ma (Yazgan, 1983). In addition,
paleontological and radiometric means of dating
ophiolites along the SAOB yield Jurassic to Late
Cretaceous ages (90-145 Ma) (Dilek and Moores,
1990). Granitoids associated with the ophiolites
exhibit an age range from 82 Ma to 85 Ma, based
on “Ar/*Ar analyses (Rizaoglu et al., 2009).

However, the ophiolitic mélanges of
the SAOB yield only Late Cretaceous ages. For
instance, the Daglica mélange of the Goksun area
comprises Late Cretaceous and unmetamorphosed
Upper Maastrichtian clastic rocks, including
blocks of ophiolites and metamorphic rocks that
unconformably overlie the ophiolitic sequence
in the Bitlis area (Peringek 1980; Gonciioglu and
Turhan, 1984). This relationship indicates that
the emplacement age of the Gevas ophiolite in
the Bitlis area is pre-late Maastrichtian. Sungurlu
(1974), Peringek (1979a, 1979b, 1980) and Aktas
and Robertson (1984) also suggested that the
ophiolites of SE Turkey were emplaced during
latest Cretaceous time

On the other hand, the matrix of the Kocali
mélange typically yields Late Cretaceous ages
(Yilmaz et al. 1993b; Uzuncimen et al., 2011).
However, the geological age of the Cilo ophiolite
is Late Mesozoic, having been emplaced onto
the Arabian Platform during the Late Cretaceous
(Peringek, 1990). Therefore, it may be said that
the mélanges of this region developed during
emplacement of the ophiolites.

The Elazig Igneous Complex comprises
an imbricated Maastrichtian-Early Eocene island

92

Ali YILMAZ, Hiiseyin YILMAZ

arc and young marginal-basin terrain which
evolved until the Middle Eocene (Hempton, 1985).
In addition, the Eocene Maden mélange and the
Miocene Ciingiis mélange (Ozkaya, 1982), along
with other rock associations such as the Maden
complex (Peringek 1979a, 1979 b, 1980; Sungurlu
et all 1984; Peringek 1990; Yigitbas and Yilmaz,
1996), may be materials reworked from the Kocali
mélange.

On the basis of the age interval mentioned
above, it may be concluded that the age of SAOB
ophiolites is Mesozoic, in general and the age
of mélanges is Late Cretaceous, at least pre-
Maastrichtian. In southeastern Turkey, ophiolites
and mélanges were emplaced southward onto
the Arabian Platform
(Campanian) time (Sungurlu 1974; Peringek
1979b, 1980; Sungurlu et al., 1984; Robertson,
2000, 2002). In addition, the Jurassic-Cretaceous
ophiolites, in general, are MORB-type, whereas

in latest Cretaceous

the Upper Cretaceous ophiolites are SSZ-type
ophiolites (Robertson, 1994; Parlak et al., 1996;
Dilek et al., 1999).

DEFINING SUTURE BELTS IN TURKEY

The relationship between suture belts and
ophiolitic associations has been discussed for
a long time. Burke et al. (1977) pointed out that
there is a link between the global distribution of
sutures and the sites of former oceans. In addition,
the ophiolites have been interpreted as indicators
of the geodynamic evolution of the oceans
(Knipper et al., 1986). Accordingly, it is necessary
to demonstrate the relationships between the
Tethyan oceans and ophiolitic associations.

In fact, there is no a consensus on the
classification of the Tethyan realms. For instance,
Paleotethys has been regarded as an oceanic basin
along the Greater Caucasus (Belov, 1981; Adamia
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et al., 1982) and also along the Lesser Caucasus
(Gamkrelidze, 1982). In the present study, the
classificaton of Sengdr and Yilmaz (1981) has
been adopted for using as a general framework.

Withoutentering into adetailed description
of ophiolitic complexes, it is impossible to review
the different geodynamic environments in which
ophiolites have developed, evolved and were later
accreted to continents. In this respect Turkey is a
place of critical importance, for here it is possible
to demonstrate the relationship between suture
zones and the ophiolitic association.

Thus, in this context, it is proposed to
define the suture zones and related ophiolitic
associations of Turkey. Figure 11 gives simplified
cross-sections of the eastern [A] and western
[B] parts of Turkey. In these cross-sections, it is
possible to see the exact locations of root zones
of the sutures and the distribution of ophiolites,
with mélanges. As is seen in Figures 10 and 11,
the metamorphic equivalents of the Anatolian-
Iranian Platform are situated as tectonic windows
beneath the ophiolites of the eastern and western
Anatolian regions. The tectonic setting of the
Central Anatolian Metamorphic Complex may be
similar to a tectonic window as well. Figure 12
illustrates the sutures of Turkey and surroundings
as a whole. In this presentation, it is also possible
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to correlate the sutures of Turkey and surrounding

areas.

On the basis of explanations presented
above, three main sutures have been defined. These
are the Intra-Pontide Suture in the northwest,
the North Anatolian Suture in the middle of the
country, and the Antalya Suture with the Southeast
Anatolian Suture in the south (Figure 12).

In this context, following correlation
of the tectonic units, a new classification of the
continental fragments may be suggested. For
instance, the Istanbul zone can be correlated
with the Moesian and Scythian Platforms. The
Sakarya zone is located between the Intra-Pontide
Suture and the North Anatolian Suture. The
Anatolide-Tauride block can be separated from
the Arabian Platform (and also the African) by
the Antalya and Southeast Anatolian sutures. This
simple classification reflects the actual situation
of the continental fragments of Turkey and
surrounding areas better than previously suggested
classifications.

Today, southeastern Turkey records a post-
collisional setting, whereas areas to the southwest
of Turkey are experiencing the incipient collision
of the Arabian and Turkish plates (Robertson,
2000).
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Figure 12. Simplified tectonic units and suture belts of Turkey and surrounding regions.

Sekil 12.

The Intra-Pontide Suture

Sengdr and Yilmaz (1981) called Intra-Pontide
Suture as the suture of the northern branch of
Neotethys which seperated the Rhodope-Pontide
fragment from the Sakarya continenet. Then this
suture was used to denote the suture seperating the
Paleozoic of the Istanbul and Karakaya complex
of the Sakarya zone (Okay, 1989). However,
this suture coincides with the North Anatolian
Fault Zone (Barka, 1992), as well. Pre-Alpine
ophiolites and mélanges cropout along the suture;
accordingly, these ophiolitic associations have
been interpreted as products of Paleotethys (e.g.,
Yigitbas et al., 1999). In this framework, the Intra-
Pontide suture is the best candidate for the Palaeo-
Tethyan suture in Turkey (Okay, 1989).
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Nevertheless, the ophiolitic associations
of the Intra-Pontide oceanic basin are also dated
as Late Cretaceous and interpreted as the products
of a branch of Neotethys (Yilmaz et al., 1995;
Robertson and Ustaémer, 2004; Gonciioglu et
al., 2008). On the other hand, Gonciioglu et al.
(2008) suggested that MORB-type basalts were
generated in the Intra-Pontide Ocean during the
Late Jurassic, and that the ocean existed at least
between the Late Bathonian to Santonian based
on paleontological and geochronological data.
In addition, the preliminary observations on the
melange suggest its formation in Late Cretaceous
during the closure by obduction of an oceanic
basin originated in Middle to Late Jurassic time
span between the Eurasian plate and Sakarya
microplate (Ellero et al., 2012).
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In this framework, the Intra-Pontide
Suture can be interpreted as a relict not only of
the long-lived Paleotethys but also Neotethys and/
or the Late Cretaceous ophiolitic associations may
be reworked materials from the Paleotethys.

There are no data regarding the age of
opening and for the well-recognized passive
margin sequences of the Intra-Pontide Ocean.
The Istanbul zone may represent a northern
passive margin of the paleo-ocean. The age of
its closure, generally based on the appearance of
the first transgressive sediments, is either placed
in the Paleocene-Eocene (Sengdr and Yilmaz,
1981) and Eocene-Oligocene (Okay et al., 1994),
Late Cretaceous (Yilmaz et al.,, 1995), or the
Cenomanian (Tiysiiz, 1999). It is well known
that Upper Cretaceous-Tertiary series in the
region between the Black Sea and Bursa indicate
pre-Santonian juxtaposition of the Istanbul and
Sakarya zones (Ozcan et al., 2012). Data related
to the original location and setting of the suture
was obliterated during formation of the North
Anatolian Fault and, consequently, this situation
resulted in the duplication of major suture zones
(Stampfli and Borel, 2004).

As a result, it may be emphasized that
the opening and closing ages of the oceanic basin
and also the polarities of the subduction zone are
highly speculative and controversial. Therefore,
the opening and closing of Paleotethys and/or
the northern branch of Neotethys in this region
remains an important question.

The Balkan Suture (Yanev and Adamia,
2010) may be the northwestern extension, whereas
the Great Caucasus Suture may be northeastern
extension of the Intra-Pontide Suture. In this
framework, the Istanbul zone and the Moesian
and Scythian platforms were periodically the main
parts of the East European Platform (IGC, 1984).

95

North Anatolian Suture

The North Anatolian Suture separates the Sakarya
Zone to the north from the Anatolide-Tauride
block to the south (Figs. 11, 12). The western
part of this suture is known as the Izmir-Ankara-
Erzincan suture (Sengdr and Yilmaz, 1981; Okay,
1989; Rice et al. 2009), which is linked to the
Vardar suture (eg. Zelic et al,. 2010). The Eastern
part of the suture is known as the North Anatolian-
Lesser Caucasus suture (Yilmaz, 1989; Yilmaz et
al., 2000, 2010).

It is known that the eastern Taurus belt of
Turkey may be correlative to the Sanandaj-Sirjan
belt of Iran (Y1lmaz and Yazgan, 1990). Thus, the
Anatolian-Iranian Platform (AIP) has been defined
within a regional framework, and the southern
edge of the eastern Taurus belt with the Sanandaj-
Sirjan belt has been re-interpreted as the southern
passive margin of the AIP (Yilmaz et al., 2010).

This suture zone is generally accepted
as being the major Tethyan suture in Turkey and
characterized by widespread ophiolitic slices with
accretionary mélange units. The ophiolitic slices
generally consist of peridotite massifs, lacking a
complete ophiolitic sequence.

The opening age of the western part of
the northern branch of Neotethys originally was
suggested to be Late Triassic (Gonciioglu et al.,
2006), and for the eastern part of the northern
branch of Neotethys was suggested to be Early
Liassic (Goriir et al., 1983). However, there
are also pre-Liassic ophiolites in the Erzincan
1990, 1991) and Paleozoic
ophiolites along the Lesser Caucasus Ophiolitic
Belt (Zakariadze et al., 1983), which represents
the eastern continuation of the North Anatolian

area (Kogyigit,

Suture. In this framework, it is not possible to
explain the existence of old ophiolitic units well
along the suture.



It is suggested that the ophiolites obducted
in the east before the Late Coniacian (Gasanov,
1986), at least before Paleocene (Sosson et al.,
2010). “Ar/*’Ar ages of the units along the Lesser
Caucasus suture give insights for the subduction
and collage from the Middle to Upper Cretaceous
(95-80 Ma) (Roland et al., 2009, 2011).

On the other hand, blueschists dated at
100-90 Ma are recorded in NW Turkey (Okay et
al., 2006). Although Rice et al. (2009) suggest that
Late Paleocene-Eocene clastics are the oldest unit
unconformably overlying the Upper Cretaceous
melange in the Erzincan area, reworked materials
of ophiolites and melanges have not been separated
from the Upper Cretaceous accretionary prism in
this study. Akdeniz et al. (1994) and Yilmaz and
Yilmaz (2006) suggested that Late Campanian-
Maastrichtian clastic units overlied unconformably
the ophiolitic units. In this framework, it can be
said that subduction was dominanat, in general

during Cretaceous.

On the other side, the ophiolitic outcrops
of this belt are scattered to the north and south of
the suture. Due to young basin-fill cover, it is not
possible to examine the relationships between the
scattered outcrops as well. Thus, the ophiolitic
associations of this belt have been divided
into two sub-belts: northern and southern. The
northern sub-belt represents the NAOB directly,
and the southern sub-belt represents tectonically
transported ophiolitic units of the NAOB..

Most of ophiolitic associations in Turkey
are believed to have originated from the North
Anatolian Suture. Both Alpine and pre-Alpine
ophiolitic associations crop out along the suture.
The opening age of the northern branch of the
ocean 1s, therefore, not well-established and is

quite controversial.
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Numerous tectonic models have been
suggested for the evolution of the NAOB. A single
northward-dipping subduction zone (Sengdr and
Yilmaz, 1981), two northward-dipping subduction
1990),
subduction, followed by reversal of subduction
direction (Okay and Sahintiirk, 1997), single
northward-dipping subduction with the genesis and

zones  (Tiysiiz, southward-dipping

emplacement of a marginal basin (Ustadmer and
Robertson, 1997), northward-dipping subduction
followed by southward-dipping subduction (Rice
et al., 2009) are some of the suggested tectonic
models. The main reason of different models is
the the lack of data, mainly about ophiolites and
melanges.

In spite of lack data, it is possible to
suggest some constraints for the Late Cretaceous
time. For instance, along the North Anatolian
Suture, MORB- and SSZ-type ophiolites crop out
together, and north- and south-facing overthrusts
are widespread. Structural studies indicate that
the ophiolitic complexes and/or assembled
accretionary prisms were emplaced northward
onto the Pontides of the Eurasian margin and also
southward onto the Taurides of the Gondwana
margin during Campanian-Maastrichtian time
(Yilmaz, 1985b; Rice et al., 2009) in the Erzincan
area. In this framework, a new model for Late
Cretaceous (Figure 10) has been suggested to
explain the setting of two northward-dipping
subduction zones with emplacements of ophiolites
like a flower structure. All other data also indicate
that the setting of the obducted ophiolitic units
resembles a flower structure, as defined in the area
between Tokat and Sivas (Yilmaz and Yilmaz,

2004a).

In NW Turkey, the collision between
the Tavsanli zone of the Anatolide-Tauride Zone
and the Sakarya Zone of the western Pontides
began before Paleocene and Eocene magmatism,
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interpreted to have developed in a post-collisional
setting (Okay and Sahintiirk, 1997; Okay et
al., 2010). For NE Turkey, Rice et al. (2006)
suggested that the incipient ‘soft’ collision along
the suture was followed by widespread Paleocene-
Early Eocene sediments on deformed and
emplaced melange, arc and ophiolitic units. Final
closure ‘hard’ collision of the Northern Neotethys

occurred during the Mid-Eocene.

On the other hand, Y1lmaz (1985a) pointed
out that Eocene clastic materials overlie the older
tectonic units unconformably along the upper
Kelkit River, and Topuz et al. (2011) suggested
that Eocene magmatism represents post-collisional
adakite-like activity within the Agvanis Massif. In
addition, sedimentary sequences on both sides of
a suture are expected to show similar depositional
characteristics on the continental margins. In this
respect the collision between the Pontides and the
Anatolide-Tauride block should be at least pre-
Middle Eocene.

Antalya and Southeast Anatolian Sutures

The Antalya suture (or the Pamphylian suture of
Okay and Tiysliz, 1999) is situated between the
western Taurus Platform and obducted ophiolites
(Figure 7), whereas the Southeastern Anatolian
Suture separates the Anatolian-Iranian Platform to
the north from the Arabian Platform to the south
(Figure 9). Along the SAOB, Jurassic-Lower
Cretaceous MORB- type ophiolites and Upper
Cretaceous SSZ-type ophiolites occur, and these
ophiolites were accreted to the Upper Cretaceous
mélange prism during the Late Cretaceous.
MORB- and SSZ-type ophiolites are widespread
in the Antalya, Mersin and southeastern Anatolian
regions.

The Southeast Anatolian Suture (Yilmaz
et al., 1993b) and/or Assyrian and Zagros sutures
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(Okay and Ttysiiz, 1999) separates the Anatolide-
Tauride block to the north from the Arabian
Platform to the south (Figs. 11 and 12). The
Antalya Suture may be a western continuation of
the Southeastern Anatolian Suture.

The Alpine ophiolites and mélanges of
eastern Turkey are believed to have originated
from the Southeast Anatolian Suture. These rocks
are products of the southern branch of Neotethys,
and the products of this suture may be separated
from the Northern and Northeastern Anatolian
Alpine Ophiolitic Belt (NAOB) by the TUA of the
Tauride-Anatolide block (Figure 1).

The ophiolitic outcrops of this suture are
also scatterred to the north and south of the suture.
Therefore, the location of the suture is still under
discussion. For instance, some suggest that the
suture lies to the south of the Bitlis and Piitiirge
Massifs (Sengor and Yilmaz, 1981; Yilmaz et al.,
1993b), while others argue that the suture is located
to the north of the massifs (Yazgan, 1983; Michard
etal., 1984). However, on the basis of data given in
Figures 8 and 9, and scenarios given in Figure 10,
the location of the suture should be to the south of
the Bitlis Massif, but north of the Piitiirge Massif.
The Keban-Malatya Metamorphics and the Bitlis
Massif have similar stratigraphic sequences and
represent the southern metamorphic edge of the
Tauride-Anatolide block (Yilmaz et al., 2010).
However, the Piitiirge Massif is dissimilar from
these two metamorphic units due to its relatively
high metamorphic grade.

The opening age of the southern branch
of Neotethys was Triassic (Peringek, 1980; Sengor
and Yilmaz, 1981). However, the Alpine cycle of
the southeast Anatolian region was initiated with
Late Permian-Middle Triassic rifting (Altiner,
1989). *Ar/*Ar dating of white mica in different
parageneses from the Bitlis comlex reveals a 74-
79 Ma (Campanian) date of peak metamorphism



and rapid exhumation to an almost isothermal
greenschist stage at 67-70 Ma (Maastrichtian)
(Oberhénsli et al., 2012).

All data show that subduction along the
suture is dominant mainly during Late Cretaceous
(Robertson et al., 2007). However, the collision
of the Arabian margin below the Bitlis Massif is
still debated. For collision, it has been proposed as
Maastrichtian (Yazgan, 1983), Mid to late Eocene
age (Hempton, 1985), a late Eocene to Oligocene
(Y1lmaz, 1993), Early- Middle Miocene (Robertson
et al., 2007) and before the Late Miocene (Sengdr
and Kidd, 1979; Dewey et al., 1986; Sengor et al.,
2003). In addition, uplift of the final exhumation
of the Bitlis Massif range by 18-13 Ma (Middle
to Late Miocene) is documented on the basis of
apatite fission track dating (Okay et al., 2010).
Late Miocene molasse deposits overlie the older
tectonic units unconformably from north to south
throughout the region. Therefore, the collision
may have been ended before Late Miocene along
the suture.

Along the Southeast Anatolian Ophiolitic
Suture  (SAOB),
predominate. However, north-facing overthrusts

south-facing  overthrusts
and active faults are recognized along the
northern contacts of the ophiolitic units. On the
basis of these data, structures delineating the
ophiolitic units show both south- and north-facing
overthrusts.

Consequently, it is thought that the
of the
Anatolian Suture may have been uplifted during

ophiolites and mélanges Southeast
collision between the Anatolide-Tauride block to
the north and the Arabian Platform to the south.
The ophiolites associated with ophiolitic mélanges
then spread like a flower structure to the north and
south, en masse, and later eroded prior to the Late-

Maastrichtian. The present-day configuration of
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the ophiolites and ophiolitic mélanges of the area
is a result of erosion and the formation of new
basins (Yilmaz et al., 2010).

In addition, on the basis of existing exotic
blocks derived from the south Taurides, it appears
that Turkey underwent large lateral displacements
inaroughly E-W direction; this movement resulted
in duplication of major suture zones (Stampfli and
Borel, 2004). Major strike-slip movements during
the Variscan orogenic cycle produced the first
juxtaposition of terranes (Moix et al., 2008). The
present juxtaposition of these terranes is far from
their original locations. For instance, Moix et al.
(2008) suggested that the Anatolian terrane was
detached from Eurasia, which was accreted to the
Taurus-Cimmerian domain in the Late Triassic and
then moved together with Gondwana. Therefore,
the geological history of the southern branch of
Neotethys is relatively complex and needs more
detailed study.

If we correlate the suture zones as a
whole, it is clear that all of the suture zones in
Turkey are characterized by ophiolitic mélanges
and by both MORB-type and SSZ-type ophiolites.
It may be suggested that the North Anatolian and
Southeast Anatolian sutures were double north-
dipping subductions during emplacement of the

ophiolitic associations.

In conclusion, a preferable tectonic
model for the Southeastern Anatolian Suture
should involve northward subduction including
MORB- type ophiolites and SSZ-type ophiolites
together. Subduction is dominant during Late
Cretaceous- Early Tertiary, the collision along the
suture may have occurred before Late Miocene.
Recent emplacement of ophiolites shows a flower
structure, because of the north-facing and south-

facing overthrusts.
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COMPARISONS OF THE OPHIOLITIC
BELTS IN TURKEY WITH SURROUNDING
REGIONS

On the basis of definition and distribution,
stratigraphical features, ophiolite geochemical
signature and tectonic setting and geological
age, it is possible to compare and/or correlate
the ophiolitic belts of Turkey with surrounding
regions for pre-Alpine and Alpine stages.

Pre-Alpine Stage

For instance, the Paleotethyan ophiolites located
to the south and southeast of the Istanbul zone
may be correlated to the ophiolites of the Greater
Caucasus (Adamia et. al., 1978, 1991, 2004, 2011)
and the Balkans (Haydoutov, 1987; Von Quadt et.
al., 1998). The ophiolitic rocks of the Caucasus
and Balkans have also MORB and SSZ signatures
and developed during the evolution of Paleotethys
(Yanev and Adamia, 2010; Adamia et al., 2011).

In conclusion, although data is lacking
with regard to some aspects of the pre-Alpine
ophiolites of Turkey, it can be suggested that they
developed in a tectonic setting which changed
from MORB-type to SSZ--type within the
Precambrian-Triassic interval, as defined in the
Greater Caucasus and Balkans, as a product of
Paleotethys.

The Karakaya Complex represents a part
of Sakarya Composite Terrane (Gonciioglu et. al.,
1997) and can be correlated to a part of the Rhodope
terrane of the Balkans (Yanev and Adamia, 2010)
to the northwest and to pre-Liassic complexes of
the Pontian-Transcaucasus continent-arc system
(Yilmaz et al., 2010) to the east and northeast. This
unit developed in a tectonic setting that changed
from ariftto a subduction zone during the Permian-
Triassic time interval within the framework of the
evolution of Paleotethys. However, there are also
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local Late Cretaceous mélanges along the Intra-
Pontide suture.

In this region, therefore, the pre-Liassic
Karakaya Complex and local Late Cretaceous
mélanges may be intermixed and/or the Late
Cretaceous mélanges may be reworked materials
derived from the Karakaya Complex.

In fact, it is accepted that Paleotethys was
a Paleozoic-Early Mesozoic ocean and that the
Karakaya Complex may be a closing product of
Paleotethys (e.g., Bozkurt and Mittwede, 2001,
and references therein). However, there is no
consensus on the polarity, geological age, and
paleogeographic locations of the opening and
closing of Paleotethys during the Cimmerian
Orogeny.

Alpine Stage

The NAOB can be correlated to the Lesser
Caucasus Ophiolitic Belt (Zakariadze et. al., 1983)
in the east and the Innermost Hellenic Ophiolitic
Belt of the Vardar Zone (Smith, 1993) in the west.

The Lesser Caucasus Ophiolitic Belt
includes some magmatic rocks in a serpentinite
mélange, and to these can be assigned a
Precambrian age; for example, pegmatitic gabbro
of the Sevan-Akera subzone yields a K-Ar age
of 583+30 Ma (Belov et. al., 1978; Belov, 1981).
In addition, the radiometric ages obtained from
tonalities (160+4 Ma; Zakariadze et al., 1990)
and gabbros (165.3£1.7 Ma; Galoyan et al.,
2009) of the Sevan ophiolite suggest that oceanic
crust formation continued during the Batonian-
Callovian. Radiolarian ages for the sedimentary
cover of the Sevan ophiolite indicate late Middle
Jurassic (Asatryan et al., 2010). In addition, the
age of the Sevan-Akera and also Vedi ophiolites is
constrained by “Ar/*Ar dating that has provided
a magmatic crystallization age of 178.7+2.6 Ma



(Roland etal., 2010). Jurassic-Neocomian MORB-
type and Cenomanian-Early Coniacian island-arc-
type ophiolites have been identified along this belt
(Zakariadze et. al., 1983). Late Coniacian clastic
rocks overlie the ophiolitic units unconformably,
which were obducted both northward (Sevan-
Akera) and southward (Vadi) along the suture zone
(Knipper and Khain, 1980; Sosson et al, 2009).

On the other hand, Vardar Zone boninites
of the Kopaonik area (southern Serbia) represent
only suprasubduction ophiolites and the melange
occurred in the Early Cretaceous (Marconi et al.,
2004). The Innermost Hellenic Ophiolitic Belt
includes both sub-ophiolitic and supra-ophiolitic
mélanges. The sub-ophiolitic mélange contains
blocks of ophiolitic material and continental
fragments, and represents a subduction-accretion
complex. However, the supra-ophiolitic mélange
and overlying Tithonian-Valanginian flysch
deposits and Barremian-Upper Cretaceous neritic
limestone rest unconformably on the ophiolites
and platform carbonates. The ophiolites of the
Mirdita area of Albania show a transition from
MORB to IAT (Island Arc Tholeiite) and boninitic
affinities from west to east and structurally upward
(Beccaluva et al, 1994; Dilek et. al., 2005). The
basalt samples of the Dinaric-Helenic Chain show
a N-MOR affinity and are associated with latest
Bajocian- early Batonian radiolarian cherts (Nirta
et al,, 2010). The stratigraphic and structural
dataset presented by Zelic et al. (2010) shows
complex tectonic history of the Vardar zone, as
well.

In conclusion, it can be said that the
NAOB and its eastern and western extensions have
not only similar but also different stratigraphic
features, age and tectonic setting. For instance,
although a great deal of the NAOB comprises
Alpine ophiolites, there are also pre-Alpine
ophiolitic outcrops which have been accreted
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tectonically to the NAOB and include Jurassic-
Cretaceous MORB-type and Late Cretaceous
SSZ-type ophiolites. In this respect, there are
similarities between the SAOB and Lesser
Caucasus, but differences from the Vardar Zone.
In addition, the ophiolitic mélange of the NAOB
is Late Cretaceous (locally pre-Maastrichtian)
in age. Along the ophiolitic belts, where NAOB
and SSZ-type ophiolites occur, respectively, the
tectonic setting of ophiolites with mélanges is
characterized by north-facing and south-facing
overthrusts; hence, it may be suggested that the
ophiolites with mélanges developed and rose
as a flower structure, and then eroded during
the collisional and post-collisional processes.
Therefore, isolated and scattered outcrops of these
units along both sides of the North Anatolian
Ophiolitic Suture Zone are not observable at
present.

The SAOB consists of relatively complex,
undeformed, Triassic (Peringek, 1980; Uzuncimen
et al., 2011) and Jurassic to Late Cretaceous
with Late Cretaceous

ophiolites ophiolitic

mélanges.

The ophiolites and mélanges in the
Antalya and Mersin areas may be correlated
to similar units of the External Ophiolitic Belt
(Bortolotti et al., 2004 and Zelic et al., 2005) of
the Dinaric-Hellenic region, from the standpoint
of tectonic setting and geological age. Although
the ophiolites along the External Ophiolitic Belt
range in age from Triassic to Jurassic, and the
ophiolites along the southern Taurus belt from
Triassic-Jurassic to Cretaceous, both belts include
MORB-type and SSZ-type ophiolites. However,
the timing of the onset of rifting on both sides may
be similar.

In addition, the Antalya Complex has
affinities to the Mamonia Complex of western
Cyprus and is a critical piece in tectonic
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interpretations of the easternmost Mediterranean
during Mesozoic and Tertiary time (Robertson,
1998).

The SAOB of the southeastern Anatolian
region is a product of a north-dipping subduction
zone, whereas the SAOB of the southern Taurus
region in the Antalya and Mersin areas may be
a product of a south-dipping subduction zone
(Figs. 7, 8 and 9). However, the ophiolites of the
SAOB of the southeastern Anatolian region were
uplifted and emplaced to the north and the south
as a flower structure. Subsequently, north-facing
structures were overturned and became south-
facing, young structures during the collision
between the Anatolide-Tauride Platform and the
Arabian Platform in the southeastern Anatolian
region.

The ophiolites of the SAOB in the
southeastern Anatolian region may be correlated
with the ophiolites between Iran and Iraq (Adib
and Pamic, 1980; Adamia etal., 1980; Alavi, 1994;
Babaei et al., 2005) and the Semail Ophiolite in
the mountains of northern Oman (Welland and
Mitchell, 1977; Searle et al., 1980) on the basis of
similar characteristic features, geotectonic setting
and age. For instance, the Neyriz Ophiolitic
Complex occurs along the NW-SE-trending Main
Thrust Zone in the Zagros Range, which is the
equivalent of the Arabian Platform of Turkey, and
the Sanandaj-Sirjan Belt (Alavi, 1994), which
is the eastward extension of the Bitlis Massif
(Yilmaz and Yazgan, 1990), that is a part of
the Anatolide-Tauride block. It is believed that
emplacement of the Neyriz Ophiolite occurred in
the Late Cretaceous and this ophiolite may be a
product of island-arc and/or MORB-type setting;
furthermore, uppermost Cretaceous (probably
Maastrichtian)-Paleocene clastic rocks contain
fragments of ophiolite-radiolarite materials,
indicating subaerial weathering of the ophiolitic
rocks (Alavi, 1994; Babaei et al., 2005).

101

According to Shirdashtzadeh et al. (2011)
geochemical data of the Nain and Ashin-Zavar
ophiolites point to an island arc tholeiitic affinity
for the amphibolitic rocks and to a MORB nature
for the pillow lavas and sheeted dykes that are
related to a back-arc basin. The suture of the
ophiolites located between the Sanandaj-Sirjan
zone and the Central-Easts Iranian microcontinent
before Middle Eocene. This suture may represent
eastern continuation of the Bitlis suture (Sengor
and Yilmaz, 1981) of Turkey.

On the other hand, the ophiolites of the
Kermanshah area represent MORB type and SSZ
type ophiolites together and emplaced along the
suture between the Zagros belt and Sanandaj-
Sirjan zone (Allahyari et al., 2010). This suture
represents eastern continuation of the Southeast
Anatolian Suture directly.

In addition, amphibolite units -
representing the sole detachments of the ophiolites
- have been reported in Turkey (e.g., Dilek et
al., 1999), in the Neyriz area of Iran (Babaei et
al., 2005), and in Oman (Hacker et al., 1996).
Lanphere and Pami¢ (1983) dated a sample of
pargasite-schist from below the peridodite using
the “Ar/*Ar technique and determined a 94.9 +
7.6 Ma age for the amphibolite. For instance, in
Turkey, as mentioned above, K-Ar analyses of the
Mersin ophiolite yield an age of 93.4* 2.2 Ma,
representing the initial detachment of the oceanic
crust (i.e., the Mersin ophiolite) (Parlak et al.,

1995).

Based on the data presented above, it is
clear that the SAOB continues to the east, along
the border between Iran and Iraq and as far as
Oman. Discussions on the setting of the sutures
in southeast Turkey are valid for the southwest of
Iran.



CONCLUSIONS

Ophiolites and ophiolitic mélanges are the main
indicators of the geodynamic evolution of the
oceans, and thus elucidate the overall evolution
of a region. Accordingly, the ophiolites and
mélanges of Turkey have been reviewed. After
eliminating controversial topics related to the
ophiolitic associations, it is advisable to suggest a
new classification of the continental fragments in
order to better understand the geology of Turkey
and surrounding areas (Figure 12). In that figure,
a simplified picture of the large continental blocks
and the sutures separating them is illustrated. The
Istanbul zone represents a southern promontory
salient of the East European Platform. However, the
promatory salient affected the shape of the southern
continental fragments, such as the Sakarya zone
and the Anatolide-Tauride block together and also
the sutures separating them (Figure 12).

On the basis of the data presented herein,
the age and tectonic setting of the pre-Alpine
ophiolites and mélanges remain controversial.
Due to a relative paucity of data, it is not possible
to present a detailed model for the Intra-Pontide
Suture and the evolution of Paleotethys in Turkey.
In spite of this, it may be said with confidence that
relicts of Paleotethys exist along the Intra-Pontide
and North Anatolian sutures.

The North Anatolian suture is one of
the main and most important ophiolitic sutures
of Turkey. It separates the Sakarya zone from
the Anatolide Tauride block. Along the NAOB,
Paleozoic and Mesozoic MORB-type and Upper
Cretaceous SSZ-type ophiolites occur, and these
ophiolites were accreted to the mélange prism
in Late Cretaceous time. The eastern Anatolian
ophiolites may have been derived from the North
Anatolian Suture. However, it is important to
point out that the basement of eastern Anatolia
does not represent an ophiolitic mélange prism;
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rather, it comprises equivalents of the Anatolide-
Tauride block.

During emplacement of the ophiolites,
north- and south-facing overthrusts developed,
forming a flower structure during the collision of
the Sakarya zone and the Anatolide-Tauride block.
The present-day tectonic setting of the ophiolites
with ophiolitic mélanges along the NAOB is a
result of erosion and facilated the formation of
new basins.

The
ophiolites along the SAOB is similar to the
mechanism for those along the NAOB. Along
the North Anatolian Suture, “Ar/*?Ar ages give
insights for the subduction and collage from
the Middle to Upper Cretaceous (95-80 Ma),
whereas along the South Anatolian suture, Upper
Cretaceous (74-71 Ma) ages exhibit subduction of

emplacement mechanism  for

the southern Neotethys and these data have been
interpreted as a subduction jump from the northern
to the southern boundary of the Anatolide-Tauride
block at 80-75 Ma (Roland et al., 2010, 2011). The
TUA is the only line (crustal unit) that separates
the NAOB ophiolitic associations from the SAOB
ophiolitic associations (Figure 1).

In addition, the Inner Tauride suture
(Gortir et al., 1984; Kogyigit, 1990; Dilek et al.,
1999; Pourteau et al., 2010), the Bitlis suture (or
the Assyrian-Zagros Suture) (Hall, 1976; Yazgan,
1983, Caglayan et al., 1984; Yilmaz et al., 1993b,
Sengiin, 2006) and a suture between Bursa and
Balikesir, which separates the Rhodope-Strandja
Massif from the Sakarya Zone (or Intra-Pontide
Suture), have been suggested as means to interpret
the evolution of other Neotethyan branches.
However, there are insufficient data supporting
the existence of these sutures as well as passive
margins along both sides of the sutures. In
addition, it is not necessary to define a suture zone,
wherever the ophiolitic outcrops can be seen.
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After review of the main geological
characteristics, tectonic setting and age of
the the

interpretations should be emphasized:

ophiolitic  associations, following
1. Itis possible to provide an overall definition of
the main suture zones of Turkey in so far as all of
the recognized suture zones have characteristic
features. For instance, they all include MORB-
and SSZ-type ophiolites of various ages. The
style of emplacement of the ophiolites and
mélanges of the sutures are similar and, in
many cases, result in flower structures due to
the north-facing and south-facing overthrusts.
However, it is not possible to see the whole
flower structure in the present day because of

younger deformation and erosional processes.

The rock associations of these suture zones
mainly comprise ophiolite, ophiolitic mélange,
fore and ensimatic-arc units, being a complete
subduction system. The ophiolitic associations
of the Intra-Pontide suture zone, the North
Anatolian Suture and the Southeast Anatolian
Suture were all initially emplaced with south-
and north-vergent imbricated structures.

. It may also be suggested that collision of
continental fragments initially developed in
the north and, subsequently, collisional events
developed progressively from north to south,
reaching into southeastern Anatolia.

Another important finding of this study is
that the northern and southern branches of the
Neotethyan ocean were not integrated into
the eastern Anatolian region, as seen from the
profiles, there is continental crust beneath the
obducted ophiolitic units and overlying cover,
and this crustal structure has been defined as
the Anatolide-Tauride block by Okay and
Tiiysiiz (1999).
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As indicated by Moix et al. (2008), vast
areas of eastern Turkey, Iraq and western Iran are
still under-explored; more thorough investigation
of these regions is necessary to go further in
understanding the central Tethyan realm.

In future investigations of the ophiolitic
associations, it will be necessary in Turkey to
separate the mélanges of subduction zones near
continental margins from the mélanges related
to ensimatic arcs. Subsequently, the primary and
secondary settings of the ophiolites and mélanges
should be studied; accordingly,
sensu stricto and reworked mélanges should be
distinguished in detail. After further investigation,

mélanges

it may be possible to make better correlations and
to locate suture zones more exactly.

GENISLETILMIS OZET

Bircok ofiyolitik kened kusagr icermesi
nedeniyle Tiirkive, Dogu Akdeniz bolgesinde
yer alan kitasal bloklarin jeolojik iliskilerinin
bir Bu
bolgede kenet kusaklarinin yeri, konumu ve yast

incelenebilecegi  onemli bolgedir.
konularinda kapsamli bir ¢alismaya gereksinim
duyulmaktadir. Bu c¢alismamin  amact Tiirkiye
ofivolitleri ile ofiyolitik karisiklarina dair bilgileri
derlemek ve bu birimlerin ozelliklerini gozeterek
bolgenin jeolojik evrimine yénelik simirlamalara
bir stk tutmaktir. Ofiyolitlerin yas iliskileri ve
cografik dagilhimlariyla birlikte derlenen verilere
gore Tiirkiye'deki ofiyolitik topluluklar ii¢ ana

grup halinde sumiflandirilabilir.

Birinci  grup  Istanbul
giineyinde ve giiney kenarinda yer alan pre-Alpin

Zonu ’'nun

ofiyolitleri ve ofiyolitik karisiklar: kapsar. Almacik
dag1?, Elekdag, Cele ve Kiire metaofiyolitleri ve
Karakaya Karmasigr bu doneme ait olusuklardtr.
Paleotetisin bu kalmtilart Intra-Pontit Kenedini

temsil eder. Ofiyolitler en azindan Jura oncesi



(kimileri olasilikla Proterozoyik ya da Alt
Paleozoyik) yasta olan ofiyolitik  dizilerden
Ne

yerlerinde de, ornegin Erzincan yoresinde ve

olusmaktadur. varki  Tiirkiye’nin  bagka
hatta daha doguda ve aymi kusakgi temsil eden
Kiiciik Kafkasya’da da pre-Alpin ofiyolitlerinin
bazi kalintilarina rastlanmaktadur. Istanbul Zonu
ile iliskisi izlenemeyen bu ofiyolitlerin hangi
okyanusa ait oldugu ve giiniimiizdeki konumlarina
hangi mekanizmalarla yerlestigi hala tartisma

konusudur.

Tiirkiye 'nin pre-Alpin ofiyolitleri genel
cercevede yaslart ve konumlart agisindan KD’
da Biiyiik Kafkasya ve KB’ da Balkanlardaki pre-
Alpin ofiyolitlerle denestirilebilirler.

Karakaya kompleksi ise pre-Alpin
ofiyolitik karisiklart temsil eder ve bu birim
pre-Alpin sirasinda

ofiyolitlerinin  yerlesimi

olusmustur.  Paleotetisin  Tiirkiye'de ac¢ilma
ve kapanma yagslart ile polaritesi esas olarak
coziilememis bir konudur. Ancak, Istanbul Zonu
tistiinde gelismis olan yay istifleri ile Pontidler in
Ust Kretase yasta olan yay istiflerinin benzerligi
gozetildiginde, bu kenedin Ust Kretase éncesinde
tiimiiyle kapanmis olabilecegi, ve kimi pre-
Alpin ofiyolitlerin Ust Kretase sirasinda yeniden
aktarilarak giiniimiizdeki konumlarina yerlesmis
olabilecegi de gozardi edilmemelidir. Karakaya
kompleksi esas olarak Kuzey ve Kuzeydogu
Anadolu  Ofiyolit

almaktadir.

Kusagi’'nin  kuzeyinde yer

Ikinci grup kuzey ve giiney alt kusaklar
olmak iizere iki alt kusaga ayrilabilen Alpin
ofiyolitleri ve ofiyolitli karisiklart icermekte olup
Kuzey ve Kuzeydogu Anadolu Ofiyolit Kusag
(KAOK) ile temsil edilir. Bu kusaktaki ofiyolit
topluluklar daha giineyde yer alan Giiney ve
Anadolu  Ofiyolit
Toroslarin metamorfik olmayan géreli otoktonu

Giineydogu Kusagi indan

ile ayrilirlar ve bir biitiin olarak Neotetis’in kuzey
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koluna ait olabilirler. Kuzeyde yer alan alt kusagin
ofiyolit topluluklarinin Kuzey Anadolu Ofiyolit
kenedi ile iliskisi tartismaya yer vermeyecek kadar
agiktir. Ne varki giineyde yer alan alt kusaga ait
ofivolit topluluklarinin Kuzey Anadolu Ofiyolit
kenedi ile iliskisi tartismalidir. Bu nedenle kimi
arastirmacilar tarafindan bu ofiyolitlerin baska

siitiir zonlarina ait olabilecegi one siiriilmektedir.

Kuzeydeki alt kusak, Izmirden doguya
dogru sira ile Eskisehir, Ankara, Tokat-Sivas
arasi, Refahiye-Erzincan, Kop Dagi ve Oltu’dan
Kiiciik Kafkasya Ofiyolit Kusagi 'min Sevan-Akera
alt kusagina baglanir. Kuzey Anadolu’nun bu alt
kusagi, Neotetisin kuzey kolunu ve Tiirkiye 'nin
ana kenet kusagini dogrudan temsil eder. Bu
alt kusagin ofiyolitleri Mezozoyik yasta MORB
ve Jura- Geg¢ Kretase yas araliginda SSZ tiirde
ofiyolitik  dizilerle
Ofiyolitler genel olarak Ust Kretase yasta olan

parcalanmis temsil edilir.
ofivolitli karisiklarin i¢inde ya da daha giineyde
yer alan Toroslar’'in  metamorfik eslenikleri
(vani metamorfik masiflerin) iizerinde tektonik
dokanaklarla yer alirlar.

Marmaris
Hadim,
Aladaglar, Tecer-Divrigi, Erzurum, Kagizman
yorelerinde devam ederek Kiigiik Kafkas Ofiyolit
Kusagi’'min Vedi alt kusagina baglanir. Hinis

alt

yoresinden doguya dogru,

Giineydeki kusak,

swra ile

yoresindeki ve Van G6lii'niin kuzeydogusundaki
ofivolitik yiizeylemeler dahil Dogu Anadoluda
daginik olarak izlenebilen ofiyolitik yiizeylemeler,
KAOK toplulugunun giineyindeki alt kusagin en
guneyindeki uc drunleri olabilirler. Guney alt
kusagimin  ofiyolitleri ve karisiklart  kayatiirii,
jeolojik yas ve jeo-tektonik ortam ag¢isindan
kuzey alt kusagin ofiyolitlerine ve karisiklarina
benzer ozellikler sunarlar. Ayrica bu toplulukiar,
Toros Platformu’nun iizerinde ilksel bir iligki
ile gelismis olistostromal bir diizeyin iizerinde
yer almaktadirlar. Dolayisiyla bu ofiyolitlerin,
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Neotetis'in kuzey kolunda yer alan ofiyolitlerin
tektonik olarak giineye tasinmasi sirasinda ¢okel
siireglerin de eslik ettigi bir aktariimanin iiriinleri
oldugu kabul edilmektedir.

Yapilan  ¢alismanmin  sonucu  olarak,
Neotetisin kuzey kolunun agilmasimun Tiirkiye nin
batisinda  Triyas'ta, dogusunda  Jurasik te
basladigi bir 6lgiide kabul edilebilir.  Ancak
Neotetisin  kuzey kolunun kapanmasimin Geg
Kretase’de basladigi ve Orta Eosen dncesinde

sona erdigi benimsenmektedir.

Uclincii grup Jura-Kretase ve Geg
Kretase yasta olan diizenli ofiyolitli dizileri ve
ofiyolitli karisiklar: iceren Giiney ve Giineydogu
Anadolu Ofiyolit Kusag1 (GAOK) ile temsil edilir.
Batida Antalya’dan baslayip doguya dogru, siraile
Mersin, Goksun, fspendere—Kdmiirhan, Guleman,
Kizildag, Gevas ve Cilo daglarinda yiizeylenen
birbirinden kopuk olan ofiyolitik masifler ve GD
Anadoluda yaygin olan Koc¢ali Karisigt GAOK 'un
tamimlanmig olan bilegenleridir. Bolgede egemen
olan ofiyolitli karisik, Jura-Kretase yasta olan
MORB ve Ust Kretase yasta olan SSZ tiirde
ofiyolitlerin yerlesmesi sirasinda olusmustur.

Giineyde ve Giineydogu Anadolu’da
Neotetisin giiney kolunun Permiyen sonu-Triyas
bast donemde agildigi, kapanmasinin ise Geg
Kretasede basladigi ve Geg¢ Miyosen dncesi
donemde sona erdigi kabul edilmektedir.

Ikinci ve iigiincii grup Alpin ofiyolitler

ve  karisiklar  birbirlerinden  Anadolu-Toros
Bloku’nun metamorfik olmayan ve goreli otokton
olarak izlenebilen ekseni ile ayrilirlar. Bu eksen
Giirtin ile Van Golii arasindaki bolgede geng
havza c¢okelleri nedeniyle izlenememektadir.
Van'in batisinda ve Iran’in batisinda (Iran
Platformu olarak bilinir) ise bu platforma ait baz
yiizeylemeler izlenebilmektedir. Ayrica, Anadolu-
Toros Bloku nun metamorfik olmayan ekseni,

yani genis anlamiyla Toros Platformu varligini
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Alt Eosen’e kadar siirdiiriirken Alpin doneme ait
ofivolitlerin Jura Kretase, karisiklarin yagsi ise
Ust Kretase'dir. Dolayisiyla, Tiirkiye'de batidan
doguya kadar yer yer kesikli bir bi¢cimde de olsa
izlenebilen bu eksen Alpin ofiyolitleri ve karisiklar
(vani Neotetis’in kuzey kolu ile giiney koluna ait
ofiyolitik birimleri) ayiran en énemli bir esiktir.
Alpin  ofiyolitler genel olarak Jura-
Kretase sirasinda gelisen MORB ve SSZ tiirlerde
Ofiyolitli
karisiklarin yasi ise Ust Kretase'dir. Ayrica,

Jjeotektonik ortamlarin iiriiniidiirler.

Ust Kretase swrasinda Pontidler’in ve Toros
Platformu’nun giiney kenarvun da aktif yapilar
oldugu gozetildiginde, bu ofiyolitlerin ancak
kuzeye dalimli yitim zonlart boyunca yerlesmis
olabilecekleri one siiriilebilir.  Yani  ofiyolit
topluluklarvmin  aymi  yastaki MORB ve SSZ
tiirlerdeki ofiyolitleri birlikte icerdigi gozetilirse,
Neotetis’in her iki kolunun da , kuzeye daliml ¢ift
yitim zonlart boyunca olusan karisiga eslik ederek
yerlesmis olabilecegi one siiriilebilir. Neotetis’in
iki koluna ait ofiyolitlerin uzanimi ve bunlarin
yerlesimden sonraki yayitlimlarina bakildiginda,
bu iki kolun Tiirkiye'de degil, Iran’da birlesmis
olabilecegi kabul edilebilir.

Tektonik  unsurlarin  egemen oldugu

karisiklar, agwrliklt olarak Alpin kenetlerine
yakin yerlerde, olistostromal karisiklar ise kenet
kusaklarinin kuzey ya da giiney kesimlerinde yer
alirlar. Ornegin Toros Platformu nun metamorfik
olmayan eksenine, yani goreli otoktona yakin olan
yerlerde olistostromal karisiklar ve aktarilmis olan
ofivolitler egemendir. Buna gére, Alpin ofiyolitik
birimlerin yerlesme mekanizmasi, sz konusu
kenet kusaklar:t boyunca kimi yerlerde kuzeye ve
giineye bakan bindirmelerin varligi gozetildiginde
bir cicek yapisuim gésterir. Ancak daha sonra
gelisen deformasyona ve erozyona iligkin siiregler
nedeniyle giiniimiizde bu ¢icek yapisimin tiimiinii
gormek miimkiin degildir.
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Tandogan 06100 Ankara
A. Hiisnl Hiisniioglu MTA Genel Midiirliigii, Jeolojik Etiidler Dairesi, 06520 Ankara

(e-posta: husnu56@mta.gov.tr)

oz

Oz, ¢alisma hakkinda bilgi verici bir icerikle (calismanin amaci, elde edilen baslica sonuglar) ve 300 kelimeyi asmayacak
sekilde hazirlanmalidir. Ozde kaynaklara atifta bulunulmamalidir. Ozler, hem Tiirkge hem, Ingilizce olarak verilmelidir. Tiirkge
hazirlanmis yazilarda Oz'den sonra "Abstract" (italik) yer almali, Ingilizce yazilarda ise italik yazilmis Tiirkce Oz Abstract't
izlemelidir.

Anahtar Kelimeler

Oz ve Abstract'm altinda en az 2, 7 kelimeyi asmayacak sekilde ve yazinin konusunu yansitan anahtar kelimeler Tiirkce ve
Ingilizce olarak verilmelidir. Anahtar kelimeler, alfabetik sirayla kiigiik harfle (ilk anahtar kelimenin ilk harfi biiyiik) yazilmali ve
aralarina virgiil konmalidir. Teknik Not ve Tartigma tiirli yazilarda anahtar kelimelerin verilmesine gerek yoktur.

EXTENDED SUMMARY/GENISLETILMIiS OZET

Genisletilmis 6zet 2500 kelimeyi gegmemelidir. Ancak makalenin 6z/abstract kismindan daha genis hacimli olmalidir.
Genisletilmis 6zet kisminda yeni bir sekil ve ¢izelge verilmemelidir. Ancak makalede kullanilan sekil ve ¢izelgelere bu kisimda
atif yapilabilir. Ayni sekilde, makale iginde atif yapilan kaynaklara da gerektirdiginde bu kisimda atif yapilmalidir.

KATKI BELIRTME

Katkt belirtme, kisa olmali ve tesekkiir edilecek olanlar galismaya en onemli katkiy1 saglayan kisilerin ve/veya
kuruluslarin adlartyla sinirlandirilmalidir. Tesekkiir edilecek kisilerin acik adlari unvanlari belirtilmeksizin verilmeli, ayrica bu
kisilerin gorevli olduklari kurum ve kuruluglarin adlar1 da eklenmelidir.

DEGINILEN BELGELER
(asagidaki ornekler ile kesinlikle uyumlu olmalidir)
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(a) Siireliyaywmnlar :
Hoek, E. ve David, M., 1990. Estimating Mohr - Coulomb friction and cohesion values from Hoek - Brown failure
criterion. International Journal of Rock Mechanics, 27(3),220 - 229.

Yazar ad(lar)1, Tarih. Makalenin basligi. Stireli Yayinin Ad1 (kisaltilmamas), Cilt No. (Say1 No.), sayfano.

(b) Bildiriler:
Unal, E., Ozkan, 1. ve Ulusay, R., 1992. Characterization of weak, stratified and clay bearing rock masses. ISRM
Symposium: Eurock'92 - Rock Characterization, Chester, U.K., 14-17 September 1992, J.A.Hudson (ed.), British Geotechnical
Society, London, 330-335.

Yazar ad(lar1)1, Tarih. Bildirinin basligi. Sempozyum veya Kongrenin Adi, Editor(ler) varsa, Basimevi,
Cilt/Say1 No. (birden fazla ciltten olusuyorsa), Diizenlendigi Yerin Adi, sayfa no.

(¢) Kitaplar:
Goodman, R.E., 1988. Introduction to Rock Mechanics. John Wiley and Sons, New York, 562 s.
Ketin, 1. ve Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaas1, Giimiissuyu, Say1:869, 520 s. Yazar ad(lar1)1, Tarih. Kitabin Ad1 (ilk
harfleri biiyiik). Yayimnevi, Basildig1 Sehrin Ad, sayfa sayist.

(d)  Raporlarve Tezler:
Demirok, Y., 1978. Mugla-Yatagan linyit sahalari jeoloji ve rezerv 6n raporu. MTA Derleme No:6234, 17 s
(yaymlanmamis).

Soénmez, H., 1996. TK.1.-E.L.1. Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi igindeki sevlerin durayliligmin
degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii., Ankara, Yiiksek Miithendislik Tezi, 99 s (yaymnlanmamis).

Yazar ad(lar)i, Tarih. Raporun veya tezin bashigi. Kurulusun veya Universitenin Adi, Arsiv No. (varsa), sayfa sayist
(yaymlanip,yayinlanmadigi)

(e) Kisisel Goriisme:
S6zbilir, H.,2005. Personal communication. Geological Engineering Department of 9 Eyliil University, Izmir, Turkey.

(0 Internetten Indirilen Bilgiler:
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005. Kurumun Adi , Tarih. Web
adresi, Web adresine girildigi tarih.

Tiirkge kaynaklar dogrudan Tiirkce olarak verilmeli ve Tiirkge karakterlerle yazilmalidir.

Esitlikler ve Formiiller

Matematiksel semboller ve formiiller el yazisiyla yazilmamalidir. Esitlik numaralart esitligin hizasinda ve sag kenarina
dayandirilarak birbirini izleyen bir sirayla parantez iginde, ayrica esitliklerdeki sembollerin anlami makalede ilk kez
kullanildiklari esitligin altinda verilmelidir.

Burada; makaslama dayanimi, c kohezyon, normal gerilme ve igsel siirtiinme agisidir". Esitliklerde kullanilan alt ve Gist
indisler belirgin sekilde ve daha kiigiik karakterle yazilmalidir (6rnegin; Id, x2). Karekok isareti yerine parantezle birlikte {ist indis
olarak 0.5 kullanilmalidir (6rnegin; cmass = s0.5). Carpim islemini gostermek i¢in herhangi bir isaret kullanilmamali, ancak
gerekli durumlarda "*" isareti tercih edilmelidir (6rnegin; y= 5*10-3). Bolme isareti olarak yatay ¢izgi yerine "/" isareti
kullanilmalidir. Kimyasal formiillerde iyonlarin gdsterilmesi amaciyla Ca++ ve CO3- - yerine Ca2+ ve CO32- tercih edilmelidir.
Metinde esitliklere "esitlik (1)" seklinde atifta bulunulmalidir. Gerekiyorsa, bilgisayar programu listeleri de net ve okunur sekilde
ekte verilmelidir.



Ayrica makalelerin gonderildigi, asagidaki editdriin e-mail adresine de mesaj ile mutlaka bildirilmelidir.

E-posta: Orhan TATAR orhantatar@cumhuriyet.edu.tr
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YAYIMA KABULEDIiLEN MAKALELERIN SUNUMU

Yazarlar, makalelerinin yayima kabulii halinde, makalenin diizeltilmis son kopyasini orijinal ¢iktistyla birlikte CD'ye de
kopyalayarak (metin, ¢izelgeler ve tablolar) Editor'e gondermelidir. Levhalar iyi kalitede basilmis olarak génderilmelidir. Metin,
cizelgeler ve sekiller elektronik ortamda (internet araciligiyla) gonderilmemelidir. Makaleler WORD ile hazirlanmalidir. Diskin
tizerinde yazarlarin adlari, kullanilan yazim programinin adi ve versiyonu, makalenin basligi ve dosyanin adi belirtilmelidir.
Levhalar harig, tiim sekiller Corel Draw ile hazirlanmalidir. Bununla birlikte, sekillerin 300 dpi'dan az olmamak kosuluyla JPG
dosyalari da gonderilmelidir.

PROVABASKILAR

Makalelerin prova baskilari, dizgi ve yazim hatalariin olup olmadiginin kontrolu i¢in Bagvurulacak Yazar'a gonderilir.
Prova baskilarda yapilacak diizeltmeler yazim hatalari ile sinirlt olup, yazarlarin makaleyi kabul edilmis son halinden farkli bir
duruma getirebilecek degisiklikler ve diizeltmeler yapmasi kabul edilmez. Prova baskilar, yazarlar tarafindan alindiktan sonra en
geg li¢ giin icinde Editdr'e gonderilmelidir. Gecikmeli olarak yapilacak diizeltmelerin baskiya verilmesi garanti edilmeyecegi igin,
yazarlarin prova baskilari géndermeden ¢ok dikkatli sekilde kontrol etmeleri 6nerilir.

AYRIBASKILAR
Makalenin onbes ayr1 baskisi, makalenin basildig1 say1 ile birlikte {icretsiz olarak Basvurulacak Yazar'a génderilir. flave
ayr1 baski talep edilmemelidir.

TELIFHAKLARI

Yazar veya Bagvurulacak Yazar (birden fazla yazarli makalelerde), kendisi ve diger yazarlar adina "Telif Hakki Devir
Formu'"nu makalenin baskiya verilmesinden dnce imzalamalidir. Bu sézlesme, Jeoloji Mithendisleri Odasi'na yazarlar adina telif
hakkr alinmis yayinlarii koruma olanagi saglamakla birlikte, yazar(lar)in makalenin sahibi olma haklarindan vazgegtigi anlamina
gelmemektedir. Telif Hakki Devir Formu, en kisa siirede Editor'e gonderilmelidir. Bu form Editor'e ulastirilincaya degin, makale
yayina kabul edilmis olsa bile, baskiya génderilmez.
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Preparation of Manuscripts
The language of the GEOLOGICAL BULLETIN OF TURKEY is both Turkish and English. For manuscripts submitted in

English "Genisletilmis Ozet", for manuscripts submitted in Turkish "Extended Summary" should be given. If the author(s) are
residents of a non-Turkish speaking country, titles, abstracts, and captions of figures and tables are translated into Turkish by the
Editors. It is strongly recommended that authors whose native language is not English, should ask a person whose native language
is English to check the grammar and style of manuscript before submission. Papers should be original and comprise previously
unpublished research, interpretations, or synthesis of two, or technical notes. Submission implies that the manuscript is not
currently under consideration for publication elsewhere.
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Manuscripts should generally be structured as follows:

Title (English and Turkish)

Names of authors (bold and in capital), their affiliations (italic and lower-case) and the name and
E-mail address of the corresponding author.

Abstract (English and Turkish)

Key words (English and Turkish)

Introduction (aim, content and methodology)

Main text (methods, material studied, descriptions, analyses etc.)
"Results and Discussion or ""Conclusions and Recommendations"
"Extended summary" /" Genisletilmis 6zet"

Acknowledgements (if necessary)

References

Tables

List of figure captions

Figures

Plates (if any)

The various levels of headings used in the manuscript should be clearly differentiated. All headings should be in left-

aligned. Major headings should be bold capitals. Secondary headings should be considered as sub-headings. Primary- and
secondary-subheadings should be given in lower-case and tertiary headings in italics. Headings should not be preceded by
numerals or letters. Manuscripts (abstract, main text, acknowledgments, references, appendices and figure captions) should be
typed on one side of the paper (A4 size: 29.7 cm x 21 cm) with wide margins (at least 2.5 cm) and 1.5 line-spaced throughout, at a
fontsize of 12 point (Times New Roman) and with all pages numbered.

Examples for headings:
ABSTRACT
INTRODUCTION
PRIMARY HEADING
Primary Sub-Heading
Secondary sub-heading
Tertiary sub-heading
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CONCLUSIONS
EXTENDED SUMMARY
ANCKNOWLEDGEMENTS
REFERENCES

Cover Page
A cover page, separate from the main manuscript, must include the followings:
a. Title ofthe paper
b. Name(s) ofauthor(s) (full forenames should be given)
c. Full postal and E-mail addresses of all authors (the corresponding author should be indicated). Fax and phone numbers for
the corresponding author should also be provided.

Title and Authors

The title of the paper should unambiguously reflect its content. If the paper is written in Turkish, the Turkish title (in bold-
face type and first letter of the words capital) should be followed by the English title (italic and first letter of the words capital). If the
paper is in English, the English title should appear before the Turkish title in the style mentioned above.

The information related with authors should be given as follow:

Ahmet Ahmetoglu Ankara University, Engineering Faculty, Jeological Engineering Department,
Tandogan 06100 Ankara
A. Hiisnii Hiisntioglu MTA Genel Miidiirliigi, Jeolojik Etiidler Dairesi, 06520 Ankara

(e-posta: husnu5S6@mta.gov.tr)

Abstract

The abstract not exceeding 300 words should be informative (aim of the study and main conclusive remarks). It should not
contain references. The Abstract should be given in both Turkish and English. If the paper is written in Turkish, an English abstract
(in italics) should follow the Turkish abstract, while a Turkish abstract (in italics) should appear after the English abstract in papers
written in English.

Key Words

The abstract should include minimum 2, and not more than 7 key words which reflect the entries the authors would like to
see in an index. Key words should be given in both Turkish and English. Key words should be written in lower-case letters,
separated by commas, and given in alphabetical order. For Technical Notes and Discussions, key words should not be provided.

EXTENDED SUMMARY/GENISLETILMIS OZET
The extended abstract should not exceed 2500 words. But it must be more bulky than abstract. The new figure or table
should not be given. But reference can be given to figures and tables present in main text.

ACKNOWLEDGEMENTS
Acknowledgements should be brief and confined to persons and organizations that have made significant contributions.
Please use full names without titles and indicate name(s) of the organization(s) of the person(s) acknowledged.

REFERENCES
All references cited in the text, and in captions of figures and tables should be presented in a list of references under a
heading of "REFERENCES" following the text of the manuscript.

Examples of layout of references
(a) Journals:
Hoek, E. ve David, M., 1990. Estimating Mohr - Coulomb friction and cohesion values from Hoek - Brown failure
criterion. International Journal of Rock Mechanics, 27(3), 220 - 229.
Author(s), Date. Title of paper. Full Name of Journal, Vol. (No), pages.



Geological Bulletin Of Turkey: Instructions for Contributors

(b) Proceedings and Abstracts:
Unal, E., Ozkan, 1. ve Ulusay, R., 1992. Characterization of weak, stratified and clay bearing rock masses.
ISRM Symposium: Eurock'92 - Rock Characterization, Chester, U.K., 14-17 September 1992,
J.A.Hudson (ed.), British Geotechnical Society, London, 330-335.

Author(s), Date. Title of paper. Title of Symposium or Congress, Name of Editor(s), Name and Location of Publisher, Vol.
(ifany), pages

(¢c) Books:
Goodman, R.E., 1988. Introduction to Rock Mechanics. John Wiley and Sons, New York.
Ketin, I. ve Canitez, N., 1972. Yapisal Jeoloji. ITU Matbaas1, Giimiissuyu, Say1:869.
Author(s), Date. Name of Book. Name and Location of Publisher

(d) Unpublished Reports and Thesis:
Demirok, Y., 1978. Mugla-Yatagan linyit sahalar1 jeoloji ve rezerv 6n raporu. MTA Derleme No:6234. (yayinlanmamis).
[Author(s), Date. Title of report. Name of Organization, Report No., Name of City (unpublished). ]
Sénmez, H., 1996. T.K.I.-E.L.1. Soma Linyitleri agik isletmelerinde eklemli kaya kiitlesi icindeki sevlerin durayliliginin
degerlendirilmesi. Hacettepe Universitesi Fen Bilimleri Enstitiisii., Ankara, Yiiksek Miihendislik Tezi, 99 s
(yaymlanmamus).
Author, Date. Title of thesis. Type of Thesis (MSc or PhD), Name of University or Institution, City, Country (unpublished).

(e) Personal Communications:
Sézbilir, H., 2005. Personal communication. Geological Engineering Department of 9 Eyliil University, Izmir, Turkey.

(f) Information Downloaded from the Internet
ERD (Earthquake Research Department of Turkey), 2005. http://www.gov.tr, 3 April 2005. [Name of the Organization,
Date. Web address, date of access to website. ]

Turkish references can also be given directly in Turkish. For such references please use Turkish characters.

Mathematical Expressions

Mathematical symbols and formulae should be typed. Equation numbers should appear in parentheses at the right-hand
side of the equations and be numbered consecutively. For Greek or other non-Roman letters, identify the symbol in words in the
left-hand margin just below the equation the first time it is used. In addition, the meaning of symbols used in equations should be
given below the equations. "

Where is the shear strength, ¢ is cohesion, is normal stress and, is internal friction angle." Subscripts and superscripts
should be given clearly and written in smaller character (e.g. Id, x2). Instead of square-root symbol, an indice of 0.5 should be used
(e.g. y=5x0.5). For the of multiplication sign do not use any symbol, however if necessary, the symbol "*" can be preferred (e.g.
y=5%10-3). Please use "/" for division instead of a horizontal line between numerator and denominator. In the expression of
chemical reactions, ions should be given as Ca2+ and CO32- (not Ca++ and CO3--). In the text, equations should be referred to as
equation (1). Computer program listings, if appropriate, must be very clear in an Appendix.

Tables

Tables with their titles should not exceed the printed area of the page (15.8 cm (wide) x 22.5 cm (deep)) and be numbered
consecutively. Both Turkish and English titles should appear at the top of a table (do not print table captions on a separate sheet). If
the manuscript is written in Turkish, English title in italics should follow the Turkish title. For manuscripts in English, a Turkish
title should appear below the English title in italics. They should begin "Table 1." etc. Tables should be referred to as Table 1 or
Tables 1 and 2 (if more than one table is referred to). Tables can be written in a font size smaller than that of the text (10 or 11 point).
Tables should be arranged to fit single column (7.3 cm wide) or double column (15.8 cm wide). No vertical rules should be used.



After submitting of the manusctript, the e-mail message must be sent to the editor.

E-posta: Orhan TATAR orhantatar@cumbhuriyet.edu.tr



Geological Bulletin Of Turkey: Instructions for Contributors

be restricted to typesetting errors, change or corrections that constitute departures from the article are not accepted. Proofs should
be returned to the Editor within 3 days of receipt. Please note that the authors are urged to check their proofs carefully before return,
since the inclusion of late corrections cannot be guaranteed.

REPRINTS
Fifteen reprints and a copy of the issue are supplied free of charge. They are sent to the corresponding author. Additional
reprints must not be ordered.

COPYRIGHT

The author or corresponding author on behalf of all authors (for papers with multiple authors) must sign the "Copyright
Transfer" agreement before the article can be published. This transfer agreement enables the Chamber of Geological Engineers to
protect the copyrighted material for the authors, but does not relinquish the authors' proprietary rights. The Copyright Transfer
form should be sent to the Editor as soon as possible. Manuscripts accepted for publication will not be sent to print until this form is
received by the Editor.
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