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0z

Dogu Toroslarda bolgesel olarak 6nemli olan Kuluncak (Malatya) ofiyoliti,
manto tektonitleri, ultramafik-mafik kiimiilatlar, izotrop gabrolar, levha dayk
kompleksi, plajiyogranit, volkanik kompleks ve pelajik ortii sedimanlarindan
olugsmaktadir. Ofiyolit istife ait mafik kiimiilatlar Hekimhan bolgesinde gozlenmekte,
olivinli gabro ve gabro kayagclari ile temsil edilmekte, mezokiimiilat ve ortokiimiilat
doku sunmaktadirlar. Kiimiilat kayaglar i¢indeki minerallerin kristallenme sirasi
olivin (FO 63.7—86.9):‘:1(1‘01’11 spinel, klinopiroksen (En41_01,55_43, FS4_2,14_29, W035_84,
482), plajiyoklaz (Anzs4 9367) Ve ortopiroksen (Enes:isssi, FSises 2147, WO0p73-
1.85)’den olusmaktadir. Kiimiiliis ve postkiimiiliis minerallerde 6énemli bir zonlanma
gozlenmemektedir. Mafik kiimiilatlar igerisinde yiikksek anortit igerikli
plajiyoklazlarin (Anz3 4 9367) varligt okyanusal kabuk gelisimi sirasindaki sulu ortami
isaret etmektedir. Magnezyumca zengin olivin (Mg#s336-8675), Klinopiroksen
(Mg#74.96 92.09) Ve ortopiroksen (Mg#:755 8433) OKyanus i¢i dalma-batma zonu
listiinde olusan ofiyolitlerin dzelliklerini yansitmaktadir. Tiim bu veriler ofiyolitin I¢
Toros okyanusunun Geg Kretase’de kapanmasi esnasinda okyanus i¢i dalma-batma
zonu lizerinde olustugunu belirtmektedir.

Anahtar kelimeler: Ofiyolit, Kiimiilat, Petrografi, Jeokimya, Mineral Kimyasi.

Damsman: Yrd.Dog.Dr. Utku BAGCI, Mersin Universitesi Jeoloji Miihendisligi
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THE PETROGRAPHY AND GEOCHEMISTRY OF CUMULATES FROM
OPHIOLITIC ROCKS IN HEKIMHAN (MALATYA) REGION

Murat CAMUZCUOGLU

ABSTRACT

The regionally important Kuluncak (Malatya) Ophiolite in the Eastern
Tauride, composed of mantle tectonites, ultramafic-mafic cumulates, isotropic
gabbros, a sheeted dike complex, plagiogranite, extrusives and pelagic cover
sediments. The mafic cumulates of the ophiolite suite are observed in Hekimhan
region, represented by olivine gabro and gabbro, displaying mesocumulate and
orthocumulate textures. The crystallization order for the cumulate rocks is olivine
(FOg3.7-86.9)chromian spinel, clinopyroxene (ENaio1s543, FSa2-1429, WO3584 452),
plagioclase (An73.¢93_67) and orthopyroxene (En75_31,33.51, FSi5.68-21.47, W00.73,1,85). The
cumulus and postcumulus minerals do not show significant zoning. The presence of
anorthite-rich plagioclases (Anzszsg367) In the mafic cumulate rocks indicates
hydrous conditions at the time of oceanic crust generation. Highly magnesian olivine
(Mg#s336-86.75), clinopyroxene (Mg#74.06 92.09), Orthopyroxene (Mg#:7.55 8433) and
their coexistency in the cumulate gabbroic rocks are indicative of suprasubduction
zone environment. All the evidences suggest that the ophiolite were formed in a
suprasubduction zone tectonic setting during the closure of the Inner Tauride in Late
Cretaceous.

Key Words: Ophiolite, Cumulate, Petrography, Geochemistry, Mineral Chemistry.
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1. GIRIS

Tiirkiye’nin jeolojisi Tetis okyanusunun evrimi ile ilgili olup, Tetis
okyanusu; birbirleri ile es zamanda devamlilik sunan Paleotetis ve Neotetis
okyanusal havzalarindan olusmaktadir [Sengér ve Yilmaz 1981; Ustadmer ve
Robertson 1994; Okay, 2000; Stampfli, 2000; Robertson vd., 2004]. Anadolu levhasi
metamorfik masifler ve/veya platform karbonatlar1 arasinda D-B yoniinde yer alan
Neotetis okyanusal havzalarinin kalintilarini igerisinde barindirarak Alp-Himalaya
orojenik kusaginin onemli bir parcasini olusturmaktadir. Neotetis evrimi igerisinde
Oonemli bir yere sahip olan bu okyanusal havzalarin kalintilar1 tavandan tabana dogru
ofiyolitler, ofiyolit taban1 metamorfikleri ve ofiyolitli melanjlar ile temsil edilirler
[Dilek ve Moores, 1990; Parlak, 1996; Floyd vd., 2000; Robertson, 2002]. Neotetis,
kuzey ve giliney kol olmak tiizere iki adet okyanusal basenden olugsmaktadir [Sengor
ve Yilmaz 1981].

Neotetis’in kuzey kolu Izmir-Ankara-Erzincan zonu, i¢ Toros okyanusu ve
Intra Pontidleri, giiney kolu ise Bitlis-Zagros Kenet kusagini kapsamaktadir (Sekil
1.1). Neotetis okyanusunun Geg Kretase doneminde kapanmaya baslamasiyla, kuzey
ve gliney koluna ait ofiyolitler kita {izerine bindirmislerdir [Seng6r ve Yilmaz 1981;
Robertson ve Dixon 1984; Yilmaz vd., 1993; Robertson 2000; Robertson vd., 2006].
Tiirkiye’deki Neotetis ofiyolitleri okyanus i¢i dalma-batma zonu (suprasubduction
zone) lizerinde olusmus ofiyolit tipinde olmakla birlikte, olusumlar1 ve yerlesmeleri
sirasinda birbirleriyle uyumlu seri olustururlar [Yaliniz vd., 1996; Parlak vd., 1996,
2000, 2002; Robertson, 2002; Parlak vd., 2004; Vergili ve Parlak, 2005; Bagci vd.,
2005, 2006, Rizaoglu vd., 2006; Bagc1 vd., 2008; Bagci ve Parlak, 2009; Parlak vd.,
2009; Sarifakioglu vd., 2009; Dilek ve Thy, 2009].

Yiiksek Lisans tez konusu olarak segilen bu ¢alismanin amaci, Hekimhan
(Malatya) civarinda yiizeylenen ofiyolitik kayaclara ait kiimiilat kayaglarin yapisal,
petrografik ve jeokimyasal Ozelliklerini incelemektir. Kiimiilat kayaclarinda
gozlenen siiniimlii deformasyon, ¢apraz tabakalanma, kivrimlanma ve akma yapilari,
petrografik 6zellikleri, fazlarinin kristallenme siras1 ve kimyasal 6zellikleri, yayillma

merkezi altindaki magma odast hakkinda bilgi verecektir. Magma odasinin
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buytikliigii, sicakligi ve basinci kiimiilatlarin olustugu tektonik ortami ve olusum

kosullarini ortaya ¢ikaracaktir.

24° 28° 32° 36° 40° a0 46°
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o Som — -
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Sekil 1.1. Tiirkiye ve yakin ¢evresinin tektonik birlikleri [Okay ve Tiiysiiz, 1999].

Dogu Toroslar icerisinde yer alan ve c¢aligsma alan1 olarak secilen Hekimhan
bolgesi (Sekil 1.2), Malatya-Sivas karayolu iizerinde, Sivas’a 167 km, Malatya’ya 78
km uzakliktadir. Doguda Arguvan, batida Kuluncak ve Ayvali, kuzeyde Hasangelebi,
gineyde Yazihan ile cevrili olan Hekimhan’da yilikleme bosaltma yapilabilen
Tirkiye Cumhuriyeti Devlet Demir Yollarina (TCDD) ait bir istasyon
bulunmaktadir.

Calisma alaninda Dogu Anadolu Bolgesi genelinde hiikiim siiren karasal
iklim egemendir. Yazlar sicak ve kurak, kislar1 soguk ve yagish geg¢mektedir.
Bolgede Ust Kretase yash killi birimler {izerinde, dar bir alanda tarim yapilmaktadir.
Yerel olarak kisa boylu agac topluluklar1 goriilmektedir. Baslica gecim kaynagini
tarim, hayvancilik, bahgecilik olugturmaktadir.

Calisma alan1 genellikle diisiik engebelidir. Engebenin yiiksek oldugu yerler
yaklagik olarak dogu-bati gidislidir. Yiiksek dag siralari genellikle karbonathi ve
volkanik birimlerin, nispeten daha alcak alanlar ise kirintili ¢okellerin yiizeylendigi

kesimlere karsilik gelir. Baglica yiikseltiler; Saytepe (1481), Ellezinkir1 Tepe (1434),
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Kizilca Tepe (1461 m), Hasar Tepe (1423 m), Kertme Tepe (1411), Kizilca Tepe
(1362 m), Kayabasi Tepe (1355 m), Efintikaya Tepe (1286 m), Atagogluevsiinii
(1256 m), Yarikkaya Tepe (1171 m) dir. Calisma alani igerisinde yaz ve kis aylarina
bagl olarak sulu ve kuru dereler bulunmaktadir. Baslica aktif olan dereler; Kara

Dere, Karamahmudun Dere ve Kesikk&prii Cayidir.
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Sekil 1.2. Calisma alaninin yer bulduru haritas1 [Karayollar1 Genel Midirliigi 8.
Bolge Karayollar1 haritasindan sadelestirilerek].




Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bélgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,
Yiiksek Lisans Tezi, Mersin Universitesi

2. KAYNAK ARASTIRMALARI

Kaynak arastirmalari; ofiyolit kavraminin tanimlandigi, kiimiilat kayagclar ile
ilgili calismalarin belirtildigi “ofiyolit” ve ¢alisma alani ile yakin ¢evresinde yapilan
onceki ¢aligmalar hakkinda bilgilerin verildigi “Onceki ¢caligmalar” seklinde iki baglik

altinda toplanmustir.

2.1. OFIYOLIT

Ofiyolit Yunanca bir kelime olup “ofics” yilan, ofiyolit yilantagi anlamina
gelmektedir. Ilk kez Steinmann {igliisii olarak tanimlanan ofiyolitler, serpantinit,
yastik lavlar ve radyolaritlerden (¢ortler) olusan bir kaya¢ toplulugu olarak
tanimlanmistir [Steinmann, 1927]. 1972’de Amerika Jeoloji Toplulugu (GSA)
tarafindan diizenlenen Penrose konferansinda ofiyolit, mafik ve ultramafik
kayacglardan olusan belirgin bir kaya¢ topluluguna verilen bir isim olarak
belirlenmistir [Anonymous, 1972]. Eksiksiz bir ofiyolit alttan iistte dogru su kayac
tiirlerinden olugmaktadir [Sekil 2.1].

1. Ultramafik karmasik: Harzburjit, lerzolit, diinitin ¢esitli oranlarda
bulundugu, genellikle metamorfik tektonit fabrikli az veya ileri derecede
serpantinlesme gosteren kisim.

2. Gabro karmagigi: Ultramafik birime oranla daha az deforme olmus,
genellikle kiimiilat yapili, peridotitik kiimiilatlar ve piroksenitler iceren kisim.

3. Mafik levha dayk karmasig:.

4. Mafik volkanik karmasik: Genellikle yastik yapili.

Bu birimlerle bulunan diger kayag tiirleri,

a. Ortii sedimanlar1: Genellikle radyolaryali ¢ortler, ince seyl ara tabakal1 az
miktarda kirectaslari.

b. Genellikle diinit ile ¢evrili podiform kromit kiitleleri.

c. Sodik felsik intriizif ve ekstriizif kayaglar.

Genel Kkural olarak siralanan bu birimlerin tiimii her zaman bulunmayabilir.
Boyle olunca kismi, pargalanmis veya tam olmayan ofiyolitten, eger belirgin olciide

bir metamorfizma s6z konusu ise baskalagmis ofiyolitten séz edilebilir. Ofiyolit
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terimi ile es anlamli kullanilan diger isimler yesil kayaclar, ofiyolit toplulugu,
ofiyolit birligi veya ofiyolit kompleksidir. Ofiyolit topluluguna ait birimlerin tektonik
hareketlerle tamamen karismasi, normal dizilimin kismen veya tamamen bozulmasi,

karmakarigik olmasina ofiyolitik melanj adi verilir.

Okyanusal | Ofiyolit
Kabuk

Litoloji Tabakalar Ortalama P dalga
kalnhk (km) | iz (km/s)

1 ~0.3 0.5 1.7-2.0
2A & 2B 0.5 0.5 2.0-5.6

Lovhn Dyl A l{f IL,”{J/’ I” 2C 10-15| 1.5 6.1
Romplelst Wi R b

Derin Deniz Sediman

Yastik Lavlar (Bazalt)

Gabro 3A
2-5 4.7 7.1
Tabakali Gabro 3B
Tabakah Peridotit
4 7< 8.1
Tektonit
Peridotit

Sekil 2.1. Eksiksiz bir ofiyolit diziliminin alttan iistte dogru siralanis1 [Brown ve
Mussett, 1993 degistirilerek].

Ofiyolitler ozellikle levha dayk kompleksinin bulunusuna bagli olarak,
okyanus ortasi sirtlarda olugsmaktadir [Gass, 1967; Coleman, 1971; Dewey ve Bird,
1971]. Ofiyolitler okyanusal litosferin (list manto ve okyanusal kabuk) parcalari
olmakla birlikte eski kenet kusaklar1 veya plaka smirlarinin taninmasinda yardime1
olmaktadirlar.

Ofiyolitler i¢ yapilari, jeokimyasal ve bolgesel tektonik ozelliklerine gore
okyanus ortasi sirt ofiyolitleri (MORB) ve dalma-batma zonu {istii ofiyolitleri (SSZ)
olmak tizere siiflandirilmistir [Pearce vd., 1984; Shervais, 2001; Robertson, 2002;
Saccani ve Photiades 2004; Arai vd., 2006; Pearce, 2008]. Ofiyolitler en son yapilan
bir calisma ile [Dilek ve Furnes, 2011] yitim ile iligkili ve yitim ile iligkili olmayan
seklinde siiflandirilmistir. Yitim ile iligkili ofiyolitler yitim zonu ve volkanik yay

ofiyolitleri, yitim ile iliskili olmayan ofiyolitler ise kita kenar1 (CM), okyanus ortasi
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sirt (MOR), manto yiikselmesi (P) ofiyolitleri olarak smiflandirilmistir. Dalma-batma
zonu Ustli (SSZ) ofiyolitleri ise yay gerisi, yay onii (BA-FA), yay onii (FA),
okyanusal yay gerisi (OBA) ve kitasal yay gerisi (CBA) ofiyolitleri olarak
siniflandirilmastir.

Kiimiilat terimi ilk defa Wager [Wager, vd., 1960], tarafindan “kristalleri
cokerek birikmis magmatik kayaglar” belirlemek i¢in kullanilmistir. Kiimiilat
kayaglar1 esas olarak iki tiir kristal i¢erirler. Magmadan itibaren kristallerin devamli
bir sekilde ¢okerek birikmesiyle olusmus kayaglarda, kristalleserek ¢oken kisim. Bu
biriken kristaller kiimiiliis kristalleri olarak tanimlanmaktadir. Digeri ise gozenek
stvist olarak ifade edilen “interkiimiiliis siv1” ve bu sivinin kristallesmesiyle olusan
interklimiiliis (post kiimiiliis) malzemedir [Wager vd., 1960; Jackson, 1971].
Kiimiilat doku tiirleri ortokiimiilat (post kiimiiliis mineraller % 25-50), adkiimiilat
(post kiimiiliis mineraller % 0-7), mezokiimiilat (post kiimiiliis mineraller % 7-25),
heteradkiimiilat (pokilitik doku) olarak tanimlanmaktadirlar [Irvine, 1987].

Tiirkiye’nin Neotetis evrimi igerisinde 6nemli bir yere sahip olan ofiyolit
masifleri ve ultramafik-mafik kiimiilat kayaglari hakkinda bugiine kadar birgok
calisma yapilmistir [Juteau, 1980; Delaloye vd., 1980; Juteau ve Whitechruch, 1980;
Yaliniz vd., 1996; Parlak vd., 1996, 2000, 2002; Bagci, 2004; Bagci vd., 2005; Bagci
vd., 2006; Sarifakioglu vd., 2009; Parlak vd., 2009].

2.2. ONCEKI CALISMALAR

Calisma alan1 ve yakin cevresinde daha Once yapilmis olan caligmalar,
Ozellikle bolgenin stratigrafisi ve maden yataklarina yonelik caligmalar seklindedir.

Kovenko [1940], “Hasangelebi mintikasi demir yataklar1” adli calismasinda,
bolgedeki ¢okel birimlerin bir kisminin temellerinin serpantinitlerle birlikte ojitli bir
gabro masifi oldugunu savunmustur. Devecikdy demir yatagindaki cevherlesmenin,
gabro ve siyenitlerle rudistli kalkerlerin dokanaginda olustugunu, yatagin bir demir
sapka oldugunu belirtmistir.

Stechepinsky [1944], Malatya bolgesinin Hekimhan yoresinde, 6zellikle
Rudistli kiregtaglarinin yasi ile ilgili yapmis oldugu ¢alismalarda, kirectaglarini hem

Maestrihtiyen hem de Kampaniyen’e ait olabilecegini ileri stirmiistiir.
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Gattinger [1957], Hekimhan’daki ofiyolitlerin Ust Kretase yash filislerin
tabaninda bulunduguna deginmistir.

Yilmaz [1960], Deveci ve Karakuz yoresinde demir arama ¢aligsmalarinda,
Deveci cevherlesmesinin hidrotermal-metasomatik oldugunu belirtmistir.

Ayan [1961], Hekimhan-Ebreme koyii bolgesinin jeolojisini ve petrol
imkanlarini arastiran ¢calismasinda, bdlgenin genel jeolojisine deginmistir.

Jacobson vd. [1969], serpantinitleri Kretase’den geng kabul etmisler ve Ust
Kretase ile Paleosen’in gecisli olduguna deginerek, Siyenitlerin ¢ikisini Laramiyen
orojenik fazi ile ilgili oldugunu belirtmisler, volkano-sedimanter serinin bazaltlarinin
metasomatozunu, metamorfizmasini ve altere olmasini bu harekete baglamislardir.

Akkus [1971], Darende-Balaban yoresinde yaptigi calismada, ofiyolitik seri
ile Karakaya volkanitleri ve Kepez Dagi bazaltlarinin, magmatik faaliyetlerin iirtinii
olduguna deginmistir.

Yoldasg [1972], “Malatya Kuzeyinin Jeolojisi ve Petrol imkanlari” isimli
caligmasinda, bolgenin istiflenmesinde  Paleozoik-Mesozoik-Senozoik  yash
cokellerle, magmatik kayaglarin bulundugunu belirtmistir.

Coban [1973], Hekimhan dolayinda yapmis oldugu calismada, bolgede en
yash birimin, Ust Jura-Alt Kretase yasli serpantinlesmis ultrabazik kayalar oldugunu,
bunlarin iizerine Ust Kretase taban konglomerasimin diskordan olarak gozlendigini
ileri stirmiistiir.

Ozer ve Kuscu [1983], Karakuz demir yatagi cevresinde yaptiklari
caligmalarda, yatagin gilineyinde skapolitize bazik kayaglarin, kuzeyinde ise
trakitlerin goriildiigii ve bunlarin birbiriyle tektonik iliskili oldugunu belirtmislerdir.

Izdar ve Unlii [1985], Hekimhan-Hasangelebi-Kuluncak bdlgesindeki
litolojileri ii¢ gruba ayirmislardir. Alt seri, dolomitlesmis kristalize kirectaglar1 ve
yart mermerler ile serpatinitlerle yakindan ilgili olan pembe kirectaglar1 ve
radyolaritlerden olusmaktadir. Orta seri, Ust Kretase transgresyonu ile baslayan ve
Eosen’e gegen ¢esitli litolojik birimler, Ust seri ise, Tersiyer yasl gesitli alacal
dentritikleri, marn ve kirectaglari ile geng Tersiyer evaporitlerden olusmaktadir.

Bozkaya [1991], Hekimhan giineyi Ust Kretase-Tersiyer yasli sedimanter

istiftin stratigrafisini ortaya koyarak, yanal ve diisey yondeki mineralojik ve
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jeokimyasal degisimleri belirlemis, havzanin jeolojik ve paleocografik evrimini
ortaya ¢ikarmistir.

Yilmaz [1991], Hekimhan-Hasancelebi (KB Malatya) yoresi jeolojisi
magmatitlerinin  mineralojik-petrografik ve jeokimyasal incelemesi isimli
calismasinda Hekimhan-Hasancelebi Magmatitlerinin I¢ Torid okyanusu veya Kuzey
Torid okyanusu olarak tanimlanan okyanusal alanin jeolojik evrimi ile iliskili
olabilecegini belirtmistir.

Yilmaz vd. [1991], Hekimhan-Hasangelebi (KB Malatya) yoresinde
yiizeyleyen birimlerden en yashi birimi Maestrihtyen Oncesi yasa sahip olan
Kuluncak ofiyolitli karigigi olarak belirleyerek bu birimi haritalanabilir bes alt birime
ayirmiglardir. Bunlar alttan {iste dogru Karadere ultramafiti, Giliveng listveniti,
Korburun volkaniti, Maltepe gabrosu ve Giindeycik dere birimleridir.

Boztug ve Yilmaz [1992], Hekimhan-Hasangelebi yoresindeki volkanitlere
Bahg¢edami volkanitleri adini vererek volkanitlerin subalkalin-toleyitik karakterli yay
volkanizmasi iiriinii oldugunu belirtmislerdir. Bah¢cedami volkanitlerine sokulum
yapan pliitonu ise Hasangelebi granitoyidi olarak adlamislar, volkanitlerin alkali
karakterli yay gerisi bir acilmanin tirlinii, pliitonun ise siyenitoyid oldugunu ve A tipi
granitoyidlere uygunluk gosterdigi saptanmislardir.

Giirer [1992, 1994], Dogu Toros sistemi i¢inde yer alan Hekimhan-
Hasancelebi ¢evresinin stratigrafisini, Hekimhan adi verilen havzanin evrimi ve bu
havzanin bolgesel jeoloji igindeki konumu incelenmistir. Bolgenin temelini Geg
Kampaniyen’de olasilikla kuzeyden giineye aktarilan Hocalikova ofiyolitinin
olustugunu belirtmistir.

Ozdemir ve Tung [1993], Hekimhan (Malatya) ilgesinin hemen giineyinde
1/25.000’lik Malatya K39-b3 paftasinda paleontolojik ve stratigrafik caligmalar
yapmiglardir.

Girer [1996], Hekimhan yoresindeki alkali magmatik kayaclarin jeolojik ve
petrolojik incelemesini yapmis, alkali volkanik kayaclarin petrografik ve jeokimyasal
ozelliklerini ortaya koymus, bunlarin levha i¢i volkanizma {iriinii oldugunu ve
magmatiklerin Yiksekova-Baskil yayinin kuzeyinde, yay gerisi agilan Hekimhan

havzasinda gelistigini belirtmistir.



Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bélgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,
Yiiksek Lisans Tezi, Mersin Universitesi

Ugurum [1999], Divrigi ve Kuluncak ofiyolitik melanjlar1 igerisindeki
serpantinlerde gelisen listvenitlerin, serpantinitlerin diisiik dereceli hidrotermal
cozeltiler ile alterasyona ugramalari sonucunda olustugunu belirtmistir.

Yilmaz vd. [2005], Hekimhan-Kuluncak (Malatya) yoresindeki ofiyolitik
kayalarin tektonostratigrafik oOzellikleri isimli ¢alismasinda ofiyolitik kayaglari,
ofiyolitik melanj ve ofiyolitik dizi olmak iizere iki birime ayirmis ve bu dilimlerin
tektonostratigrafik konumlarini ¢aligmiglardir.

Parlak vd. [2006], Divrigi (Sivas) ofiyolit istifine ait metamorfik dilim ve
izole dayklar tizerinde yapmis oldugu petrografik ve jeokimyasal ¢aligma sonucunda,
Divrigi ofiyolitinin Ge¢ Kretase’de Toros platformunun kuzeyinde okyanus ici
dalma-batma zonu lizerinde olustugunu belirtmislerdir.

Sevimli [2009], Yazihan (Malatya) batisinda inceledigi ve tanimladigi
stratigrafide iki farkli donemde gelisen transgresif evreden bahsetmis ve Kuvaterner-
Pliyosen doneminde gelisen karasal ¢okellerin ikinci donem transgresif evrenin son
donemini temsil ettigini vurgulamigtir.

Rizaoglu vd. [2010], Hekimhan—Kuluncak (Malatya) bolgesinde gbzlenen
ofiyolitleri tanimlamis, gilineybatida Pinarbasi, kuzeydoguda Divrigi ofiyoliti ile
karsilastirilabilecegini belirtmisler, Ge¢ Kretase’de Toros platformu ve Kirsehir
blogu arasindaki I¢ Toros okyanusunda olustuklarimn ileri siirmiislerdir.

Cobankaya [2011], Hekimhan (Malatya) yoresi oligosen istifinin
sedimantolojisi adli ¢alismasinda Oligosen istifinin yersel olarak sikismali bir

tektonik rejimde karasal ortamda depolandigin belirtmistir.
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3. MATERYAL ve YONTEM

Calisma alani, Dogu Anadolu bolgesinde Malatya iline bagli Hekimhan
ilgesi ve ¢evresini kapsamakta, 1/25000 6lgekli Malatya K39-b2, b3, b4 paftasinda
yer almaktadir. (Sekil 1.2). Yiiksek lisans tez ¢alismasi; arazi oncesi biiro ¢aligsmasi,
arazi caligmasi, laboratuvar calismasi, degerlendirme ve tez yazimi olmak {iizere

birbirini takip eden dort asamada gergeklesmistir.

3.1. ARAZI ONCESI BURO CALISMASI

Hekimhan (Malatya) civarinin jeolojisi ve bdlgede yiizeylenen ofiyolitler ile
ilgili daha Once c¢esitli arastiricilar tarafindan yapilmis olan rapor ve yayinlar

derlenerek bolge ile ilgili fikir edinilmistir.

3.2. ARAZI CALISMASI

Malatya K39-b2, b3, b4 paftasinda, daha once yapilmis olan 1/25000
Olcekli temel jeoloji haritalarindan faydalanilarak, kiimiilat kayaclar tespit edilmis ve
Hekimhan ilgesinin bulundugu Malatya K39-b3 paftasinin giineyinde ylizeylenen
ofiyolitik kayaclar haritalanmigtir. Kiimiilat kayaclarm diger ofiyolitik birimler ile
olan dokanak iliskisi ayrintili olarak ortaya konmus, kiimiilat kayaglarda gézlenen
derecelenme, capraz tabakalanma, magmatik bantlasma ve magmatik laminasyon
gibi magma odas1 kosullarini yansitan yapilar ayrintili olarak irdelenmistir. Kiimiilat
kayaclarindan petrografik ve jeokimyasal ¢aligmalar i¢in 6rnek alimi ve fotograf
cekimi gerceklestirilmistir. Arazi c¢alismasi sirasinda koordinat belirlemek igin
Magellan (Triton) marka GPS (Global Yer Belirleme Sistemi) ve tabaka

konumlariin 6l¢iilmesinde Brunton tipi jeolog pusulasi kullanilmistir.
3.3. LABORATUVAR CALISMASI
Arazi caligmasi sirasinda ofiyolit birimlerinden alinan 40 adet kayag

orneginin ince kesitleri, Mersin Universitesi Miihendislik Fakiiltesi Jeoloji

10
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Miihendisligi Boliimii ince kesit atolyesinde, tas kesme makinasi, vakumlu ince kesit

makinesi ve agindirma-parlatma tezgahi kullanilarak yapilmistir (Sekil 3.1).

cyugnoaEEIAlBE
1028 8 2L pAc]as

PURCLLLL I SLLTT
JEEEENNEENg AR

Sekil 3.1. Ince kesit yapim asamalari; a) kesme, b) yapistirma, c) inceltme.

Ince kesit drnekleri, polarizan mikroskopta (OLYMPUS CX31) incelenmis,
detayli petrografik tanimlamalar1 yapilmig ve fotograf ¢ekimi gerceklestirilmistir.
Yapilan bu mikroskobik calismalar sonucunda tiim kaya¢ jeokimyasi i¢in uygun
kayac¢ Ornekleri belirlenmistir. Jeokimyasal ¢alismalar icin secilen 25 adet 6rnegin
ana-iz (major-trace) ve nadir toprak element (REE) analizleri ACME analitik
laboratuvarlarinda (Kanada) yaptirilmistir. Ana elementler ile bazi iz element
analizleri 0.2 gr 6rnek Lityum metaborat/tetraborat katilmasiyla elde edilen camin %
2'lik nitrik asit ¢ozeltisinde ¢oziindiiriilerek ICP-emisyon spektrometresi (ICP-AES)
ile Ol¢lilmiistiir. Ateste kayip degerleri (LOI) ise 1000°C’ de 1sitildiktan sonra
aradaki agirlik farki alinarak hesaplanmistir. Nadir toprak elementleri ile diger iz
elementler ayn1 yontem ile ICP-kiitle spektrometresi (ICP-MS) ile dlgiilmiistiir. Ana

oksitler ve iz elementler i¢in dedeksiyon limitleri Cizelge 3.1°de gosterilmistir.
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Cizelge 3.1. ACME analitik laboratuvarlar (Kanada) dedeksiyon limitleri

*Si0, 0.01% *Cu  0.001% **Ga 0.5 ppm **La 0.1 ppm
*TiO, 0.01% *Ni  0.001% **Zn 1 ppm **Ce 0.1ppm
*AlLO;  0.01% *Pb  0.001% **Cu 0.1 ppm **Pr  0.02 ppm
*Fe,0;  0.04% *Sr 0.002% **Ni 0.1 ppm **Nd 0.3 ppm
*MnO 0.01% *Zn  0.001% **V 8 ppm **Sm  0.05 ppm
*MgO 0.01% *Zr  0.002% **Hf 0.1 ppm **Eu  0.02 ppm
*CaOo 0.01% **Ba  5ppm **Cs 0.1 ppm **Gd 0.05 ppm
*Na,O 0.01% **Rb 0.1 ppm *Sc 1 ppm **Th 0.01 ppm
*K,0 0.01% **Sr 0.5 ppm **Ta 0.1 ppm **Dy 0.05 ppm
*P,05 0.01% **Y 0.1 ppm **Co 0.2 ppm **Ho 0.02 ppm
*Cr,O; 0.002% **Zr 0.1 ppm **U  0.1ppm **Er  0.03 ppm

*Ba 0.01% **Nb 0.1 ppm **Sn 1 ppm **Tm 0.01 ppm
*C 0.02% **Th 0.2 ppm **Mo 0.1 ppm **Yb 0.05 ppm
S 0.02% **Ph 0.1 ppm **Au 0.5 ppb **Lu  0.01 ppm

* ICP-AES; ** ICP-MS

Kiimiilat kayaclar igerisindeki olivin, piroksen, plajioklaz gibi minerallerin
kimyasal bilesimindeki degisimleri belirlemek ve magma odasiin evrimini ortaya
koymak amaciyla se¢ilen 6 adet 6rnegin parlak kesitleri Vancouver Petrographics
LTD.’de (Kanada) yaptirilmistir. Yapilan parlatilmis ince kesitlerde (polished thin
section) mineral kimyas1 (microprobe) analizleri, Hannover Leibniz Universitesi
Mineraloji Enstitiisiinde (Almanya) yapilmistir. Mineral kimyas1 analizleri (Elektron
Microprobe CAMECA SX100) sirasindaki analitik kosullar, 13 saniye hesap araligi
(Counting interval), 15 nA 151k akimi (Beam current), 15 kV ivme voltaj
(acceleration voltage) seklindedir. Kesit {izerinde analiz yapilacak mineraller
secilmis, belirli sayidaki alanlara (her bir kesit icin 5 bolge) ayrilmistir. Calisma
sirasinda  kolaylik saglamasi amaciyla segilen bu bolgeler kesit {izerinde
isaretlenmistir. Kesitler etil alkolle silinerek karbon kaplama makinasinda (Sekil 3.2)
3 saat siire ile karbona maruz birakilmis, karbon kaplanan bu kesitler grafitlenerek
Microprobe makinasinin igine yerlestirilen aparata tutturulmustur. Bu aparatla
birlikte, secilen bolgenin kolay bulunabilmesi i¢in ince kesitlerin fotokopisi
cekilmistir. Mikroprobe ekranindan secilen bolgeler {izerinde piroksenler ve
plajioklazlardan 8 nokta, olivinlerden 5 nokta segilerek toplamda 459 noktadan
mineral Kimyast yapilmistir. Mineral kimyasi yapilma asamasinda BSE (Back

Scattered Electron) goriintiileri ¢ekilmistir (Sekil 3.2).
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Sekil 3.2. Mineral kimyast (mikroprobe) analiz asamalari; a, b) karbon kaplama
asamasi, ¢) mineral kimyasi i¢in ince kesitlerin aparata tutturulmasi, d) elektron
mikroprob, e, f) degerlerin okunma agamasi.

3.4. DEGERLENDIRME ve TEZ YAZIMI

Arazi ve laboratuvar calismalari sonucunda elde edilen tiim verilerin
degerlendirilmesinde Microsoft Excel, Minpet 2.02, Triplot, Grapher 5 (Golden
Software, Inc.) bilgisayar programlari kullanilmig, sekiller ise Corel Draw 13 (Corel
Corporation) programi ile ¢izilmistir. Microsoft Word programi kullanilarak “Mersin
Universitesi Fen Bilimleri Enstitiisii Lisansiistii Tez Yazim Esaslar” yonergesine
gore "Hekimhan (Malatya) Bolgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin

Petrografisi ve Jeokimyas1" isimli yiliksek lisans tezi yazilmistir.
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4. BULGULAR ve TARTISMA

4.1. BOLGESEL JEOLOJi

Dogu Toros sistemi iginde yer alan Hekimhan (Malatya) bolgesinin temelini
Jura-Kretase yasli neritik kirectaslar1 ve Kretase yash ofiyolitik kayaglar
olusturmaktadir (Sekil 4.1). Bu birimlerin iizerine agisal uyumsuzlukla Ust Kretase
yaslt kirintili  karbonatli Hekimhan formasyonu ve es zamanli Hasangelebi
volkanikleri yer almaktadir. Bolgede Paleosen yasli siyenit ve Paleosen-Pliyosen
yasli denizel kirintili-karbonatli birimler ile karasal kirmtililar gozlenmektedir.

Piroklastik, andezit ve bazaltlardan olusan Pliyosen yasli volkanikler ile Kuvaterner

yasli aliivyon, bolgenin en geng birimini olusturmaktadir [MTA 2002].

ACIKLAMALAR Simgeler

[[@7] Pleyistosen (Karasal Kirintililar) Dokanak

Pliyosen (Bazalt, andezit, Piroklastik Birimler) E Siirtiklenim

|_Tk | Ust Miyosen-Pliyosen (Karasal Kirintililar) Tanimlanmamig Fay
| Alt Miyosen (Kirmntili-Karbonatli Birimler) [== Karayolu

Oligosen Alt Miyosen (Karasal Kirintr) L - - | Demiryolu

[ orta-Ust Bosen (Kirmtili-Karbonatl Birimler) e | Yerlesim Yeri

Alt-Orta Eosen (Karasal Kirintililar) 5km

[ Palcosen-Eosen (Siyenit) Rl

- Ust Kretase-Paleosen (Kirintililar Karbonatlar)

B Ust Kretase (Bazalt Spilit)

- Mesozoyik (Ofiyolit, serpantinit)

- Jura-Kretase (Neritik kiregtasi)

Sekil 4.1. Hekimhan (Malatya) bolgesinin jeoloji haritas1 [MTA 2002, 1/500.000
Olcekli jeoloji haritasi, sadelestirilerek].
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Hekimhan (Malatya) bolgesinde yiizeylenen ofiyolit istifine ait kiimiilat
kayaglar Ozellikle Hekimhan ilgesini i¢ine alan Malatya K39-b3 paftasinda
gozlenmektedir. Hekimhan’in gilineyinde yaklasik 75 km?lik bir alanda yapilan
detayli jeolojik haritasinda (EK 4), bdlgenin temelini yerlesim yasi Ust Kretase
oncesi olan, granitoyid tarafindan kesilen Kuluncak ofiyoliti olusturmaktadir. Ust
Kampaniyen yash ¢akiltagi-kumtasi-camurtast ardalanmali Karadere formasyonu ile
uyumsuz olarak ortiiliir. Daha iistte beyaz renkli resifal kiregtaslar1 ve kumtagi-marn-

seyl, killi kiregtasi ile son bulan Hekimhan formasyonu yer alir (Sekil 4.2).

LITOLOJI | ACIKLAMALAR

UST SISTEM

SISTEM
SERI
KAT
FORMASYON

Aliivyon

Kuvaterner

Aliivyon UYE

Uyumsuzluk

:. | Kinntili ve Karbonat

1= | Ardalanmasi
=71 =71 =71 (Kumtagi-Marn-Seyl-Killi Kiregtasi
......... 1  Ardalanmasi)

K

1

g
:_g °
c
=

UST
UST KAMPANIYEN - MAESTRIHTIYEN

Biyohermal-Biyostromal
Kiregtasi

KRETASE

MTohma kg¢t.

Cakiltasi-Kumtasi-Camurtasi
Ardalanmasi

Karadere

Uyumsuzluk
Granitoyid
—|—>Pelajik Cokeller

Kekhicek
Granitoyidi

ALT

MESOZOY

Kimiilat Gabro

Kuluncak
Ofivoliti

Tektonitler
—Tektonik Dokanak

JURA /
ALT—ORTV UsT /

Toros platform karbonatlari

Sekil 4.2. Hekimhan (Malatya) bolgesi calisma alanina ait stratigrafik dikme kesit
[Giirer, 1994 degistirilerek].
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4.1.1. Kuluncak Ofiyoliti

Hekimhan, Gilizelyurt, Hasangelebi ve Kuluncak arasinda yiizeylenmeler
gosteren ofiyolitler (Sekil 4.1), en genis yayilimin1 Kuluncak civarinda gosterdigi
i¢cin Kuluncak ofiyoliti olarak adlandirilmigtir. Ofiyolit istifi tabandan tavana dogru;
manto tektonitleri, ultramafik-mafik kiimiilatlar, izotrop gabrolar, levha dayk
kompleksi, plajiyogranit, volkanikler ve pelajik oOrtii sedimanlarindan olugmakta
(Sekil 4.3), kuvars diyorit, diyorit, granodiyorit kayaclar: tarafindan kesilmektedir
[Rizaoglu vd., 2010].

Ortii sedimanlar

Volkanik kayaclar
(Bazalt)

Levha dayk kompleksi
(Diyabaz)

)
8L

< prelededeletele] s A
2 %] lzotrop gabro

oIy . .
% %l (Gabro, diyorit)
SRS 2

Plajiyogranit

Mafik kiimiilat
(Olivinli gabro, gabro)

Ultramafik kiimiilat
(Verlit)

Kuvarsh diyorit, diyorit,
granodiyorit

Tektonitler
(Diinit, harzburjit)

Sekil 4.3. Kuluncak (Malatya) ofiyolitinin genellestirilmis stratigrafik kesiti
[Rizaoglu vd., 2010].

Calisma alaninin temelini olusturan ofiyolitin tabani ve tabaninda yer alan
kayaclar gozlenmemektedir. Darende-Giiriin, Balaban-Yazihan-Kursunlu-Levent ve

Alacahan-Cetinkaya-Divrigi civarlarinda ofiyolitlerin Paleozoyik ve Mesozoyik
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cokeller iizerinde tektonik dilimler seklinde bulunduklari bilinmektedir [Akkus,
1971; Ayan ve Bulut, 1964; Giiltekin, 1993].

Ofiyolit istifine ait kayaclar en iyi yiizleklerini Hekimhan-Giizelyurt-
Karagayir (K39-b3, b4), Hekimhan-Hasangelebi (K39-bl, b2), Kuluncak Bolgesi
(K39-al, a2, a4) ve K39-b4 paftasindaki Hocalikova Tepe’de vermektedir. Calisma
alani icerisinde Hekimhan-Giizelyurt arasinda kalan Kara Tepe, Kosrelik mevki,
Keklicek Tepe, Agsay1r Tepe etekleri, Pamuklu Tepe ve Cobanpinart mezrasi
civarinda ofiyolit istifine ait tektonitler ve mafik kiimiilat kayag¢lar1 bulunmaktadir.
Ofiyolit istifinin Gst kesimlerini temsil eden kahve, kirmizi ve pembe renklere sahip
pelajik ¢okeller ise Kizilceviz ve Kizilca Tepe’de bulunmaktadir (EK 4).

Kuluncak ofiyolitinin ¢okel kayalarindan saglikli yas verisi derlenememekle
birlikte, radyolaritlerden Jura-Kretase yasini elde edilmistir [Izdar ve Unlii, 1985].
Ofiyolitin bolgeye yerlesme donemi ise Ust Kampaniyen-Maestrihtiyen yash
cokellerin uyumsuz olarak gelmeleri nedeniyle Ge¢ Kampaniyen Oncesi olarak
diistiniilmiistiir [Giirer, 1994]. Ofiyolit tavanda Karadere ve Hekimhan formasyonlari

ile uyumsuz olarak ortiilmektedir [Giirer, 1994].

4.1.2. Keklicek Granitoyidi

Baglica granodiyorit ve tonalit ile temsil edilen birim yaygin olarak
Hekimhan’in giineybatisinda Keklicek Tepe’nin kuzey yamacinda yiizeylendigi i¢in
bu isimle anilmaktadir [Giirer, 1994]. Calisma alan1 icerisinde granitoyidler kiimiilat

kayagclar1 keskin bir dokanakla kesmistir.

4.1.3. Karadere Formasyonu

Kuluncak ofiyolitinin boélgeye yerlesmesini izleyen doénemde ofiyolitin
tizerinde ¢okelmis ve tiimiiyle ofiyolitik geregten tliremis, karasal-sig denizel,
cakiltasi-kumtasi-camurtasi ardalanmali bir birimdir (Sekil 4.4). Formasyon tipik
yiizeylemesini Hekimhan'in 4 km batisindaki Karadere Kdyii ¢cevresinde verdigi igin
Karadere formasyonu adiyla anilmistir [Glirer, 1994]. Baslica ¢akiltasi-kumtasi-

camurtast ardalanmasindan olusan bu birimde tabanda cakil tasi, tavana dogru ise
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kumtas1 egemendir. Formasyonu olusturan kirintili geregler tamamen Kuluncak
ofiyolitinden tiiremis gabro, spilit, kirmizi ¢ort, radyolarit ve pelajik kiregtagindan
meydana gelmektedir. Yuvarlaklik ve kiiresellik iyi gelismis, boylanma kétii-orta,
cakil boyutu ise ufak-iri arasindadir. Camurtaslar1 yanal yonde siireksiz ince katman
ve laminalar halindedir. Formasyonunun ¢ogunlukla iist diizeylerinde, yer yer de ara
seviyelerde kumtasi ile ardalanirlar. Tabanda Kuluncak ofiyoliti tizerinde belirgin bir
acisal uyumsuzlukla gelen formasyon tavanda Hekimhan formasyonu ile yanal ve
diisey gecislidir. Birimin kalinlig1 olduk¢a degisken olmakla birlikte Malatya K39—

b3 paftasinda diizensiz dagilmis yamalar big¢iminde, baslica Hekimhan ilgesi,

Karadere Kdyii ve Kirizli Mahallesi ¢evresinde yiizeylenir (EK 4).

3 S e 3 L g ¢

Sekil 4.4. Karadere mevkiinde gozlenen gakiltasi.

4.1.4. Hekimhan Formasyonu

Hekimhan formasyonu, c¢alisma alaninin temelini olusturan Kuluncak
ofiyoliti {lizerine uyumsuz olarak gelmekle birlikte en genis ve iyi ylizleklerini
Hekimhan-Giizelyurt-Hasangelebi arasinda vermektedir. Formasyon olgunlasmamis

kirintili ve kimyasal ¢okellerden olusmakta, en genis yiizeylenmelerini Hekimhan
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cevresinde verdigi icin Hekimhan Formasyonu adiyla anilmistir [Giirer, 1994].
Tabanda ¢akilli kumtasi ve kumtasi ile baslayan birim iiste dogru kumtagi-marn-seyl
ardalanmasina gecger (Sekil 4.5). Altta genellikle merceksi kirectasi, tstte killi
kiregtas1 yer alir. Kumtaslar1 ¢ogunlukla marn ve seyl ile ardalanmali ve ayrica diger
kirmtili litolojiler arasinda ince katman veya mercekler seklinde bulunmaktadir. Alt
diizeylerde kalinlik ve tekrarlanma istifte egemen olup, st diizeylere dogru bu
ozellikler giderek azalirlar. Kumtaglar1 ince kumdan c¢ok iri kuma dek degisen
boyutta gerec igerirler. Matriks, silt ve kil boyu geregten, ¢imento ise karbonattan

olugmustur. Hekimhan Formasyonunun biiyiik bir boliimiinii marn ve seyl olusturur.

Sekil 4.5. Coreklik mevkinde gozlenen kumtasi, marn ve seyl ardalanmasi.

Istifin tabaninda kumtaslari, tavaninda ise killi kirectaslar1 ile ardalanirlar.
Gri-yesil, agik mavi renkleri ve yayvan topografya ve sik desilmis dentritik drenaj
ornekleri ile tipiktir. Formasyon bentik ve pelajik foraminifer, rudist ve pelesipodlar
acisindan oldukea zengin kayaglar1 kapsamakta olup, Ust Kampaniyen-Mastrihtiyen
yasindadir [Giirer 1994]. Ayrica, Kampaniyen ve oOncesinde goriilen sikismali
rejimde mevcut okyanusun yitimiyle birlikte ofiyolitin bolgeye yerlesmesinden
sonra, Mastrihtiyen doneminde olusmus bir havzada depolanan transgresif

cokellerden meydana geldigi belirtilmistir [Giirer, 1992]. Tohma kirecgtag1 {iyesi
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olarak adlandirilan kiregtaglar1 dayanimlari nedeniyle topografyada yaptiklar
timsekler seklinde, gri-bej, orta-¢gok sert, kalin katmanli ya da masif olarak
gozlenmektedir (Sekil 4.6). Calisma alan1 Malatya K39-b3 paftasi igerisinde
kiregtaslar1 Agsayi, Gafra, Kurtmagarasi, Kayabasi Tepe dolaylarinda gozlenen
kirectaslar1 yer yer ofiyolit lizerine uyumsuz, Karadere formasyonu ve Hekimhan

formasyonu kirintililart ile uyumludur (EK 4).

Sekil 4.6. Agsay1 Tepe'de gozlenen gri-bej renkli, kalin katmanli, masif Tohma
kiregtasi.

4.1.5. Aliivyon

Calisma alaninda Kesikkoprii ¢ayr ve Karadere (EK 4) igerisinde gozlenen

Kuvaterner yasl aliivyon, silt-kum ve ¢akil boyu malzemeleri icermektedir.
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4.2. ARAZI GOZLEMLERI ve PETROGRAFI

Kuluncak ofiyolitine ait tektonitler, mafik kiimiilatlar, izotrop gabrolar ve
pelajik ¢okeller Malatya K39-b3 paftasinda Hekimhan civarinda goézlenmistir
(EK4). Ayrica Malatya K39-b2 ve b4 paftalarinda da mafik kiimiilat kayaglar

gozlenmistir.

4.2.1. Tektonitler

Tektonitler Atagogluevsiinii Tepe, Kara Tepe, Kdsrelik mevkii dolaylarinda
yer almaktadirlar (EK 4). Bol catlakli bir yap1 sunan tektonitlerin ayrisma ylizeyi
kizil-kirmizims1 bej ve kahve, taze kirik yiizeyi ise koyu yesil-yesil renklerdedir.

Serpantinlesme nedeniyle yagsi bir parlaklik sunan (Sekil 4.7) tektonitlerin {izerine

mafik kiimiilat kayaglar1 gelmektedir.

Sekil 4.7. Kosrelik mevkiinde gozlenen tektonitlerdeki serpantinlesmeden
kaynaklanan yagsi parlaklik.
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Tektonit orneklerinden yapilan ince Kkesitlerde, kayag¢ igindeki birincil
mineraller tamamen serpantin minerallerine doniismiis, kaya¢ tamamen elek dokusu
kazanmustir. Elek dokusu i¢indeki gatlaklarda ise serpantinlesme sonucu agiga ¢ikan
opak mineraller, ince taneli, yar1 6zsekilli taneler halinde gozlenmistir. Kayag

icerisinde eser miktarda kromit minerali izlenmistir.

Imm

Sekil 4.8. Serpantinit kayacinin ince kesit goriintiisii (C.N: Cift nikol, T.N: Tek
nikol).

4.2.2. Kumilatlar

Hekimhan bolgesindeki mafik kiimiilat kayaclar1 Kosrelik Mezrasi, Kosrelik
Dere, Pamuklu Tepe ve Keklicek Tepe dolaylarmda (EK 4) genis yayilimlar
sunmaktadirlar (Sekil 4.9). Malatya K39-b2 paftasinda Eskikent Mahallesi ve
Eskikent Tepe arasinda, Malatya K39-b4 paftasi igerisinde de Dursunlu Koyt
kuzeydogusunda goriilen mafik kiimiilat kayaclarin taze yiizey rengi koyu yesil-yesil
renklerde yer yer iri-orta-ince kristalli olarak, ayrisma yiizeyi ise genellikle agik
kahve-koyu yesil renklerde, gozlenmektedir (Sekil 4.10; 4.11). Keklicek Tepe’de
yiizeylenen kiimiilat kayaglari Keklicek granitoyidi tarafindan kesilmistir (EK 4).
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Keklicek T.

Kiimiilatlar

Tektonitler
Karadere
Formasyonu

Sekil 4.9. Hekimhan giineybatisinda gozlenen ofiyolit istifine ait tektonitlerin,
kiimiilatlarin, pelajiklerin, granitoyid ve Karadere formasyonunun genel goriiniimii.

Sekil 4.10. Kosrelik dere iginde gozlenen mafik kiimiilat kayaglar.
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Mafik ve felsik bilesimlerinin kiimiilat kayaclarinda gozlenen tabakali yap1

magmatik bantlagsma (Sekil 4.12) ve kivrimlanma gibi yapilart magma ortaminin

sakin olmayip hareketli bir ortam oldugunu gostermektedir.

Sekil 4.11. Pamuklu Tepe mevkiinde gozlenen mafik kiimiilat kayaglar.

Sekil 4.12. Kosrelik Dere mafik kiimiilat kayaglarindaki magmatik bantlagma.
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Mafik kiimiilatlar genellikle ayrismis olup taze oOrneklerine ender olarak
rastlanilmaktadir. Kiimiilat kayaglardan alinan taze Orneklerden yapilan ince
kesitlerin detayli petrografik tanimlamalar1 sonucu olivinli gabro ve gabro kayaglari

tespit edilmistir (EK 1).

4.2.2.1. Olivinli gabro

Doku: Mezokiimiilat, Ortokiimiilat

Olivin: Kayag igerisinde % 10-25 arasinda gbzlenen olivinler, ¢esitli (0.2-8
mm) boyutlarda goriiliirler. Canli girisim rengine sahip, Ozsekilsiz, c¢atlakli ve
catlaklarinda itibaren serpantinlesmis olarak gézlenmektedir. Serpantinlesmeye bagl
olarak ag (mesh) doku gozlenmektedir (Sekil 4.13). Serpantinlesmeden dolay1
gelisen mercekler kismen koseli ve yuvarlagimsidir. Serpantinlesmeler mikroskopta
cift nikolde kahverengi gozlenirken, tek nikolde yesil tonlarinda gézlenmektedir.

Plajiyoklaz: % 40-55 oraninda bulunan plajiyoklazlar (0.2-9.7 mm),
mikroskopta ¢ift nikolde gri-beyaz girisim rengine sahip, tek nikolde ise;
bozunmadan dolay1 topragimsi renkte goriilmektedir. Kiigiik-orta taneli, kisa
prizmatik, Ozsekilli-yaridzsekilli, karlsbad ve polisentetik ikizlenmenin gozlendigi
kristaller seklinde izlenmekte ve kaolenlesme gibi bozunmalar gostermektedir (Sekil
4.13).

Piroksen: Kaya¢ iginde % 21-49 oraninda bulunan, tek yonde belirgin
dilinim ve dilinimine gore egik sonme gosteren klinopiroksenler (0.1-8.2 mm), 6z
sekilli-yar1 6zsekilli ve 6zsekilsiz kristaller seklinde, mikroskopta ¢ift nikolde canli
girisim renklerine sahip, tek nikolde ise renksiz goziikmektedir. Canli girisim rengi
gosteren klinopiroksenler oldukga fazla uralitlesme gostererek tek nikolde belirgin
yesil renk tonlar1 gézlenmektedir (Sekil 4.13). Ortopiroksenler ise kayag igerisinde
eser miktarda bulunmaktadir.

Opak: Kayag¢ igerisinde koseli taneler halinde ¢ok az miktarda

gozlenmektedir.
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C. N. Ornek no: H19

Sekil 4.13. Olivinli Gabro kayacinda genel olarak gozlenen A: Mezokiimiilat doku,
B-C: Ortokiimiilat doku. Ol: Olivin, Cpx: Klinopiroksen, Pl: Plajiyoklaz (C.N: Cift
nikol, T.N: Tek nikol).
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4.2.2.2. Gabro

Doku: Mezokiimiilat, Ortokiimiilat

Plajiyoklaz: Kayag¢ igerisinde % 44—71 oraninda gozlenen plajiyoklazlar
(0.2-11.1 mm) boyutlarinda, yer yer 6zsekilli-yar1 6zsekilli veya 6zsekilsiz kristaller
seklinde goriilmekle birlikte polisentetik ve karlsbad ikizlenmesi gostermektedir.
Mikroskopta ¢ift nikolde gri-beyaz girisim renginde, tek nikolde ise topragimsi
renkte ve bozunmadan dolayi kirli yiizeyli goriillmektedir (Sekil 4.14).

Piroksen: % 32—54 civarinda bulunan tek yonde dilinim ve dilinimine gore
egik sonme gosteren klinopiroksenler (0.1-9.1 mm), kiiciik-orta taneli yar1 6zsekilli
ve Ozsekilsiz kristal tanelerine sahiptir. Mikroskopta cift nikolde canli girisim rengi,
tek nikolde ise renksiz gozlenmektedir (Sekil 4.14). Ayrica piroksenler kaya¢ i¢inde
uralitleserek  amfibol  minerallerine  donlismiis, 1smnsal  aktinolit  olarak
gozlenmektedir.

Olivin: Kayag¢ igerisinde % 0-8 oraninda gozlenen olivinler (0.2-1.9 mm)
boyutlarinda, canli girisim rengine sahip, bol catlakli bu c¢atlaklardan itibaren
serpantinlesmeler gozlenmektedir. Ozsekilsiz olan olivinler de serpantinlesmeye
bagli ags1 doku gozlenmektedir. Olivinlerde goézlenen serpantinlesmeden dolayi
olivinler koseli, yuvarlagimsi bir sekile sahip olup bu alanlarin kenar kisimlar1 koyu
kahverengi ve yesil renge sahiptir (Sekil 4.14).

Opak: Kiigiik koseli taneler halinde kayag igerisinde eser miktarda

bulunmaktadir.
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; R I ;
A .

C.N. Ornek no: H6

C.N. Ornek no: H46 Imm

Sekil 4.14. Gabro kayacinda gozlenen A: Mezokiimiilat doku, B-C: Ortokiimiilat
doku. Cpx: Klinopiroksen, Pl: Plajiyoklaz (C.N: Cift nikol, T.N: Tek nikol).
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4.2.3. izotrop Gabro

Izotrop gabrolar ayrisma yiizeyi yesil-beyaz, taze yiizey rengi ise acik yesil
renklerde orta taneli bir yap1 sunmakla birlikte Incirlik Bogazi civarinda

gdzlenmektedir. Ince kesit ¢aligmalari sonucu gabro kayaci tespit edilmistir.

4.2.3.1. Gabro

Doku: Ofitik

Plajiyoklaz: Yar1 oOzsekilli-ozsekilli  prizmatik  kristaller ~ seklinde,
mikroskopta ¢ift nikolde gri-beyaz girisim renklerinde, tek nikolde ise topragimsi
renkte ve bozunmadan dolay1 kirli yilizeyli goriilen plajiyoklazlar (0.2—-1.7 mm),
kaya¢ igerisinde % 44-45 oraninda bulunmaktadir. Polisentetik ve karlsbad
ikizlenmesi gostermektedir (Sekil 4.15).

Piroksen: % 53-55 arasinda degisen oranlarda gézlenen, tek yonde dilinim
ve dilinimine gore egik sonme gosteren klinopiroksenler, kiigiik-orta taneli yari
ozsekilli ve 6zsekilsiz (0.1-2.1 mm) tane boyuna sahiptir. Mikroskopta cift nikolde
canli girisim renginde, tek nikolde ise renksiz gozlenmektedir (Sekil 4.15). Ayrica
piroksenlerde uralitlesme gozlenmekte, ayrisma sonucunda ise 1sinsal aktinolit
minerallerine donlismiistiir.

Opak: Kiicliik koseli taneler halinde kayac igerisinde eser miktarda

bulunmaktadir.

5y ¥ ) I - . Y - -
C.N. Ornek no: H39 FET T.N. Ornek no: H39 Trine

Sekil 4.15. Izotrop Gabro kayacinda gdzlenen ofitik doku Cpx: Klinopiroksen, PI:
Plajiyoklaz (C.N: Cift nikol, T.N: Tek nikol).
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4.3. JEOKIMYA

Hekimhan (Malatya) bolgesi ofiyolit istifine ait 25 adet mafik kiimiilat
kayagclarinin ana-iz ve nadir toprak element analizleri EK 2.1, EK 2.2 ve Cizelge 4.1’
de verilmistir. Analiz sonuglarina gore kiimiilat kayaclarinin ateste kayip degerleri
(LOI) gabrolarda % 1.2-4.3 arasinda degisirken olivinli gabrolarda % 1.2-4.5
arasinda degismektedir. Olivinli gabrolardaki ateste kayip degerlerinin yiiksek
olmasi, olivin mineralinde gelisen serpantinlesmeden kaynaklanmaktadir (EK 2.1 ve

EK 2.2).

Cizelge 4.1. Kiimiilat kayaglarin ana ve iz elementlerin igerikleri

Ana ve iz Olivinli gabro Gabro Ana ve iz Olivinli gabro Gabro
Elementler Elementler
Sio, % 42.46-48.07 | % 45.08-50.58 | Sr 51.1-292.9 ppm 125.2-322 ppm
TiO, % 0.03-0.40 % 0.11-0.59 Y 0.7-8.8 ppm 2.2-15.4 ppm
Al,O4 % 12.86-20.43 | % 15.25-27.76 | Zr 0.8-13 ppm 1.6-30.4 ppm
Cr,0, % 0.073-0.156 | % 0.002-0.075 | Pb 0.1-0.3 ppm 0.1-0.3 ppm
Fe,O3 % 3.29-9.91 % 3.30-8.44 Ga 7.8-11.5 ppm 10.1-15.3 ppm
MnO % 0.06-0.13 % 0.09-0.14 Zn 5-28 ppm 3-25 ppm
MgO %9.02-15.16 | % 4.40-11.08 |Cu 3.6-172.7 ppm 1.4-159.2 ppm
CaO % 12.74-16.42 | % 9.19-16.73 | Ni 59-427.6 ppm 14.6-69 ppm
Na,O % 0.45-1.39 % 0.77-2.39 \ 35-199 ppm 52-336 ppm
K,O % 0.01-0.04 % 0.01-1.48 Cr 321.57-1067.35 ppm | 13.68-513.15 ppm
P,Os %0.01-0.02 |%0.01-0.05 | Hf 0-0.3 ppm 0.1-1 ppm

Ba 2-7 ppm 2-59 ppm Sc 15-59 ppm 10-52 ppm

Rb 0.1-6.6 ppm 0.2-76.6 ppm | Co 29.3-69.1 ppm 21.5-42.6 ppm

Mafik kiimiilat kayaclarin ana element igeriklerinin MgO’e kars1 degisimleri
incelendiginde (Sekil 4.16); SiO,, TiO,, Al,O3, Na O, CaO’ te MgO’e gore negatif
yonde bir trend gozlenirken Cr,Oz, Fe;0O3 ve MnO’ te pozitif yonde bir trend
gozlenmektedir.

Mafik kiimiilat
degisimlerine bakildiginda (Sekil 4.17); Sr, Y, Ga, V ve Sc’ um MgO’ e gore negatif

kayaclarin iz element igeriklerinin MgO’e gore

yonde, bir egim gosterirken, Ni, Co ve Cr pozitif yonde bir egim gostermistir.
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Sekil 4.16. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarin
ana element igeriklerinin MgO’e gore degisimleri.
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Sekil 4.17. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarin
iz element iceriklerinin MgO’e gore degisimleri.
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Mafik kiimiilat kaya¢larin Kondrit ve N-MORB‘a gore normalize edilmis
nadir toprak elementleri (REE) ve oriimcek diyagramlart Sekil 4.18 ve sekil 4.19°da
gosterilmistir. Hafif nadir toprak elementleri (LREE) her iki kaya¢ grubunda bir
tilketilme gostermekte, Eu elementi bakimindan zenginlesme gostermektedir. (Sekil

4.18).

100

¢ Gabro

Ornek/Kondrit

0.1

La C¢e Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Ornek/Kondrit

O Olivinli gabro

0.1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Sekil 4.18. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglara

ait nadir toprak element diyagrami (Kondrit degerleri Sun ve McDonough, 1989’dan
alinmustir).
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N-MORB o6riimcek diyagraminda ise biiyiik iyon yaricapl elementler (LIL),
(Rb, Ba, K) elementlerince bir zenginlesme, negatif Nb anomalisi ve kalicilig

yiiksek (HFS) (Y, Zr, Hf) elementlerce tiiketilme gbézlenmektedir (Sekil 4.19).

1000.00 3
: < Gabro

e 100.00 -
I~ 3
) ]
2. 10.00 -
Z ]
% i
= 1.00 3
o .
:O :
0.10 =

0.01

RbBaNbTa K LaCePb SrSmZr Hf Ti Y Yb

100.00-

] O Olivinli gabro
10.00 4

1.00

Ornek/N-MORB

0.10 -

001 - & %
RbBaNbTa K LaPbCe SrSmZr Hf Ti Y Yb

Sekil 4.19. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglara
ait oriimcek diyagrami (N-MORB degerleri Sun ve McDonough, 1989’dan
alinmastir).
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4.4. MINERAL KIMYASI

Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat
kayaclarindan secgilen 6 adet Ornek iizerinde, olivin, piroksen ve plajiyoklaz

minerallerinin kimyasal analizleri yapilmistir (Sekil 4.20).

S Ornek H13-E e — T A A Ornek H6.C

Sekil 4.20. Hekimhan (Malatya) ofiyolitine ait mafik kiimiilatlardaki olivinli gabro
ve gabro Orneklerine ait BSE goriintiisii. Pl: Plajiyoklaz, Cpx: Klinopiroksen, Ol:
Olivin, r: Kenar

4.4.1. Olivin

Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglardaki
olivin kompozisyonlari1 EK 3.1°de verilmigtir. Olivin kristallerinin merkezi ve
kenarlar1 arasinda bir zonlanma gozlenmemektedir. Olivinlerin ana element igerikleri
Cizelge 4.2'de verilmistir. Mg# (Mgx100/Mg+Fe) degerleri gabrolarda; 63.36-66.31
arasinda iken olivinli gabrolarda 72.55-86.75 arasinda degismektedir.

Cizelge 4.2. Olivinlerin ana element igerikleri

Ana Elementler Olivinli gabro Gabro
SiO; % 37.46-40.78 % 36.09-37.51
TiO;, % 0-0.04 % 0-0.04
Al,O; % 0-0.81 % 0-0.06

FeO % 12.56-25.17 % 29.37-31.76
Cr,04 % 0-0.06 % 0-0.06
MnO % 0.14-0.41 % 0.35-0.53
MgO % 36.54-46.84 % 31.1-32.97
CaO % 0.0-0.21 % 0.01-0.09
Na,O % 0-0.06 % 0-0.05

K,O % 0-0.03 % 0-0.01

NiO % 0.04-0.17 % 0.01-0.1
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Forsterit (Fo) icerigi gabrolarda % 63.7-66.3, olivin gabrolarda ise % 72.5—

86.9 degerleri arasindadir. Olivinlerin forsterit (Fo) igerikleri ile ana element

korelasyonu yapildiginda SiO,, MgO ve NiO ile pozitif bir iliski gozlenirken, FeO ve

MnO ile negatif bir korelasyon izlenmektedir (Sekil 4.21).
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Sekil 4.21. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilatlarda
gbzlenen olivinlerin Forsterit (Fo) ve ana element igeriklerinin korelasyonu.

36



Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bélgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,
Yiiksek Lisans Tezi, Mersin Universitesi

4.4.2. Klinopiroksen

Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaclarda

gozlenen  klinopiroksenlerin  mineral kimyast1 EK  3.2°de  verilmistir.

Klinopiroksenlerin ana element igerikleri Cizelge 4.3 'de gosterilmistir.

Cizelge 4.3. Klinopiroksenlerin ana element icerikleri

Ana Elementler Olivinli gabro Gabro
SiO, % 50.95-54.49 % 50.99-53.48
TiO, % 0.02-0.56 % 0.13-0.73
Al,O, % 0.62-3.43 % 1.15-2.64
FeO % 2.75-8.65 % 4.12-8.57
Cr,03 % 0.11-0.65 % 0-0.33
MnO % 0.01-0.25 % 0.01-0.29
MgO % 14.93-19.94 % 14.37-17.15
CaO % 17.39-24.14 9% 20.12-23.5
Na,O % 0.13-0.52 % 0.18-0.46
K,O % 0-0.05 % 0-0.02

NiO % 0-0.9 % 0-0.08

Kiimiilat kayaclardaki klinopiroksenlerin Enstatit (En), Ferrosillit (Fs) ve
Wollastonit (Wo) igerikleri olduk¢a siirli degisim gostermektedir. Gabrolarda En;
41.01-48.44, Fs; 6.78-14.29, Wo; 40.84-47.69 iken olivinli gabrolarda bu oran En;
42.84-55.43, Fs; 4.2-14.26, Wo; 35.84-48.2 arasinda degismektedir. Mg#
(Mgx100/Mg+Fe) degeri ise gabrolarda; 74.96-87.22 arasinda
77.81-92.09 araligindadir.
kullanilan Wo-En-Fs ii¢gen diyagraminda [Morimoto, 1988], mafik kiimiilatlardaki

iken olivinli

gabrolarda ise; Piroksenlerin siniflandirilmasinda
klinopiroksenlerin diyopsit alanina diistiikleri ve ada yayir gabroik kayag¢larinda
gozlenen klinopiroksenlerlede benzerlikler sundugu gozlenmistir (Sekil 4.22).
Klinopiroksenlerin Mg# ile ana element igerikleri karsilastirildiginda SiO,, MgO,
Cr,03 ve CaO pozitif yonde bir trend sunarken, Al,O3, TiO,, FeO ve MnO negatif

yonde trend sunmaktadir (Sekil 4.23).

4.4.3. Ortopiroksen

Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarda

gbzlenen ortopiroksenlerin mineral kimyasi analiz sonuglar1 EK 3.3°de verilmistir.

37



Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bolgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,

Yiiksek Lisans Tezi, Mersin Universitesi

Mafik kumiilatlar

Olciilmiistiir. Ortopiroksenlerin ana element igerikleri Cizelge 4.4' te verilmistir.

icinde ortopiroksen mineralleri

sadece olivin gabrolarda

Cizelge 4.4. Ortopiroksenlerin ana elementlerin igerikleri

Ana Elementler | Olivinli gabro | Ana Elementler | Olivinli gabro
SiO, % 54.04-56.5 MgO % 28.37-31.42
TiO, % 0.98-1.78 CaO % 0.38-0.94
Al, O, % 0.03-0.24 Na,O % 0-0.07

FeO % 10.16-13.97 | K,0 % 0-0.02
Cr,03 % 0-0.23 NiO % 0-0.05

MnO % 0.2-0.38

Ortopiroksenlerin Enstatit (Ens) igerigi % 76.81-83.51; Ferrosillit (Fs)
igerigi % 15.68-21.47; Wollastonit (Wo) igerigi % 0.73—1.85 araliginda degisirken,
77.55-84.33 degerleri

smiflandirilmasinda kullanilan Wo-En-Fs ii¢gen diyagraminda [Morimoto, 1988],

Mg numarasi arasinda degismektedir. Piroksenlerin
mafik kiimiilatlardaki ortopiroksenlerin hipersten bilesiminde oldugu goriilmektedir
(Sekil 4.22). Hekimhan (Malatya) bolgesindeki ofiyolit istifine ait mafik
kiimiilatlarda go6zlenen ortopiroksenlerin Mg numarast (Mg#) ile ana element
igerikleri karsilastirildiginda, SiO; ve MgO degerleri ile pozitif bir iliski gosterirken,

FeO ve MnO degerleri ile negatif bir iliski gostermektedir (Sekil 4.24).

Ca,Si,0, (Wo)

A Klinopiroksen
¢ Ortopiroksen

VAR

Ada yayl Skaergaard

gabroyik kayaclan /
\— H/HV\>Q/ v v N/
Mg,Si,O, (En) Fe,Si,0, (Fs)

Sekil 4.22. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarda
gozlenen klinopiroksenlerin Wo-En-Fs tiggen diyagramindaki konumlari [Morimoto,
1988]. Ada yay1 gabroyik kayaclar1 ve Skaergaard alan1 [Burns, 1985].
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Sekil 4.23. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilatlarda
gozlenen klinopiroksenlerin Mg#=(Mgx100/Mg+Fe) ile ana element igeriklerinin
korelasyonu.

39



Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bolgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,

Yiiksek Lisans Tezi, Mersin Universitesi

O Olivinli Gabro| K %
56 13
> —~_
& 555 <
o 12 —
S 55 < 3
) - ) o
5450 @] 11 - G%
54 = I I | 10 | l l |
78 80 82 84 86 78 80 82 84 86
Mgt Mgt
0.4— 32—
- 0.36 — = 31 C%
< 0324 gD < o
2 o o S, 30
S 028 (g) = &
9] OO
0.24 - o
@ ®
0.2 T | o— 28 I I I |
78 80 82 84 86 78 80 82 84 86
Mg# Mg#

Sekil 4.24. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarda
gbzlenen ortopiroksen mineralinin Mg# (Mgx100/Mgt+Fe) ve ana element
iceriklerinin korelasyonu.

4.4.4. Plajiyoklaz

Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaclarda
gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari EK 3.4’de verilmistir.

Plajiyoklaz mineraline ait ana element igerikleri Cizelge 4.5'te gosterilmistir.

Cizelge 4.5. Plajiyoklazlarin ana element icerikleri

Ana Elementler | Olivinli gabro Gabro
SiO, % 44.15-48.68 | % 46.28-49.76
TiO, % 0-0.05 % 0-0.07
Al,O3 % 32.36-35.43 | % 31.68-34.62
FeO % 0.08-0.89 % 0.17-0.42
MnO % 0-0.07 % 0-0.06
MgO % 0-1.61 % 0-0.06
CaO % 16.02-19.46 | % 15.02-17.84
Na,O % 0.72-2.76 % 1.45-3.06
K0 % 0-0.03 % 0-0.03
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Plajiyoklaz mineralindeki anortit (An) ve albit (Ab) bilesimi sinirh
degisimler sunmakta olup, anortit (An) miktar1 gabrolarda % 73.40-86.82, olivinli
gabrolarda % 76.36-93.67 araliginda degismektedir. Albit (Ab) igerigi ise gabrolarda
% 13.12-26.55, olivinli gabrolarda % 6.27-23.59 araliginda degismektedir. Anortit
(An), albit (Ab) ve Ortoklaz (Or) liggen diyagraminda [Smith ve Brown, 1988],
gabro kayacindaki plajiyoklazlar bitovnit, olivinli gabro kayacindaki plajiyoklazlar

ise bitovnit ve anortit olarak belirlenmistir (Sekil 4.25).

! K-Labradorit

K-Andezin
K-Oligoklaz
30

Oligoklaz I
Ca-Sanidin

K‘A]b‘i[ I /‘ / Sanidin /Ol‘to}c]az\
r L4 7 T 7 7 7 L 7

Na-Sanidin

& Gabro © Qlivinli Gabro

Ca-Na Sanidin

Ca-K
Ortoklaz

Ca-K Albit

Or

Sekil 4.25. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarda
gozlenen plajiyoklazlarin An: Anortit, Ab: Albit ve Or: Ortoklaz {iiggen
diyagramindaki konumlar1 [Smith ve Brown, 1988].

Plajiyoklazlarin anortit (An) icerigi ile ana element icerikleri karsilastirildigi
zaman (Sekil 4.26) anortit icerigi artarken, Al,O3 ve CaO igeriginin arttig1, SiO, ve

NaO igeriginin azaldig1 gézlenmektedir.
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Sekil 4.26. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarda
gozlenen plajiyoklaz mineralindeki anortit (An) igeriklerinin ana elementlere gore
korelasyonu.

4.5. PETROJENEZ ve JEODINAMIK YORUM

Hekimhan bolgesi ofiyolit istifine ait mafik kiimiilat kayac¢larindan elde
edilen petrografik, jeokimyasal ve mineral kimyasi sonuglari, mafik kiimiilat
kayaclarin  fraksiyonel kristallesme ile olustugunu gostermektedir. Olivinli
gabrolardan gabro kayaglarina dogru SiO, Al,O3 ve CaO (EK 2.1, 2.2; Sekil 4.16)
miktarindaki artis, magmanin farklilagsmasi ile olivin ve piroksen minerallerinin
azaldigini, plajiyoklaz mineralinin ise arttigim1 belirtmektedir. Uyumlu iz
elementlerden Ni, Cr, Co elementlerinin, olivinli gabrolarda (EK 2.2; Sekil 4.17)
yiiksek, gabrolarda ise diisiik miktarlarda (EK 2.1; Sekil 4.17) gozlenmesi olivin
spinel ve Kklinopiroksen fraksiyonellenmesini isaret etmektedir. Sr elementinin
gabrolarda yiiksek miktarlarda gozlenmesi plajiyoklaz kristallesmesinin arttigini
[Grove ve Baker, 1984; Beard 1986], V elementinin klinopiroksen minerallerinde
bulunmasi [Ross vd., 1954; Barisenko, 1967; Ballantyne, 1992] ise gabrolarda
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klinopiroksen miktarmin arttigint  gostermektedir. Ga elementinin  spinel
minerallerinde bulunmasi [Dare vd., 2009) ve uyumsuz element olmasi [Niu, 2004]
MgO miktarlar1 ile aralarinda negatif bir iliski oldugunu belirtmektedir.

Kiimiilat kayaglar genellikle Zr, Y, Nb gibi HFS elementleri acisindan
fakirdir. Bu durum bize kiimiiliis minerallerin kiimiilat kayaclarda fazla miktarda
oldugunu, interkiimiiliis sivinin ise az miktarda oldugunu isaret etmektedir. Nadir
toprak element ve 6riimcek diyagramlarinda (Sekil 4.18, 4.19) biiyiik iyon yarigaph
elementlerin zenginlesmesi ile Nb ve Zr elementlerin negatif anamolisi, dalma-batma
zonu Uistii yay-onii ortaminda olugsmus Kizildag (Hatay) ofiyoliti kiimiilat gabrolarin
desenlerine benzerlik sunmaktadirlar (Dilek ve Thy, 2009). Klinopiroksenlerin diisiik
Ti igerigi, manto kaynagindaki tliketilme derecesini [Pearce ve Norry, 1979]
yansitmakta, klinopiroksen kristallenmesinin diislik Ti icerikli magmadan tiiredigini
(Sekil 4.27), Pozanti-Karsant1 [Parlak vd., 2002], Kizildag (Hatay) ve Tekirova
(Antalya) ofiyolitleri [Bagc1 vd., 2005; 2006] ile benzer ozellikler sundugunu
gostermektedir. Plajiyoklazlarin  kalsiyumca zengin olmasi magma olusumu
esnasindaki su buhart basincinin ve CaO/Na,O oranmin yiiksek oldugunu gosterir
[Green ve Ringwood, 1968; Nesbitt ve Hamilton, 1970; Arculus ve Wills, 1980;
Sisson ve Grove, 1993; Panjasawatwong vd., 1997].

0.2

< Gabro
O Olivinli Gabro

0.1+

Boninite

. k'rl'ckir()\u (Antalya)

o Pozanti-Karsanti B ~
Kizildag (Hatay)

'0.1 L] L]
0 0.1 0.2 0.3

Al (IV)
Sekil 4.27. Hekimhan (Malatya) yoresindeki ofiyolite ait mafik kiimiilatlarda
gozlenen klinopiroksenlerin Al (IV)-Ti igeriginin degisim diyagrami [Beccaluva vd.,
1989]. Pozanti-Karsant1 ofiyoliti [Parlak vd., 2002], MORB: Okyanus ortasi sirt

bazaltlari, IAT: Ada yay:1 toleyitleri ve Boninit [Beccaluva vd., 1989], Kizildag
(Hatay) ve Tekirova (Antalya) ofiyolitleri [Bagci vd., 2005; 2006].
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Mafik kiimiilat kayaclarin Na,O+K,;0, MgO ve FeO igerikleri AFM
diyagraminda [Beard, 1986] yay ile iligkili ultramafik-mafik kiimiilat alanina

diismekte ve dalma-batma zonu istii tektonik ortamu isaret etmektedir (Sekil 4.28).
FeO

< Gabro
O Olivinli Gabro

"
“%
<2
%%,
%
FA
[
Nalle,
Yay ile iliskili kiimiilat olmayan
gabro ve diyorit alam
Na,0+K,0 MgO

Sekil 4.28. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarin
AFM diyagrami [Beard, 1986].

Hekimhan (Malatya) bolgesindeki ofiyolit istifine ait kiimiilat
kayaclarindaki klinopiroksenlerin magnezyum numaras: (Mg#) ve plajiyoklazlarin
anortit (An) igerigi (Sekil 4.29) kiimiilatlarin okyanus ortast (MOR) tektonik
ortaminda olusan gabrolardan farkli olarak, yay ile iliskili tektonik ortamlarda
olustugunu ve Dogu Akdeniz kusagindaki ofiyolitler ile benzerlik sundugunu
gostermektedir.

Mafik kiimiilat kayaclarin  plajiyoklazlarindaki ~ Anortit (An) ve
ortopiroksenlerindeki Enstatitin (Mg#) igeriklerine gore c¢izilen diyagramda, kiimiilat
kayaglarin okyanus ortasi sirt tektonik ortaminda (MOR) olusan kiimiilat kaya¢lardan
farkli oldugu ve dalma batma zonu ile iliskili tektonik ortam kayaglar1 ile benzerlik
sundugu goriilmektedir (Sekil 4.30).

Mafik kiimiilatlardaki plajiyoklazlardaki anortit (An) ve olivinlerdeki
forsterit (Fo) icerigine gore ¢izilen diyagramda Hekimhan (Malatya) ofiyolitlerindeki
kiimiilat kayaclardaki plajiyoklazlarin Anortit (An) ve olivinlerindeki forsterit (Fo)
igerikleri artan bir trend gostermektedir. Kiimiilatlar Usa volkani, Japonya [Fujimaki,
1986] ve Boisa volkani, Papua [Gust ve Johson, 1981] ile benzerlik sunmaktadir

(Sekil 4.31).

44



Camuzcuoglu, M. 2012. Hekimhan (Malatya) Bolgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin Petrografisi ve Jeokimyast,
Yiiksek Lisans Tezi, Mersin Universitesi

100

< Gabro Kizildag (Hatay) ofiyoliti
O Olivinli Gabro|

90 —

o
=)
|

Tekirova (Antalya)

Mg# Klinopiroksen
=
|

oftyolit Mersin
60 Pozanti-Karsanti ofiyoliti
ofiyoliti
Yay gabro
50 alani
40 T T | | T
40 50 60 70 80 20 100

An (%) Plajiyoklaz

Sekil 4.29. Hekimhan (Malatya) yoresi ofiyolitine ait mafik kiimiilatlarda gozlenen
plajiyoklazlardaki (An) icerigi ile klinopiroksenlerdeki Mg# (Mgx100/Mg+Fe)
degisim grafigi. MORB gabro ve yay gabro alani [Burns 1985], Mersin ofiyoliti
[Parlak vd., 1996], Pozanti-Karsant1 ofiyoliti [Parlak vd., 2000], Kizildag (Hatay) ve
Tekirova (Antalya) ofiyolitleri [Bagc1 vd., 2005; 2006].
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Sekil 4.30. Hekimhan (Malatya) ofiyolitlerine ait mafik kiimiilat kaya¢larda gozlenen
ortopiroksenlerdeki enstatit igerigi ve plajiyoklazlardaki anortit (An) igerigini
gosteren diyagram [Burns, 1985]. Troodos Ofiyoliti [Hebert ve Laurent, 1990], R:
Rindjami Volkani1 [Foden, 1983], B3a, B2: Boisa Volkan1 [Gust ve Johnson, 1981],
U: Usa Volkan1 [Fujimaki, 1986], Kizildag (Hatay) ve Tekirova (Antalya) ofiyoliti
[Bagci, 2004], Okyanusal Kiimiilat Spektrumu [Tiezzi ve Scoott, 1980; Hodges ve
Papike, 1976], Leg 37:[Fallon ve Green, 1987], Pozanti ve Karsant1 [Parlak vd.,
2000].
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Sekil 4.31. Hekimhan (Malatya) ofiyolitlerine ait mafik kiimiilat kayaclarinda
gozlenen plajiyoklazlardaki anortit (An) ve olivinlerindeki Forsterit (Fo) igeriklerini
gosteren diyagram. La: Lesser Antilles [Arculus ve Wills, 1980], A: agrigan
Volkani-Mariana yay1 [Stern, 1979], B2 ve B3a: Boisa Volkani, Papua [Gust ve
Johnson, 1981], U: Usa Volkani, Japonya [Fujimaki, 1986], Okyanusal Kiimiilat
Spektrumu [Tiezzi ve Scoott, 1980; Hodges ve Papike, 1976], Troodos Ofiyoliti
[Hebert ve Laurent, 1990], Mersin ofiyoliti [Parlak vd., 1996].

Olivinlerin Fo, Ni ve Cr; klinopiroksen ve ortopiroksenlerin Mg# numaras;
plajiyoklazlarin An miktarlari, Hekimhan bdlgesindeki ofiyolit istifine ait mafik
kiimiilat kayag¢larinin ada yayi toleyitik (IAT) karakterdeki magmadan tiiretigini, ada
yay1 serileri [Meijer ve Reagan, 1981; Hébert 1982; DeBari ve Coleman 1989;
Beard, 1986] ve Dogu Akdeniz ofiyolitleri [Bagc1 vd., 2006; Parlak vd., 2009] ile
benzerlik sundugunu gostermektedir.

Kretase yash ofiyolitler Tiirkiye ve yakin civarindaki Intra-Pontid kenet
kusagi, Izmir-Ankara-Erzincan kenet kusag, i¢ Toros kenet kusag ve Bitlis-Zagros
Kenet kusagi olmak tizere dort kenet kusagi ile iligkili olarak bulunmaktadirlar
[Robertson vd., 2009]. Orta Anadolu’daki ofiyolitlerin bir kism1 ise konumu hala
tartisitlan I Toros kenet kusagi (Beysehir, Pozanti (Alihoca), Karsanti, Mersin,
Pinarbasi) ile iliskilidir. Gonciioglu vd. [1996,1997], Toros kusag {izerinde gozlenen
ofiyolitlerin Geg Kretase’de Neotetis’in kuzey kolunda okyanus i¢i dalma-batma

zonu iizerinde olustugunu ve aym1 donemde Kirsehir-Nigde masifleri ve
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Bolkardag/Aladag platformu iizerine yerlestigini sdylemislerdir. Bu goriisiin aksine,
baz1 yazarlar Toros kusaginda gozlenen biitiin ofiyolitlerin Ge¢ Kretase’de Toros
karbonat platformunun kuzeyinde yer alan ve I¢ Toros okyanusal baseninde
olustugunu ve daha sonraki nap hareketlerine bagli olarak bugilinkii konumlarini
aldiklarin1 belirtmislerdir [Ozgiil, 1984; Sengdr ve Yilmaz, 1981; Lytwyn ve Casey
1995; Collins ve Robertson, 1998; Dilek vd., 1999; Parlak ve Robertson, 2004].

Toros kusagindaki ofiyolitlerin altinda ofiyolitik melanj ve metamorfik
dilimin gozlendigi, harzburjitik tektonitlerin, iyi korunmus ve biitiin ofiyolitik
masiflerin % 60-90 ‘nin1 temsil etmekte oldugu bilinmektedir. Bu ofiyolitlerin
ultramafik-mafik kiimiilat kesimleri olduk¢a kalindir [Parlak et al., 2002, 2000, 1996;
Robertson, 2002; Vergili ve Parlak, 2005; Bagc1 vd., 2006]. Toros kusagindaki
ofiyolitlerin en 6nemli 6zelliklerinden biri de 1-10 m kalinliginda izole toleyitik ve
ince taneli diyabaz dayklarinin biitiin ofiyolitik istifi tektonitler, kiimiilatlar ve
peridotitlerin altindaki metamorfik dilimleri de kesmeleridir. Nigde ve Kirsehir
masiflerinin Toros platformunun devami olmadigi yliksek basing/diisiik sicaklik
metamorfizmasinin izlerine rastlanilmamasi ile agiklanmaktadir [Robertson, 2002].
Jeolojik ve jeokimyasal veriler Geg Kretase ile Geg Triyas arasinda giineyde Toros
platformu ve kuzeyde Anatolidler arasinda bir I¢ Toros okyanusunun varligini
desteklemekte ve Toros kusagindaki ofiyolitlerin I¢ Toros okyanusunda olustuklarin
isaret etmektedir.

Erken Kretase’de Giiney Atlantik okyanusunun agilmaya baglamasi
nedeniyle, Afrika ve Avrasya plakalar1 arasinda yer alan Neotetis okyanusal
baseninde sikisma rejimine gegilmistir [Livermoore ve Smith, 1984; Savostin vd.,
1986; Dewey, 1988]. Bu sikisma rejimi Neotetis okyanusunun, okyanus i¢i dalma-
batmaya bagli olarak kapanmaya baslamasina sebep olmustur. I¢ Torid okyanusunun
kapanmasi esnasinda, okyanus i¢i dalma-batma zonunda olusan ofiyolitler, dilimler
halinde kuzeyden giineye dogru Toros platformu {izerinde ilerlemistir. Hekimhan-
Kuluncak (Malatya) bolgesinde yiizeylenen ofiyolitik kayaglar (Kuluncak ofiyoliti),
i¢ yapilart ve olusum mekanizmalar1 ile Pimarbasi (Kayseri) ve Divrigi (Sivas)
ofiyolitleri ile benzer 6zellikler sunmakta, Geg Kretase’de; giineyde Toros platformu,
kuzeyde Kirsehir masifi arasinda yer alan I¢ Torid okyanusunun kapanmasi sirasinda

okyanus i¢i dalma batma zonu tlizerinde olugmuslardir.
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5. SONUCLAR ve ONERILER

“Hekimhan (Malatya) Bolgesi Ofiyolitik Kayaglarindaki Kiimiilatlarin
Petrografisi ve Jeokimyas1” isimli yiiksek lisans tez calismasinda yapilan arazi,
petrografi, jeokimya ve mineral kimyasi ¢alismalari ile elde edilen sonuglar asagida
belirtilmistir.

1. Malatya K39-b3 paftasinda, Hekimhan giineyinde yerlesim yasi Kampaniyen
Oncesi olan ofiyolit istifi, bu istifin {izerine, Kampaniyen—Maestrihtiyen yasli tamami
ofiyolitik malzemeden tiiremis olan c¢akiltaslari-camurtasi birimlerinden olusan
Karadere formasyonu ve kumtasi-marn-seyl, killi kiregtasi ile beyaz renkli resifal
kiregtaglarindan olusan, Hekimhan formasyonu uyumsuz olarak gelmektedir.

2. Ofiyolit istifine ait kayaclar tektonitler, mafik kiimiilatlar, pelajik ¢okeller ve
izotrop gabrolardir. Mafik kiimiilat kayaglar1 Hekimhan ve civarinda Malatya K—39
b2, b3, b4 paftalarinda ylizeylenmekte, tabakali yapi, magmatik bantlasma ve
kivrimlanma gostermektedirler.

3. Mafik kiimiilat kayaclart olivinli gabro ve gabro kayaglarindan olusmakta,
mezokiimiilat ve ortokiimiilat doku sunmaktadirlar. Kiimiiliis ve interkiimiiliis
minerallerde zonlanma goriilmemesi, kristallenmelerin yliksek sicakliklarda meydana
geldigini gostermektedir.

4. Mineralerin kristallenme sirast olivin (Foes7-gs9)tkrom spinel, klinopiroksen
(Eng101 5543, FS421420, WOs3s84482), Plajiyoklaz (Anzs4 g367) Ve ortopiroksen
(Enze.81 8351, FS15.68 21.47, WO00.73 1.85) seklindedir.

5. Magnezyumca zengin olivin (Mg#e3.36.86.75), Klinopiroksen (Mg#74.96 92.09), Ve
ortopiroksen (Mg#75584.33) fazlari, okyanus i¢i dalma-batma zonu iistiinde olusan
ofiyolitlerin genel 6zelliklerini yansitmaktadirlar.

6. Mafik kiimiilat kayaclar icerisinde kalsik plajiyoklazlarin varligi, okyanusal kabuk
gelisimi sirasinda magmanin yiiksek CaO/NayO oranina sahip oldugunu ve magma
odasinda yiiksek su buhar basincinin (Py,0) varligini isaret etmektedir.

7. Bolgesel jeolojik veriler ve jeokimyasal ¢alismalar, Kuluncak ofiyolitinin Geg
Kretase’de I¢ Torid okyanusunun kapanmasi esnasinda okyanus i¢i dalma-batma

zonu Ustii jeodinamik ortamda olustugunu isaret etmektedir.
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EK 1. Hekimhan (Malatya) bolgesi ofiyolit istifine ait mafik kiimiilat kayaglarin
petrografik ozellikleri

Mineraller (%)

Ornek No Pafta Enlem Boylam Kaya¢ Adi Doku Ol  Cpx Opx Pl Amp Opq
H1 K39b3  38°48 0.150" 37° 57" 25.405" OlivinliGabro  Mezokiimiilat 15 33 50 2
H2 K39b3  38°46'31.805" 37°57'20.931" Gabro Mezokiimiilat 8 36 55 1
H3 K39b3  38°46'31.805" 37° 57'20.931" Olivinli Gabro  Mezokiimiilat 12 38 47 3
H4 K39hb3  38°46' 31.805" 37°57'20.931" Gabro Mezokiimiilat 38 51 2
H5 K39hb3  38°46' 31.805" 37°57'20.931" Gabro Mezokiimiilat 32 57 2
H6 K39b3  38°45'41.914" 37° 57 3.179" Gabro Mezokiimiilat 35 56 2
H7 K39b3  38°45'41.914" 37°57'3.179" Olivinli Gabro  Mezokiimiilat 14 34 48 3
H8 K39hb3  38°45'41.914" 37°57'3.179" Gabro Mezokiimiilat 5 35 57 3
H9 K39b3  38°47 1.950" 37° 57" 18.046" Olivinli Gabro  Mezokiimiilat 15 29 55 1
H10 K39b3  38°46' 56.019" 37°57'22.319" Olivinli Gabro  Mezokiimiilat 20 25 51 2
H11 K39b3  38°477.553" 37° 57'13.447" Gabro Mezokiimiilat 38 60 2
H12 K39hb3  38°46' 56.948" 37° 57 6.556" Olivinli Gabro  Mezokiimiilat 19 29 48 2
H13 K39b3  38°479.789" 37° 57" 34.884" OlivinliGabro  Mezokiimiilat 15 30 52 1
H14 K39b3  38°48 34.786" 37° 56' 44.516" Olivinli Gabro  Mezokiimiilat 15 43 40 1
H15 K39h3  38°48 38.683" 37° 56' 44.956" Olivinli Gabro  Mezokiimiilat 25 21 48 2
H16 K39hb3  38°48 12.207" 37° 57" 6.075" Olivinli Gabro  Mezokiimiilat 20 27 50 3
H17 K39b3  38°4759.332" 37° 54'48.131" Olivinli Gabro  Mezokiimiilat 20 34 45 1
H18 K39b3 38°48 3.678" 37° 54'51.506" Olivinli Gabro  Mezokiimiilat 20 33 44 2
H19 K39b3  38°48 5.295" 37° 54' 47.460" Olivinli Gabro  Mezokiimiilat 10 40 47 2
H20 K39b3  38°48 4.000" 37° 54'37.365" OlivinliGabro  Mezokiimiilat 18 29 49 2
H21 K39b3  38°48'10.563" 37°55'6.285" Olivinli Gabro  Ortokiimiilat 15 39 44 2
H23 K39b3  38°48 14.334" 37° 56' 0.083" Gabro Ortokiimiilat 37 60 3
H27 K39hb3  38°48 39.790" 37° 54'3.608" Gabro Mezokiimiilat 5 40 49 4
H28 K39h3  38°48 38.421" 37°54'2.841" Gabro Mezokiimiilat 32 64 4
H29 K39b3  38°48 35.298" 37° 53'58.453" Gabro Mezokiimiilat 39 57 3
H30 K39hb3  38°48 52.045" 37° 54'26.930" Olivinli Gabro  Ortokiimilat 10 39 50 1
H32 K39b2  38°54'11.325" 37° 53' 59.456" Gabro Mezokiimiilat 54 45 1
H33 K39b2  38°54'10.136" 37°53'50.341" OlivinliGabro  Mezokiimiilat 20 36 40 2
H34 K39b2  38°54'13.440" 37° 53'56.725" Olivinli Gabro  Mezokiimiilat 24 35 40 1
H35 K39b2 38°54'21.111" 37° 53'10.439" Gabro Ortokiimiilat 35 61 2
H37 K39b2  38°54'2.962" 37° 54'52.185" Gabro Mezokiimiilat 54 45 1
H38 K39b2  38°53'59.815" 37° 54'48.579" fzotrop Gabro  Ofitik 53 45 2
H39 K39b2  38°53'56.696" 37° 54' 44.600" [zotrop Gabro  Ofitik 55 44 1
H40 K39h3  38°48 18.423" 37° 56' 46.705" Olivinli Gabro  Mezokiimiilat 15 33 50 2
H41 K39hb3  38°48 27.934" 37° 56' 36.532" Olivinli Gabro  Mezokiimiilat 15 30 53 2
H42 K39b3  38°48'49.054" 37° 54' 15.822" Gabro Ortokiimiilat 5 47 45 3
H43 K39hb3  38°48 38.649" 37° 54'2.962" Gabro Ortokiimiilat 52 45 3
H44 K39hb3  38°48 38.649" 37° 54'2.962" Gabro Ortokiimiilat 54 42 4
H45 K39b4  38°49'16.019" 37°51'57.318" Gabro Mezokiimiilat 43 53 4
H46 K39b4  38°49'16.890" 37°52'0.083" Gabro Ortokiimiilat 53 44 3

Ol: olivin; Cpx klinopiroksen; Opx ortopiroksen; PI: plajiyoklaz; Amp: amfibol; Opq: opak

61



EK 2.1. Hekimhan (Malatya) bolgesi ofiyolit istifi mafik kiimiilat kayaglarindan

gabroya ait ana, iz ve nadir toprak element igerikleri

Gabro
Ornek No H4 H6 H11l H23 H27 H28 H32 H35 H45 H46
SiO, 46.96 45.78 47.01 46.93 48.28 47.75 45.08 46.92 50.58 48.58
TiO, 0.19 0.13 0.22 0.08 0.36 0.36 0.11 0.19 0.59 0.56
Al,O4 16.94 17.01 15.7 20.83 16.23 18.91 27.76 18.37 15.25 16.16
Cr,04 0.044 0.075 0.068 0.074 0.037 0.022 0.02 0.052 <0.002 0.068
tFe,0O4 6.03 491 5.06 3.41 7.76 6.48 3.3 5.65 8.44 8.21
MnO 0.11 0.1 0.09 0.06 0.14 0.12 0.05 0.1 0.1 0.14
MgO 9.29 10.6 11.08 7.66 9.12 6.71 4.4 8.79 8.76 8.71
CaO 15.45 15 16.73 16.5 14.99 14.56 13.23 14.75 9.19 13.09
Na,O 1.58 181 0.77 1.7 1.64 2.39 1.39 143 3.14 2.09
K,O <0.01 0.02 0.1 0.05 0.04 0.02 1.48 0.7 0.39 0.1
P,O5 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01 0.05 0.04
LOI 3.2 4.3 2.9 25 1.2 25 3.1 2.8 3.3 2.1
Total 99.81 99.78 99.78 99.84 99.8 99.84 99.9 99.81 99.8 99.8
Ba 2 4 4 9 8 4 24 12 59 12
Rb 0.2 0.5 1.9 1.4 0.3 0.2 76.6 22.4 5.8 0.8
Sr 130 322 209.7 192.2 125.2 212.3 187.4 163.7 143.9 137
Y 5.4 3.9 6 2.2 9.6 8.5 2.6 5.8 13.2 15.4
Zr 1.9 2.8 3.1 1.6 6.2 7.7 2.2 2.4 22.7 30.4
Nb <0.1 0.6 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1
Th <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Pb 0.1 0.3 <0.1 0.3 <0.1 0.2 4.8 0.3 <0.1 0.2
Ga 11.4 10.1 10.6 11.6 13 15.3 14.7 13.2 12.5 13.4
Zn 13 10 3 4 16 8 25 10 3 10
Cu 134.1 11.2 2.9 159.2 103.6 26.7 39.8 76 14 118
Ni 69 66.9 37.9 44.6 57.7 21.2 82.4 59.3 14.6 48.2
\Y 167 138 174 95 213 203 52 153 336 210
Cr 301.05 513.15 465.26 506.31 253.15 150.52 136.84 355.78 13.68 465.26
Hf 0.1 0.2 0.1 <0.1 0.3 0.3 0.2 0.1 0.8 1
Cs <0.1 <0.1 <0.1 0.1 <0.1 <0.1 5.3 0.5 <0.1 <0.1
Sc 45 40 52 32 a7 40 10 37 40 40
Ta <0.1 0.4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Co 42.6 39.3 36.9 25.4 424 29.7 215 36.5 41.3 40.7
U <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W <0.5 <0.5 <0.5 <0.5 0.6 <0.5 <0.5 <0.5 <0.5 1.1
Sn <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Mo <0.1 <0.1 <0.1 <0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1
Au <0.5 <0.5 <0.5 <0.5 <0.5 1.3 <0.5 <0.5 <0.5 <0.5
La 0.2 0.2 0.1 0.3 0.4 0.4 0.5 0.2 11 1.1
Ce 0.4 0.6 0.4 0.3 1.1 1.1 0.6 0.4 35 3.6
Pr 0.1 0.09 0.1 0.07 0.23 0.22 0.1 0.09 0.61 0.67
Nd 0.5 0.4 0.9 <0.3 1.4 15 0.5 0.7 3 4.1
Sm 0.4 0.29 0.47 0.19 0.8 0.68 0.2 0.39 121 1.52
Eu 0.27 0.17 0.25 0.14 0.45 0.42 0.22 0.29 0.5 0.57
Gd 0.79 0.49 0.8 0.32 1.31 1.07 0.31 0.67 1.7 2.18
Tb 0.15 0.11 0.17 0.06 0.26 0.24 0.07 0.15 0.35 0.44
Dy 1.02 0.68 1.18 0.37 1.78 1.53 0.45 1.18 2.28 2.71
Ho 0.21 0.15 0.29 0.09 0.37 0.34 0.11 0.21 0.52 0.61
Er 0.56 0.44 0.82 0.31 1.16 0.99 0.28 0.64 1.63 1.79
Tm 0.1 0.06 0.11 0.05 0.17 0.14 0.05 0.11 0.25 0.29
Yb 0.46 0.4 0.58 0.14 0.98 0.76 0.29 0.55 1.47 1.76
Lu 0.09 0.06 0.09 0.03 0.15 0.15 0.04 0.1 0.22 0.26
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EK 2.2. Hekimhan (Malatya) bolgesi ofiyolit istifi mafik kiimiilat kayaglarindan
olivinli gabroya ait ana, iz ve nadir toprak element igerikleri

Olivinli Gabro

Ornek No H1 H3 H7 H9 H12 H13 H14 H15 H19 H20 H30 H33 H34 H40 H41
Sio, 46.43 4659 4698 46.54 4799 4565 47.38 4537 47.05 48.07 46.87 4573 45.82 42.46 44.16
TiO, 0.08 0.08 0.07 0.07 0.17 0.08 0.24 0.12 0.17 0.16 0.4 0.12 0.16 0.03 0.06
Al,O3 16.36 16.42 1749 1708 16.12 20.36 1443 17.29 1722 16.49 1526  17.98 12.86 20.43 15.81
Cr,03 0.094 0.11 0.087 0.073 0.118 0.047 0.112 0.082 0.075  0.082 0.09 0.109 0.151 0.156 0.12
tFe,0O, 4.16 4.06 5.6 3.94 6.59 3.29 5.63 7.71 6.4 6.67 9.91 5.52 7.64 3.58 6.07
MnO 0.08 0.08 0.1 0.07 0.12 0.06 0.11 0.12 0.12 0.12 0.16 0.09 0.13 0.06 0.1
MgO 12.99 10.85 118 1321 1163 9.02 1184 13.01 10.83  10.52 11.23 1247 16.23 12.77 15.16
CaO 16.42 17.38 1547 155 1473 1661 16.74 12.74 15.74  15.59 1331 14.23 13.31 13.96 14
Na,O 0.56 0.88 0.91 0.67 1.39 1.23 0.96 1.15 1.06 1.15 1.38 0.89 0.69 0.83 0.45
K,0 0.02 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 0.11 0.02 0.04 <0.01
P,O5 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.02 <0.01 <0.01 <0.01 0.01 <0.01 0.01 0.01 <0.01
LOI 25 33 12 2.6 0.9 34 23 21 11 0.9 11 25 26 5.4 3.8
Total 99.77 99.77 99.77 99.76 99.79 99.82 99.75 99.75 99.78  99.78 99.77  99.76 99.69 99.77 99.73
Ba 5 2 2 2 3 7 2 2 3 2 6 3 6 6 <1

Rb 0.3 0.2 0.2 0.4 0.1 <0.1 0.3 0.2 0.2 0.2 0.3 6.6 15 11 0.1
Sr 125.7 160.7 87.6 86 105.3 2929 252.3 108 107.9 122.5 1115 82.7 51.1 159.1 80
Y 25 2.7 2.1 2.2 51 23 6.1 2.8 4.7 51 8.8 3.2 4.8 0.7 1.6
Zr 13 1 0.8 11 24 11 24 1.6 22 2 9.5 28 2.6 2.1 1
Nb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Th <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Pb 0.2 0.2 0.1 0.2 0.2 <0.1 0.2 0.2 0.2 0.3 0.3 <0.1 0.1 <0.1 0.1
Ga 8.4 8 10.4 8.9 113 10.8 9.5 10.8 114 10.9 115 9.7 8 8.7 7.8
Zn 9 9 12 8 13 5 9 28 12 11 19 20 27 10 18
Cu 9.2 1727 1418 1311 3.6 82 1139 78.2 131.3 1469 93.8 1387 142.4 55 1175
Ni 131.7 1357 176.8 1565 124.8 59 98.7 2413 116.2 98.7 1243  230.2 298.7 427.6 284.3
\" 112 124 105 86 140 97 199 85 166 158 198 91 135 35 83
Cr 643.15 752.62 59525 499.47 807.36 321.57 766.30 561.04 513.15 561.04 615.78 74578 1033.14 1067.35 821.04
Hf <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 <0.1 <0.1 <0.1 <0.1
Cs <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.7 0.8 <0.1 <0.1
Sc 38 43 33 33 41 32 59 25 44 41 39 30 41 15 29
Ta <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Co 41 36.5 50.2 452 46 29.3 39.1 63.6 471 48.3 61.5 46.8 69.1 444 59.6
0] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
W 12 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sn <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Mo 0.2 <0.1 0.1 <0.1 0.1 <0.1 0.1 0.1 0.1 0.1 0.2 <0.1 <0.1 <0.1 <0.1
Au <0.5 7.1 <0.5 1.7 <0.5 11.6 1 0.6 <0.5 <0.5 <0.5 5.2 1 <0.5 147
La 0.1 0.1 0.1 0.1 0.1 <0.1 0.2 0.1 0.3 0.1 0.9 0.6 0.4 0.4 0.3
Ce 0.3 0.3 0.2 0.2 0.4 <0.1 0.4 0.3 0.3 0.4 15 0.4 0.5 0.1 0.1
Pr 0.05 0.04 0.04 0.05 0.09 0.04 0.11 0.07 0.09 0.08 0.27 0.07 0.09 0.02 0.02
Nd <0.3 <0.3 <0.3 <0.3 04 <0.3 11 0.5 0.6 0.6 13 0.6 0.4 <0.3 <0.3
Sm 0.19 0.15 0.13 0.17 0.37 0.16 0.48 0.27 0.33 0.33 0.78 0.23 0.34 0.07 0.12
Eu 0.12 0.11 0.16 0.13 0.26 0.15 0.26 0.23 0.22 0.24 0.43 0.18 0.2 0.07 0.09
Gd 0.31 0.29 0.25 0.29 0.64 0.31 0.88 0.43 0.6 0.63 1.24 0.45 0.69 0.11 0.19
Tb 0.07 0.06 0.06 0.06 0.16 0.07 0.18 0.09 0.13 0.13 0.24 0.1 0.14 0.02 0.04
Dy 0.39 0.47 0.44 0.41 11 0.44 11 0.56 0.84 0.92 1.65 0.62 0.81 0.13 0.29
Ho 0.1 0.1 0.11 0.08 0.21 0.11 0.25 0.13 0.2 0.19 0.35 0.13 0.19 0.04 0.07
Er 0.25 0.27 0.23 0.22 0.59 0.26 0.76 0.35 0.59 0.68 1.04 0.39 0.63 0.06 0.22
Tm 0.04 0.05 0.04 0.03 0.08 0.04 0.1 0.05 0.09 0.09 0.15 0.05 0.08 0.01 0.03
Yb 0.15 0.2 0.19 0.2 0.52 0.22 0.59 0.33 0.48 0.41 0.85 0.24 0.52 0.08 0.15
Lu 0.04 0.04 0.03 0.03 0.09 0.04 0.11 0.05 0.07 0.08 0.15 0.04 0.08 0.02 0.02
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EK 3.1. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaclarda gézlenen olivinlerin mineral kimyasi analiz sonuglari

Ornek no H19-C1/1 H19-C1/2 H19-C1/3 H19-C1/4 H19-C1/5 H19-D1/1 H19-D1/2 H19-D1/3 H19-D1/4 H19-D1/5 H19-El/1 H19-El/2 H19-EL/3 H19-EL/4 H19-EL/5 H15-Al/l H15-Al/l2 H15-Al/3 H15-Al/4

SiO; 38.18 38.31 38 38.19 38.18 38.26 37.96 38.31 38.28 385 37.65 38.07 37.66 37.52 37.46 37.83 37.99 37.88 38.32
TiO, 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01
Al,O3 0.01 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.05 0.01 0.01 0.03 0.01
FeO 24.53 24.67 24.47 23.94 24.35 23.74 23.76 243 24.35 24.23 2457 24.6 24.65 25.17 245 21.16 20.98 21.13 21.62
Cr,03 0.00 0.00 0.01 0.00 0.03 0.00 0.01 0.01 0.02 0.00 0.00 0.02 0.00 0.00 0.01 0.01 0.00 0.02 0.00
MnO 0.31 0.33 0.33 0.32 0.29 0.32 0.31 0.35 0.35 0.26 0.41 0.38 0.38 0.29 0.33 0.25 0.32 0.38 0.33
MgO 36.54 36.87 36.96 37.24 36.84 37.35 37.25 37.11 36.71 36.84 36.94 36.95 37.04 3731 37.13 40.77 40.01 40 39.6
CaO 0.01 0.03 0.02 0.00 0.00 0.04 0.01 0.00 0.06 0.01 0.02 0.00 0.00 0.00 0.02 0.03 0.04 0.04 0.00
Na,O 0.02 0.05 0.01 0.00 0.01 0.01 0.03 0.01 0.03 0.00 0.01 0.05 0.00 0.00 0.01 0.01 0.00 0.00 0.02
KO 0.01 0.01 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.00 0.00 0.01 0.00 0.02 0.01 0.01
NiO 0.08 0.08 0.09 0.09 0.08 0.09 0.04 0.05 0.10 0.10 0.10 0.07 0.09 0.09 0.06 0.13 0.11 0.06 0.10
Toplam 99.69 100.35 99.92 99.80 99.78 99.81 99.40 100.13 99.91 99.96 99.76  100.15 99.82  100.42 99.58  100.20 99.49 99.54  100.02
Si 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.01 0.99 1.00 0.99 0.99 0.99 0.98 0.99 0.99 0.99
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.54 0.54 0.54 0.53 0.54 0.52 0.52 0.53 0.54 0.53 0.54 0.54 0.54 0.55 0.54 0.46 0.46 0.46 0.47
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.44 1.44 1.45 1.46 1.45 1.46 1.46 1.45 1.44 1.44 1.45 1.45 1.46 1.46 1.46 1.57 1.55 1.55 1.53
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Toplam 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 2.99 3.01 3.00 3.01 3.01 3.01 3.02 3.01 3.01 3.01
Fo 72.65 72.71 72.92 73.50 72.95 73.72 73.65 73.14 72.88 73.05 72.83 72.81 72.82 72.55 72.99 77.45 77.27 77.14 76.56
Fa 27.35 27.29 27.08 26.50 27.05 26.28 26.35 26.86 27.12 26.95 2717 27.19 27.18 27.45 27.01 22.55 22.73 22.86 23.44
Mg* 72.39 72.44 72.65 73.24 72.72 73.46 73.39 72.85 72.60 72.84 72.50 72.50 7251 72.32 72.72 71.24 77.00 76.82 76.28

Iyon numaralarmin hesaplanmasinda 6 (O) baz almmustir.
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EK 3.1. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gézlenen olivinlerin mineral kimyasi analiz sonuglari

Ornek no H15-Al/5 H15-B1/1 H15-B1/2 H15-B1/3 H15-B1/4 H15-B1/5 H15-D1/1 H15-D1/2 H15-D1/3 H15-D1/4 H15-D1/5 H27-B1/1 H27-B1/2 H27-B1/3 H27-Bl/4 H27-B1/5 H27-C1/1 H27-C1/2 H27-C1/3

SiO; 37.87 38.58 38.58 38.61 38.44 38.41 37.8 37.99 37.91 37.84 37.77 36.38 37.14 36.88 37.07 3751 36.09 36.43 37.16
TiO, 0.01 0.01 0.01 0.00 0.01 0.00 0.02 0.00 0.03 0.02 0.01 0.03 0.02 0.04 0.02 0.00 0.03 0.02 0.03
Al,O3 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.03 0.03 0.03 0.05 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.03
FeO 20.81 21.11 21.59 21.09 21.34 21.26 20.91 21.17 20.81 20.88 20.85 30.38 30.44 30.99 30.18 30.03 30.05 30.66 30.14
Cr,03 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.05 0.05
MnO 0.28 0.36 0.36 0.31 0.36 0.3 0.3 0.34 0.29 0.33 0.26 0.37 0.47 0.44 0.53 0.46 0.48 0.44 0.45
MgO 40.06 39.52 39.3 39.78 39.46 39.68 40.02 39.68 39.93 40.16 39.62 32.61 32.84 3141 31.94 32.37 32.18 32.49 3174
CaO 0.02 0.00 0.04 0.00 0.00 0.06 0.01 0.03 0.00 0.02 0.03 0.03 0.07 0.04 0.09 0.02 0.04 0.04 0.04
Na,O 0.03 0.00 0.00 0.01 0.00 0.00 0.06 0.03 0.01 0.00 0.05 0.01 0.00 0.02 0.05 0.02 0.02 0.00 0.00
KO 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01
NiO 0.13 0.11 0.13 0.09 0.07 0.12 0.08 0.11 0.12 0.11 0.07 0.01 0.08 0.04 0.02 0.05 0.10 0.06 0.09
Toplam 99.23 99.70  100.02 99.89 99.68 99.87 99.22 99.37 99.14 99.39 98.71 99.82 101.08 99.86 99.90  100.46 99.00 100.19 99.74
Si 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.99 0.99 1.00 1.00 1.00 1.01 0.99 0.99 1.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.45 0.46 0.47 0.46 0.46 0.46 0.46 0.46 0.45 0.46 0.46 0.69 0.68 0.70 0.68 0.67 0.69 0.70 0.68
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.56 1.53 1.52 1.54 1.53 1.53 1.56 1.54 1.55 1.56 1.55 1.32 131 1.27 1.29 1.30 1.32 131 1.28
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 3.02 3.00 3.00 3.00 3.00 3.01 3.02 3.01 3.01 3.02 3.01 3.01 3.01 3.00 3.00 2.99 3.01 3.01 2.99
Fo 77.44 76.95 76.44 77.08 76.73 76.89 77.34 76.97 77.38 77.42 77.21 65.68 65.79 64.38 65.36 65.77 65.63 65.39 65.25
Fa 22.56 23.05 23.56 22.92 23.27 23.11 22.66 23.03 22.62 22.58 22.79 34.32 3421 35.62 34.64 34.23 34.37 34.61 34.75
Mg* 77.20 76.64 76.14 76.82 76.42 76.64 77.08 76.68 77.13 77.14 76.99 65.40 65.44 64.05 64.96 65.43 65.26 65.06 64.91
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EK 3.1. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaclarda gézlenen olivinlerin mineral kimyasi analiz sonuglari

Ornek no H27-C1/4 H27-C1/5 H27-EL/1 H27-E1/2 H27-EL/3 H27-E1/4 H27-E1/5 H13-Al/l H13-Al/2 H13-Al/3 H13-Al/4 H13-Al/5 H13-Bl/1 H13-B1/2 H13-B1/3 H13-B1/4 H13-B1/5 H13-Cl/1 H13-C1/2

SiO, 36.24 36.47 36.48 36.66 36.66 36.81 36.5 39.78 39.93 39.71 39.79 40.06 40.13 39.86 39.77 39.9 40.21 39.69 39.73
TiO, 0.03 0.00 0.02 0.02 0.03 0.01 0.01 0.01 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Al,O4 0.00 0.01 0.00 0.06 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.01 0.01 0.02 0.02 0.01 0.00 0.01 0.00
FeO 31.57 30.16 29.88 29.37 3041 30.99 31.76 16.45 16.44 16.75 16.73 16.94 15.43 16.01 16.08 15.6 16.61 15.95 16.45
Cr,03 0.00 0.06 0.00 0.01 0.02 0.02 0.00 0.00 0.02 0.02 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.45 0.35 0.46 0.38 0.46 0.48 0.48 0.23 0.27 0.21 0.16 0.31 0.25 0.22 0.18 0.26 0.24 0.26 0.28
MgO 311 32.64 32.97 3242 32.62 32.26 31.28 43.3 43.01 43.28 43.22 43.22 43.81 43.87 43.78 43.63 43.44 43.45 43.43
CaOo 0.04 0.04 0.02 0.07 0.04 0.08 0.01 0.00 0.06 0.03 0.01 0.05 0.03 0.00 0.01 0.04 0.03 0.07 0.00
Na,O 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.05 0.00 0.01 0.00 0.00 0.00 0.05 0.05 0.02 0.00 0.00
K0 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.03 0.03 0.00 0.00 0.02 0.02 0.03 0.03 0.02 0.01 0.02 0.03
NiO 0.03 0.07 0.05 0.08 0.09 0.04 0.06 0.12 0.15 0.11 0.09 0.07 0.11 0.12 0.14 0.10 0.16 0.11 0.13
Toplam 99.47 99.83 99.89 99.09  100.33  100.72  100.12 99.92 99.98 100.12  100.01  100.71 99.81  100.13 100.06 99.61 100.72 99.58 100.06
Si 0.99 0.99 0.99 1.00 0.99 0.99 1.00 1.01 1.01 1.00 1.01 1.01 1.01 1.00 1.00 1.01 1.01 1.01 1.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.72 0.68 0.68 0.67 0.69 0.70 0.72 0.35 0.35 0.35 0.35 0.36 0.32 0.34 0.34 0.33 0.35 0.34 0.35
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01
Mg 1.27 1.32 1.33 1.32 1.31 1.30 1.27 1.63 1.62 1.63 1.63 1.62 1.64 1.65 1.65 1.64 1.62 1.64 1.64
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01
Toplam 3.01 3.01 3.01 3.00 3.01 3.01 3.01 3.00 2.99 3.00 3.00 2.99 2.99 3.00 3.00 3.00 3.00 3.00 3.00
Fo 63.72 65.86 66.30 66.31 65.66 64.99 63.71 82.43 82.35 82.16 82.16 81.98 83.50 83.01 82.92 83.30 82.34 82.93 82.48
Fa 36.28 34.14 33.70 33.69 34.34 35.01 36.29 17.57 17.65 17.84 17.84 18.02 16.50 16.99 17.08 16.70 17.66 17.07 17.52
Mg* 63.39 65.60 65.95 66.02 65.32 64.63 63.36 82.23 82.10 81.98 82.02 8171 83.28 82.81 82.76 83.06 82.13 82.69 82.23
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EK 3.1. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaclarda gézlenen olivinlerin mineral kimyasi analiz sonuglari

Ornek no H13-C1/3 H13-C1/4 H13-C1/5 H13-D1/1 H13-D1/2 H13-D1/3 H13-D1/4 H13-D1/5 H13-El/1 H13-E1/2 H13-E1/3 H13-E1/4 H13-E1/5 H9-Al/1 H9-A1/2 H9-A1/3 H9-A1/4 H9-A1/5 H9-B1/1

SiO, 39.38 39.52 39.56 40.03 39.83 39.81 39.29 39.89 39.77 39.94 39.96 40.01 39.81 4032 4038 4042  40.14  40.03 40.5
TiO, 0.01 0.02 0.03 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Al,O3 0.04 0.00 0.02 0.02 0.04 0.05 0.81 0.03 0.02 0.01 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.00
FeO 16.57 16.5 16.38 16.91 16.36 16.33 17.1 16.24 15.92 16.05 16.04 15.97 15.49 13.13 13.11 12.88 13.04 1331 13.34
Cr,03 0.01 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.03 0.02
MnO 0.16 0.25 0.16 0.28 0.27 0.19 0.2 0.24 0.21 0.29 0.25 0.36 0.23 0.16 0.16 0.14 0.23 0.24 0.22
MgO 43.7 43.67 43.9 43.33 43.5 42.94 41.82 43.21 43.7 44.3 43.97 43.89 4368  46.65 4684 46.72 4651  46.39 46.5
CaO 0.02 0.03 0.05 0.03 0.05 0.07 0.21 0.02 0.04 0.04 0.01 0.04 0.00 0.00 0.00 0.03 0.02 0.04 0.06
Na,O 0.02 0.00 0.03 0.02 0.02 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.01 0.03 0.00 0.00 0.02 0.02 0.00
KO 0.00 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01
NiO 0.12 0.06 0.12 0.17 0.13 0.16 0.07 0.15 0.15 0.16 0.17 0.09 0.15 0.16 0.16 0.16 0.13 0.10 0.10
Toplam 100.03 100.06 100.26 100.85 100.21 99.55 99.56 99.79 99.81 100.81  100.42  100.37 99.39 100.49 100.67 100.38 100.13 100.17 100.75
Si 1.00 1.00 1.00 1.01 1.00 1.01 1.00 1.01 1.00 1.00 1.00 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.35 0.35 0.35 0.36 0.34 0.35 0.36 0.34 0.34 0.34 0.34 0.34 0.33 0.27 0.27 0.27 0.27 0.28 0.28
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Mg 1.65 1.65 1.65 1.62 1.63 1.62 1.59 1.63 1.65 1.65 1.65 1.64 1.65 1.72 1.73 1.72 1.72 1.72 1.71
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00
Toplam 3.01 3.00 3.01 3.00 3.00 2.99 2.99 2.99 3.00 3.00 3.00 3.00 3.00 3.01 3.01 3.00 3.01 3.01 3.00
Fo 82.46 82.51 82.69 82.04 82.58 82.42 81.34 82.59 83.03 83.11 83.01 83.05 83.41 86.37 86.43 86.61 8641 8614 86.14
Fa 17.54 17.49 17.31 17.96 17.42 17.58 18.66 17.41 16.97 16.89 16.99 16.95 16.59 13.63 13.57 13.39 13.59 13.86 13.86
Mg* 82.32 82.29 82.55 81.80 82.34 82.25 81.16 82.38 82.85 82.85 82.79 82.73 83.20 86.22 86.29 8648 8620 8592 8594
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EK 3.1. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaclarda gézlenen olivinlerin mineral kimyasi analiz sonuglari

Ornek n. H9-B1/2 H9-B1/3 H9-B1/4 H9-B1/5 H9-C1/1 H9-C1/2 H9-C1/3 H9-C1/4 H9-C1/5 H9-D1/1 H9-D1/2 H9-D1/3 H9-D1/4 H9-D1/5 H9-EL/l H9-EL/2

H9-E1/3 H9-E1/4 H9-EL/5

Sio, 40.64 39.96 40.64 4034 4019 4017 4071 4045 4023  40.07 4078 4018 4043 4004  40.1 4015 4045 403  40.42
Tio, 000 000 001 000 0.01 0.00 000 002 000 0.0 000 002 000 000 000 001 000 000 000
AlL,O, 004 003 000 000 0.01 0.02 0.01 0.00 0.01 0.01 0.02 0.01 000 000 000 003 001l 000 000
FeO 13.18 1309 1297 13.11 128 1294 1323 1256 1285 1317 1302 1326 1344 1328 1281 1291 1336 1329 13.34
Cr,0; 000 002 000 000 000 001 0.02 0.00 000 002 000  0.06 0.02 000 000 000 000 003  0.00
MnO 02 026 024 018 025 015 0.21 0.19 019 0.4 0.2 0.16 0.23 02 021 022 019 02 027
MgO 4619 4618 4622 4627 4656 4615 4676 4683 4674 4658 4625 4623 4672 4633 4618 467 4635 4656  46.39
ca0o 002 005 002 004 004 002 004 001 005  0.02 003 003 000 000 003 001 000 004 001
Na,O 000 005 001 000 0.01 004 005 001 004 001 000 0.0 003 004 000 000 000 005 001
K,0 002 000 001 001 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 000 003 002 001 003 001 003
NiO 012 016 013  0.13 013 015 010  0.12 008 011 0.07 0.11 010 015 010 012 011 010 0.6
Toplam 10040 99.80 100.26 100.08 10002  99.67 101.15 10023 100.19 100.14 100.40 100.07 10097 100.06 99.46 100.15 100.50 100.59 100.64
Si 101 1.00 101  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.00 1.00 100 100 100 100 100  1.00
Ti 000 000 000 000 000 000  0.00 000  0.00 000 0.0 000  0.00 000 000 000 000 000 0.0
Al 000 000 000 000 000 000 0.0 000 0.0 000 0.0 000 0.0 000 000 000 000 000  0.00
Fe 027 027 027 027 027 027 027 026 027 027 027 028 028 028 027 027 028 028 0.8
cr 000 000 000 000 000 000  0.00 000 0.0 000  0.00 000 0.0 000 000 000 000 000  0.00
Mn 000 001 001 000 001 000 0.0 000 0.0 000 0.0 000 0.0 000 000 000 000 000 001
Mg 171 172 171 171 173 1.72 171 173 173 173 171 171 1.72 172 172 173 171 172 171
Ca 000 000 000 000 000 000 0.0 000 0.0 000 0.0 000 0.0 000 000 000 000 000  0.00
Na 000 000 000 000 000 000 0.0 000 0.0 000 0.0 000  0.00 000 000 000 000 000 0.0
K 000 000 000 000 000 000 0.0 000 0.0 000 0.0 000 0.0 000 000 000 000 000  0.00
Ni 000 001 001 001 001 001 000 000 0.0 000 0.0 000 0.0 001 000 000 000 000 001
Toplam 300 301 300 300  3.00 300  3.00 300  3.00 3.01 2.99 300  3.00 300 300 300 300 300 3.0
Fo 86.20 86.28 8640 8629 8664 8641 8630 8692 8664 8631 8636 8614 8611 8615 8654 8658 86.08 8620  86.11
Fa 1380 1372 1360 1371 1336 1359 1370 1308 1336 1369 1364 1386 1389 1385 1346 1342 1392 13.80 13.89
Mg* 86.02 8604 8618 8612 8641 8627 8611 8675 8647 8619 8618 86.00 8590 8597 8634 8638 8591 86.02 85.87
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H9-A1/1 H9-A1/2 H9-A1/3 H9-Al/4 H9-AL/5 HI9-AL/6r H9-AL/7r H9-Al/8r H9-B1/1 H9-B1/2 H9-B1/3 H9-B1/4 H9-B1/5 H9-B1/6r H9-B1/7r HI9-B1/8r H9-C1/1 H9-C1/2 H9-C1/3

Sio, 53.08 52.73 53.50 53.23  53.47 54.18 53.53 53.50 53.19 53.36 53.54 53.20 53.01 53.07 52.81 54.00 53.77 52.77 52.93
Al,O; 2.71 2.77 2.63 2.65 2.50 1.88 2.04 1.94 211 2.21 1.87 2.38 2.53 2.39 2.55 1.88 1.76 2.71 2.67
TiO; 0.18 0.19 0.18 0.18 0.17 0.18 0.17 0.16 0.21 0.19 0.17 0.16 0.16 0.19 0.18 0.21 0.15 0.18 0.16
FeO 3.93 3.56 3.60 4.22 4.63 3.44 3.44 3.56 3.61 3.65 3.65 3.57 3.82 3.57 4.05 3.37 3.00 3.62 3.81
MnO 0.06 0.12 0.11 0.10 0.12 0.17 0.04 0.12 0.07 0.14 0.17 0.15 0.10 0.07 0.10 0.10 0.08 0.09 0.10
MgO 17.52 16.67 17.28 17.81 18.70 17.46 17.00 17.21 17.10 16.91 17.15 16.69 16.74 17.06 16.97 17.45 17.02 16.52 16.86
Cr,0, 0.17 0.22 0.27 0.18 0.21 0.24 0.27 0.30 0.27 0.27 0.25 0.24 0.26 0.26 0.25 0.26 0.34 0.23 0.23
CaO 22.62 23.51 23.06 21.61 20.09 22.67 23.04 23.30 2291 23.39 23.34 23.94 23.34 23.33 22.71 22.83 24.15 23.43 23.20
Na,O 0.30 0.30 0.26 0.32 0.22 0.25 0.27 0.23 0.24 0.30 0.24 0.26 0.27 0.31 0.29 0.24 0.27 0.29 0.34
KO 0.02 0.03 0.02 0.00 0.03 0.01 0.02 0.02 0.00 0.01 0.01 0.00 0.01 0.02 0.00 0.02 0.01 0.05 0.02
NiO 0.01 0.00 0.04 0.01 0.04 0.00 0.03 0.00 0.06 0.04 0.02 0.00 0.02 0.02 0.07 0.01 0.06 0.04 0.03
Toplam 100.60 100.08 100.96 100.32 100.19  100.48 99.87  100.36 99.77 100.47 100.39 100.60 100.27  100.28 99.97  100.39 100.61 99.96  100.34
Si 1.92 1.92 1.93 1.93 1.93 1.96 1.95 1.94 1.94 1.93 1.94 1.93 1.93 1.92 1.92 1.96 1.94 1.92 1.92
Al IV 0.08 0.08 0.07 0.07 0.07 0.04 0.05 0.06 0.06 0.07 0.06 0.07 0.07 0.08 0.08 0.04 0.06 0.08 0.08
Al VI 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.04 0.02 0.04 0.03
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Fe" 0.06 0.05 0.04 0.04 0.03 0.00 0.02 0.04 0.03 0.04 0.04 0.05 0.04 0.05 0.05 0.01 0.04 0.05 0.06
Fe" 0.06 0.06 0.07 0.08 0.11 0.10 0.09 0.07 0.08 0.07 0.07 0.06 0.07 0.05 0.07 0.09 0.05 0.06 0.06
Mn 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.94 0.90 0.93 0.96 1.01 0.94 0.92 0.93 0.93 0.91 0.93 0.90 0.91 0.92 0.92 0.94 0.92 0.90 0.91
Cr 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.87 0.92 0.89 0.84 0.78 0.88 0.90 0.91 0.90 0.91 0.91 0.93 0.91 0.91 0.89 0.89 0.94 0.91 0.90
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 48.65 46.79  48.08  49.80 52.23 48.81 47.87 47.78  48.00 4717 4755  46.39 46.87 47.56 47.65 48.74 47.15 46.61 47.19
Fors. 6.22 5.78 5.79 6.78 7.44 5.66 5.51 5.74 5.79 5.94 5.94 5.80 6.16 5.69 6.54 5.45 4.79 5.88 6.14
Wol. 45.13 4742  46.12 4342 40.33 45.54 46.63 46.49  46.21 46.89 4651 4781 46.97 46.74 45.82 45.81 48.06 47.51 46.67
Toplam 100.00 100.00 100.00 100.00 100.00  100.00  100.00  100.00 100.00 100.00 100.00 100.00 100.00  100.00  100.00  100.00 100.00 100.00  100.00
Mg# 88.82 89.31 89.53 88.26  87.82 90.05 89.79 89.61 89.42 89.21 89.34 89.30  88.65 89.50 88.20 90.22 91.00 89.05 88.76

Iyon numaralarmin hesaplanmasinda 6 (O) baz almmuistir, r (kenar).
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek n H9-C1/4 H9-C1/5 H9-Cl/6r H9-C1/7r H9-C1/8r H9-D1/2 H9-D1/3 H9-D1/4 H9-D1/5 H9-D1/6r H9-D1/7r H9-D1/8r H9-E1/1 H9-EL1/2 H9-E1/3 H9-EL/4 H9-EL/5 HI-EL/6r H9-EL/7r

Sio, 52.88 53.27 53.43 52.97 53.34 52.67 52.76 53.55 53.42 54.50 53.68 53.38 53.18 53.16 53.73 5323  52.99 53.58 53.13
Al, Oy 2.70 2.70 2.08 211 2.11 2.84 2.71 2.52 2.73 0.63 1.63 1.45 2.37 2.47 2.02 2.75 2.65 1.89 1.94
TiO, 0.20 0.21 0.17 0.19 0.19 0.21 0.20 0.20 0.17 0.03 0.15 0.13 0.17 0.20 0.14 0.21 0.20 0.15 0.18
FeO 3.65 4.47 4.68 3.65 3.48 3.80 3.64 5.45 3.85 2.75 3.46 3.10 3.30 3.54 3.57 3.86 3.71 3.32 3.44
MnO 0.12 0.10 0.08 0.09 0.13 0.04 0.18 0.15 0.11 0.01 0.12 0.04 0.12 0.04 0.14 0.12 0.09 0.10 0.11
MgO 16.70 18.67 19.11 17.47 17.15 16.36 16.37 19.95 16.58 17.99 18.01 1738 1673 1676 1696 16.72  16.59 17.19 16.84
Cr,0; 0.20 0.22 0.22 0.27 0.24 0.20 0.22 0.25 0.25 0.12 0.28 0.28 0.26 0.22 0.21 0.25 0.16 0.23 0.24
CaOo 23.46 19.93 19.79 22.92 22.75 23.42 23.24 17.95 22.81 2411 22.92 23.60 2374 2336 2379 23.02 2358 23.57 23.16
Na,O 0.29 0.22 0.23 0.28 0.26 0.28 0.35 0.21 0.30 0.13 0.22 0.20 0.30 0.26 0.21 0.23 0.31 0.26 0.22
K,O 0.01 0.00 0.03 0.02 0.00 0.01 0.02 0.01 0.02 0.00 0.02 0.01 0.02 0.00 0.01 0.01 0.03 0.02 0.00
NiO 0.00 0.02 0.03 0.00 0.00 0.00 0.08 0.03 0.01 0.03 0.00 0.05 0.01 0.00 0.04 0.07 0.02 0.01 0.00
Toplam 100.21 99.81 99.84 99.97 99.64 99.83 99.77 100.26  100.23 100.30 100.49 99.61 100.18 100.01 100.82 100.48 100.31  100.31 99.25
Si 1.92 1.93 1.94 1.92 1.95 1.92 1.93 1.93 1.94 1.97 1.94 1.95 1.93 1.93 1.94 1.93 1.92 1.94 1.95
Al IV 0.08 0.07 0.06 0.08 0.05 0.08 0.07 0.07 0.06 0.03 0.06 0.05 0.07 0.07 0.06 0.07 0.08 0.06 0.05
Al VI 0.04 0.05 0.03 0.02 0.04 0.04 0.04 0.04 0.06 0.00 0.01 0.01 0.03 0.04 0.03 0.05 0.04 0.02 0.03
Ti 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00
Fe" 0.05 0.02 0.04 0.06 0.02 0.03 0.04 0.03 0.01 0.04 0.06 0.04 0.04 0.03 0.03 0.02 0.05 0.04 0.02
Fe?" 0.06 0.12 0.10 0.05 0.09 0.08 0.07 0.13 0.11 0.05 0.05 0.05 0.06 0.08 0.07 0.10 0.07 0.06 0.09
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.90 1.01 1.03 0.95 0.93 0.89 0.89 1.07 0.90 0.97 0.97 0.95 0.91 0.91 0.91 0.90 0.90 0.93 0.92
Cr 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Ca 0.91 0.77 0.77 0.89 0.89 0.92 0.91 0.69 0.89 0.93 0.89 0.92 0.92 0.91 0.92 0.89 0.92 0.92 0.91
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 46.81 52.51 53.09 48.47 48.27 46.29 46.50 55.43 47.12 48.80 49.35 48.15 46.86 47.13 4694 4710 46.52 47.70 47.47
Fors. 5.92 7.21 7.42 5.82 5.70 6.10 6.08 8.72 6.31 421 5.51 4.87 5.36 5.66 5.76 6.29 5.97 5.31 5.62
Wol. 47.27 40.28 39.50 45.71 46.02 47.61 47.43 35.84 46.57 46.99 45.14 46.99 4777 4721 4731  46.60 4751 46.99 46.91
Toplam 100.00  100.00 100.00 100.00 100.00  100.00  100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00
Mg# 89.08 88.16 87.93 89.51 89.79 88.48 88.93 86.72 88.48 92.09 90.27 90.92 90.05 89.41 89.44 8853 8887 90.24 89.71
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H9-E1/8r H13-A1/1 H13-Al/2 H13-Al/3 H13-Al/4 H13-Al/5 H13-Al/6r H13-Al/7r H13-Al/8r H13-B1/1 H13-B1/2 H13-B1/3 H13-B1/4 H13-B1/5 HI13-Bl/6r H13-B1/7r
Sio, 53.18 53.01 53.06 52.93 52.18 53.42 53.24 53.05 53.21 53.55 53.32 52.79 53.30 52.46 52.99 52.53
Al,O, 1.98 2.52 251 2.77 2.70 2.27 2.45 2.60 2.12 2.36 2.20 2.19 2.35 2.39 2.30 2.20
TiO, 0.17 0.25 0.30 0.32 0.31 0.25 0.26 0.27 0.27 0.27 0.25 0.28 0.29 0.25 0.29 0.29
FeO 3.56 4.50 5.39 4.98 4.45 5.79 6.00 4.59 4.70 5.42 4.80 4.14 4.32 4.71 4.45 4.57
MnO 0.15 0.14 0.22 0.09 0.15 0.16 0.10 0.20 0.12 0.10 0.18 0.13 0.05 0.14 0.13 0.14
MgO 17.04 16.18 18.27 16.47 16.17 17.89 18.58 16.10 16.79 17.93 17.29 16.21 16.57 16.71 16.30 16.89
Cr,0, 0.29 0.16 0.13 0.17 0.18 0.15 0.15 0.16 0.14 0.18 0.17 0.20 0.18 0.19 0.15 0.24
CaO 22.90 22.92 19.79 22.36 23.08 20.80 19.20 22.99 22.52 20.66 21.89 23.17 22.16 22.55 23.19 22.54
Na,O 0.29 0.32 0.30 0.33 0.33 0.26 0.25 0.31 0.32 0.23 0.30 0.27 0.33 0.30 0.35 0.28
KO 0.02 0.01 0.01 0.01 0.03 0.01 0.02 0.00 0.02 0.01 0.02 0.03 0.02 0.03 0.00 0.01
NiO 0.05 0.00 0.00 0.02 0.01 0.06 0.03 0.03 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.06
Toplam 99.63 100.02 99.98 100.45 99.60 101.05 100.29 100.30 100.20 100.70 100.44 99.39 99.58 99.74 100.13 99.74
Si 1.94 1.94 1.93 1.93 1.91 1.93 1.93 1.93 1.94 1.94 1.93 1.94 1.95 1.92 1.93 1.92
Al IV 0.06 0.06 0.07 0.07 0.09 0.07 0.07 0.07 0.06 0.06 0.07 0.06 0.05 0.08 0.07 0.08
Al VI 0.03 0.05 0.04 0.04 0.03 0.02 0.03 0.05 0.03 0.04 0.03 0.03 0.05 0.02 0.03 0.02
Ti 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe¥* 0.04 0.02 0.04 0.03 0.06 0.05 0.04 0.02 0.04 0.02 0.04 0.02 0.00 0.06 0.04 0.06
Fe?" 0.07 0.11 0.13 0.12 0.08 0.12 0.15 0.12 0.10 0.14 0.10 0.10 0.14 0.08 0.10 0.08
Mn 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Mg 0.93 0.88 0.99 0.89 0.88 0.96 1.00 0.88 0.91 0.97 0.94 0.89 0.91 0.91 0.89 0.92
Cr 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01
Ca 0.90 0.90 0.77 0.87 0.91 0.80 0.75 0.90 0.88 0.80 0.85 0.91 0.87 0.88 0.91 0.88
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 47.90 45.90 51.26 46.55 45.77 49.45 51.89 45.59 47.06 49.98 48.27 45.99 47.42 46.89 45.87 47.28
Fors. 5.85 7.39 8.83 8.04 7.30 9.23 9.56 7.61 7.58 8.64 7.80 6.79 7.02 7.64 7.22 7.39
Wol. 46.25 46.71 39.91 4541 46.93 41.32 38.54 46.79 45.36 41.39 43.93 47.22 45.56 45.47 46.90 45.33
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mo# 89.51 86.51 85.81 85.49 86.63 84.63 84.66 86.22 86.42 85.49 86.53 87.48 86.87 86.35 86.73 86.83
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H13-B1Sr H13-C1 H13-C12 HI13-C1/3 HI3-C1/4 HI3-Cl/sr H13-Cller H13-C17r H13-Cl8  H13-DU1 H13-D12 H13-D1/3  HI3-D1/4 HI3-D1/5  H13-Dl6r
Sio, 52.85 52.64 52.90 52.25 52.62 53.40 53.28 53.22 52.70 52.20 52.09 52.31 53.08 52.98 52.91
AlLO, 1.95 2.25 222 249 2.27 2.02 211 2.04 2.12 2.75 2.98 2.75 2.25 2.24 217
Tio, 0.28 0.26 0.30 0.29 0.28 0.27 0.25 0.29 0.27 0.33 0.35 0.28 0.27 0.25 0.28
FeO 4.06 4.76 5.31 421 432 461 423 437 4.65 5.01 467 417 485 459 472
MnO 017 011 011 0.19 0.18 0.15 017 0.17 0.18 0.13 0.16 017 0.12 0.15 0.20
MgO 1650 17.03 17.38 16.19 16.66 16.74 1651 16.66 1655 16.92 16.45 16.07 17.01 16.99 16.98
Cr,0, 0.21 0.17 021 0.20 0.19 0.15 0.20 0.18 0.16 0.20 0.16 0.20 0.19 0.18 021
ca0 2331 2153 21.67 23.41 2291 22.77 2355 22.81 22,98 22.00 23.09 23.22 21.93 22.04 22.46
Na,O 0.32 027 0.27 0.38 0.30 027 0.30 0.27 0.25 0.33 0.34 0.30 0.31 0.25 027
K0 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01
NiO 0.02 0.00 0.05 0.00 0.05 0.00 0.05 0.10 0.00 0.05 0.05 0.02 0.00 0.02 0.00
Toplam 99.67 99.02 10041 99.63 99.79 100.39 100.67 100.12 99.87 99.94 10036 99.50  100.00 99.71 100.23
Si 1.93 1.94 1.92 191 1.92 1.94 1.93 1.94 1.93 1.90 1.89 1.92 1.94 1.94 1.93
Al IV 0.07 0.06 0.08 0.09 0.08 0.06 0.07 0.06 0.07 0.10 0.11 0.08 0.06 0.06 0.07
Al VI 0.02 0.04 0.02 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.02 0.04 0.03 0.03 0.02
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe®* 0.05 0.03 0.06 0.07 0.06 0.03 0.05 0.03 0.05 0.07 0.09 0.04 0.03 0.03 0.05
Fe?* 0.08 012 0.10 0.06 0.07 011 0.08 0.10 0.09 0.08 0.06 0.08 0.11 011 0.09
Mn 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
Mg 0.90 0.93 0.94 0.88 091 091 0.89 0.91 0.90 0.92 0.89 0.88 0.92 0.93 0.92
cr 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01
Ca 0.91 0.85 0.84 0.92 0.90 0.89 0.92 0.89 0.90 0.86 0.90 0.91 0.86 0.86 0.88
Na 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 46.31 48.33 48.29 45.62 46.73 46.79 45.98 46.79 46.26 4752 46.02 45.67 47.84 47.88 47.33
Fors. 6.67 7.76 8.45 6.96 7.09 7.47 6.89 7.16 7.58 8.09 7.58 6.92 7.83 7.49 7.69
Wol. 47.02 4391 43.26 47.42 46.18 45.74 47.13 46.05 46.16 44.39 46.40 47.41 44.33 44,62 44,98
Toplam 100.00 10000 10000 100.00 _ 100.00 100.00 100.00 10000 100.00  100.00 10000 100.00 _ 100.00  100.00 100.00
Mg# 87.87 86.44 85.37 87.28 87.30 86.61 87.43 87.17 86.38 85.77 86.27 87.31 86.22 86.84 86.51

72



EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H13-D1/7r H13-D1/8r H13-El/1 H13-E1/2 H13-E1/3 H13-El/4 H13-El/5 HI13-El/6r HI13-EL/7r H13-El/8r H6-B1/1 H6-B1/2 H6-B1/3 H6-B1/4 H6-BL/5 H6-Blier
Sio, 52.21 53.07 52.64 52.42 52.49 52.51 53.09 52.68 53.43 53.19 52.78 52.98 53.08 52.70 52.80 53.44
Al,O; 2.44 211 2.86 3.07 2.94 3.00 2.68 2.55 2.07 2.04 2.20 2.22 2.15 2.42 2.51 1.99
TiO, 0.27 0.29 0.25 0.26 0.25 0.27 0.26 0.30 0.25 0.24 0.26 0.30 0.30 0.26 0.30 0.30
FeO 4.90 4.37 5.48 4.72 4.76 4.59 5.10 4.06 4.28 4.54 5.43 5.74 5.44 5.21 5.27 5.23
MnO 0.20 0.09 0.17 0.12 0.11 0.13 0.13 0.11 0.07 0.17 0.13 0.16 0.11 0.20 0.17 0.12
MgO 17.48 16.40 17.23 16.10 16.59 15.88 16.86 16.06 16.37 17.11 15.68 16.20 15.84 15.32 15.57 16.00
Cr,0, 0.17 0.24 0.15 0.20 0.14 0.15 0.19 0.20 0.17 0.19 0.23 0.28 0.24 0.24 0.22 0.25
CaO 20.94 22.79 20.82 23.29 22.88 23.14 21.70 23.83 22.97 22.59 23.08 22.05 22.77 22.79 22.75 23.07
Na,O 0.26 0.21 0.21 0.33 0.23 0.35 0.28 0.24 0.30 0.32 0.30 0.31 0.29 0.38 0.31 0.26
KO 0.00 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.02 0.01
NiO 0.05 0.00 0.04 0.03 0.01 0.02 0.04 0.03 0.00 0.04 0.00 0.01 0.01 0.00 0.02 0.06
Toplam 98.93 99.58 99.85 100.56 100.42 100.07 100.33 100.06 99.92 100.43 100.10 100.25 100.23 99.53 99.94 100.74
Si 1.92 1.95 1.92 1.90 1.91 1.92 1.93 1.92 1.95 1.93 1.94 1.94 1.94 1.94 1.94 1.95
Al IV 0.08 0.05 0.08 0.10 0.09 0.08 0.07 0.08 0.05 0.07 0.06 0.06 0.06 0.06 0.06 0.05
Al VI 0.03 0.04 0.05 0.04 0.03 0.05 0.05 0.03 0.04 0.02 0.03 0.03 0.04 0.05 0.05 0.03
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe® 0.05 0.01 0.03 0.06 0.06 0.04 0.02 0.04 0.01 0.06 0.04 0.03 0.02 0.01 0.01 0.02
Fe" 0.10 0.13 0.14 0.08 0.09 0.10 0.13 0.09 0.12 0.08 0.13 0.15 0.15 0.15 0.15 0.14
Mn 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00
Mg 0.96 0.90 0.94 0.87 0.90 0.86 0.91 0.87 0.89 0.93 0.86 0.88 0.86 0.84 0.85 0.87
Cr 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.83 0.90 0.81 0.91 0.89 0.91 0.85 0.93 0.90 0.88 0.91 0.86 0.89 0.90 0.89 0.90
Na 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 49.39 46.50 48.72 45.29 46.39 45.18 47.64 45.20 46.35 47.55 44.31 45.82 44.84 4411 44.52 44.97
Fors. 8.09 7.08 8.97 7.64 7.64 7.53 8.29 6.59 6.92 7.34 8.82 9.37 8.81 8.74 8.73 8.44
Wol. 42.51 46.42 42.31 47.07 45.98 47.30 44.07 48.21 46.73 45.11 46.88 44.81 46.34 47.14 46.75 46.60
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mg# 86.41 87.01 84.86 85.87 86.14 86.05 85.48 87.57 87.20 87.05 83.73 83.41 83.86 83.97 84.05 84.51
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EK3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gézlenen klinopiroksenlerin mineral kimyasi analiz sonuglari

Ornekno H6-B1/7r H6-B1/Sr H6-C1l/1 H6-C12 H6-CL3 H6-Cl/4 H6-CL5 H6-Cl6r H6-CL7r H6-CL/8r H6-D1/L H6-D12 H6-DL3 H6-DL4 H6-DL5 H6-D1/6r
Sio, 52.75 53.24 52.19 52.93 52.47 52,58 52.39 53.35 53.37 53.49 52.93 52.62 52.26 52.37 52.64 52.98
Al,O, 1.97 2.05 251 2.65 257 2.55 259 2.07 2.33 2.18 2.18 2.24 2.16 2.28 212 2.09
Tio, 0.32 0.30 0.30 0.28 0.31 0.29 0.32 0.29 0.14 0.30 031 0.37 0.36 0.36 0.29 0.29
FeO 5.45 551 551 6.24 6.06 5.02 6.59 553 412 4.84 5.26 5.55 5.13 5.33 5.32 491
MnO 0.11 0.14 0.21 0.11 0.21 0.14 0.18 0.13 0.13 0.12 0.09 0.12 0.16 0.10 0.12 0.12
MgO 15.85 15.98 15.37 16.08 16.04 15.74 16.54 15.97 16.09 16.16 16.02 15.74 15.49 15.79 15.88 15.94
Cr0, 0.22 0.24 0.22 0.19 0.22 0.24 0.23 0.33 0.11 0.22 0.28 0.26 0.26 0.21 0.27 0.21
Ca0 23.11 22.00 22.45 21.57 21.89 22.73 2021 22.63 23.14 22.77 22.18 23.23 22.89 22.97 22.00 22.66
Na,O 0.32 0.37 0.33 0.34 0.30 0.32 031 031 0.25 0.30 031 0.27 0.30 0.27 0.34 0.30
K,0 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.02 0.02 0.03
NiO 0.00 0.08 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00 0.06 0.05 0.00 0.00 0.01 0.02
Toplam 100.10 99.92 99.10  100.39  100.09 99.62 99.37  100.62 99.74  100.37 99.61  100.45 99.03 99.70 99.01 99.55
Si 1.03 1.95 1.03 1.93 1.92 1.03 1.93 1.95 1.96 1.95 1.95 192 1.94 1.93 1.95 1.95
Al IV 0.07 0.05 0.07 0.07 0.08 0.07 0.07 0.05 0.04 0.05 0.05 0.08 0.06 0.07 0.05 0.05
Al VI 0.02 0.04 0.04 0.05 0.03 0.04 0.04 0.03 0.06 0.04 0.04 0.02 0.03 0.03 0.04 0.04
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe’* 0.05 0.01 0.02 0.02 0.04 0.02 0.02 0.02 0.00 0.00 0.01 0.05 0.03 0.04 0.01 0.01
Fe?* 0.12 0.16 0.15 0.17 0.15 0.13 0.18 0.15 0.13 0.14 0.15 0.12 0.13 0.12 0.15 0.14
Mn 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Mg 0.87 0.87 0.85 0.88 0.88 0.86 091 0.87 0.88 0.88 0.88 0.86 0.86 0.87 0.88 0.87
cr 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.91 0.87 0.89 0.84 0.86 0.90 0.80 0.88 0.91 0.89 0.87 0.91 0.91 091 0.87 0.89
Na 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4,00 4,00 4,00 4,00 4.00 4,00 4.00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4,00 4.00
Ens: 44.56 45.70 44.27 45.76 45.45 45.00 47.44 45.10 45.83 4578 45.82 44.18 44.37 44.69 4571 45.48
Fors. 8.76 9.07 9.25 10.14 9.98 8.28 10.90 8.97 6.79 7.88 8.59 8.94 8.51 8.61 8.79 8.06
wol. 46.68 45.23 46.48 44.10 44.57 46.72 41.66 45.92 47.38 4634 4559 46.88 47.12 4670 4550 46.46
Toplam 100.00 100.00 10000  100.00  100.00 10000  100.00 10000  100.00  100.00  100.00  100.00  100.00 10000  100.00  100.00
Mg# 83.84 83.79 83.25 82.13 82.51 84.83 81.74 83.74 87.22 85.62 84.44 83.49 84.32 84.00 84.17 85.26
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H6-D1/7r H6-D1/8r H6-El/1  H6-EL/2 H6-EL/3 H6-EL/4 H6-EL/5 H6-El/6r H6-EL/7r  H6-E1/8r H19-C1/1 H19-C1/2 H19-C1/3 H19-C1/4 H19-C1/5 H19-Cllér
Sio, 52.90 52.86 52.54 52.56 52.26 52.34 52.44 52.43 52.68 53.21 51.40 51.01 51.31 52.21 52.49 52.43
Al, O, 2.01 2.14 2.44 2.32 2.20 2.45 2.60 1.90 211 1.92 2.64 2.97 2.81 2.79 2.59 2.14
TiO, 0.29 0.29 0.23 0.30 0.28 0.28 0.32 0.25 0.28 0.24 0.41 0.50 0.48 0.44 0.43 0.38
FeO 5.52 5.26 6.75 5.77 5.13 5.57 5.24 5.49 5.49 4.94 5.68 6.29 6.75 8.34 8.46 5.99
MnO 0.18 0.16 0.02 0.14 0.15 0.13 0.12 0.17 0.09 0.12 0.09 0.19 0.15 0.22 0.22 0.14
MgO 15.66 16.15 17.16 16.41 15.50 15.58 15.27 15.63 16.08 16.03 15.21 15.54 16.02 17.21 17.26 15.68
Cr,0; 0.25 0.25 0.26 0.24 0.24 0.21 0.28 0.19 0.20 0.19 0.20 0.18 0.21 0.21 0.17 0.22
CaO 22.93 22.11 20.13 22.29 22.79 23.33 23.19 23.16 22.19 23.57 22.84 22.56 21.65 18.58 18.23 22.99
Na,O 0.30 0.30 0.28 0.32 0.37 0.35 0.33 0.26 0.26 0.31 0.30 0.41 0.29 0.25 0.23 0.34
KO 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01
NiO 0.02 0.02 0.00 0.06 0.00 0.03 0.05 0.06 0.00 0.00 0.02 0.02 0.04 0.02 0.00 0.01
Toplam 100.09 99.55 99.83 100.43 98.93 100.28 99.85 99.56 99.40 100.55 98.78 99.68 99.71 100.27 100.07 100.32
Si 1.94 1.95 1.93 1.92 1.94 1.92 1.93 1.93 1.94 1.94 1.91 1.88 1.89 191 1.93 1.92
Al IV 0.06 0.05 0.07 0.08 0.06 0.08 0.07 0.07 0.06 0.06 0.09 0.12 0.11 0.09 0.07 0.08
Al VI 0.03 0.04 0.03 0.02 0.03 0.02 0.04 0.02 0.03 0.02 0.03 0.01 0.01 0.03 0.04 0.01
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe®* 0.03 0.02 0.04 0.07 0.03 0.07 0.03 0.05 0.02 0.04 0.05 0.11 0.09 0.04 0.02 0.06
Fe?" 0.14 0.14 0.16 0.11 0.12 0.10 0.13 0.12 0.15 0.11 0.12 0.08 0.12 0.21 0.24 0.12
Mn 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00
Mg 0.86 0.89 0.94 0.89 0.86 0.85 0.84 0.86 0.88 0.87 0.84 0.85 0.88 0.94 0.94 0.86
Cr 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
Ca 0.90 0.87 0.79 0.87 0.90 0.91 0.91 0.92 0.88 0.92 0.91 0.89 0.85 0.73 0.72 0.90
Na 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 44.31 46.03 48.44 45.91 44.50 43.83 43.70 44.08 45.74 44.76 43.62 43.91 45.20 48.66 48.99 44.00
Fors. 9.05 8.67 10.71 9.28 8.50 9.00 8.60 8.96 8.91 7.93 9.29 10.27 10.91 13.58 13.82 9.65
Wol. 46.64 45.30 40.84 44.81 47.00 47.17 47.69 46.96 45.34 47.31 47.09 45.81 43.88 37.75 37.19 46.35
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mg# 83.49 84.55 81.93 83.53 84.35 83.29 83.85 83.55 83.93 85.26 82.67 81.50 80.89 78.63 78.44 82.35
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornekno H19-C1/7r H19-C1/8r H19-D1/1 H19-D1/2 H19-D1/3 H19-D1/4 H19-D1/5 H19-D1/6r H19-D1/7r H19-D1/8r H19-El/1 HI19-E1/2 H19-E1/4 HI19-El/5 HI19-El/6r
SiO, 51.58 51.88 52.08 52.44 51.95 52.22 52.52 52.29 52.63 52.39 51.87 52.14 51.91 52.05 52.20
Al,O; 2.23 2.25 2.48 2.28 2.33 2.35 2.19 2.30 2.25 2.21 2.57 2.69 2.76 2.95 2.23
TiO, 0.40 0.39 0.39 0.34 0.37 0.37 0.32 0.38 0.33 0.37 0.42 0.45 0.48 0.47 0.40
FeO 6.24 6.40 7.71 8.65 7.21 7.50 8.12 5.73 6.79 6.34 5.50 6.06 6.39 7.40 6.08
MnO 0.17 0.17 0.17 0.18 0.20 0.14 0.14 0.13 0.09 0.17 0.10 0.17 0.15 0.25 0.14
MgO 14.93 15.83 16.56 17.26 16.33 16.82 18.21 15.33 16.54 16.43 15.09 15.80 15.63 16.70 15.62
Cr,0; 0.23 0.23 0.20 0.20 0.21 0.17 0.16 0.18 0.23 0.22 0.20 0.22 0.20 0.16 0.21
CaO 22.72 21.82 19.83 17.40 20.74 19.94 17.83 22.93 20.98 21.25 23.20 21.80 22.39 20.23 22.90
Na,O 0.33 0.28 0.32 0.21 0.29 0.27 0.23 0.27 0.27 0.28 0.27 0.30 0.37 0.33 0.30
K,O 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.00
NiO 0.01 0.01 0.00 0.00 0.03 0.00 0.07 0.03 0.00 0.01 0.00 0.01 0.02 0.01 0.02
Toplam 98.86 99.28 99.74 98.97 99.68 99.79 99.79 99.58 100.14 99.69 99.23 99.66 100.31 100.58 100.09
Si 1.92 1.92 1.92 1.95 1.92 1.92 1.93 1.93 1.93 1.93 1.92 1.92 1.90 1.90 1.92
Al IV 0.08 0.08 0.08 0.05 0.08 0.08 0.07 0.07 0.07 0.07 0.08 0.08 0.10 0.10 0.08
Al VI 0.02 0.02 0.03 0.05 0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.04 0.02 0.03 0.01
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe® 0.05 0.05 0.05 0.00 0.06 0.05 0.05 0.03 0.04 0.04 0.03 0.03 0.07 0.07 0.06
Fe?" 0.14 0.15 0.19 0.27 0.16 0.18 0.20 0.14 0.17 0.15 0.14 0.16 0.12 0.16 0.12
Mn 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Mg 0.83 0.87 0.91 0.96 0.90 0.92 0.99 0.84 0.90 0.90 0.83 0.87 0.85 0.91 0.86
Cr 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
Ca 0.91 0.87 0.78 0.69 0.82 0.79 0.70 0.91 0.82 0.84 0.92 0.86 0.88 0.79 0.90
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 42.84 44.97 47.01 49.73 46.15 47.46 51.06 43.68 46.63 46.48 43.24 45.20 44.16 46.99 43.92
Fors. 10.33 10.47 12.55 14.26 11.74 12.10 13.00 9.37 10.88 10.33 9.00 10.00 10.37 12.09 9.81
Wol. 46.83 44.56 40.44 36.01 42.11 40.44 35.94 46.95 42.49 43.20 47.76 44.81 45.47 40.92 46.28
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mo# 81.00 81.52 79.29 77.81 80.17 79.99 79.98 82.67 81.28 82.20 83.02 82.30 81.33 80.08 82.08
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no  H19-EL/7r H15-A1/1 H15-A1/3 H15-Al/4 H15-Al/5 H15-B1/2 H15-B1/3 H15-B1/4 H15-B1/5 H15-D1/1 H15-D1/2 H15-D1/3 H15-D1/4 H15-D1/5 H27-B1/1 H27-B1/2

SiO, 52.11 51.95 52.09 51.95 52.80 51.91 51.19 51.43 51.97 50.95 51.00 51.94 51.46 51.62 52.29 51.41
Al,O, 2.29 2.70 2.48 2.52 2.33 2.82 2.92 3.43 2.98 3.25 3.20 3.09 3.13 3.21 151 2.53
TiO, 0.37 0.50 0.48 0.54 0.44 0.47 0.47 0.46 0.52 0.52 0.56 0.52 0.48 0.53 0.44 0.68
FeO 5.90 5.41 6.22 5.46 5.11 5.90 6.12 5.32 5.51 6.06 6.14 6.39 6.50 6.15 8.06 8.41
MnO 0.17 0.14 0.17 0.14 0.14 0.17 0.20 0.16 0.15 0.24 0.18 0.19 0.13 0.11 0.29 0.23
MgO 15.38 15.33 15.86 15.36 15.34 15.27 15.52 15.54 15.31 15.41 15.51 16.10 16.16 15.40 14.42 14.42
Cr,0; 0.18 0.43 0.47 0.41 0.43 0.41 0.37 0.35 0.39 0.65 0.54 0.47 0.51 0.50 0.05 0.13
CaO 22.70 22.76 22.00 23.11 23.59 22.83 22.24 22.18 23.15 22.28 22.24 20.61 21.17 22.74 22.20 21.54
Na,O 0.34 0.34 0.42 0.38 0.37 0.46 0.40 0.52 0.43 0.38 0.43 0.39 0.39 0.41 0.31 0.36
K,O 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.01
NiO 0.06 0.00 0.00 0.04 0.00 0.04 0.01 0.00 0.00 0.02 0.00 0.05 0.00 0.02 0.03 0.03
Toplam 99.51 99.59 100.20 99.92 100.56 100.31 99.45 99.40 100.44 99.76 99.81 99.76 99.94 100.69 99.62 99.75
Si 1.93 1.92 1.91 1.91 1.93 1.90 1.89 1.89 1.90 1.88 1.88 1.91 1.89 1.88 1.95 1.91
Al IV 0.07 0.08 0.09 0.09 0.07 0.10 0.11 0.11 0.10 0.12 0.12 0.09 0.11 0.12 0.05 0.09
Al VI 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.04 0.03 0.02 0.02 0.04 0.02 0.02 0.01 0.02
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.02
Fe’" 0.05 0.03 0.06 0.06 0.03 0.07 0.09 0.07 0.06 0.08 0.09 0.03 0.08 0.08 0.03 0.05
Fe" 0.13 0.13 0.13 0.11 0.12 0.11 0.10 0.10 0.11 0.10 0.10 0.16 0.12 0.11 0.22 0.21
Mn 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.01
Mg 0.85 0.84 0.87 0.84 0.84 0.83 0.85 0.85 0.83 0.85 0.85 0.88 0.88 0.84 0.80 0.80
Cr 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.00 0.00
Ca 0.90 0.90 0.86 0.91 0.92 0.90 0.88 0.87 0.91 0.88 0.88 0.81 0.83 0.89 0.89 0.86
Na 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 43.82 44.05 44.99 43.75 43.53 43.53 44.28 44.97 43.59 44.08 44.27 46.53 46.05 43.68 41.13 41.50
Fors. 9.70 8.95 10.17 8.95 8.36 9.71 10.12 8.90 9.04 10.11 10.12 10.67 10.60 9.96 13.36 13.95
Wol. 46.47 47.00 44.84 47.30 48.11 46.76 45.60 46.13 47.37 45.80 45.61 42.80 43.35 46.35 45.50 44.55
Toplam 100.00 100.00  100.00 100.00 100.00 100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mo# 82.28 83.48 81.97 83.38 84.26 82.19 81.89 83.89 83.20 81.93 81.83 81.79 81.59 81.70 76.13 75.35
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EK 3.2. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen klinopiroksenlerin mineral kimyas1 analiz sonuglart

Ornek no H27-B1/3 H27-Bl/4 H27-B1/5 H27-C1/1 H27-C1/2 H27-Cl/3 H27-C1/4 H27-C1/5 H27-EL/l H27-E1l2 H27-EL/3 H27-EL/4 H27-EL/5

SiO, 50.99 51.75 51.56 52.27 51.63 53.11 51.78 52.28 51.74 51.67 52.72 51.94 51.65
Al O, 2.45 1.64 2.36 1.15 212 131 1.95 1.98 1.98 1.67 1.54 2.13 211
TiO, 0.73 0.42 0.62 0.38 0.61 0.39 0.58 0.38 0.58 0.52 0.40 0.61 0.67
FeO 8.57 7.54 8.06 7.89 8.43 7.83 8.13 8.13 7.72 7.82 7.49 8.06 7.34
MnO 0.24 0.28 0.28 0.21 0.24 0.19 0.17 0.20 0.16 0.24 0.18 0.25 0.15
MgO 14.39 15.04 14.42 14.96 14.67 14.90 14.85 14.85 14.72 14.37 15.24 14.67 14.73
Cr0; 0.11 0.09 0.05 0.11 0.09 0.00 0.06 0.05 0.08 0.11 0.07 0.07 0.13
CaO 21.20 22.18 22.01 22.31 21.46 22.45 22.26 21.79 22.20 22.46 22.43 21.74 21.92
Na,O 0.32 0.26 0.29 0.18 0.37 0.28 0.18 0.29 0.24 0.22 0.29 0.33 0.46
KO 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00
NiO 0.02 0.02 0.05 0.00 0.00 0.04 0.00 0.05 0.04 0.00 0.02 0.03 0.00
Toplam 99.03 99.23 99.72 99.47 99.62 100.51 99.97 100.02 99.47 99.09  100.39 99.85 99.15
Si 1.91 1.93 1.92 1.95 1.92 1.96 1.92 1.94 1.93 1.94 1.94 1.93 1.92
Al IV 0.09 0.07 0.08 0.05 0.08 0.04 0.08 0.06 0.07 0.06 0.06 0.07 0.08
Al VI 0.02 0.00 0.02 0.00 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.02
Ti 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.02
Fe** 0.05 0.06 0.05 0.04 0.06 0.03 0.05 0.04 0.04 0.04 0.05 0.04 0.05
Fe? 0.22 0.17 0.20 0.20 0.21 0.21 0.20 0.21 0.20 0.21 0.18 0.21 0.18
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00
Mg 0.80 0.84 0.80 0.83 0.81 0.82 0.82 0.82 0.82 0.80 0.84 0.81 0.82
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.85 0.89 0.88 0.89 0.86 0.89 0.88 0.86 0.89 0.90 0.88 0.86 0.88
Na 0.02 0.02 0.02 0.01 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.03
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 41.63 42.53 41.30 42.10 41.97 41.93 41.83 42.21 41.94 41.02 42.73 41.97 42.47
Fors. 14.30 12.41 13.40 12.79 13.92 12.66 13.12 13.28 12.60 12.91 12.07 13.34 12.12
Wol. 44.07 45.07 45.30 45.11 44.12 45.40 45.06 44.51 45.46 46.07 45.20 44.69 45.42
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00  100.00  100.00  100.00  100.00
Mo# 74.96 78.05 76.13 77.17 75.63 77.23 76.51 76.51 77.27 76.61 78.39 76.44 78.16
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EK 3.3. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gézlenen ortopiroksenlerin mineral kimyasi analiz sonuglari

Ornek no H15-B1/1 H15-B1/2 H15-B1/3 H15-B1/4 H15-B1/5 H15-D1/1 H15-D1/2 H15-D1/3 H15-D1/4 H15-D1/5 H13-B1/1 H13-B1/2 H13-B1/3 H13-B1/4r H13-B1/5r

SiO, 54.91 54.93 54.96 55.24 54.84 54.91 54.64 54.04 54.57 54.92 56.34 56.32 56.5 56.28 56.15
Al,O4 1.14 1.33 0.98 1.07 13 1.49 1.55 1.58 1.68 1.78 111 1.16 119 1.18 1.29
TiO, 0.03 0.10 0.03 0.05 0.08 0.21 0.24 0.21 0.20 0.11 0.07 0.12 0.07 0.11 0.13
FeO 13.7 13.34 13.68 13.68 13.47 13.15 13.04 13.32 13.97 13.18 10.5 10.16 10.23 10.41 10.51
MnO 0.33 0.29 0.38 0.27 0.37 0.26 0.33 0.31 0.30 0.28 0.22 0.22 0.20 0.22 0.30
MgO 29.41 29.14 29.45 29.12 29.54 28.39 28.37 28.46 28.64 28.47 31.24 30.86 31.08 31.42 30.62
Cr,04 0.00 0.03 0.00 0.04 0.05 0.18 0.16 0.21 0.23 0.16 0.14 0.12 0.09 0.13 0.11
Cao 0.38 0.52 0.38 0.47 0.49 0.94 0.78 0.94 0.89 0.42 0.71 0.65 0.40 0.64 0.89
Na,O 0.00 0.07 0.01 0.04 0.00 0.02 0.00 0.01 0.04 0.05 0.02 0.00 0.00 0.00 0.02
KO 0.01 0.02 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
NiO 0.05 0.05 0.01 0.03 0.00 0.04 0.03 0.02 0.02 0.00 0.05 0.00 0.02 0.05 0.00
Toplam 99.95 99.82 99.9 100.02 100.12 99.61 99.15 99.09 100.56 99.38 100.42 99.63 99.8 100.46 100.03
Si 1.96 1.96 1.96 1.97 1.95 1.97 1.97 1.95 1.94 1.97 1.97 1.99 1.99 1.97 1.98
Al IV 0.04 0.04 0.04 0.03 0.05 0.03 0.03 0.05 0.06 0.03 0.03 0.01 0.01 0.03 0.02
Al VI 0.00 0.01 0.00 0.01 0.00 0.03 0.03 0.01 0.01 0.05 0.02 0.04 0.04 0.02 0.03
Ti 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Fe3+ 0.04 0.03 0.04 0.02 0.04 0.01 0.02 0.03 0.04 0.02 0.00 0.04 0.04 0.01 0.02
Fe2+ 0.37 0.37 0.37 0.39 0.36 0.41 0.41 0.38 0.38 0.42 0.30 0.34 0.34 0.30 0.33
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.56 1.55 1.56 1.55 1.56 1.52 1.52 1.53 1.52 1.52 1.63 1.62 1.63 1.64 1.61
Cr 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.02 0.01 0.02 0.02 0.04 0.03 0.04 0.03 0.02 0.03 0.02 0.02 0.02 0.03
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ens: 78.31 78.42 78.30 78.10 78.44 77.59 77.87 77.37 76.81 78.38 82.72 83.07 83.51 83.03 82.04
Fors. 20.96 20.58 20.97 20.99 20.62 20.56 20.59 20.79 21.47 20.79 15.93 15.68 15.72 15.76 16.25
Wol. 0.73 1.01 0.73 0.91 0.94 1.85 1.54 1.84 1.72 0.83 1.35 1.26 0.77 1.22 1.71
Toplam 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Mg & 79.28 79.57 79.33 79.15 79.63 78.34 78.16 79.21 78.52 77.55 84.14 81.43 81.42 84.33 82.34

Iyon numaralarmin hesaplanmasinda 6 (O) baz alinmistir, r (kenar).



EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H6-B1/1 H6-B1/2 H6-B1/3 H6-B1/4 H6-B1/5 H6-Bl/6r H6-B1/7r H6-B1/8r H6-C1/1 H6-C1/2 H6-C1/3 H6-C1/4 H6-C1/5 H6-C1/6r H6-C1/7r H6-C1/8r H6-D1/1 H6-D1/2

SiO, 4751 4758 469 4701 4738 46.41 46.96 46.5 47.13 47.39 47.66 48.44 47.65 46.75 46.28 46.71 46.61 47.23
Al,O4 33.23 3382 3344 3352 33.49 33.86 34.62 34.2 32.68 32.98 33.47 33.4 33.87 33.53 33.97 33.8 33.36 33.27
TiO, 0.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.02 0.00 0.00 0.02 0.00
FeO 0.23 0.18 0.30 0.33 0.32 0.25 0.33 0.20 0.39 0.33 0.34 0.27 0.24 0.33 0.42 0.33 0.29 0.28
MnO 0.00 0.00 0.01 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 17.32 17.24 17.07 17.16 17.11 17.76 17.8 17.84 17.06 17.07 17.02 16.6 17.1 17.52 17.69 17.75 17.19 17.07
Na,O 1.87 1.90 1.96 1.96 1.99 1.59 151 1.49 2.16 2.07 1.94 2.22 1.90 1.80 1.61 1.66 1.82 1.90
KO 0.01 0.02 0.02 0.01 0.02 0.01 0.00 0.01 0.03 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.02
Toplam 100.19  100.75 99.74 100.02  100.32 99.92  101.27  100.25 99.54 99.89 100.44 101.04 100.81 100.00 100.02 100.3 99.35 99.79
Si 2.18 2.17 2.16 2.16 2.17 2.14 2.13 2.13 2.17 2.18 2.18 2.20 2.17 2.15 2.13 2.14 2.16 2.17
AllV 0.82 0.83 0.84 0.84 0.83 0.86 0.87 0.87 0.83 0.82 0.82 0.80 0.83 0.85 0.87 0.86 0.84 0.83
AlVI 0.97 0.98 0.97 0.97 0.97 0.97 0.99 0.98 0.94 0.96 0.98 0.98 0.99 0.96 0.97 0.97 0.97 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.85 0.84 0.84 0.84 0.84 0.88 0.87 0.88 0.84 0.84 0.83 0.81 0.83 0.86 0.87 0.87 0.85 0.84
Na 0.17 0.17 0.17 0.17 0.18 0.14 0.13 0.13 0.19 0.18 0.17 0.20 0.17 0.16 0.14 0.15 0.16 0.17
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.06 0.12 0.12 0.06 0.11 0.06 0.00 0.06 0.17 0.06 0.06 0.12 0.06 0.06 0.12 0.06 0.06 0.12
Ab 16.34 16.61 17.18 17.12 17.37 13.93 13.31 13.12 18.61 17.99 17.09 19.46 16.73 15.67 14.12 14.47 16.07 16.75
An 83.61 83.28 8270 8282 8252 86.01 86.69 86.82 81.22 81.96 82.85 80.42 83.21 84.27 85.76 85.48 83.87 83.14

Iyon numaralar1 hesaplanmasinda 16 (O) baz alinmustur, r (kenar).
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H6-D1/3 H6-D1/4 H6-D1/5 H6-EL/1 H6-EL/2 H6-E1/3 H6-E1/4 H6-E1/5 H19-Cl/1 H19-C1/2 H19-C1/3 H19-C1/4 H19-C1/5 H19-C1/6r H19-C1/7r H19-C1/8r H19-D1/1 H19-D1/2 H19-D1/3

Si0, 4705 ~ 47.2 4694 4666 47.34 4787 4716 47.32 4751 4769 4775 4789  47.98 47.03 46.54 4632 4787 4819 48.2
Al,O; 3342 3365 3362 3331 3308 3312 3319 336 3328  33.72 333 3339 3344 3357 34.12 3354 3295 3284 3285
Tio, 001 002 002 000 000 001 000 001 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00
FeO 027 017 026 029 025 019 032 041 0.27 0.17 0.24 0.25 0.24 0.35 0.44 0.54 0.16 0.22 0.16
MnO 000 006 006 004 000 001 000 000 0.00 0.01 0.00 0.01 0.00 0.00 0.04 0.00 0.02 0.00 0.00
MgO 000 000 000 000 000 000 001  0.00 0.16 0.00 0.00 0.02 0.00 0.07 0.00 0.00 0.00 0.00 0.00
Ca0 1703 17.25 1753 1701 171 1683 1713 1739 1706 1697 1691 1679  16.61 16.89 17.29 174 1625 1656  16.14
Na,O 196 203 189 203 145 220 185 204 1.98 2.24 2.07 210 2.26 1.99 1.79 1.79 2.36 251 2.42
K0 001 002 000 001 002 001 001 001 0.01 0.01 0.02 0.01 0.02 0.02 001 0.00 0.02 0.01 0.02
Toplam 99.77 10041 100.35  99.36  99.24 100.25 9971 10081 1003  100.83 10031 _ 10049  100.59 99.99  100.22 99.62  99.67 10034  99.81
Si 216 216 215 215 220 219 217 215 217 217 218 219 219 216 213 2.14 2.20 2.20 221
AllV 084 084 08 08 08 08 083 085 0.83 0.83 0.82 0.81 0.81 0.84 0.87 0.86 0.80 0.80 0.79
AlVI 097 097 09 09 101 097 098 096 0.97 0.97 0.98 0.98 0.98 0.97 0.97 0.96 0.98 0.96 0.98
Ti 000 000 000 000 000 000 000  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 001 001 001 001 001 001 001 002 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01
Mn 000 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 000 000 000 000 000 000 000  0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 084 084 08 084 085 08 08 085 0.84 0.83 0.83 0.82 0.81 0.83 0.85 0.86 0.80 0.81 0.79
Na 017 018 047 048 013 019 017 018 0.8 0.20 0.18 0.19 0.20 0.8 0.16 0.16 021 0.22 022
K 000 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 500 500 500 500 500 500 500 500 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
or 006 011 000 006 012 006 006  0.06 0.06 0.06 0.12 0.06 011 0.12 0.06 0.00 0.12 0.06 0.12
Ab 1723 1754 1633 17.75 1329 1912 1634 1750 1735 1927 1811 1845  19.73 17.55 15.77 1569 2079 2151 2132
An 8272 8235 8367 8219 8659 80.82 83.60 8244 8260 8067  8.77 8150  80.15 82.33 84.17 8431 7910 7843 7857
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gézlenen plajiyoklazlarin mineral kimyas1 analiz sonuglari

Ornek no H19-D1/4 H19-D1/5 H19-D1/6r H19-D1/7r H19-D1/8r H19-El/1 H19-E1/2 H19-E1/3 H19-El/4 H19-El/5 H19-El/6r H15-Al/l HI15-A1/2 H15-Al/3 H15-Al/4 H15-Al/5 H15-Al/6r H15-Al/7r

SiO, 48.13 47.45 47.33 46.58 45.77 46.87 47.03 47.45 46.96 47.24 45.27 48.28 48.34 47.97 48.3 48.49 47.71 47.97
Al,O3 32.89 32.98 33.91 34.74 34.13 33.65 33.25 33.34 32.94 33.47 33.43 33.11 32.57 32.67 32.65 33.21 33.24 32.52
TiO, 0.01 0.02 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.02 0.03 0.00 0.01 0.01 0.00 0.00
FeO 0.17 0.11 0.41 0.47 0.34 0.14 0.23 0.20 0.20 0.23 0.89 0.08 0.19 0.14 0.22 0.22 0.17 0.34
MnO 0.07 0.04 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.030 0.04 0.00 0.01 0.06 0.02
MgO 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.00 0.10 1.61 0.00 0.00 0.00 0.00 0.00 0.03 0.22
CaO 16.31 16.56 17.27 18.03 18.07 17.31 16.78 17.09 16.95 16.85 17.42 16.43 16.38 16.1 16.35 16.15 16.85 16.8
Na,O 2.39 2.37 1.83 1.52 1.60 2.08 2.10 1.99 2.13 2.13 133 2.30 2.56 2.51 2.45 2.57 2.33 2.20
K,O 0.01 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.01
Toplam 100.00 99.57 100.78 101.37 100.05  100.11 99.43  100.09 99.21  100.08 100.02 100.27 100.11 99.45 100.04 100.69 100.39 100.14
Si 2.20 2.18 2.16 211 2.10 2.15 2.17 2.17 2.17 2.16 2.08 2.20 2.21 2.21 2.21 2.20 2.17 2.20
AllV 0.80 0.82 0.84 0.89 0.90 0.85 0.83 0.83 0.83 0.84 0.92 0.80 0.79 0.79 0.79 0.80 0.83 0.80
AlVI 0.98 0.97 0.98 0.97 0.95 0.96 0.97 0.98 0.96 0.97 0.88 0.99 0.96 0.98 0.97 0.98 0.96 0.95
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.01 0.00 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Ca 0.80 0.82 0.84 0.88 0.89 0.85 0.83 0.84 0.84 0.83 0.86 0.80 0.80 0.79 0.80 0.79 0.82 0.82
Na 0.21 0.21 0.16 0.13 0.14 0.18 0.19 0.18 0.19 0.19 0.12 0.20 0.23 0.22 0.22 0.23 0.21 0.20
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.06 0.11 0.06 0.06 0.06 0.00 0.06 0.06 0.06 0.06 0.12 0.06 0.06 0.12 0.11 0.11 0.06 0.06
Ab 20.95 20.55 16.08 13.23 13.80 17.86 18.45 17.39 18.52 18.61 12.12 20.20 22.03 21.98 2131 22.33 20.00 19.15
An 78.99 79.34 83.86 86.71 86.14 82.14 81.49 82.55 81.43 81.34 87.76 79.74 77.91 77.91 78.58 77.55 79.94 80.80
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no  H15-A1/8r H15-B1/1 H15-B1/2 H15-B1/3 H15-B1/4 H15-B1/5 H15-B1/30p H15-B1/29p H15-B1/28p H15-B1/27p H15-B1/26p H15-B1/25p H15-B1/24p H15-B1/22p H15-B1/21p

SiO, 47.51 46.98 47.57 46.82 46.98 46.38 47.99 48.15 47.7 47.76 47.72 47.48 47.2 44.15 44.31
Al,O; 33.56 33.52 33.19 33.84 33.17 32.81 32.86 33.25 33.04 32.99 33.13 33.16 33.49 35.43 35.13
TiO, 0.01 0.00 0.01 0.01 0.02 0.01 0.03 0.01 0.02 0.02 0.02 0.02 0.00 0.00 0.00
FeO 0.24 0.15 0.24 0.16 0.20 0.57 0.20 0.19 0.16 0.16 0.23 0.14 0.17 0.25 0.26
MnO 0.00 0.00 0.03 0.03 0.05 0.00 0.00 0.00 0.00 0.07 0.00 0.01 0.03 0.00 0.00
MgO 0.00 0.07 0.03 0.00 0.05 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
CaO 16.96 17.3 16.7 17.83 16.89 17.27 16.49 16.69 16.35 16.71 16.65 16.47 17.04 19.46 19.33
Na,O 2.30 2.22 2.23 1.69 2.00 2.00 2.46 2.46 2.40 2.42 2.19 2.17 2.18 0.72 0.75
KO 0.02 0.02 0.02 0.01 0.01 0.03 0.01 0.02 0.02 0.02 0.02 0.03 0.01 0.01 0.01
Toplam 100.66 100.26 100.05 100.34 99.38 99.16 100.06 100.78 99.73 100.17 99.98 99.49 100.21 99.91 99.76
Si 2.16 2.14 2.18 2.14 2.17 2.15 2.19 2.19 2.19 2.18 2.19 2.19 2.16 2.04 2.05
AllV 0.84 0.86 0.82 0.86 0.83 0.85 0.81 0.81 0.81 0.82 0.81 0.81 0.84 0.96 0.95
AlVI 0.96 0.95 0.97 0.97 0.97 0.93 0.96 0.96 0.97 0.96 0.98 0.99 0.96 0.96 0.96
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.83 0.85 0.82 0.87 0.83 0.86 0.81 0.81 0.80 0.82 0.82 0.81 0.83 0.96 0.96
Na 0.20 0.20 0.20 0.15 0.18 0.18 0.22 0.22 0.21 0.21 0.19 0.19 0.19 0.06 0.07
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.11 0.11 0.11 0.06 0.06 0.17 0.06 0.11 0.11 0.11 0.12 0.17 0.06 0.06 0.06
Ab 19.68 18.82 19.44 14.63 17.64 17.30 21.25 21.03 20.96 20.74 19.20 19.22 18.79 6.27 6.56
An 80.20 81.06 80.45 85.31 82.31 82.53 78.70 78.85 78.92 79.15 80.68 80.61 81.15 93.67 93.39
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H15-B1/20p H15-B1/19p H15-B1/18p H15-B1/17p H15-B1/16p H15-B1/15p H15-B1/14p H15-B1/13p H15-B1/12p H15-B1/11p H15-B1/10p H15-B1/9p H15-B1/8p H15-B1/7p H15-Bl/6p

SiO, 44.3 44.78 44.52 45.38 45.83 45.67 45.82 45.14 45.93 46.19 46.16 46.09 46.53 46.31 46.34
Al,O3 35.4 35.35 34.98 34.7 34.36 34.41 34.62 33.55 34.42 34.04 34.10 34.05 32.60 33.32 34.05
TiO, 0.01 0.00 0.00 0.02 0.02 0.02 0.00 0.02 0.02 0.02 0.00 0.00 0.02 0.00 0.01
FeO 0.27 0.24 0.22 0.31 0.28 0.21 0.2 0.3 0.24 0.26 0.17 0.26 0.58 0.34 0.22
MnO 0.02 0.00 0.00 0.02 0.01 0.00 0.00 0.05 0.00 0.03 0.00 0.03 0.01 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.54 0.04 0.00 0.00 0.00 0.95 0.00 0.00
CaO 19.37 19.12 18.75 18.54 18.17 18.07 17.92 17.22 18.07 17.82 17.87 17.84 18.73 17.32 17.34
Na,O 0.73 0.72 0.84 1.08 1.32 1.39 1.39 1.69 1.63 1.62 1.59 171 1.36 1.76 1.91
K,0O 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01
Toplam 100.14 100.27 99.31 100.1 100.03 99.75 99.96 98.58 100.41 99.99 99.92 99.99 100.86 99.09 99.91
Si 2.04 2.06 2.07 2.09 211 2.10 211 2.10 2.10 2.12 2.12 212 2.12 2.15 2.13
AllvV 0.96 0.94 0.93 0.91 0.89 0.90 0.89 0.90 0.90 0.88 0.88 0.88 0.88 0.85 0.87
AlVI 0.97 0.98 0.98 0.97 0.97 0.97 0.98 0.94 0.96 0.97 0.97 0.96 0.88 0.97 0.97
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe”" 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.06 0.00 0.00
Ca 0.96 0.94 0.93 0.92 0.90 0.89 0.88 0.86 0.89 0.88 0.88 0.88 0.92 0.86 0.85
Na 0.07 0.06 0.08 0.10 0.12 0.12 0.12 0.15 0.14 0.14 0.14 0.15 0.12 0.16 0.17
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.06 0.06 0.06 0.06 0.06 0.00 0.06 0.12 0.11 0.11 0.11 0.06 0.11 0.12 0.06
Ab 6.38 6.38 7.49 9.53 11.61 12.22 12.30 15.06 14.02 1411 13.85 14.77 11.60 15.51 16.61
An 93.56 93.57 92.45 90.41 88.33 87.78 87.64 84.82 85.87 85.77 86.03 85.17 88.29 84.37 83.33
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H15-B1/5p H15-B1/4p H15-B1/3p H15-B1/2p H15-B1/1p H15-D1/1 H15-D1/2 H15-D1/3 H15-D1/4 H15-D1/5 H27-B1/1 H27-B1/2 H27-B1/3 H27-B1/4 H27-B1/5 H27-C1/1 H27-C1/2

SiO, 46.98 46.72 46.36 46.37 46.57 48.13 48.39 48.28 48.23 48.68 49.57 49.27 49.38 49.76 49.6 49.42 48.36
Al,O4 33.54 33.86 34.02 33.00 33.33 32.81 32.89 32.7 32.71 32.49 31.94 32.29 32.00 31.92 31.9 31.84 32.35
TiO, 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.00 0.03 0.01 0.03 0.02 0.04 0.03 0.04 0.02 0.03
FeO 0.22 0.32 0.2 0.22 0.23 0.22 0.18 0.14 0.28 0.21 0.31 0.28 0.38 0.4 0.35 0.32 0.34
MnO 0.03 0.00 0.05 0.00 0.01 0.03 0.02 0.00 0.05 0.00 0.00 0.02 0.02 0.04 0.00 0.00 0.00
MgO 0.00 0.00 0.00 0.23 0.06 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00
CaOo 17.43 17.33 17.59 17.46 17.06 16.31 16.18 16.02 16.35 16.17 15.02 15.51 15.35 15.43 154 15.23 15.8
Na,O 1.73 1.63 171 171 1.94 2.69 2.70 2.62 2.58 2.76 2.95 3.04 2.79 3.00 2.94 2.93 2.73
K,O 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.02 0.02 0.03
Toplam 99.97 99.88 99.94 99.02 99.25 100.24 100.4 99.78 100.28 100.38 99.87 100.46 100.06 100.62 100.31 99.85 99.66
Si 2.16 2.15 2.13 2.15 2.15 2.19 2.20 2.21 2.20 2.22 2.27 2.24 2.26 2.26 2.26 2.26 2.22
AllV 0.84 0.85 0.87 0.85 0.85 0.81 0.80 0.79 0.80 0.78 0.73 0.76 0.74 0.74 0.74 0.74 0.78
AlVI 0.98 0.99 0.97 0.95 0.97 0.95 0.96 0.98 0.96 0.96 0.99 0.96 0.98 0.97 0.97 0.98 0.97
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?' 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.86 0.85 0.87 0.87 0.84 0.80 0.79 0.79 0.80 0.79 0.74 0.75 0.75 0.75 0.75 0.75 0.78
Na 0.15 0.15 0.15 0.15 0.17 0.24 0.24 0.23 0.23 0.24 0.26 0.27 0.25 0.26 0.26 0.26 0.24
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.12 0.06 0.06 0.12 0.12 0.11 0.06 0.11 0.11 0.06 0.12 0.11 0.12 0.17 0.11 0.12 0.17
Ab 15.21 14.54 14.95 15.04 17.05 22.96 23.18 22.81 22.19 23.59 26.19 26.15 24.72 25.98 25.65 25.79 23.78
An 84.68 85.40 84.99 84.85 82.84 76.93 76.76 77.07 77.70 76.36 73.69 73.73 75.16 73.85 74.24 74.09 76.05
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H27-C1/3 H27-Cl/4 H27-C1/5 H27-El/1 H27-E1/2 H27-E1/3 H27-El/4 H27-E1/5 H13-Al/1 H13-A1/2 H13-Al/3 H13-Al/4 H13-Al/5 H13-Al/6r H13-Al/7r H13-Al/8r H13-B1/1 H13-B12

SiO, 49.17 49.36 49.1 48.89 49.13 48.94 49.25 48.42 46.41 46.53 47.05 46.73 46.41 46.05 46.08 46.03 45.44 46
Al,O3 32.00 31.88 31.72 32.11 31.83 32.02 31.68 32.31 34.2 34.26 34.24 33.9 34.14 34.27 34.41 34.41 34.6 34.35
TiO, 0.05 0.04 0.07 0.00 0.03 0.03 0.02 0.02 0.00 0.01 0.00 0.01 0.01 0.00 0.04 0.01 0.01 0.01
FeO 0.26 0.41 0.31 0.42 0.37 0.30 0.40 0.34 0.33 0.34 0.22 0.26 0.29 0.24 0.17 0.19 0.19 0.24
MnO 0.02 0.00 0.00 0.00 0.00 0.05 0.04 0.04 0.00 0.01 0.01 0.04 0.04 0.00 0.00 0.04 0.00 0.00
MgO 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
CaO 15.81 15.35 15.13 15.49 15.94 15.63 15.31 16.04 17.8 17.43 17.42 17.57 17.58 17.84 17.73 17.88 17.87 17.79
Na,O 2.71 3.04 2.98 2.92 2.69 2.95 3.06 2.54 171 1.73 1.75 1.75 1.69 1.57 151 1.51 1.28 1.45
K0 0.03 0.03 0.02 0.02 0.02 0.02 0.01 0.00 0.02 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.01
Toplam 100.05 100.18 99.37 99.91  100.01 99.98 99.78 99.73 100.5 100.38 100.71 100.32 100.2 99.98 99.95 100.14 99.41 99.85
Si 2.25 2.25 2.26 2.23 2.25 2.24 2.25 222 2.12 2.13 2.15 2.14 213 2.12 212 2.11 2.10 2.12
AllV 0.75 0.75 0.74 0.77 0.75 0.76 0.75 0.78 0.88 0.87 0.85 0.86 0.87 0.88 0.88 0.89 0.90 0.88
AlVI 0.97 0.96 0.97 0.96 0.96 0.96 0.96 0.97 0.96 0.98 0.99 0.97 0.97 0.97 0.98 0.98 0.99 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?" 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.77 0.75 0.74 0.76 0.78 0.76 0.75 0.79 0.87 0.85 0.85 0.86 0.86 0.88 0.87 0.88 0.89 0.88
Na 0.24 0.27 0.27 0.26 0.24 0.26 0.27 0.23 0.15 0.15 0.15 0.16 0.15 0.14 0.13 0.13 0.11 0.13
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.17 0.17 0.12 0.11 0.11 011 0.06 0.00 011 0.06 0.06 011 0.06 0.00 0.06 0.06 0.06 0.06
Ab 23.63 26.34 26.25 25.41 23.37 25.43 26.55 22.27 14.79 15.22 15.37 15.25 14.81 13.74 13.35 13.25 11.47 12.85
An 76.19 73.49 73.64 74.48 76.52 74.46 73.40 77.73 85.09 84.72 84.57 84.63 85.13 86.26 86.60 86.69 88.47 87.10
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H13-B1/3 H13-B1/4 H13-B1/5 H13-Bl/6r H13-B1/7r H13-B1/8r H13-C1/1 H13-C1/2 H13-C1/3 H13-C1/4 H13-C1/5 H13-Cl/6r H13-C1/7r H13-C1/8r H13-D1/1 H13-D1/2 H13-D1/3

SiO, 46.1 46.64 46.09 45.69 45.9 457 47.24 47.26 47.06 46.9 47.48 45.87 46.1 46.12 46.81 46.54 46.26
Al,O4 34.17 34.28 34.16 34.31 34.11 33.93 34.2 33.53 33.91 33.87 33.54 34.35 34.46 34.68 33.80 34.05 34.20
TiO, 0.00 0.01 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00
FeO 0.09 0.17 0.24 0.4 0.38 0.41 0.2 0.21 0.29 0.25 0.18 0.43 0.31 0.2 0.26 0.25 0.24
MnO 0.00 0.00 0.02 0.01 0.03 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
CaO 17.79 17.76 17.64 18.07 17.99 17.87 17.39 17.13 17.39 17.29 16.99 17.97 18.02 18.03 17.52 17.54 18.04
Na,O 1.72 171 1.50 1.47 1.57 1.52 1.88 1.92 1.91 1.93 1.89 1.50 1.40 1.45 1.76 171 1.65
KO 0.02 0.01 0.00 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.00 0.01
Toplam 99.88 100.61 99.69 99.97 100.04 99.46 101 100.06 100.61 100.26 100.16 100.19 100.33 100.5 100.2 100.2 100.43
Si 2.12 2.13 2.13 2.10 211 2.11 2.15 2.17 2.15 2.15 2.18 211 2.11 211 2.15 2.13 2.12
AllV 0.88 0.87 0.87 0.90 0.89 0.89 0.85 0.83 0.85 0.85 0.82 0.89 0.89 0.89 0.85 0.87 0.88
AlVI 0.97 0.97 0.98 0.96 0.96 0.96 0.98 0.98 0.97 0.97 0.99 0.96 0.98 0.98 0.97 0.97 0.96
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?" 0.00 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.88 0.87 0.87 0.89 0.89 0.89 0.85 0.84 0.85 0.85 0.83 0.88 0.89 0.88 0.86 0.86 0.88
Na 0.15 0.15 0.13 0.13 0.14 0.14 0.17 0.17 0.17 0.17 0.17 0.13 0.12 0.13 0.16 0.15 0.15
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.11 0.06 0.00 0.06 0.11 0.12 0.11 0.06 0.11 0.11 0.06 0.11 0.12 0.06 0.06 0.00 0.06
Ab 14.87 14.83 13.34 12.82 13.62 13.32 16.34 16.85 16.56 16.79 16.75 13.11 12.31 12.70 15.37 15.00 14.19
An 85.01 85.11 86.66 87.12 86.26 86.56 83.54 83.09 83.32 83.10 83.19 86.78 87.57 87.25 84.57 85.00 85.75
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H13-D1/4 H13-D1/5 H13-D1/6r H13-D1/7r H13-D1/8r H13-El/1 H13-E1/2 H13-E1/3 H13-E1/4 H13-E1/5 H13-El/6r H13-E1/7r H13-E1/8r H9-Al/1 H9-A1/2 H9-A1/3 H9-Al/4 H9-Al/5

SiO, 46.36 45.92 45.74 46.02 46.46 46.43 46.44 46.34 46.16 46.32 45.59 46.05 4589 4595 4587 458 4558 4555
Al,O4 33.33 34.01 35.17 34.7 34.42 34.42 34.12 34.42 34.41 34.36 34.62 34.95 33.85 34.48 3452 34.47 3494 3456
TiO, 0.02 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.02 0.01
FeO 0.35 0.21 0.27 0.27 0.36 0.29 0.26 0.33 0.22 0.22 0.25 0.33 0.31 0.22 0.26 0.27 0.29 0.27
MnO 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.02 0.06 0.03 0.00 0.03 0.02 0.04 0.00 0.03 0.01
MgO 0.27 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.05 0.00 0.00 0.16 0.10 0.00 0.00 0.00 0.00
CaO 17.82 17.77 18.21 18.00 17.96 17.78 17.41 17.94 17.96 17.88 18.19 18.23 17.44 18.00 18.14 17.84 18.55 18.33
Na,O 1.59 1.65 1.23 1.33 151 1.59 1.46 1.54 1.64 151 1.38 1.23 1.48 1.44 1.40 1.43 1.19 1.28
KO 0.02 0.01 0.00 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.00 0.01 0.02 0.01 0.02 0.01 0.02 0.02
Toplam 99.76 99.6 100.64 100.35 100.72  100.55 99.74  100.59  100.44  100.41 100.08 100.84 99.21  100.23  100.28 99.86 100.62  100.03
Si 2.14 2.12 2.09 211 2.12 2.12 2.14 2.12 211 2.12 2.10 2.10 2.13 211 2.10 211 2.09 2.10
AllV 0.86 0.88 0.91 0.89 0.88 0.88 0.86 0.88 0.89 0.88 0.90 0.90 0.87 0.89 0.90 0.89 0.91 0.90
AlVI 0.94 0.97 0.99 0.99 0.97 0.98 1.00 0.97 0.96 0.97 0.97 0.99 0.98 0.97 0.97 0.98 0.97 0.97
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Ca 0.88 0.88 0.89 0.88 0.88 0.87 0.86 0.88 0.88 0.88 0.90 0.89 0.87 0.88 0.89 0.88 0.91 0.90
Na 0.14 0.15 0.11 0.12 0.13 0.14 0.13 0.14 0.15 0.13 0.12 0.11 0.13 0.13 0.12 0.13 0.11 0.11
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.11 0.06 0.00 0.06 0.06 0.12 0.12 0.06 0.06 0.12 0.00 0.06 0.12 0.06 0.12 0.06 0.11 0.12
Ab 13.89 14.38 10.89 11.79 13.20 13.91 13.16 13.44 14.17 13.24 12.07 10.87 13.30 12.64 12.24 12.66 10.39 11.21
An 86.00 85.57 89.11 88.15 86.74 85.97 86.72 86.50 85.77 86.64 87.93 89.07 86.59 87.30 87.64 87.28 89.50  88.68
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no  H9-A1/6r H9-Al/7r H9-Al/8r H9-B1/1 H9-B1/2 H9-B1/3 H9-B1/4 H9-B1/5 H9-B1/6r H9-B1/7r H9-B1/8r H9-C1/1 H9-C1/2 H9-C1/3 H9-C1/4 H9-C1/5 H9-Cl/6r H9-C1/7r

SiO,; 45.39 45.62 455 4525 4586 4571 4594 4576 4541 45.89 45.08 46.24 45.72 45.79 45.59 4531 45.55 45.34
Al,O4 34.83 35.04 3463 3525 348 3432 3482 3458 34.65 34.44 34.68 34.33 34.68 34.99 35.08 34.79 34.77 35.09
TiO, 0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.01 0.01 0.00 0.01 0.02 0.01 0.01 0.01
FeO 0.32 0.24 0.16 0.18 0.25 0.22 0.25 0.13 0.25 0.47 0.3 0.18 0.25 0.22 0.26 0.24 0.26 0.30
MnO 0.02 0.00 0.00 0.02 0.01 0.00 0.02 0.05 0.03 0.02 0.01 0.00 0.00 0.03 0.04 0.00 0.03 0.00
MgO 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.6 0.23 0.00 0.00 0.00 0.00 0.00 0.01 0.00
CaO 18.63 18.46 18.87 18.44 18.47 18.35 17.86 18.02 18.23 17.57 18.13 17.69 18.21 18.63 18.52 18.63 18.33 18.29
Na,O 1.18 1.14 114 1.28 1.23 1.44 15 1.45 1.27 1.22 1.16 1.55 1.48 1.34 121 117 1.09 1.24
K,O 0.01 0.00 0.02 0.00 0.01 0.01 0.00 0.02 0.00 0.01 0.01 0.01 0.02 0.02 0.00 0.01 0.02 0.01
Toplam 100.37  100.53  100.47 100.42 100.65 100.06 100.42 100.03 99.86  100.24 99.60 100.02 100.36 101.08 100.78 100.17 100.10 100.29
Si 2.08 2.09 2.09 2.07 2.10 2.10 2.10 2.10 2.09 2.11 2.08 212 2.09 2.08 2.08 2.08 2.10 2.08
AllV 0.92 0.91 0.91 0.93 0.90 0.90 0.90 0.90 0.91 0.89 0.92 0.88 0.91 0.92 0.92 0.92 0.90 0.92
AlVI 0.97 0.98 0.96 0.97 0.97 0.96 0.98 0.98 0.98 0.97 0.97 0.98 0.96 0.96 0.97 0.97 0.98 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.92 0.91 0.93 0.90 0.91 0.90 0.88 0.89 0.90 0.86 0.90 0.87 0.89 0.91 0.91 0.92 0.90 0.90
Na 0.10 0.10 0.10 0.11 0.11 0.13 0.13 0.13 0.11 0.11 0.10 0.14 0.13 0.12 0.11 0.10 0.10 0.11
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.06 0.00 0.11 0.00 0.06 0.06 0.00 0.12 0.00 0.06 0.06 0.06 0.11 0.11 0.00 0.06 0.12 0.06
Ab 10.28 10.05 9.84 11.16 10.75 12.43 13.19 12.70 11.20 11.16 10.37 13.68 12.81 11.50 10.57 10.20 9.70 10.92
An 89.67 89.95 90.04 88.84 89.19 8752 86.81 87.19 88.80 88.78 89.57 86.26 87.08 88.38 89.43 89.74 90.18 89.02
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EK 3.4. Hekimhan (Malatya) bolgesi ofiyolitik istife ait kiimiilat kayaglarda gozlenen plajiyoklazlarin mineral kimyasi analiz sonuglari

Ornek no H9-C1/8r H9-D1/1 H9-D1/2 H9-D1/3 H9-D1/4 H9-D1/5 H9-D1/6r H9-D1/7r H9-D1/8r H9-E1/1 H9-E1/2 H9-E1/3 H9-E1/4 H9-EL/5 H9-El/6r

SiO; 45.77 45.79 46.08 46.09 45.92 45.92 45.5 45.64 4524 4553 4574 46.2 4567  45.92 45.56
Al,O; 34.30 34.59 34.65 32.36 35.07 34.75 34.86 34.81 3495 3476 3455 3469 3473 3499 34.82
TiO, 0.00 0.02 0.01 0.05 0.01 0.01 0.02 0.00 0.00 0.00 0.03 0.00 0.02 0.01 0.00
FeO 0.27 0.23 0.21 0.78 0.25 0.22 0.48 0.21 0.24 0.28 0.20 0.21 0.25 0.28 0.38
MnO 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00
MgO 0.00 0.00 0.00 1.22 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
CaO 18.12 18.19 18.00 18.54 18.37 18.1 18.48 18.65 18.62 1848 1797 1798 1852 18.12 18.2
Na,O 1.28 1.47 1.38 1.26 1.34 1.39 119 1.28 1.13 1.29 1.33 1.46 1.32 1.39 1.27
K,O 0.01 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.03 0.02
Toplam 99.75 100.35 100.40 100.32 101.00 100.42 100.55 100.66 10021 10039  99.85 100.55  100.6 100.76  100.27
Si 2.11 2.10 211 2.11 2.09 2.10 2.08 2.09 2.08 2.09 211 2.11 2.09 2.10 2.09
AllvV 0.89 0.90 0.89 0.89 0.91 0.90 0.92 0.91 0.92 0.91 0.89 0.89 0.91 0.90 0.91
AlVI 0.98 0.96 0.98 0.86 0.97 0.98 0.97 0.96 0.97 0.97 0.98 0.98 0.96 0.98 0.98
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?" 0.01 0.01 0.01 0.03 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.90 0.89 0.88 0.91 0.90 0.89 0.91 0.91 0.92 0.91 0.89 0.88 0.91 0.89 0.90
Na 0.11 0.13 0.12 0.11 0.12 0.12 0.11 0.11 0.10 0.11 0.12 0.13 0.12 0.12 0.11
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Toplam 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Or 0.06 0.17 0.06 0.06 0.06 0.06 0.06 0.06 0.12 0.11 0.06 0.06 0.06 0.17 0.12
Ab 11.33 12.74 12.18 10.95 11.65 12.19 10.43 11.04 9.88 1120 1180 1280 1142 1217 11.20
An 88.61 87.09 87.77 89.00 88.29 87.75 89.51 88.90 90.00 8868 8814 87.14 8853 87.66 88.69
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