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OZET

Guleman Ofiyoliti Elaz1g’in 80 km gilineydogusunda, Giineydogu Toros kusaginda yer
alir. Ofiyolitin birimleri tabandan tavana dogru; manto peridotitleri, bantli gabro, izotropik
gabro, bunlar1 kesen tekil diyabaz dayklar ve levha dayk karmasigidir. Manto peridotitleri
ve diinit bantlar1 i¢ginde podiform kromitit yataklar1 bulunur.

Manto peridotitleri diinit bantlar1 i¢eren serpantinlesmis harzburjitlerden olusmustur.
Harzburjitler esas olarak olivin ve ortopiroksenden olusmustur. Ortopiroksenlerin iginde
eksoliisyon lamelleri seklinde klinopiroksenlere rastlanmaktadir (%2’den daha az). Bu
kayaclarda %5 ten daha az oranda spinel bulunmaktadir.

Manto peridotitlerine ait bu kayaclarin tiim kayag¢ analizlerinde SiO; igerigi %40.24-
44.46, MgO igerigi ise %42.70-44.98 araliginda degismektedir. Bu veriler manto
peridotitlerindeki kismi ergime derecesinin yiiksek seviyede oldugunu gosterir.

Mineral kimyasi analizlerinde spinellerdeki Al,O3 (%10.04-19.67) ve TiO; (%0.02-
0.06) oran1 bu peridotitlerin SSZ peridotiti oldugunun bir gostergesidir. Kayaclardaki
spinelin Cr# peridotitin kismi ergime derecesini belirten 6nemli bir gdstergedir. %62.66-
79.61 araliginda degisen Cr# ve %38.30-53.30 araliginda degisen Mg# dikkate alindiginda,
kayaclarin yiiksek derecede kismi ergimeye ugradiklart ve yayonii peridotitleri olduklar
goralur.  Klinopiroksenlerdeki Al,0; miktar1  %0.52-1.23 arasinda degismektedir.
Klinopiroksenlerdeki ol¢iilen diger anaoksitler ve Mg# dikkate alindiginda peridotitlerin
yayonii harzbujitleri alanina diistiigii goriilmiistiir.

Tiim bu verilerin 15181nda, Neo-Tetis’in giiney kolunun Geg¢ Kretase’de kuzeye dogru
dalim1 sonucu olusan yitim zonu {izerindeki ortamda olusmus Guleman Ofiyoliti’nin manto

peridotitleri ileri derecede (%30-43) kismi ergimeye ugramis yayonii peridotitleridir.

Anahtar Kelimeler: Elazig, Ofiyolit, Guleman, Manto Peridotitleri, Harzburjit, Mineral

Kimyasi1
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SUMMARY

The Origin of the Mantle Peridotites of Guleman (Elazig) Ophiolite

Guleman Ophiolite is situated in Southeast Taurus Belt, about 80 km to the southeast of
Elazig. The main lithologies of ophiolite are, from bottom to top; mantle peridotites,
layered gabbros, isotropic gabbros, singular diabase dykes which cuts them and sheeted
dykes. Mantle peridotites and dunite lenses contain podiform chromitite horizons.

Mantle peridotite is composed of serpantinized harzburgites containing dunite lenses.
Harzburgites are mainly consist of olivine and orthopyroxene. Clinopyroxenes figure as
exsolution lamellas in orthopyroxenes (less than 2%). These rocks consist of spinel less
than 5%.

Whole rock analyses shows that content of SiO, and MgO varies range of 40.24-
44.46%, 42.70-44.98% respectively. These values prove that mantle peridotites’ partial
melting degree is high.

Spinels’ Al,O; and TiO;, content varies range of 10.04-19.67% and 0.02-0.06%
respectively. These data prove mantle peridotites are SSZ type. Cr# value of spinel is a
very important indicator to define partial melting degree of peridotite. Cr# and Mg# values
range from 62.66-79.61% and 38.30-53.30% respectively prove high partial melting degree
of forearc type peridotites. Clinopyroxene’s Al,O3 value varies between 0.52-1.23%. They
exhibit forearc type harzburgites when Al,O3, other major oxides and Mg# values of
clinopyroxene are compared.

Mantle peridotites of Guleman Opholite have extensive partial melting degree (30-
43%), formed SSZ zone occuring from southern branch of Neotethys was subducted to the
north during Late Cretaceous.

Key Words: Elazig, Ophiolite, Guleman, Mantle Peridotites, Harzburgite, Mineral
Chemistry

Vil



SEKILLER LISTESI

Sayfa No
Sekil 1.1. Calisma alaninin yer bulduru haritasi...........ccceviiiiiiiii e 1
Sekil 2.1. Guleman yo6resinin jeolojik haritast . .......cccccveiiiiiiiiiiiiie e 6
Sekil 2.2. inceleme alaninda yer alan birimlerin tektono-stratigrafik dikme kesiti .............. 7
Sekil 2.3. Bitlis Metamorfitleri’nin Guleman Ofiyoliti birimleri ile iligkisi..........ccccevveennee. 8
Sekil 2.4. Harzburjitlerin alterasyona ugramasi sonucu serpantinleSmesi ............ccceeveveenne 10
Sekil 2.5. Guleman Ofiyoliti manto peridotitlerinin genel gérinimu ..........cccocevvevvenenee. 11

Sekil 3.1. Peridotitlere ait ince kesitler iizerinde gerceklestirilmis analiz sonuglarinin Ol-

Opir-Kpir tiggen diyagramindaki YErleri .........c.ccooovviiiiiiiiiiieiencc e 19
Sekil 3.2. Serpantinlesmis olivin minerallerindeki ags1 goriniim..........cccoceevvvvenieninnene. 20
Sekil 3.3. Olivinlerde gorulen kinkbandlanmalar.............ccooeiiiiiiiin 20
Sekil 3.4. Ortopiroksen, olivin ve spinellerin gorinimu ..........ccccovoveiiiiniienenie e 21
Sekil 3.5. Pargalanmis olivin KriStalleri.........cooiieiiiiiiiiiiiic e 22
Sekil 3.6. Harzburjitlere ait olivinlerdeki kinkbandlanmalar ..............cccocooeiiiininine. 22
Sekil 3.7. Ortopiroksenlerdeki biikiilmiis dilinimler ............ccoooeriiiiiiiiiiniiieee 23

Sekil 3.8. (a) Uzamis Ozsekilli spineller ve (b) spineller ig¢indeki ortopiroksen-olivin
MUNETAIIETT . 23

Sekil 4.1. Guleman Ofiyoliti manto peridotitlerine ait MgO degerinin Al,O3, CaO, SiO,,
Sc, V, Ga, Y, ve Ni'ye gore degisim diyagramlart ...........cccoeeeeveiiiienicnninnnnne 28

Sekil 4.2. Guleman peridotitlerinin CaO (% ag.) ve Al,O3 (% ag.) degisim diyagramu.. ... 29

Sekil 4.3. Guleman Ofiyoliti manto peridotitlerine ait spinel kristallerinin Cr#-Mg#
siniflandirma diyagramindaki yerleri. ........ccccoocvviiiiiiiiiiiien e 31

Sekil 4.4. Manto peridotitlerinin hangi tektonik ortamda olustugunu agiklamak igin
kullanilan spinellerdeki Al,O3 miktarinin TiO;’ye kars1 degisimi grafigi ....... 32

Vil



Sekil 4.5. Guleman Ofiyoliti manto peridotitlerine ait spinellerin Mg#-Cr# igerigi degisim
QLYAZLAMI 1. 33

Sekil 4.6. (a) Guleman Ofiyoliti manto peridotitlerine ait spinellerin TiO,-Cr# degerleri
arasindaki iligki. (b) Olivinlerin forsterit icerigi ve spinellerin Cr# degerleri
ArasINAaki 11K .....ooiviiiie e 34

Sekil 4.7. Guleman Ofiyolitleri manto peridotitlerine ait spinellerin yuzde TiO,-Cr#
degisim diyagramlart ..........cccvoiiiiiiiiiisie e 35

Sekil 4.8. Guleman Ofiyoliti manto peridotitlerine ait spinellerin %TiO,-Cr# igerigi
degisim diYAZIAMI .ocuviieiiiiiiiie s 35

Sekil 4.9. Guleman ofiyolitindeki harzburjitlere ait klinopiroksenlerin; ana oksitlerinin
(%ag.) ve Mg# degerlerinin Al,O3’e (%ag.) karst degerleri.. .....cccevvvevriinnnnee 37

Sekil 4.10. Guleman yoresi manto peridotitlerine ait klinopiroksenlerin Mg# degerlerine
karsilik CryO3 (%a8.) 16ETTKICTL.....ceiuviiiieiiiiiiee e 38

Sekil 4.11. Guleman ofiyolitindeki peridotitlere ait klinopiroksenlerin Al,O3 ve Cr,0Os3
degerlerinin Mg# ile karsilagtirtlmast.........cccovveeiiiiiiiieiiiic e 38

Sekil 4.12. Guleman yo6resi manto peridotitlerindeki spinel kristallerinin Cr# degerleri ile
spinellerle birlikte denge halindeki (a) ortopiroksen ve (b) klinopiroksen
kristallerinin Al,O3 (%ag.) degerleri arasindaki ilisKi........c.ccovevvrvereniiesinennnnn 40

Sekil 4.13. Guleman ofiyolitindeki peridotitlere ait ortopiroksenlerin Al,O3 ve Cr,0O3
degerlerinin Mg# ile karsilastirtlmast ..........cccceriiiiiiiiiiiee e 40

Sekil 4.14. Peridotitlerdeki olivinlerin forsterit ve NiO degerlerinin degisim grafigi ........ 42

Sekil 5.1. Tiirkiye’deki ofiyolitik kusaklar1 ve ana kromitit yataklar1 bolgeleri................. 44
Sekil 5.2. Elazig ili kromitit igletmeleri dagilimi .........ccocevviiiiiiiiiiiie 45
Sekil 5.3. Ulkelere gore krom {iretim oranlari.............ccccevvieuerereinserensessesesssessssae e, 46

Sekil 6.1. Ilksel mantonun tedrici ergimesi ile peridotitin mineralojik bilesiminin degisimi



TABLOLAR LiSTESI

Sayfo No

Tablo 4.1. Guleman Ofiyoliti manto peridotitlerinin tim kayac ana oksit (%), iz element
(ppm) ve NTE (ppm) IGEIKIEIT. ...cveeiieiiiieeee e 25

Tablo 4.2. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen spinel
kristallerinin ortalama bilesimleri (ort.) ve standart sapma (o) degerleri.......... 30

Tablo 4.3. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen
klinopiroksen kristallerinin ortalama bilesimleri (ort.) ve standart sapma (o)

4 [503[5O TR TP PPRPR 36

Tablo 4.4. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen
ortopiroksen kristallerinin ortalama bilesimleri (ort.) ve standart sapma (o)
AEGETICTT ..t 39

Tablo 4.5. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen olivin
kristallerinin ortalama bilesimleri (ort.) ve standart sapma (o) degerleri.......... 41

Tablo 4.6. Guleman yoresi manto peridotitlerine ait &érneklerdeki Sr*’/Sr* izotopu
ANANIZIBIT ... s 43

Ek Tablo 4.1. Guleman Ofiyoliti manto peridotitlerine ait spinel Kristalleri Uzerinde
gerceklestirilen elektron mikroprob analizleri.........cccooevviiiiiiiiiiiiicnn, 63

Ek Tablo 4.2. Guleman Ofiyoliti manto peridotitlerine ait klinopiroksen kristalleri tizerinde
gerceklestirilen elektron mikroprob analizleri.........cccccevviviiiiiiiiiiiiiiieeenne, 79

Ek Tablo 4.3. Guleman Ofiyoliti manto peridotitlerine ait ortopiroksen kristalleri Uizerinde
gerceklestirilen elektron mikroprob analizleri.........ccccveeiiiiiiiiiiiiiiee, 87

Ek Tablo 4.4. Guleman Ofiyoliti manto peridotitlerine ait olivin kristalleri (zerinde
gerceklestirilen elektron mikroprob analizleri............cccoovevviveivervenenne. 101



KISALTMALAR LiSTESI

%ag. : Yiizde agirlik

%Serp. : Yiizde serpantinlesme

AK : Ateste kayip

AM . Astenosferik manto

AYT : Ada yayi toleyitleri

BON : Boninit

Cr# : Krom sayis1

CN > Cift nikol

dla : dedeksiyon limitinin alt1

En : Enstatit

Fm. : Formasyon

Fo : Forsterit

Fs : Ferrosillit

Hrz. : Harzburjit

IBM - Izu-Bonin-Mariana

ICP-MS - Inductively Coupled Plasma-Mass Spectrometry
kpir - Klinopiroksen

KZ : Kirillma zonu

LM . Litosferik manto

Mg# : Magnezyum sayis1

my. : Milyon yil

NTE : Nadir Toprak Element

ol : Olivin

OO0S : Okyanus Ortas1 Sirt1

O0OSB : Okyanus Ortas1 Sirt1 Bazalti

op : Opak mineral

opir - Ortopiroksen

ort. : Ortalama

OSMY > Olivin Spinel Manto Yo6nsemesi
SIR : Subduction Initiation Rule (Yitim Baslangici Kuralr)
spl > Spinel

srp > Serpantin

SSZ : Supra-subduction Zone (Okyanus I¢i Yitim Zonu Uzeri)
TF : Transform fay

TK : Tum kayag

TN : Tek nikol

VOOSM : Verimli okyanus ortasi sirtt mantosu
VYB : Volkanik yay bazalti

Wo : Vollastonit

YOB : Yayonii bazalti

Xl



XRF

S5 a X
2
o

SEMBOLLER LiSTESI

: Manto peridotitleri
- Isletme

- Eski igletme

: Forsterit miktar1

. Standart sapma
: Analiz sayis1

X



1. GIRIS

Calisma alani, Elazi1g ilinin yaklagik 80 km giineydogusunda, Alacakaya ilgesi sinirlar
icerisinde bulunmaktadir. Bolgede Tiirkiye’nin en 6nemli krom yataklar1 bulunmaktadir.
Inceleme alanina Elazi1g-Bingol karayolunun 50. km’sinde Alacakaya ilgesine ayrilan yol
ile veya Elazig-Diyarbakir karayolu tizerindeki Maden-Alacakaya ilgelerini birbirine
baglayan yol ile ulasilabilir (Sekil 1.1).

Gilineydogu Anadolu siradaglarinin gliney kisminda yer alan bolge oldukca engebeli bir
topografyaya sahiptir.

B
ik R s i
- "_..:r"-".-' =

Keban Baraji

r
Calisma Alam
Alacakaya

L e —

Sekil 1.1. Caligsma alaninin yer bulduru haritasi



Ofiyolitler eski okyanus kabugu ve iist mantonun kalintilar1 olup tektonik hareketlerle
kitasal kabuk igerisine yerlesmislerdir. Ofiyolitler okyanus tabani yayilmasi, yitim zonlari,
yigisim ve ¢arpigsma olaylar1 hakkinda 6nemli bilgiler veren kayag¢ grubudur.

Brongniart 1821 yilinda ilk defa, italyan Apennileri’nde yiizeyleyen ultramafik,
gabroik, diyabaz ve volkanik kayaclar1 ofiyolit olarak tanimlamistir. Daha sonra Steinmann
(1927) Akdeniz bolgesinde serpantinit, bazalt ve ¢ortin (Steinmann Gglist) birarada ve
yaygin olarak bulunduklarini ve bunlarin okyanus tabanindaki magmanin farklilagsmasi ile
olustuklar1 seklinde yorumlamustir. Hollandali Jeolog Roever (1957); Isvigreli Jeolog
Vuagnat (1964) bu kayaglar toplulugunun mantonun kismi ergimesi ile olustuklarini ve
tabanda kalint1 peridotitlerin, tavanda ise bazaltik kayaclarin bulundugunu savunmuglardir.
1960’11 yillarin ortalarinda pliitonik istif igerisinde levha dayk karmasigi ve fosil magma
odalar1 belirlenmis ve levha tektonigi teorisinin ortaya cikmasi ile ofiyolitlerle ilgili
tanimlar-yorumlar netlesmeye baslamistir. 1972 yilinda Penrose Konferansi ile tanimlanan
ofiyolitlerin (Anonymous, 1972) okyanus kabugu ile esdegerliligi belirtilmistir.
Konferansa katilanlar tarafindan ofiyolit terimi mafik ve ultramafik kayaclardan olusan
toplulugu belirlemek i¢in kullanilmistir. Ofiyolitin bir kayag adi1 veya litolojik birim olarak
kullanilamayacag1 ifade edilmistir. Bu tarihten 1984 yilina kadar, ofiyolitlerin okyanus
ortas1 sirtlarda olustuklari ve daha sonra kitasal kabuk igerisine yerlestikleri kabul
edilmekteydi (Dewey ve Bird, 1970; Davies, 1971; Coleman, 1971; Moores ve Vines,
1971; Juteau, 1975). Ancak bu déonemde de Miyashiro (1973) bu fikre karsi ¢ikmis ve
ofiyolitlerin sadece okyanus ortasi sirtlarda degil, ada yaylarinda da olusabileceklerini
vurgulamaistir.

Kimyasal teknolojilerin ilerlemesi, kayaclar icerisinde ana oksitler yaninda iz element
ve Nadir Toprak Elementler (NTE)’in tayin edilmesi ve modern jeotektonik ortamlarin
incelenmesine bagh olarak ofiyolitlerin icerisinde farkli petrolojik ve yapisal 6zelliklerin
varoldugu goriilmustiir. Bu farkliliklarin varligt ofiyolitlerin farkli jeotektonik ortamlarda
olugmalarina baglanmistir. Pearce vd. (1984) hem manto birimlerinin hem de kabuk
birimlerinin detayli jeokimyasal analizlerine dayanarak ofiyolitlerin, Okyanus Ortasi
Sirtlar1 yaninda, Okyanus I¢i Yitim Zonlar1 Uzeri’ndeki (Supra-subduction Zone: SSZ)
ortamlarda da olustuklarin1 belirtmistir. Nicolas vd. (1999) gibi baz1 arastirmacilar ise
ofiyolitlerde gorillen bu farkliliklart sirt sisteminin hizli ve yavas yayilmas: ile

iliskilendirmislerdir.



Giintimiizde ofiyolitler yitimle iligkili olmayanlar ve yitimle iliskili olanlar olmak uzere
iki gruba ayrilmaktadirlar (Dilek ve Furnes, 2014; Furnes vd., 2014; Pearce, 2014). Ad1
gecen arastirmacilara gore; yitimle iliskili olmayan ofiyolitler kita-kenar1 ofiyolitlerini,
okyanus ortas1 sirt1 ofiyolitlerini ve sorgu¢ tipi ofiyolitleri kapsarken; yitimle iliskili
ofiyolitler ise yayonii (yitim baslangici sirtlart), yayard: ve yitim sirtlar1 ofiyolitleri olarak
ayrilmaktadir. Son 30 yildan beri, ¢ok iyi yiizeylemeler veren ofiyolitlerin detayli
incelenmeleri sonucu, ofiyolitlerin ¢ogunlukla yitim zonu iizerinde kalan bolgede (SSZ)
olustuklar1 kabul edilmektedir. (Pearce vd. 1984; Stern ve Bloomer, 1992; Shairves, 2001;
Dilek ve Flower, 2003; Whattam ve Stern, 2011; Stern vd., 2012). Ofiyolitlerin
incelenmesinde ortaya konulan son gelismeler, ofiyolitlerin olusumunda okyanus i¢i yitim
baslangicinda meydana gelen olaylarin 6nemini gostermektedir (Stern ve Bloomer, 1992;
Whattam ve Stern, 2011; Stern vd., 2012). Whattam ve Stern (2011) yitim baslangicinda
olusan bu tip ofiyolitler “yitim baslangict kurali ofiyolitleri (SIR-subduction initiation rule
ophiolite)” olarak adlandirmiglardir. Bugiine kadar ofiyolitler {iizerine yapilan
caligmalarda, gerek daha yaygin olmalari gerek incelemelerinin daha kolay olmalar
nedeniyle daha ¢ok kabuk kesimine ait kayaclar incelenmis ve ofiyolitlerle ilgili modeller
bu caligmalar iizerine dayandirilmistir. Ancak ofiyolitlerin alt kismin1 olusturan ve manto
kalintilar1 olarak kabul edilen peridotitler, son yillara kadar daha ¢ok petrografik, dokusal
ve arazideki konumlarina gore incelenmis ve bunlarin plastik deformasyon gegirmis
tiikketilmis manto kalintilar1 olduklar1 kabul edilmistir (Boudier ve Nicolas, 1972; Boudier
ve Bouchez, 1977; Nicolas vd., 1972). Ancak serpantinlesmenin az oldugu ofiyolitlerdeki
manto peridotitlerinin diger Ozellikleri yaninda, gerek toplam kaya¢ kimyasi, gerekse
mineral kimyasi incelenerek, bunlarin olusumlari, ergime dereceleri, olustuklar1 ortamlar
ile ilgili onemli veriler elde edilmistir (Arai, 1987; Arai, 1994a, 1994b; Tamura ve Arai,
2006; Ghazi vd., 2010).

Alp-Himalaya Kusagi’nda, Tetis Ofiyolit Kusag: igerisinde yer alan Tiirkiye’de ¢ok
sayida 6nemli ofiyolit masifleri yer almaktadir. Kuzeyden giineye dogru:

1-Pontit Ofiyolit Kusagi (6r. Kiire Ofiyoliti),

2-Anatolid Ofiyolit Kusagr (Mihallicik, Ankara civarindaki ofiyolitler, Kop

Ofiyolitleri),
3-Toros Ofiyolit Kusagi (en onemlileri Marmaris, Antalya, Mersin, Pozanti-Karsanti

veya Aladag Ofiyolitleri),



4-Giineydogu Toros Ofiyolit Kusagi (Karanlikdere, Ispendere, Kémiirhan ve Guleman
Ofiyolitleri),

5-Peri Arap Ofiyolit Kusagi (Kizildag, Kogali Ofiyolitleri).

Bu kusaklardaki ofiyolitlerin bir kismi hem manto peridotitleri, hem de kabuk
birimlerini igerirken, digerleri ¢ogunlukla kabuk birimlerini i¢ermektedir. Marmaris,
Antalya, Pozanti-Karsanti, Kizildag, Kocgali ve Guleman Ofiyolitleri ideal ofiyolit
kavramma uygun birimleri icermektedir (Juteau, 1975; Bingdl, 1978, 1986; Ozkan, 1982;
Uysal vd. 2007; Beyarslan ve Bingol, 2014).

Guleman Ofiyolitleri, igermis olduklar1 krom yataklari nedeniyle, son yillara kadar daha
cok madencilik acisindan incelenmistir; ancak ofiyolitlerin petrolojisi ¢ok fazla
incelenmemistir (Engin, 1984; Engin ve Siimer, 1982; Engin vd., 1981; Ozkan, 1983a;
Ozkan ve Oztunali, 1984; Bingdl, 1986a ve b; Baspinar, 2006). Ozkan (1982) yapmis
oldugu calismada ofiyolitleri genel olarak incelemis; ancak manto peridotitleri ile ilgili
herhangi bir kimyasal analiz yapmamugtir. Ofiyolitlerin petrolojisini inceleyen Bingol
(1986), Guleman Ofiyoliti’nin tabanda tektonitler ve bunlarin {lizerinde ise ultramafik ve
mafik kayaglardan olusan kiimiilatlardan olustugunu, tektonitlerin foliasyon, lineasyon gibi
yapisal oOzellikleri ve dokusal ozelliklerine dayanarak, bunlarin yiiksek sicakliklarda
(1000°C) plastik deformasyon gecirmis harzburjit ve az oranda diinitlerden olustuklarini

belirtmistir.

1.1. Calismanin Amaci

Yukarida belirtilen ¢aligmalarda daha ¢ok Guleman Ofiyolitleri’nin jeolojisi, ofiyolit
icerisindeki kromitit yataklarinin yapisal konumlari, 6zellikleri, ofiyoliti olusturan kayag
birimlerinin petrografik 6zellikleri, kiimilatlarin jeokimyasi verilmeye ¢alisilmistir. Manto
peridotitlerinin petrografik ozellikleri ve deformasyon tarihgesi agiklanmistir. Ancak
bugiine kadar yapilan ¢aligmalarin higbirinde manto peridotitlerini olusturan kayaclarin
minerallerinin kimyasal analizi yapilmamis ve bunlar kullanilarak manto peridotitlerinin
kokeni yorumlanmamastir.

Bu nedenle, bu ¢alismada Guleman Ofiyoliti’'nin manto peridotitlerinin, petrografisi,
toplam kayacg, mineral kimyasi izotop bilesimleri incelenerek, manto peridotitinin olustugu
stirecte etkili olan kismi ergime derecesi ve bu kayaglarin olusum ortamlarinin ortaya

¢ikarilmasi amag olarak alinmistir.



1.2. Calisma Yontemi

Calisma; literatiir arastirmasi, arazi, laboratuar ve biiro calismalar1 olmak tizere dort
asamada gergeklestirilmistir.

Literatiir arastirmasi Oncelikle tez konusuna ve sonrasinda c¢alisilan araziye yonelik
yayinlarin taranmasindan olusmustur ve arazi ¢alismalarinin 6ncesinden baslayip siirekli
olarak devam etmistir.

Arazi ¢alismasi; manto peridotitlerinin petrografisi, tim kayac jeokimyalari, mineral
kimyalar1 ve izotop bilesimlerini belirleyebilmek i¢in dnceden hazirlanan jeolojik haritalar
yardimiyla bdlgeden kayag¢ orneklerinin toplanmasindan ibarettir. 38 adet peridotit drnegi
toplanmis ve bunlarin saglam (alterasyondan az etkilenmis) ve yoOreyi temsil etmeleri
acisindan homojen yayilimda olmalarina dikkat edilmistir.

Laboratuar ¢aligmalar1 kisminda araziden toplanan orneklerin petrografik incelemeleri
yapilmasi i¢in ince kesitler hazirlanmistir. Mikroskop ¢alismasi sonucunda alterasyondan
daha az etkilendigi diisiiniilen 18 adet ornek (kayag¢ parcasi halinde) tiim kayag, nadir
toprak element ve iz element analizleri yapilmak t{izere Acme Laboratuari’na (Kanada)
gonderilmistir. Aym1 18 adet 6rnek Elazig’da bulunan Ferrokrom Tesisleri’nde, Yer
Bilimleri Enstitust, Academia Sinica’da (Taipei, Tayvan) tekrar tim kayag, iz element,
NTE ve izotop analizleri yapilmasi i¢in toz haline getirilmistir. Ayrica bu orneklerden
mineral kimyas1 yapilmasi istenen 9 adet ornek 4.5x2.5x0.5 cm ebatlarinda kesilmis,
Elektron Mikroprop Analizleri Laboratuar1 (Yer Bilimleri Enstitiisi, Academia Sinica,
Taipei, Tayvan)’na gonderilmistir.

Biro calismalari ise arazi, laboratuar ¢aligmalarinin ve adi gecen laboratuarlardan gelen

analiz sonuglarin degerlendirilmesini ve tez yazimini igermektedir.



2. STRATIGRAFiI

Bolgedeki, Paleozoyik’ten gliniimiize kadar var olan jeolojik birimler; allokton, otokton
ve gilincel ¢okeller olarak ii¢ yapisal smifa ayrilmistir. Allokton birimler: Bitlis
Metamorfitleri, Guleman Ofiyoliti, Hazar Grubu ve Maden Karmasigi’dir. Otoktan birim
olarak Lice Formasyonu yer alirken giincel ¢okelleri ise yataya yakin az egimli, gevsek
cimentolu konglomeralar, kumtaglari ve traverten Ozelligindeki kiregtaslar1 birimleri
olusturmaktadir (Ercan vd., 1970).

Bitlis Metamorfitleri Guleman Ofiyoliti izerine tektonik dokanakla gelmektedir. Hazar
Grubu ve Maden Karmasigr da bu birimi uyumsuz olarak ortmektedir. Bu birimler Alt

Miyosen yaglh Lice Formasyonu iizerine bindirmistir (Sekil 2.1; 2.2)
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Sekil 2.1. Guleman yoresinin jeolojik haritasi (Beyarslan ve Bingol, 2014’ten degistirilmistir).
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Sekil 2.2. inceleme alaninda yer alan birimlerin tektono-stratigrafik dikme kesiti
(Beyarslan ve Bingdl, 2014’ten degistirilmistir).

2.1. Allokton Birimler

2.1.1. Bitlis Metamorfitleri

2.1.1.1. Tanmim

Bitlis Metamorfitleri terimi Tiirkiye’nin giineydogusunda bulunan metamorfik kayag
toplulugu i¢in kullanilmaktadir (Boray, 1976). Bitlis masifi (O. Yilmaz, 1971; Ricou,
1971; O. Yilmaz, 1975, 1976; Boray, 1975; Erdogan, 1982; Caglayan vd., 1984), Bitlis
nap1 birimleri (Soytiirk ve Bastug, 1973), Bitlis karmasig1 (Bastug ve Acikbas, 1974) gibi
isimlerle pek ¢ok arastirmaci tarafindan ¢aligilmastir.

Yapilan ¢aligmalarda Bitlis Metamorfitleri, Hizan Grubu ve Mutki Grubu olarak iki alt
gruba ayrilmistir. Bitlis Metamorfitleri kugagi, bolgenin en kuzeyinde gozlenir ve birbiri

iizerine bindirmis ¢ok sayidaki tektonik dilimi kapsar (Gonclioglu ve Turhan 1984).



2.1.1.2. Dagilim ve Konum

Inceleme alaninda Bitlis Metamorfitleri’ne ait kristalize kiregtaslari Guleman Ofiyoliti

iizerine tektonik dokanakla gelmektedir (Sekil 2.3).

Bitlis Metamorfitleri

Guleman Ofivoliti

Sekil 2.3. Bitlis Metamorfitleri’nin Guleman Ofiyoliti birimleri ile iliskisi (37 S 0567233 m
D x 4266840 m K)

2.1.1.3. Litoloji

Gozlu gnays, granat gnays, biyotit gnays, amfibolit, kuvarsit, sist, mermer vb. kayag
tiirlerinden olusan birim, Boray (1976) tarafindan adlandirilmigtir.

Geng (1977, 1981 ve 1984), yaptig1 c¢alismalar sonucu Bitlis Metamorfitleri’ni tortul
kokenli mikasistler; gnayslar, mermerler ve kuvarsitlerle, bazik kdkenli amfibolitlerden
ibaret oldugunu gosterir.

Peringek (1980) birimlerin; kristalize Kkirectasi, mermer, silislesmis seyil, radyolarit,
radyolaryali sileksit, serisit-klorit sist, glokofansist, metakuvarsit, metatiif, metabazalt ve

metadiyabazlardan olustugunu ortaya koymustur.



2.1.14. Yas

Geng (1977, 1981 ve 1984)’e gore bu metamorfik kayaglar Paleozoyik yashdir.
Peringek (1980) tarafindan yapilan ¢alismalarda, metabazalt ile girik bulunan kristalize
kirectasinda, Megalodont kavkilar1 bulunmustur ve ilk kez Ust Triyas yasl, volkanik
katkilt sedimanter istifin varlig1 kesin kanitlariyla ortaya konmustur.

Gonciioglu ve Turhan (1984), Bitlis Metamorfitlerini Devoniyen yashi Hizan Grubu ve

Paleozoyik-Alt Mesozoyik yaslit Mutki Grubu olarak iki alt gruba ayirmistir.

2.1.1.5. Olusum Ortam

Arastirmacilar Bitlis Metamorfiti’nin kita selfinde biriken plaform tipi karbonat
sedimanlar1 oldugunu belirtmislerdir (Peringek, 1979; Aktas ve Robertson, 1984;
Hempton, 1984, 1985; Yazgan vd., 1984; Yazgan, 1987; Yilmaz vd., 1992)

2.1.2 Guleman Ofiyoliti
2.1.2.1. Tanim

Birimi; Sungurlu (1974), Ciingiis-Maden-Hazar civarinda “Guleman Ultramafitleri”;
Acikbas ve Bastug (1975), Cacas-Hani yoresinde “Simsin Karmagigi1”; Ozkaya (1978),
Maden-Ergani-Guleman yoresinde “Bahro Ultrabazikleri ve Serpantinitleri”; Erdogan
(1982), Aktas ve Robertson (1984) ile Peringek (1979) “Guleman Grubu”; Ozkan (1982),
Engin vd., (1982) “Guleman Peridotit Birimi”, Bingdl (1984, 1986) “Guleman Ofiyoliti”

olarak adlandirmislardir.

2.1.2.2. Dagilim ve Konum

Guleman Ofiyoliti Toros Kusagi’nin dogusunda Elazig’in 80 km giineydogusunda
yaklagik 200 km? alan kaplar. Birimin en iyi goriildiigii yer Guleman (Alacakaya) ilgesidir.
Guleman Ofiyoliti Alt Miyosen yash Lice Formasyonu’nu &rter, Ust Meastrihtiyen-Alt



Eosen yaslt Hazar Grubu’nun kumtasi ve seylleri ile Orta Eosen yasli Maden Kompleksi

tarafindan lizerlenir.

2.1.2.3. Litoloji

Ozkan’a (1984) gore Guleman Grubu eksik bir ofiyolit istifi olup, birim icerisinde levha
dayk karmasig1 ve bazik volkanik kayaglar gorilmemektedir.

Beyarslan ve Bing6l (2014) Guleman Ofiyoliti’nin tabaninda manto peridotitlerinin
bulundugunu, mafik kismin da bantl gabro, izotropik gabro ve levha dayk kompleksinden
olustugunu ifade eder. Manto peridotitleri yersel diinit bantlar1 i¢eren serpantinlesmis
harzburjitlerden olusur (Sekil 2.4), arazide sarimsi kahverengi goriiniimleriyle tipiktirler

(Sekil 2.5).

Sekil 2.4. Harzburjitlerin alterasyona ugramasi sonucu serpantinlesmesi (37 S 0569852 m D x
4265615 m K)
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Sekil 2.5. Guleman Ofiyoliti manto peridotitlerinin genel gérinimu (37 S 0569104 m D x
4265045 m K)

Harzburjitler olivin ve ortopiroksenden olugmaktadir. Manto peridotitleri ile kiimiilat
kayaglarinin arasindaki kontak kalin ve serpantinlesmis diinitlerle temsil edilir. Bu gecis
zonu kromitit yataklar1 da igerir. Bu zon lizerindeki gabroyik kayaclar kiimilat dokusu
gosterirler. Bantli gabrolarda bantlanmalar santimetre boyutundan desimetre boyutuna
kadar degiskenlik gosterebilmektedir. Ust kisimlara dogru bantli gabrolar izotrop gabrolara
gecis gosterir. Ofiyolitin kuzeybati kisminda levha dayk kompleksi gorilur ve gabroyik
kayaclarla sinirlandirilmiglardir. Tekil dayklar kiimiilatlar1 ve levha dayk karmasigim
kesmektedir. Kimdilat ve levha dayk karmasigina eslik eden volkanitler goriilmez. Ana
seriden tektonik olarak ayri olan Caferi Volkanitleri vardir ve bunlar kuzeyde Maden
Kompleksi’nin iizerine bindirmistir. Bu volkanitler olasilikla Elazig Magmatitleri’ne ait

kayaclardir.

2.1.2.4. Yas

Ozkan (1982) bélgesel verilerle birimin yagmin Ust Jura-Alt Kretase; Sungurlu (1979),
Elazig-Hazar-Palu cevresinde yaptiklari ¢alismalarda Guleman Grubu’nda ilk kez
rastladiklarin1  belirttikleri  volkanitlerle girik  olarak  gozlenen kirmizi  renkli

kiregtaslarindan almis olduklar1 kaya¢ orneklerinde Globotruncana sp., Globotruncana
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stuarti, Globotruncana lapparenti, Globotruncana arca ve Heterohelix sp. fosillerini tespit
ederek Kampaniyen-Alt Maastrihtiyen yasini birim igin 6nermislerdir.

Gonciioglu ve Turhan (1983), mikritik ara dilizeylerden alinan 6rneklerdeki
Hedbergella sp., Ticinella sp. ve Globotruncana sp. bulgular1 Senoniyen (Kampaniyen)

yas1 vermektedir.

2.1.2.5. Olusum Ortam

Guleman Ofiyolitleri’nin olusumu ile ilgili olarak bir ¢ok arastirmaci (Michard et al.,
1984; Bingol, 1986; Yazgan ve Chessex, 1991; Turan ve ark., 1995) bu ofiyolitlerin Bitlis-
Putliirge Masifleri ile Keban-Malatya Masifleri arasindaki Neotetis’in gliney koluna ait
okyanusal kabugun, Ge¢ Kretase’den itibaren giineye dogru kitasal kabuk {izerine
yerlestiklerini kabul ederler. Beyarslan (1997) bu ofiyolitleri, Neotetis’in gliney kolunun
Ge¢ Kretase’den itibaren kuzeye dogru dalmaya baslamasiyla bu okyanus kabugun
uzerindeki “supra-subduction” zon seklinde gelisen yeni okyanusal kabuga ait iirlinler
olarak yorumlamistir. Geg¢ Kretase sonuna dogru iist levhadaki ofiyolitler ile Keban
Metamorfitleri ve ada yay1 iirlinleri olan Elazi§ Magmatitleri’yle birlikte giineye dogru

itildigini vurgulamistir.

2.1.3 Hazar Grubu

2.1.3.1. Tanim

Birimi ilk defa “Hazar Birimi” olarak Rigo De Righi ve Cortesini (1964) adlandirmistir.
Ozkaya (1974), Ergani-Maden yoresindeki calismasinda volkanik katki igermeyen,
kumtasi-seyl-marn ardalanmasindan olusmus flis istifi i¢in “Hazar Formasyonu”
adlamasmi yaparak Baykan Grubu’na dahil etmistir. Sungurlu (1974), birimi grup
seviyesinde ele alarak alttan (ste dogru Simaki Formasyonu, onun yanal devami
niteligindeki Sebgen Formasyonu ve en lstte de Gehroz Formasyonu olmak iizere ii¢
formasyona ayirmistir. Peringek (1979) ile Tuna ve Diilger (1979), “Hazar Karmasig1”;

Aktas ve Robertson (1984) ise birimi, “Hazar Grubu” olarak adlandirarak alttan {iste dogru
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Ceffan Formasyonu, Simaki Formasyonu ve en Ustte de Gehroz Formasyonu olmak Gzere

lic formasyona ayirmislardir (Kaya, 2002).

2.1.3.2. Dagilim ve Konum

Hazar Grubu inceleme alaninda Bahru koyti civarinda yer almakta olup ¢aligma alaninin

giineybatisinda ylizeylemektedir.

2.1.3.3. Litoloji

Ozkaya (1978) birimin, Sirnaki antiklinali ¢ekirdeginde ve Gehroz senklinali kuzey
kanadinda Bahro ultrabazikleri iizerinde yiizeylenen gri renkli, volkanit katkilardan yoksun
flis 6zelliginde kumtasi, seyl marn ardalanmasindan olustugundan bahsetmektedir. Hazar
Formasyonu Simaki antiklinali ¢ekirdeginde, Bahro Formasyonu’nu, serpantinit ve
ultrabazik cakilli bir konglomera ile orter ve yukariya dogru, gri, kahverengi seyl ve bol
lamelli kavkili, gri, killi kirectas1 ve seyl ardalanmasi olarak siirer. Burada kalinlik yaklagik
olarak 200 metredir. Simaki antiklinali kuzeybati kanadinda gozlenen bir kesitte Hazar
Formasyonu serpantinit lizerinde ince katmanli gri kiregtasi ile baslar, gri seyller, plakali
ince killi kiregtaslar ile siirer. Ustte Gehroz Formasyonu’nun masif kiregtaslar1 ile ortiiliir.
Yine Simaki antiklinali giineyinde Putyan koylinden gecen bir kesitte serpantinitlerin
tizerinde ince bir konglomera ile baglar, kahverengi-gri seyi ve marn olarak siirer. Daha
yukariya dogru, cok kivrilmis, bol lamelli kavkili ve ¢ok kivrimli kiregtaslar belirginlesir.
En istte Gehroz Formasyonu’na katilan kirmizi konglomeralar ve masif krem renkli
kirectaslar1 goriiliir (Ozkaya, 1978).

Ozkan vd.’ne (1982) gére birim Guleman Grubu izerinde yer yer goriilen gabro/verlit
cakilli, siireksiz ve ince kalinlikta taban cakiltaglari ile transgresif olarak baslar. Baslica
kumtasi-seyl-marn gibi kirintilar ardalanmasindan olusur. Uste dogru degisken kalinlikta
gri kiregtaglarina gecer.

Hazar Karmasigl, Guleman Grubu iizerine trangresif olarak gelir. Birimin en altinda
taban konglomerasi ardindan kumtasi-camurtasi-kiltasi-marn-killi ~ Kiregtasi-sileksit-
radyolarit ve pembe-kizil renkli kirectaslar1 gelir. Hazar Karmasigi bazalt, diyabaz,

melafir, tiif ve andezit gibi volkanik ara katkilara da sahiptir (Arikal ve Tasan, 1986).
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2.1.3.4. Yas

Birimin ¢okelme yas1 Ust Maestrihtiyen-Alt Eosen olarak saptanmistir (Rigo de Righi
ve Cortesini, 1964; Peringek, 1978; Perincek ve Celikdemir, 1979; Ozkaya, 1978; Ozkan,
1982).

Simaki yoresinden alman bir 6rnekte Diseoeyclina sp.; Assilina sp.; Operculina sp.
fosilleri bulunmus ve Alt-Orta Eosen yas1 Onerilmistir. Ancak yine ayni yoreden alman
orneklerde Orbitoides sp.; Suleopereulina sp.; Siderolites sp.; Lepid orbitoides sp.; fosilleri
bulunarak Ust Kretase yas1 &nerilmistir. Ust Kretase fosillerinin bir kismi kumtas: ve
konglomeralar icinde bulunmasi nedeni ile tasinmis kabul edilebilir. Bu yiizden
formasyonun yasi hakkinda kesin bir sonuca varilamamaktadir.

Yasin Ust Kretase’den Orta Eosen’e kadar uzandig1 sdylenebilir (Ozkaya, 1978).

2.1.3.5. Olusum Ortam

Aktas ve Robertson (1984), ortamin baslangicta karasal oldugunu ve birimin tabaninda
bulunan Ceffan Formasyonu’nun bu karasal ortami temsil ettigini; Ceffan biriminin Simaki
birimi ile yanal gegis goOstermesinin ise c¢okelme havzasinin blok faylarla giderek
derinlestigini belirtmislerdir. Simaki Formasyonu’nun denizel sartlarda gelistigini; en
istteki Gehroz Formasyonu’nun ise derin deniz ortaminda ¢okelmis pelajik kirectaslar

olduklarini ifade etmislerdir.

2.1.4. Maden Karmasigi

2.1.4.1. Tanim

Birimi ilk defa Rigo de Righi ve Cortesini (1964) “Maden Birimi” olarak
adlandirmistir. Aymi birimi daha sonra Ozkaya (1978), “Sason-Baykan Grubu”; Acikbas ve
Bastug (1975), “Baykan Karmasig1”; Erdogan (1982), Yigitbas ve ark. (1991), Yilmaz
(1993), Maden Grubu”; Peringek (1979), Peringek ve Ozkaya (1981), Yazgan (1983,
1984), Hempton (1984), Aktas ve Robertson (1984), Yazgan ve Chessex (1991), “Yigitbas
ve Yilmaz (1996), “Maden Karmasig1” olarak isimlendirmislerdir (Kaya, 2002).
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Inceleme alaninda birim; tortul kayaglara volkanitlerin ve kirectas: olistolitlerinin
karismasiyla diizensiz bir stratigrafi sundugundan, bu ¢aligmada da “karmasik™ olarak ele

alinmistir

2.1.4.2. Dagilim ve Konum

Birim ¢alisma alaninin dogusunda Ortakiindikan kdyii ¢evresinde, Sarikamis kdyiiniin

batisinda Seyhkatil ile Alkatyan koyleri ¢cevresinde yiizeylemektedir.

2.1.4.3. Litoloji

Birim, spilit ve bazalt ile temsil edilen Karadere Formasyonu (Agikbas ve Bastug,
1974) kiregtas ile temsil edilen Celikhan Formasyonu ve isimlendirilmeyen ancak ayri
haritalanan monzonit ve diyorit ile olistostromal Maden olusumundan meydana gelen
duzensiz bir litoloji toplulugu olarak tanimlanmistir (Pigkin, 1972; Peringek, 1978;
Yazgan, 1987).

Yildirim (2010) yaptig1 doktora tezi calismasiyla ilk defa Maden Karmasigi icerisinde
tanimlanan monzonitlerin Elazi§ Magmatitleri’ne, diyoritlerin ise Komiirhan Ofiyoliti’ne
ait oldugunu ifade etmistir.

Birim, tabanda Guleman Ofiyoliti’nin gabrolar iizerinde taban g¢akiltaglariyla baslar.
Uste dogru kumtas1 tabakalari, yer yer silislesmis kirmizi kahve-gri renkli kumtasi-
camurtagi-marn ardalanmasina geger. Bunlarin iistiinde bol Nummulit fosilli, gri renkli
neritik, mikritik kiregtaslar1 bulunur. Birim en iistte, kirmizi-pembe pelajik kiregtaglariyla
son bulur. Tiim bu birimlere yanal ve diisey ge¢isli, ara katkilar halinde gézlenen andezitik,
bazaltik volkanitler eslik eder. Volkanotortul istifin ara seviyelerinde manganli-demirli
cevherlesmeler goriiliir. Maastrihtiyen yash, gri renkli kirectasi olistolitleri, havza disi
kokenli yabanci bloklar seklinde istife karigsmiglardir. Ayn1 zamanda havza i¢i kokenli
kiregtas1 olistolitleri de tespit edilmistir. Bu olistostromal istife volkanizmanin da eslik

etmesi Maden ¢okelme havzasinin genel 6zelligidir (Kaya, 2002).
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2.1.44. Yas

Gri renkli mikritik kirectaslarindan alinan numunelerin determinasyonu ile Nummulites
sp., Discocyclina sp., Operculina sp. gibi Orta Eosen yasl fosiller bulunmustur. Onceki
calismacilardan Ozkaya (1978), Peringek (1979), Yazgan (1983,1984), Sungurlu ve ark.,
(1984), Hempton (1984, 1985) ile Yigitbas ve ark., (1993) birimin yaginin Orta Eosen
oldugunu belirtirken, Erdogan (1982), Ust Kretase-Alt Eosen; Aktas ve Robertson (1985)

ise Paleosen-Eosen olarak belirtmislerdir.

2.1.4.5. Olusum Ortam

Peringek (1980), Maden Karmasig igerisindeki kiregtasi bloklarimin sig ortamda
cokeldigini daha sonra havzanin derin kismina olistolit olarak yerlestiklerini belirtmistir.
Birim igerisindeki volkanik kayaclar ise Aktas ve Robertson (1984)’1n volkanik kayaclarda
yaptig1 jeokimyasal degerlendirmeler neticesinde kuzeye dalimli bir yitim zonu iizerinde,
yay Onii bolgede olustugunu belirtmektedir. Yazgan ve Asutay (1987) Maden
Karmasigi’nin garpisma sonrasi sikisma tektonigine bagl olarak iist mantonun boliimsel
ergimesiyle olusan levha i¢i kitasal yitime bagli olarak volkanizma oldugunu sdylemistir.

Bingdl (1988), Maden Karmasigi’na ait volkanitlerin petrografik ve jeokimyasal
ozelliklerinin, bu kayaglarin bir aktif kita kenari iirlinii oldugunu gdsterdigini ifade
etmistir.

Yigitbas ve ark. (1991), Maden havzasinin gelisimine riftlesme ile bagladigini, giderek
derin denizel ortam haline donilisiip bu havzanin daha giineyinde bulunan Helete
Vokanitleri’nin kuzeyinde gelismis bir yay ard1 havza oldugunu kabul etmislerdir.

Robertson vd. (2007), “Glney Tetis Okyanusu’nun tektonik evrimi”  konulu
caligmalarda Orta Eosen’deki kuzeye dogru dalima kitasal kenar gerilemesinin eslik
etmesiyle riftlesmenin bagladiginmi ve Maden havzasinin olustugunu burada toplanan
malzemenin Arap kitasiyla ¢arpigmasi sonucunda tim bindirme kiimesinin Arap burnuna

yerlestigini belirtmislerdir.
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2.2. Otokton Birimler

2.2.1. Lice Formasyonu

2.2.1.1. Tanim

Ilk kez Schimidt (1958)’in tanimladigi Lice Formasyonu’nun tipik yiizeylemesi
Diyarbakir ilinin Lice ilgesi dolayindadir (Yildirim, 2010). Daha sonradan yapilan
calismalarda bu birim bazi arastirmacilar tarafindan (Ozkaya, 1975; Peringek, 1979, 1980)
Lice Formasyonu, bazi arastirmacilar tarafindan da (Geng, 1981, 1984) Miyosen tortullari

olarak adlandirilmislardir.

2.2.1.2. Dagilim ve Konum

Gilineydogu Anadolu Bolgesi’nde genis bir yayilim gosteren bu birim ¢alisma alaninin
giineydogusunda yer almaktadir. Bu birimin iizerine allokton olan; Bitlis Metamorfitleri,

Maden Kompleksi ve Guleman Ofiyoliti bindirmeli olarak gelmistir.

2.2.1.3. Litoloji

Peringek (1978) birimin; tabakali kumtasi, ince tabakali marn ve karbonat-seyl
ardalanmasindan olustugundan bahsetmistir. Ayrica Engin vd. (1982) bu birimin i¢inde yer
yer Kirectasi katkilari igeren silttasi-kumtasi ardalanmasindan olusan flis fasiyesindeki
kayacglardan olustugundan bahsetmistir. Formasyon Ergani’nin giineyinde kaba kumtasi
olarak; kuzeyinde ince kiregtagi arakatmanli, diizgiin seyl ve marn ardalanmasi olarak
goruliirken (Arikal ve Tasan, 1986), Celikhan-Sincik dolaylarinda: kumtasi, ince tabakali
marn ve karbonat-seyl ardalanmasindan olusmustur (Yildirim, 2010). Calisma alaninda gri
ve agik yesil renkte goriilen Lice Formasyonu, kumtaslarinin daha egemen oldugu yerlerde
acik sar1 goriilmektedir. Tabaka kalinliklar1 degisken olmakla birlikte genelde ince

katmanli ve 5-10 cm arasinda degismektedir (Akgiil, 1993; Baspinar, 2006).
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2.2.14. Yas

Peringek (1978) ve Onalan (1988) Lice Formasyonu’nda bulunan fosillere dayanarak

birime Alt Miyosen yas1 vermislerdir.

2.2.1.5. Olusum Ortam

Lice Formasyonu’nun litolojisi, istiflenmesi, sedimanter yapilar1 ve fosilleri, yanal
uzanimi ile diger birimlerle olan iligkileri topluca degerlendirildiginde su sonuglara
ulagilabilir: Giineydoguya dogru formasyon sig selfte olusan fasiyeslerle temsil edilir,
kuzeye dogru ise aym1 formasyonun alt seviyelerinin dig self-havza yamaci ortaminda
olustugu anlasilir. Lice Formasyonu’nun orta seviyeleri havza ortaminda, iist seviyeleri ise
yeniden havza yamaci ve daha s18 ortamlarda ¢okelmistir (Onalan, 1986a, 1986b)

Alt Miyosen'de Marag Tersiyer havzasinin giineyinden kuzeyine kadar uzanan ve sig
selften havza yamaci-havza ve havza kenar1 ortamlarina kadar degisen kesimlerinde

¢okelmistir (Onalan, 1988).
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3. PETROGRAFI

Calismanin  asil  konusunu Guleman Ofiyoliti'ne ait manto peridotitleri
olusturdugundan, bu boliimde ofiyolitin diger birimlerinin petrografik 6zelliklerine yer
verilmemistir.

Inceleme alaninda bulunan manto peridotitlerini harzburjit ve diinitler temsil
etmektedir. Alman el Orneklerinde yaygin olarak harzburjit tiirlinde kayaglar
bulunmaktadir (Sekil 3.1). Peridotitlerde olivin, ortopiroksen, klinopiroksen, spinel ve

serpantin mineralleri bulunmaktadir.

EE,:I Manto peridotitleri

B
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|
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——————— |

Olivin [

ortopiroksenit klinopiroksenit =

Olivin vebsterit ?

-

£

o

[

Opir Vebsterit Kpir — — _|
Ortopiroksenit Klinopiroksenit

Sekil 3.1. Peridotitlere ait ince kesitler lizerinde gergeklestirilmis analiz sonug¢larinin Streckeisen’in
(1973, 1976) diyagramindaki yerleri (Ol: olivin, Opir: ortopiroksen, Kpir: klinopiroksen).

3.1. Dunit

Calisma alaninda diinitler ¢cok dar bir alanda yiizeylemektedir. Bu kayaclar; %90’1n
uzerinde olivin, %10’dan az ortopiroksen, klinopiroksen ve opak minerallerden olusur.
Olivinler yiiksek cift kirma rengine sahiptirler ve serpantinlesme yaygindir. Kirik ve
catlaklar boyunca gelisen serpantinlesme sonucu kaya¢ agsi bir goriiniim kazanmistir

(Sekil 3.2).
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Olivinler 06zsekilsiz ve pargalanmis kiigiik kristaller halinde bulunmaktadirlar.
Dunitlerde, bu kucuk kristallerin igerisinde iri olivin kristallerinin olusturdugu
porfiroklastik doku gorilir. Ayrica plastik deformasyona maruz kalan olivinlerde, kristal
icinde belli diizlemler boyunca kaymalar olusmustur. Olivin kristallerindeki bu uzamalara
ve kristal i¢i kaymalara kinkband denir (Sekil 3.3) ve bunlar diinitlerin ofiyolit istifindeki

tektonitler kismina ait oldugunu gostermektedir.

Sekil 3.2. Serpantinlesmis olivin minerallerindeki ags1 goriiniim (CN)
(ol: olivin, srp: serpantin)

Sekil 3.3. Olivinlerde goriilen kinkbandlanmalar (CN) (ol: olivin)
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Piroksenler diinitlerin %4-5’ini olusturur. Ozsekilsiz piroksen minerallerinde tek
yonde belirgin dilinim goriiliir. Sonme agis1 degeri 1-2° olan bu piroksenler paralel sonme
gosterdiklerinden ortopiroksen tiiriindedirler (Sekil 3.4).

Ozsekilli ve 6zsekilsiz kristaller seklinde goriilen ve kayacin %4-5’ini olusturan opak
mineraller, yliksek 11k altinda incelendiginde kirmizimsi1 kahverenklerde goriilen

spinellerdir.

Sekil 3.4. Ortopiroksen, olivin ve spinellerin gérinimi (CN)
(ol: olivin, opir: ortopiroksen, op: opak mineral)

3.2. Harzburjit

Calisma alanindaki tektonitlerin %85-90’lik kismini harzburjitler olusturur. Yesilimsi
sar1 renkte goriilen harzburjitlerin serpantinlesmeden etkilenmis kisimlar1 yesilimsi grimsi
ve yagl parlaklikta goriilmektedir. Ince kesitler {izerinde yapilan mikroskobik incelemeler
sonucu ortalama olarak harzburjitlerin; %70-80 olivin, %15-25 ortopiroksen, %2-3
klinopiroksen ve %2-3 krom spinelden olustugu goriilmektedir.

Olivin iri Ozsekilsiz kristaller halinde goriilebildigi gibi tektonizmadan etkilenmis
bélgelerde parcalanmis kiigciik daneler seklinde de gorilmektedir ve bu 6rneklerde
porfiroklastik doku egemendir (Sekil 3.5). Yiiksek ¢ift kirma rengine sahip olivinler kimi

orneklerde biinyesine su alarak serpantinlesmis ve agsi bir goriiniim kazanmistir.
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Plastik deformasyona maruz kalan iri olivinlerde kristal igi Gtelenmeler olarak

nitelendirilen kinkband yapilar1 mevcuttur (Sekil 3.6).

Sekil 3.6. Harzburjitlere ait olivinlerdeki kinkbandlanmalar (CN) (ol: olivin)

Ortopiroksenler kayag icerisinde olivinlerden sonra en ¢ok bulunan mineraldir. Iri
ortopiroksen mineralleri 6zsekilsiz olarak goriiliir. Tek yonde belirgin dilinime sahip
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ortopiroksenler paralel sonme gosterir. Deformasyondan etkilenen bazi ortopiroksenlerde
dilinimler biikiilmiis, acisal olarak sapmis seklinde goriilmektedir (Sekil 3.7).

4 : e i) .

Sekil 3.7. Ortopiroksenlerdeki biikiilmiis dilinimler (CN) (ol: olivin, opir: ortopiroksen, op:
opak mineral)

Klinopiroksenler kayag i¢inde %1-2 oraninda ve 6zsekilsiz olarak goriilmektedir. Tek
yonde dilinim gosteren kristallerinde yapilan sénme agist tayinlerinde ag1 40° olarak
Olclilmiistiir.

Opak mineraller dzsekilli yar1 dzsekilli ve dzsekilsiz olarak goriilmektedir. Ozsekilli
opak mineraller uzamis kristaller seklinde goriilmektedir (Sekil 3.8a). Yiiksek 1s1k altinda
bakildiginda kirmizimsi kahverenkli olarak goriiliirler. Spinel olarak adlandirilan bu

minerallerin i¢inde diger mineraller kapanimlar halinde goriilebilir (Sekil 3.8b).

Sekil 3.8. (a) Uzamus 6zsekilli spineller ve (b) spineller i¢indeki ortopiroksen-olivin mineralleri (CN) (ol:
olivin, opir: ortopiroksen, op: opak mineral)
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4. JEOKIMYA

4.1 Tum Kayac Analizleri

Guleman Ofiyoliti manto peridotitlerinin jeokimyasal o6zelliklerini ve olustuklar
ortam kosullarin1 belirleyebilmek amaciyla araziden alinan 38 peridotit 6rneginden ince
kesitler hazirlanarak, bu kesitler polarizan mikroskopta incelenmistir. Petrografik
caligmalarin yani sira alterasyondan etkilenmemis/daha az etkilenmis 18 adet Ornek
secilmistir. Bu Ornekler Kanada Acme Analitik Laboratuari’na gonderilerek ICP-MS
(Inductively Coupled Plasma Mass Spectrometry) yontemi ile ana oksit, iz element ve
nadir toprak elementi (NTE) analizleri yaptirilmistir (Tablo 4.1). NTE’lerin ¢ogu, ana
oksitlerin ve iz elementlerin bir kismi peridotitlerdeki c¢ok diisiik konsantrasyonlar

nedeniyle dedeksiyon limitinin altinda kalmistir.
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Tablo 4.1. Guleman Ofiyoliti manto peridotitlerinin tim kayac ana oksit (%), iz element (ppm) ve NTE
(ppm) igerikleri. AK: Ateste kayip, Hrz.: Harzburjit, Serp.: Serpantinlesme; %Serp=

(100/18)*AK (%ag.)
Ornek MG 1 MG 2 MG 7 MG 8 MG 10 MG 11 MG 12
Kayag Hrz. Dinit Hrz. Hrz. Hrz. Hrz. Hrz.
SiO; 43.89 43.29 42.46 43.21 43,57 41.53 42.22
Al,O3 0.33 0.30 0.33 0.36 0.20 0.24 2.23
Fe,0; 9.12 9.10 8.60 8.76 9.03 8.56 7.91
MgO 43.69 44,98 44.09 44,72 44,92 43.83 34.72
CaO 0.53 0.49 0.47 0.44 0.41 0.33 2.30
Na,O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05
K20 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
TiO, <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04
MnO 0.13 0.13 0.12 0.12 0.13 0.12 0.12
AK 1.6 1.0 3.2 1.7 11 4.8 9.7
TOPLAM 99.95 99.95 99.95 99.95 99.97 99.95 99.95
%Serp. 8.89 5.56 17.78 9.44 6.11 26.67 53.89
Ni 2520.8 2567.6 2508.9 2553.6 2595.1 2463.5 2105.2
Sc 9 9 8 8 9 7 13
Ba 3 1 1 <1 <1 <1 <1
Co 109.6 112.7 101.8 102.1 111.7 103.6 91.6
Cs <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ga 0.8 11 0.6 0.9 0.6 0.7 2.2
Hf <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Nb <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1
Rb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3
Sr <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 2.4
Ta <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
U <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
\Y 31 30 28 27 21 25 58
Zr 14 0.3 6.9 0.6 1.2 0.4 0.7
Y 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 1.2
La <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ce <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Pr <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Nd <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Sm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Eu <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.04
Gd <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.10
Th <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02
Dy <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.19
Ho <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.03
Er <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 0.19
™m <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02
Yb <0.05 <0.05 0.05 <0.05 <0.05 <0.05 0.11
Lu <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03
Cu 9.6 13.4 55 2.8 5.7 3.3 24.2
Zn 25 27 25 25 27 28 24
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Tablo 4.1’in devam

Ornek MG 20 MG 24 MG 26 MG 27 MG 28 MG 29 MG 33
Kayag Hrz. Diinit Hrz. Hrz. Hrz. Hrz. Hrz.
SiO, 43.09 40.24 43.84 43.42 42.75 43.31 43.35
Al,O3 0.36 0.34 0.34 0.36 0.53 0.16 0.41
Fe,0; 8.86 8.08 8.26 8.56 8.96 8.66 8.72
MgO 42.70 43.86 44.31 44.09 43.65 43.60 43.63
CaO 0.55 0.30 0.38 0.46 0.65 0.27 0.49
Na,O 0.04 <0.01 0.02 0.01 <0.01 <0.01 <0.01
KO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
TiO, <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MnO 0.12 0.11 0.12 0.12 0.12 0.12 0.12
AK 3.6 6.4 1.9 2.3 2.6 2.6 1.9
TOPLAM 99.95 99.96 99.94 99.94 99.95 99.29 99.28
%Serp. 20.00 35.56 10.56 12.78 14.44 14.44 10.56
Ni 2441.2 2566.1 2480.2 2546.1 2443.2 2323.9 2226.6
Sc 9 6 7 9 9 7 8
Ba 2 <1 <1 <1 <1 <1 <1
Co 100.8 104.9 116.9 109.7 114.0 106.7 110.2
Cs <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ga 0.8 0.6 1.6 1.0 <0.5 0.5 1.2
Hf <0.1 <0.1 <0.1 <0.1 0.1 <0.1 <0.1
Nb <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Rb 0.2 <0.1 0.3 <0.1 0.1 <0.1 <0.1
Sr <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Ta <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
U <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
\Y 34 21 35 27 38 21 31
Zr 1.8 1.6 0.6 1.6 2.3 0.1 0.2
Y <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
La <0.1 <0.1 0.4 <0.1 <0.1 <0.1 <0.1
Ce <0.1 <0.1 0.4 <0.1 <0.1 <0.1 <0.1
Pr <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Nd <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3
Sm <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Eu <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Gd <0.05 <0.05 <0.05 0.06 <0.05 <0.05 <0.05
Th <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dy <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.05
Ho <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Er <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03
™m <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Yb <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Lu <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cu 3.6 2.1 3.1 38.0 10.8 2.2 45
Zn 22 24 24 25 25 28 26
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Tablo 4.1’in devam

Ornek MG 35 MG 36 MG 37 MG 38
Kayag Hrz. Hrz. Hrz. Hrz.
SiO, 44.46 42.21 43.82 43.67
Al,O3 0.46 0.35 0.33 0.19
Fe,0; 8.22 8.62 8.86 8.80
MgO 43.97 43.64 44.04 44.00
CaO 0.34 0.34 0.39 0.32
Na,O <0.01 <0.01 <0.01 <0.01
K0 <0.01 <0.01 <0.01 <0.01
TiO, <0.01 <0.01 <0.01 <0.01
MnO 0.12 0.12 0.12 0.12
AK 1.0 3.3 1.0 15
TOPLAM 99.28 99.28 99.28 99.28
%Serp. 5.56 18.33 5.56 8.33
Ni 2270.6 2268.7 2369.9 2252.5
Sc 6 7 8 8
Ba <1 <1 <1 <1
Co 114.2 112.5 114.7 111.1
Cs <0.1 <0.1 <0.1 <0.1
Ga 1.0 0.6 0.9 <0.5
Hf <0.1 <0.1 <0.1 <0.1
Nb <0.1 <0.1 <0.1 <0.1
Rb 0.1 0.2 0.2 0.3
Sr <0.5 <0.5 <0.5 <0.5
Ta <0.1 <0.1 <0.1 <0.1
Th <0.2 <0.2 <0.2 <0.2
U <0.1 <0.1 <0.1 <0.1
\Y 24 29 27 26
Zr 0.2 0.2 0.3 0.3
Y <0.1 <0.1 <0.1 <0.1
La <0.1 <0.1 <0.1 <0.1
Ce <0.1 <0.1 <0.1 <0.1
Pr <0.02 <0.02 <0.02 <0.02
Nd <0.3 <0.3 <0.3 <0.3
Sm <0.05 <0.05 <0.05 <0.05
Eu <0.02 <0.02 <0.02 <0.02
Gd <0.05 <0.05 <0.05 <0.05
Th <0.01 <0.01 <0.01 <0.01
Dy <0.05 <0.05 <0.05 <0.05
Ho <0.02 <0.02 <0.02 <0.02
Er <0.03 <0.03 <0.03 <0.03
Tm <0.01 <0.01 <0.01 <0.01
Yb <0.05 <0.05 <0.05 <0.05
Lu <0.01 <0.01 <0.01 <0.01
Cu 2.4 2.5 4.2 4.0
Zn 24 26 26 25
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Tablo 4.1°de de goriildiigli gibi, tim kayac¢ analizlerinde MgO yiizdesi 42.70-44.98
araliginda degismektedir. Uyumsuz olan Al, Ca, Si, Sc, V, Ga ve Y elementleri MgO’ya
karsin az-cok ters bir yonseme gostermektedir (Y elementi, 6rneklerde yapilan 6l¢iimlerde
bir 6rnek hari¢ dedeksiyon limitinin altinda ¢ikmasina ragmen tabloda gdsterilmistir). Tam
tersine, uyumlu olan Ni elementi oran1 modal ortopiroksen ve klinopiroksen miktarinin
azalmasiyla artar. Bu ylizden peridotitlerin MgO igerigi onlarin tiiketilme derecesinin bir
gostergesidir. Manto peridotitlerinden alinan 6rneklerin analizleri MgO-Al,O3, MgO-CaO,
MgO-SiO,, MgO-Ga, MgO-Y diyagramlarinda degerlendirildiginde, 6rneklerin genel
olarak yayonii harzburjitleri alanina diistiigii goriilmektedir (Sekil 4.1).
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Sekil 4.1. Guleman Ofiyoliti manto peridotitlerine ait MgO degerinin Al,O3, Ca0, SiO,, Sc, V, Ga, Y, ve
Ni’ye gore degisim diyagramlart. OOS peridotiti alanlar1 Niu (2004)’dan, yayonii harzburjitleri ve
SSZ dunitleri (lzu-Bonin-Mariana yayonii) Parkinson ve Pearce (1998)’ten alinmigtir. (OOS:
Okyanus ortast sirti, SSZ: Supra-subduction zone)
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Manto peridotitlerini olusturan harzburjitlerin Al,O; ve CaO igerikleri, kayaglarin
mineralojik bilesimleri acisindan da 6nemli bilgiler vermektedir. Peridotitlerin Al,O3 ve
CaO icerikleri kayac icerisindeki klinopiroksenlerden gelmektedir. Kaya¢ icerisinde
klinopiroksen azaldikga bu iki oksit miktar1 da azalmaktadir. CaO-Al,03 diyagraminda da
goriildiigli gibi Guleman peridotitleri serpantinlesmeden ¢ok fazla etkilenmemis, kismi
ergime derecesinin artmasina bagli olarak olusan yayOnu peridotitleri bdlgesine

diismektedirler (Sekil 4.2)
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Sekil 4.2. Guleman peridotitlerinin CaO (%ag.) ve Al,03 (%ag.) degisim diyagrami. Abisal
ve yayonii peridotitleri alanlart ile kismi ergime yonsemesi Pearce vd.’nden
(1992) alinmustir.

4.2. Mineral Kimyasi Analizleri

Peridotitlere ait minerallerin kimyasal iceriklerinin belirlenebilmesi icin 9 adet peridotit
ornegi Elektron Mikroprop Analizleri Léboratuari (Yer Bilimleri Enstitiisii, Academia
Sinica, Taipei, Tayvan)’na gonderilmistir. W-EPMA JXA8900R mikroprop aleti ile 1s1in
sartlar1 sirasi ile 15kV, 12nA ve 2um olacak sekilde spinel, klinopiroksen, ortopiroksen ve
olivin minerallerinin ana oksit icerikleri belirlenmistir. Minerallerin Fe** ve Fe*? icerikleri

stokyometrik kriterler kullanilarak hesaplanmistir.
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4.2.1. Spinel

Spinel, manto peridotitleri icerisinde alterasyondan en az etkilenen mineraldir. Guleman

peridotitlerine ait her bir 6rnekteki ortalama spinel bilesimleri ve standart sapma degerleri

Tablo 4.2’de, tim analiz verileri ise Ek Tablo 4.1°de verilmistir.

Tablo 4.2. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen spinel kristallerinin
ortalama bilesimleri (ort.) ve standart sapma (o) degerleri. n: analiz sayisi, dla: dedeksiyon
limitinin ~ alti,  Hrz.:  harzbujit, Mg#=100*Mg/(Mg+Fe®");  Cr#=100*Cr/(Cr+Al);
Fe*?#=100*Fe*?/(Mg+Fe*?)

Ornek MG 10 MG 11 MG 20 MG 26

Kayag Hrz. Hrz. Hrz. Hrz.

Ort. c Ort. o Ort. c Ort. o

n 27 19 22 25

SiO, 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

TiO, 0.02 0.02 0.05 0.02 0.02 0.02 0.03 0.02

Al,O3 12.02 0.93 15.07 0.61 15.61 0.73 15.40 1.55

Cr,04 56.58 1.25 53.20 1.04 50.79 1.11 53.08 1.98

FeO 20.53 0.52 19.57 0.49 23.64 0.64 18.97 0.33

MnO 0.90 0.23 0.62 0.22 0.89 0.25 0.86 0.18

MgO 9.51 0.34 10.55 0.36 8.23 0.26 11.03 0.22

NiO dla dla dla dla dla dla dla dla

CaO 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02

Na,O dla dla dla dla dla dla dla dla

K,O dla dla dla dla dla dla dla dla

P,0s dla dla dla dla dla dla dla dla

ZnO 0.14 0.10 0.18 0.08 0.31 0.12 0.16 0.10

TOPLAM 99.73 0.61 99.27 0.88 99.51 0.54 99.57 0.73

Mo# 45.20 1.47 48.99 1.39 38.30 1.29 50.88 0.76

Cr# 75.95 1.75 70.30 1.08 68.57 1.40 69.82 2.82

Fe”'# 54.80 1.47 51.01 1.39 61.70 1.29 49.12 0.76
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Tablo 4.2°nin devam

Ornek MG 27 MG 29 MG 32 MG 36
Kayag Hrz. Hrz. Hrz. Hrz.

Ort. o Ort. o Ort. c Ort. c
n 22 26 18 20
SiO, 0.01 0.01 0.02 0.03 0.02 0.02 0.01 0.02
TiO, 0.03 0.02 0.03 0.03 0.03 0.02 0.06 0.03
Al,O3 17.32 1.09 10.04 0.41 19.67 0.90 18.68 1.49
Cry,0;3 49.75 1.39 58.44 0.81 49.21 1.19 48.56 1.66
FeO 21.10 0.41 21.70 0.74 18.37 0.48 20.56 0.72
MnO 0.85 0.17 0.95 0.17 0.81 0.20 0.77 0.13
MgO 10.83 0.27 8.81 0.33 11.77 0.27 11.30 0.51
NiO dla dla dla dla dla dla dla dla
CaO 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Na,O dla dla dla dla dla dla dla dla
K-0 dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla
ZnO 0.16 0.09 0.16 0.11 0.16 0.10 0.14 0.08
TOPLAM 100.05 0.48 100.16 0.54 100.03 0.43 100.09 0.47
Mg# 47.77 1.05 41.97 1.68 53.30 1.06 49.46 1.94
Cr# 65.84 2.01 79.61 0.84 62.66 1.62 63.56 2.54
Fe'# 52.23 1.05 58.03 1.68 46.70 1.06 50.54 1.94

Harzburjitlerin spinellerindeki Cr# 62.66-79.61 araliginda degismektedir (Tablo 4.2).
Bu da Guleman peridotitlerinin spinel tirlerinin kromit, ¢cok az oranda da Mg-kromit
olduklarin1 gostermektedir (Sekil 4.3)

100

Spinel Mg-Kromit

80

60

Mg# (spl)

Hersinit Kromit

T T T T
0 20 40 60 80 100
Cri (spl)

Sekil 4.3. Guleman Ofiyoliti manto peridotitlerine ait spinel kristallerinin Cr#-Mg#
smiflandirma diyagramindaki yerleri
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Manto peridotitlerinin tektonik olusum ortamini belirlemede daha 6ncelerde kullanilan
Mg#’ nin, kayacin olusumundan sonraki siirecte kolaylikla degismesi miimkiin
olabildiginden; Kamenetsky vd. (2001) Mg# yerine peridotitlerdeki spinellere ait olan
Al;03-TiO; igeriklerinin kiyaslanmasini uygun gormiistiir. Bilindigi gibi ofiyolitler yitimle
iligkili olabilir veya olmayabilir. Yitimle iligkili ortamda olusan manto peridotitlerinin
Al;O3 oranlar1 abisal peridotitlerdekine oranla daha diisiiktir (Kamenetsky vd., 2001).
Guleman manto peridotitleri Al,O3-TiO, degisim diyagramina yerlestirildiginde, bunlarin

yitim zonu {izerindeki bolgeye ait alana (SSZ) diistiikleri goriilmektedir (Sekil 4.4).
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Sekil 4.4. Manto peridotitlerinin hangi tektonik ortamda olustugunu agiklamak i¢in kullanilan
spinellerdeki Al,O3 miktarmin TiO,’ye karst degisimi grafigi (Kamenetsky vd.,
2001). SSZ: Supra-subduction zone, OOS: Okyanus ortast sirtt

Yitimle iligkili ortam (supra-subduction zone) yayonii, yay ve yay ardi olmak iizere ii¢
kisma ayrilir. Bunlarin arasinda ayrim yapmak i¢inde ¢esitli diyagramlar kullanilmaktadir.
Guleman peridotitlerindeki spinellerin TiO, igerigi %0.02-0.06, FeO igerigi ise %18.37-
23.64 araliginda degismektedir (Tablo 4.2). Dinit igerisindeki spineller harzburjit
icerisindekilere gore yiiksek Cr# ve disiik Mg# [100*Mg/(Mg+Fe*?)]’na sahiptirler.
Spinelin Cr# peridotitin kismi ergime derecesini belirten 6nemli bir gostergedir (Dick ve
Bullen, 1984). Spinellerin Mg#-Cr# igerigi dikkate alindiginda 6rneklerin yayonii peridotiti
alanlarina diistiikleri goriiliir (Sekil 4.5).
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Sekil 4.5. Guleman Ofiyoliti manto peridotitlerine ait spinellerin Mg#-Cr# igerigi degisim
diyagrami. Abisal peridotit ve boninit alan1 Dick ve Bullen’den (1984), yayonii
peridotitleri Ishii vd.’nden (1992), ada yay1 toleyitleri ve yay ardi bazaltlari
Allan’dan (1994), peridotitlerin kismi ergime derecelerinin yiizdesini gosteren
oklar da Hirose ve Kawamoto’dan (1995) alinmuistir.

Spinel kristalleri kismi ergime esnasinda Al ve Ti elementlerini hizlica kaybeder. Bu
durumda Cr# degerinin artmasina karsin TiO, konsantrasyonunda bir azalma beklenir
(Sekil 4.6a). Kismi ergime derecesini, Hellebrant vd. (2001) kullandiklar1 bir denklem
yardimi ile hesaplamiglardir. Ancak Arai (1987, 1994a) tarafindan olusturulan ve daha
sonraki ¢aligmalarda gelistirilen olivin-spinel manto yonsemesi (OSMY) diyagramiyla da
kismi ergime derecesi bulunabilmektedir. Bu nedenle, olivinin forsterit igerigi ile spinelin
Cr# olivin-spinel manto yonsemesi (OSMY) diyagramindaki dagilimlari incelendiginde,
harzburjitlerin yayoni peridotitleri alanina distiikleri ve ergime derecelerinin ylksek

oldugu gorulmektedir (Sekil 4.6b).
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Sekil 4.6. (a) Guleman Ofiyoliti manto peridotitlerine ait spinellerin TiO,-Cr# degerleri arasindaki iligki.
Kalin gri ok yitim zonu peridotitlerinde eriyiklerin etkisini gdstermektedir. Tonga ve Izu-Bonin-
Mariana ada yay1 toleyitlerinin bilesimi ve abisal bazaltlar Pearce vd.’nden (2000); Trodos
boniniti bilesimi ise Dick ve Bullen’den (1984) alinmistir. AYT: Ada yayi toleyitleri, IBM: Izu-
Bonin-Mariana, VOOSM: Verimli okyanus ortasi sirt1 mantosu. (b) Olivinlerin forsterit igerigi ve
spinellerin Cr# degerleri arasindaki iliski. OSMY diyagrami, kismi ergime ve fraksiyonel
kristallesme Arai’den (1994a), abisal peridotit alan1 Dick ve Bullen’den (1984), kismi ergime
derecesi degerleri ise Saka vd.’nden (2014) alinmistir. OSMY': Olivin spinel manto yonsemesi.

Manto peridotitlerinin olusum ortamlarin1 tespit etmede TiO, ylzdesi oldukca
o6nemlidir. Spinellerdeki Cr# fazla TiO, yizdesi az ise bu manto peridotitlerinin ergime
derecesinin yliksek oldugunu ve boninite yaklastigini gdstermektedir. Boninit yiiksek
Mg’lu bir andezit turd olup plajiyoklas fenokristalleri icermez. Ti ve NTE icerikleri ¢cok
kiigliktiir ve yayoni ofiyolitlerinin veya Yitim Baslangici Kurali (SIR-Subduction
Initiation Rule) ofiyolitlerinin karakteristik kayacidir (Stern vd., 2012; Whattam vd., 2011;
Ishizuka vd., 2014). Guleman peridotitlerinin spinelleri TiO,-Cr# diyagramlarina
yerlestirilmesinde, bu kayaglarin boninit bolgesine yaklastiklar1 goriilmektedir (Sekil 4.7 a
ve b) Her iki diyagram da kismi ergime derecesinin dnemli oldugunu vermektedir.

Bir diger Cr#-TiO; diyagraminda da &rneklerin yayoni peridotitleri alanina diistiikleri

goriilmektedir (Sekil 4.8).
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Sekil 4.7. Guleman Ofiyolitleri manto peridotitlerine ait spinellerin ylzde TiO,-Cr# degisim
diyagramlar1 (a) Pearce vd.’nden (2000) Caran vd. (2010) tarafindan degistirilmistir. (b)
Kepezhinskas vd. (1993). VOOSM: Verimli okyanus ortast sirtt mantosu, BON: Boninit,
AYT: Ada yay1 toleyitleri, OOSB: Okyanus ortast sirt1 bazaltlar
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Sekil 4.8. Guleman Ofiyoliti manto peridotitlerine ait spinellerin %TiO,-Cr# igerigi degisim
diyagrami. Abisal peridotit alan1 Dick ve Bullen (1984) ve Arai’den (1994a);
yayonu peridotit alan1 Bloomer ve Hawkins (1983), Bloomer ve Fisher (1987),
Ishii vd. (1992), Parkinson ve Pearce’ten (1998) alinmustir.

4.2.2. Klinopiroksen

Petrografi boliimiinde de agiklandigi gibi, Guleman peridotitleri esas olarak harzburjit
ve daha az oranda da diinitten olusmaktadir. Harzburjitlerdeki klinopiroksenler,
ortopiroksenler igerisinde eksoliisyon lamelleri halinde bulunmaktadirlar. Guleman
peridotitlerine ait her bir 6rnekteki ortalama klinopiroksen bilesimleri ve standart sapma

degerleri Tablo 4.3’te, tim analiz verileri ise Ek Tablo 4.2’de verilmistir.
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Tablo 4.3. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen klinopiroksen

kristallerinin ortalama bilesimleri (ort.) ve standart sapma (o) degerleri. n: analiz sayisi, Hrz.:
harzbujit Mg#=100*Mg/(Mg+Fe®"); Cr#=100*Cr/(Cr+Al)

Ornek MG 10 MG 11 MG 26 MG 27
Kayag Hrz. Hrz. Hrz. Hrz.

Ort. o Ort. o Ort. o Ort. c
n 23 16 17 23
SiO; 54.32 0.43 53.78 0.50 54.04 0.56 53.97 0.47
TiO, 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.02
Al;,O3 0.69 0.11 0.87 0.16 0.85 0.15 1.13 0.21
Cr,03 0.37 0.08 0.43 0.11 0.42 0.09 0.52 0.14
FeO 1.81 0.15 1.72 0.16 1.72 0.15 1.76 0.19
MnO 0.08 0.03 0.07 0.03 0.05 0.03 0.06 0.04
MgO 18.18 0.42 18.27 0.27 18.35 0.32 18.03 0.23
NiO dla dla dla dla dla dla dla dla
CaO 23.70 0.63 24.08 0.45 23.96 0.40 24.37 0.37
Na,O 0.03 0.02 0.03 0.02 0.08 0.02 0.03 0.02
K,O 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01
TOPLAM 99.20 0.42 99.27 0.50 99.49 0.48 99.89 0.47
Mg# 94.71 0.36 94.99 0.42 95.00 0.38 94.80 0.54
Cr# 26.59 2.21 24.55 2.87 25.01 2.19 23.39 341

Tablo 4.3’tin devami

Ornek MG 29 MG 32 MG 36
Kayag Hrz. Hrz. Hrz.

Ort. c Ort. o Ort. o
n 11 20 21
SiO; 54.55 0.47 53.97 0.36 54.08 0.31
TiO, 0.02 0.02 0.01 0.02 0.03 0.02
Al,O3 0.52 0.10 1.23 0.27 1.21 0.13
Cry,0; 0.37 0.07 0.54 0.15 0.47 0.10
FeO 1.78 0.13 1.67 0.12 1.81 0.17
MnO 0.06 0.04 0.07 0.03 0.06 0.02
MgO 18.26 0.27 17.99 0.21 18.23 0.53
NiO dla dla dla dla dla dla
CaO 24.20 0.47 24.49 0.33 24.27 0.85
Na,O 0.13 0.03 0.02 0.02 0.04 0.02
K20 0.01 0.01 0.01 0.01 0.01 0.01
TOPLAM 99.90 0.61 99.99 0.43 100.20 0.36
Mg# 94.82 0.32 95.05 0.34 94.73 0.41
Cr# 32.53 2.80 22.47 1.94 20.53 2.34

Tablo 4.3’ten de goriildiigii gibi harzburjitler igerisindeki klinopiroksenler %0.37-0.54
Cry03, %0.2-0.13 Na,0 ve %0.1-0.3 TiO; oranlariyla karakterize edilirler.
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Klinopiroksenlerin Mg# genel olarak 94.71-95.5 arasinda degismektedir ve bu bize
tiirlerinin diyopsit oldugunu gdsterir. Al,O3; oram1 %0.52-1.23, Cr,O3 orant %0.37-0.54
araliginda degismektedir (Tablo 4.3). Klinopiroksenlerdeki Al,O3’tin diger oksitlere gore
degisim diyagramlar1 incelendiginde, bunlarin da yayonii harzburjitler alanma diistiigi

goriilmektedir (Sekil 4.9).
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Sekil 4.9. Guleman Ofiyoliti’ndeki harzburjitlere ait klinopiroksenlerin; ana oksitlerinin (%ag.) ve
Mg# degerlerinin Al,O3’e (%ag.) karst degerleri. Yayoni harzbujitleri alan1 Parkinson ve
Pearce (1998) ve Pearce vd.’den (2000) alinmustir.

Ornekleri Mg#-Cr,03 diyagramina yerlestirildigimizde klinopiroksenler, yaydnii
peridotitleri kayaclarindaki klinopiroksenlerle ayni alana diismektedirler (Sekil 4.10).
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Sekil 4.10. Guleman y6resi manto peridotitlerine ait klinopiroksenlerin Mg# degerlerine
karsilik Cr,03 (%ag.) igerikleri. Abisal peridotit alant Johnson vd. (1990) ve
yayonil peridotitleri alani Ishii vd.’den (1992), farklilasma yonsemesi ise
Constantin’den (1999) alinmistir.

Klinopiroksenlerin Mg# ile Al,O3 ve TiO, degisim diyagramlar1 incelendiginde,
klinopiroksenlerin ~ diger diyagramlarda oldugu gibi yayonii peridotitlerindeki
klinopiroksenlerle ayn1 alana diistiikleri goriilmektedir (Sekil 4.11).
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Sekil 4.11. Guleman ofiyolitindeki peridotitlere ait klinopiroksenlerin Al,O; ve Cr,0;
degerlerinin Mg# ile karsilastirilmasi. Abisal peridotit alani Johnson vd.’nden
(1990); yayonii peridotit alant Ishii vd.’nden (1992) alinmustir.

4.2.3. Ortopiroksen

Ortopiroksen, Guleman yo6resi manto peridotitlerine ait s6z konusu érneklerde rastlanan
en yaygm ikinci mineraldir. Guleman peridotitlerine ait her bir Ornekteki ortalama
ortopiroksen bilesimleri ve standart sapma degerleri Tablo 4.4’te tim analiz verileri ise Ek

Tablo 4.3’te verilmistir.
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Tablo 4.4. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen ortopiroksen kristallerinin
ortalama bilesimleri (ort.) ve standart sapma (o) degerleri.
Mg#=100*Mg/(Mg+Fe?);

Cr#=100*Cr/(Cr+Al);

n: analiz sayisi, Hrz.: harzbujit

Wo0=100*Ca/(Ca+Mg+Fe®"):

En=100*Mg/(Ca+Mg+Fe?"); Fs=100*Fe/(Ca+Mg+Fe®"), Wo:vollastonit, En: enstatit, Fs:
ferrosillit
Ornek MG 10 MG 11 MG 20 MG 26 MG 27
Kayag Hrz. Hrz. Hrz. Hrz. Hrz.
Ort. G Ort. c Ort. c Ort. c Ort. G
n 23 13 10 21 21
SiO, 57.18 0.36  57.07 0.42 56.83 0.22 57.26 0.53 57.22 0.43
TiO, 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02
Al,O3 0.66 0.08 0.99 0.06 1.14 0.08 0.94 0.09 1.19 0.11
Cry,0; 0.28 0.07 0.40 0.05 0.45 0.04 0.38 0.10 0.39 0.10
FeO 5.33 0.12 5.15 0.15 5.44 0.23 4.99 0.15 5.33 0.14
MnO 0.14 0.04 0.12 0.02 0.13 0.02 0.12 0.03 0.13 0.03
MgO 34.86 0.31 34.75 0.33 34.24 0.40 34.89 0.34 34.83 0.28
NiO dla dla dla dla dla dla dla dla dla dla
CaO 0.72 0.25 0.98 0.43 1.04 0.34 0.78 0.24 0.75 0.22
Na,O 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.01 0.01
K,0 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00
TOPLAM  99.20 0.36  99.50 0.42  99.29 0.27  99.39 0.61 99.86 0.49
Mg# 92.1 0.2 92.3 0.2 91.8 0.3 92.6 0.2 92.1 0.2
Cr# 22.3 4.4 21.4 1.9 21.0 2.1 21.2 5.1 17.6 3.0
Wo 1.3 0.5 1.8 0.8 2.0 0.7 1.5 0.4 1.4 0.4
En 90.9 0.5 90.6 0.7 90.0 0.6 91.2 0.4 90.8 0.4
Fs 7.8 0.2 75 0.2 8.0 0.3 7.3 0.2 7.8 0.2
Tablo 4.4’tin devami
Ornek MG 29 MG 32 MG 36
Kayag Hrz. Hrz. Hrz.
Ort. c Ort. o Ort. c
n 10 20 10
SiO; 57.79 0.52 57.18 0.67 56.76 0.51
TiO, 0.01 0.02 0.02 0.01 0.02 0.02
Al,O3 0.51 0.04 1.34 0.13 1.25 0.17
Cry,0;3 0.21 0.06 0.47 0.08 0.34 0.10
FeO 5.36 0.12 5.32 0.20 5.36 0.14
MnO 0.13 0.03 0.12 0.04 0.12 0.04
MgO 35.49 0.34 34.86 0.48 35.18 0.28
NiO dla dla dla dla dla dla
CaO 0.71 0.21 0.87 0.54 0.64 0.22
Na,O 0.01 0.01 0.01 0.01 0.01 0.01
K20 0.01 0.01 0.00 0.01 0.00 0.00
TOPLAM 100.23 0.52 100.17 0.65 99.69 0.73
Mg# 92.2 0.1 92.1 0.2 92.1 0.2
Cr# 21.4 3.9 18.9 2.3 15.2 31
Wo 1.3 0.4 1.6 1.0 1.2 0.4
En 91.0 0.3 90.6 0.9 91.0 0.5
Fs 7.7 0.2 7.8 0.3 7.8 0.2
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Harzburjitlerdeki ortopiroksenlerin bilesimi enstatit olup Mg# 91.8-92.6, Cr,03 %0.21-

0.47 arasinda degismektedir ve TiO; icerigi %0.02’den daha azdir (Tablo 4.4). Guleman

peridotitlerindeki klinopiroksen ve ortopiroksenlerin Al,O3 icerikleri, birlikte dengede

olduklar1 spinellerin Cr# degerleri ile negatif bir iligki sunarlar (Sekil 4.12 a ve b).

Tiiketilmis harzburjitlerin ortopiroksen ve klinopiroksenleri diisiik Al,O3 igerigine sahiptir.

Bu kayaglar,

belirgin bir tiiketilme yoOnsemesi ile yayonii peridotitleri alanina

diismektedirler ve kismi ergime dereceleri %30-43 arasinda degismektedir.
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Sekil 4.12. Guleman yoresi manto peridotitlerindeki spinel kristallerinin Cr# degerleri ile

spinellerle birlikte denge héalindeki (a) ortopiroksen ve (b) klinopiroksen
kristallerinin ~ Al,O3 (%ag.) degerleri arasindaki iliski. Ortopiroksen ve
klinopiroksen bilesimleri i¢in belirlenen abisal ve yayonii peridotit alanlar1 Bonatti
ve Michael (1989) ve Parkinson vd.’den (2003), kismi ergime dereceleri ise Saka
vd.’nden (2014) alinmstir.

Manto peridotitlerine ait ortopiroksen analizlerinde Mg#'na karsit %Al,03 ve Cr,03

degerleri de bize bunlarin yayonii peridotiti olduklarini gosterir (Sekil 4.13).
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Sekil 4.13. Guleman ofiyolitindeki peridotitlere ait ortopiroksenlerin Al,O3 ve Cr,03 degerlerinin Mg# ile
kargilagtirilmasi. Abisal peridotit alani Johnson vd.’den (1990); yayonii peridotit alani Ishii

vd.’nden (1992) alinmstir.
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4.2.4. Olivin

Olivin analizi yapilan manto peridotitlerinde en bol bulunan mineraldir. Baz1 6rnekler

alterasyondan kismen etkilenmis ve serpantinlesmislerdir. Guleman peridotitlerine ait her

bir ornekteki ortalama olivin bilesimleri ve standart sapma degerleri Tablo 4.5’te, tim

analiz verileri ise EK Tablo 4.4’te verilmistir.

Tablo 4.5. Guleman Ofiyoliti manto peridotitlerine ait her bir kesitte analiz edilen olivin kristallerinin
ortalama bilesimleri (ort.) ve standart sapma (o) degerleri. n: analiz sayisi, dla: dedeksiyon
limitinin alti, Hrz.: harzburjit, Fo=100*Mg/(Mg+Fe?") Fo: forsterit

Ornek MG 10 MG 11 MG 12 MG 20 MG 26

Kayag Hrz. Hrz. Hrz. Hrz. Hrz.

Ort. c Ort. c Ort. c Ort. c Ort. c

n 27 21 7 27 16

SiO; 40.26 0.26 4041 024 39.91 0.26 40.31 0.31 4048 0.25

TiO, 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01

Al,O3 0.00 0.01 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.01

Cr;03 0.05 0.14 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.00

FeO 7.92 0.49 7.88 0.27 8.89 0.08 8.30 0.41 7.52 0.13

MnO 0.10 0.03 0.10 0.03 0.13 0.03 0.11 0.03 0.09 0.03

MgO 50.48 0.38 50.59 0.44  49.69 0.35 50.06 0.47 5097 0.23

NiO 0.40 0.05 0.38 0.05 0.39 0.04 0.40 0.07 0.41 0.05

CaO 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01

Na,O dla dla dla dla dla dla dla dla dla dla

K0 dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.24 0.39 99.39 0.37 99.04 0.18 99.22 0.53 99.50 0.31

Fo 91.9 0.0 92.0 0.0 90.9 0.0 91.5 0.0 92.3 0.0
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Tablo 4.5’in devam

Ornek MG 27 MG 29 MG 32 MG 36
Kayag Hrz. Hrz. Hrz. Hrz.

Ort. c Ort. o Ort. c Ort. o
n 22 16 21 27
SiO; 40.39 0.40 40.51 0.26 40.34 0.23 40.35 0.35
TiO, 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
Al,O3 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.04
Cr,03 0.01 0.02 0.00 0.01 0.01 0.01 0.02 0.05
FeO 7.83 0.28 7.90 0.18 8.04 0.16 7.90 0.26
MnO 0.09 0.04 0.10 0.03 0.10 0.03 0.10 0.03
MgO 50.70 0.34 50.77 0.28 50.90 0.23 50.77 0.45
NiO 0.40 0.04 0.37 0.06 0.38 0.05 0.40 0.03
CaO 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
Na,O dla dla dla dla dla dla dla dla
K-0 dla dla dla dla dla dla dla dla
TOPLAM 99.45 0.44 99.69 0.43 99.81 0.37 99.53 0.54
Fo 92.02 0.00 91.97 0.00 91.85 0.00 91.97 0.00

Guleman Ofiyoliti manto peridotitlerine ait olivin minerallerinin NiO igerigi %0.37-

0.41 araliginda degisirken, forsterit miktari (Xgo) ise 90.09-91.97 araliginda degismektedir

(Tablo 4.5). Bu veriler 15181nda peridotitler “yayonii peridotitleri” alanina denk gelmekte,

bir kismi1 da bu alanda bulunan “harzburjit” kismini1 géstermektedir (Sekil 4.14)
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Sekil 4.14. Peridotitlerdeki olivinlerin forsterit ve NiO degerlerinin degisim grafigi. Yayoni
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peridotitleri alan1 Ishii vd.’den (1992), manto peridotitlerinin ¢esitli birimlerine ait
alanlar (koyu gri) ise Constantin vd.’den (1995) alinmistir.



4.3. izotop Analizleri

10 adet peridotit 6rnegi Sr-Nd izotopu analizi yapilmak amaciyla Academia Sinica Yer
Bilimleri Laboratuar1 (Taipei, Tayvan)’na gonderilmistir. Toz haline getirilen 6rneklerde
Nd izotopu hi¢ dl¢lilememistir. Sr izotopu analizlerinde ise 6l¢iim yapilmig fakat kirmizi
renkte yazilan verilerin 2¢ degeri (hata orani) ¢ok yiiksek ve blok degerleri ¢ok diisiik
oldugu icin yeterli hassasiyette olmadigina karar verilmistir. (Tablo 4.6). Yapilan
analizlerin sonuclar1 genelde giivenilir olmadiklar i¢in bu tezde goOsterilmis; ama higbir

diyagramda kullanilmamastir.

Tablo 4.6. Guleman yéresi manto peridotitlerine ait drneklerdeki Sr”/Sr®® izotopu analizleri o:standart sapma

Ornek SIS 26 Blok
MG 01 0.713992 55 2
MG 02 0.715859 12 20
MG 10 0.708285 31 4
MG 12 0.705710 25 5
MG 20 0.709644 25 8
MG 26 0.715063 12 9
MG 28 0.708841 13 12
MG 29 0.714648 47 3
MG 33 0.715955 31 5
MG 35 0.708534 14 9
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5. EKONOMIK JEOLOJI

Ulkemizde; Kuzey Ofiyolitik Kusagi, Orta Ofiyolitik Kusag1 ve Giiney Ofiyolitik
Kusag1 olmak fiizere iiz ana ofiyolit kusagi bulunur. Guleman Ofiyoliti gliney kusakta yer
almaktadir. Tiirkiye’de bulunan peridotitler ve bunlarin i¢inde bulunan krom yataklari
Alpin tip (podiform) olarak siniflandirilmistir. Cografi yonden kromitit yataklar: alti
bolgede incelemek miimkiindiir (Engin vd., 1986) (Sekil 5.1). Bunlar 6nem sirasina gére su
sekildedir:

1. Guleman (Elaz1g) yoresi
Fethiye ve Kdycegiz (Mugla) yoresi
Pozant1 ve Karsant1 (Adana) yoresi

2
3
4. Bursa ve Eskisehir yoresi
5. Kopdagi yoresi

6

Antakya-Islahiye-Kahramanmaras yoresi

(/“\ Karadeniz /
| '__"_‘f'\__,-\ —
L h >y d 1
~

Esﬁhi <

1. Guleman (Elang) yiresi
2. Fethiye ve Kiycegiz yiresi

- Kuzey Ofiyolitik Kusag 3. Pozanh ve Karsanh (Adana)yiresi
4. Bursa ve Eskigehir yoresi
D Orta Ofiyolitik Kusag: 5. Kopdag yoresi
6. Antakya-Islahive-Kahramanmara
I:] Giney Ofiyolitik Kusag yﬁreg‘iaky ahiy ;

Sekil 5.1. Tiirkiye’deki ofiyolitik kugaklar1 ve ana kromitit yataklar1 bolgeleri (Engin vd.,1986’dan
degistirilmistir).
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Kromitit isletmeleri Elazig ilinin giineydogusunda Maden ve Alacakaya

kuzeyindeki bolgelerde yayilim gostermektedir (Sekil 5.2).
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Sekil 5.2. Elazig ili kromitit igletmeleri dagilimi (URL-1, 2015)

Kromititler hem tektonitler hem de kiimiilatlar icerisinde bulunmaktadir ve fakat

tektonitler ile kiimiilatlar aras1 gecis zonundaki kromitit cevheri daha yiiksek Cr,O3 oranina

sahiptir (Engin vd., 1982).

26 milyon ton olan (%20 Cr,O3 ve Uzeri) Tirkiye krom potansiyelinin %45’lik

boliimii Guleman bolgesinde bulunmaktadir. Guleman Bélgesi krom potansiyeli ve liretimi

acisindan birinci onemli bolgedir. Bolgede, gecmis yillardan giiniimiize iiretim yapilan

blyuk yataklar Golalan, Yunusdere, Ayipmnar, Kef, Kapin ve Lasir olarak sayilabilir.

Tirkiye’de bulunan iki ferrokrom tesisinden biri Guleman’da yer almaktadir (URL-1,

2015).

2013 yilt verilerine gore diinyanin kromit ihtiyacinin %8’ini karsilayan iilkemizde

kromitin 6nemi agiktir (URL-2, 2015) (Sekil 5.3).
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Sekil 5.3. Ulkelere gore krom iiretim oranlari (URL-2, 2015)
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6. TARTISMA VE SONUCLAR

Guleman Ofiyolitleri genel olarak az serpantinlesmis harzburjit ve az oranda diinitten
olusan kalinti manto peridotitleri ve kabuk kayaglarindan olusmaktadir. Harzburjitler
ortopiroksen ve olivinden olusmakta, kristal halinde klinopiroksen igermemekte;
klinopiroksenler ortopiroksenler icerisinde eksoliisyon lamelleri halinde bulunmaktadir.
Diinitler ise esas olarak bilesimi forsterit olan olivinlerden olusmaktadir. Ilksel iist
mantonun  bilesimi  olivintortopiroksentklinopirosen  ile  bir Al  fazindan
(plajiyoklas/spinel/granat) olusan lerzolittir. Peridotitin kismi ergimesi ile bazalt bilesimli
ergiyik olusacak ve peridotit klinopiroksence tiiketilecektir. Yaklagik %20’lik bir kismi
ergimeden sonra geriye kalan peridotit harzburjittir. Kismi ergimenin ilerlemesi ile
boninitik magma meydana gelir ve geriye kalan peridotit diinittir (Stern vd. 2012). Sekil
6.1 mantonun kismi ergimesi ile (ergiyigin tiiketilmesi) peridotit bilesiminin degisimini
gostermektedir. Sekilde de goriildiigii gibi verimli okyanus ortasi sirtt mantosunun
(VOOSM) ergimesi ile ilk once klinopiroksen ergiyecek ve peridotitin bilesimi harzburjite
dogru gidecektir. Kismi ergime derecesinin artmasi ile ortopiroksen de ergiyik igerisine

gecmeye baslayacak ve kayacin bilesimi diinite dogru degisecektir.

Ol

Diinit

L
&
15
3
1=
oy
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(&

Harzburjit

L.erzolit

Opir Kpir

Sekil 6.1. Tlksel mantonun tedrici ergimesi ile peridotitin mineralojik bilesiminin degisimi
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Guleman Ofiyoliti manto peridotitleri spinelin yiksek Cr# (>62.66) ile karakterize
edilir. Arai’nin (1987 ve 1994a) spinelin Cr# ile olivinin Fo igerigi diyagraminda tiim
harzburjitler OSMY alanina diismekte (Sekil 4.6) ve bu da bu kayaglarin kalinti manto
peridotitleri oldugunu vermektedir (Arai, 1994a; Tamura ve Arai, 2006). Spinelin Cr#
spinelli iist mantonun kismi ergime derecesini belirlemede iyi bir gdstergedir (Dick ve
Bullen, 1984). Mantonun kismi ergime derecesi ne kadar yiiksekse spinelin Cr# da o kadar
yiksektir. Ayrica, kismi ergime dereceleri arttikga %CaO ve %AIl,03 degerleri
azalmaktadir. Ciinkii peridotitlerin toplam kayag¢ bilesiminindeki CaO degerinin tamami
klinopiroksenlerden gelirken, ilksel mantodaki spinel yaklasik %35 Al,Oj3 icerir. Al,O3’uUn
¢ok az bir kismi piroksenler igerisinde bulunur. Gerek Mg#-Cr#, gerekse %Ca0O-%Al,0;
degisim diyagramlarina bakildiginda Guleman harzburjitlerinin kismi ergime derecesinin
yiikksek (>%30) oldugu goriilmektedir (Sekil 4.5; 4.6). Sekillerde de goriildiigii gibi
Guleman peridotitleri verimli okyanus ortast sirt1 tipi mantonun bilesiminden uzaklagsmakta
ve boninit alanina yaklagsmaktadir.

Spinelin Cr# peridotitlerin tektonik ortamlarin1 belirlemede de kullanilmaktadir.
Spinelin mineral kimyas1 kisminda da gorildiigii gibi Guleman Ofiyolitleri’nin
peridotitleri, modern tektonik ortamlardaki yayonu peridotitlerinin 6zellikleri olan;
spinellerin yliksek Cr#, cok diisiik klinopiroksen oranlar1 ve toplam kayacin ¢ok diisiik
CaO ve Al,O3 igermesi Ozelliklerini gostermektedir. Tektonik ortami belirlemek igin
kullanilan tiim diyagramlarda, Guleman peridotitleri yayonii peridotitleri alanina
diismektedir (Sekil 4.2, 4.5, 4.6b, 4.8, 4.9, 4.10, 4.11, 4.12b, 4.13 ve 4.14). Yayoni
peridotitlerinin tiiketilmis 6zelligi, anormal yiiksek sicaklik, ugucularin varlig1 veya her
ikisinin birlikte oldugu olagan dis1 sartlarin varligin1 géstermektedir (Stern, 2012). Yayonii
herhangi bir yay-hendek sisteminin biiyiik bir boliimiinii olusturur ve dalan levha tizerinde
magmatik yayla hendek arasinda yaklasik 150-200 km genisligindeki bir alandir. Yayont
bolge yitimin baslangi¢ bolgesinin {izerinde olup, normal olarak bu bolgede sicakligin asirt
yiiksek olmamasi gerekir.

O halde bu bolgede kismi ergime derecesi yiiksek manto peridotitleri ve boninit nasil
olusmaktadir? Yayonii bolgede ofiyolitlerin olusumunu izah etmek igin, Tonga
hendeginde, okyanus i¢i hendegin 8km’den daha derinlerinde ylzeyleyen peridotitleri
(Bloomer ve Fisher, 1987) ve bugiin en iyi sekilde incelenmis olan izu-Bonin-Mariana
(IBM) yayinda daha s1§ derinliklerde yiizeyleyen peridotitleri inceleyen arastirmacilar
(Whattam ve Stern, 2011; Stern vd., 2012) yitimin baslangicinda astenosferin ylikseldigini
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ve daha sonra metazomatize oldugunu belirtmektedirler. Shervais (2001) yitimin baslamasi
ile hendek kisminda olusacak basing azalmasina bagli olarak lerzolitik bilesimli
astenosferin bu bolgeye ylikselecegini ve ergiyecegini belirtmektedir. Whattam ve Stern
(2011) 1ilk ergiyiklerin okyanus ortas1 sirti kabuk kayaclar1 ile ayni 6zelliklere sahip
kayagclar1 olusturacagini kabul etmektedirler. Arastirmacilar (Stern ve Bloomer, 1992; Hall
vd., 2003) Dogu Pasifik’te yasli, soguk Pasifik Okyanusal Levhasi’nin 6nce daldigini ve
daha sonra hizli bir bi¢imde asagiya dogru cekildigini, buna baglh olarak da yitim zonu
tizerindeki yayonii ofiyolitlerinin olusmasini saglayan okyanus tabani yayilmasiin
olustugunu kabul ederek yitim baslangici modelini olusturmuslardir. Daha sonraki
calismalarda (Whattam ve Stern, 2011; Stern vd., 2012) yayoniinde olusan bu ofiyolitlere
“Yitim Baslangi¢c Kurah Ofiyolitleri” adin1 vermislerdir (Sekil 6.2).

Okyanusal Kabuk

Geng : Yash

THKZ

Erken yay dncesi agilma (YOB)

- l
Lind =1

Yiikselen tiiketilmemig - -
astenosfer; dalan_ < I

levhadan tiireyen Dalan levhfu 5 .
akiskanlarla etkilesim yok hizlica agagi dogru gekilme
Geg yay dncesi agilma (VYB/BON)
La . |
™~ bl |

Tiiketilmis hareketsiz manto ;‘ v

dalan levhadan tiireyen
akiskanlarla kuvvetli etkilesim

D]

Magmatik yay

Yavénii kabug
(volkanik cephe) - ayonu fabugt

-
— =

Gergek yitim;
yavagca asag ¢ekilme

Sekil 6.2. Yitim baglangici, yayonii olusumu ve magmatik sistemin gelisimi (Shervais,
2001; Stern vd., 2012). (LM: Litosferik manto, AM: Astenosferik manto, TF:
Transform fay, KZ: Kirilma zonu, YOB: Yay &nii bazalt, VYB: Volkanik
yay bazalti, BON: Boninit)
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Sekil 6.2°de (A) yasl, kalin, sogumus ve yogunlugu fazla litosfer; geng, daha ince, daha
sicak litosferle zayif bir zonla (TF/KZ) ayrilir durumda yan yana bulunuyor. (B) Yash
litosferin dalmasi ile astenosfer dalan levhanin iizerine ilerlemekte ve basing azalmasina
bagli olarak litosferde ergime olusmaktadir. Burada olusan ergiyik okyanus ortasi
sirtlarinda olusan bazaltlara benzer kayaglari (Reagan vd. (2010)’nin yayonii bazaltlari)
vermekte ve bununla birlikte yay Oncesinde erken bir okyanus tabani yayilmasi
olusmaktadir. (C) Litosferik dalmanin devam etmesi veya dalan levhanin derine dogru
hareketi, dalan levhadan akiskanlarin ayrilmasimna ve ayrilan bu akiskanlarin stteki
yiikselen mantonun igerisine girerek daha dnceden tiiketilmis harzburjitlerin ergimesine
neden olmaktadir. Ayn1 zamanda yay Oncesi ge¢ acilma olusmaktadir. (D) Litosferin
derine dogru olan hizli hareketinin yavaslamasiyla gergek yitim baslar ve dalan levhanin da
kismi ergimesiyle birlikte yayéni ofiyolitlerinin tizerinde magmatik yay gelisir.

Guleman Ofiyoliti, Tetis Ofiyolitleri’nin bir kolu olan Giineydogu Toros Ofiyolit
Kusagi’na aittir. Dilek ve Furnes (2009) Dogu Akdeniz Bolgesi’ndeki Tetis Ofiyolitleri’ni
yayoncesi-yayonii ortamda olusmus yapisal ve jeokimyasal olarak heterojen okyanus
kabugu kalintilar1 olarak kabul etmektedirler. Gerek ofiyolitlerin petrolojisi, gerekse
Turkiye ve bolgenin tektonik gelisimi lizerine galismalar yapan arastirmacilar (Peringek,
1980; Sengor, 1981; Bingol, 1993; Beyarslan, 1996; Dilek vd., 1999; Beyarslan ve Bingol,
2000; Robertson, 2002; Beyarslan ve Bingol, 2004; Dilek ve Thy, 2009) Giineydogu Toros
Ofiyolit Kusagi’na ait ofiyolitik masiflerin, Ge¢ Triyas’tan itibaren agilmaya baslayan ve
Geg¢ Kretase’de kuzeye dogru yitilen Tetis’in giiney kolunu olusturan bir okyanus
kabugunun kitasal kabuk icerisine karigsmis parcalari oldugunu kabul etmektedirler.
Gelecekte Guleman ve bélgede bulunan Kémiirhan, ispendere vs. ofiyolitlerini olusturacak
Tetis’in giiney kolu, kuzeyde Toros mikrokitasi1 giineyde ise dev Afrika-Arabistan kitasi
arasinda bulunmaktadir. Tetis’in gliney kolu Geg¢ Kretase’ye kadar acilmaya devam
etmekte ve Ge¢ Kretase’de kuzeye dogru yitim baglamaktadir. Pearce ve Robinson (2010)
Trodos Ofiyoliti iizerine yaptiklari ¢aligmalarinda Tetis’in giiney kolunun 175-140 milyon
yillar1 arasinda a¢ildigin1 ve yitimin yaklasik 95 my. 6nce basladigin1 belirtmektedir. Son
yillarda ytriitiilmekte olan bir projede (Bingol, sozlii goriisme) bolgedeki ofiyolitlerin
yaslarmin yaklasik 92 my. oldugunu belirtilmektedir. Bu da yitim baslangicinin yaklasik
95 my. olusunun uygun olacagini géstermektedir.

Ge¢ Kretase’de kuzeye dogru yitimin baglamasi ile Stern vd. (2012) modellerinde

belirttikleri gibi, basing azalmasina bagl olarak astenosfer hendege dogru hareket etmekte

50



ve lerzolitik bilesimli manto kismi ergimeye ugramaktadir. Yitimin devam etmesi ile

birlikte dalan levhadan ¢ikan akiskanlarin tiiketilmis manto igerisine girmesi ile

harzburjitlerin ergime derecesi artmakta ve sonucta ileride olusacak Guleman Ofiyoliti’nin

peridotitleri olusmaktadir. Tim Glney Tetis Ofiyolitleri gibi Guleman Ofiyoliti de 6nce

Ge¢ Kretase sonundaki bindirme olaylar1 ve daha sonra da Erken Miyosen sonrasi olaylarla

giineye dogru bindirerek bugiinkii konumlarini almislardir (Sengdr, 1981; Bingdl, 1993;
Beyarslan, 1996; Dilek vd. 1999; Beyarslan ve Bingol, 2000; Robertson 2002; Beyarslan
ve Bingol, 2004).

Sonug olarak;

1.

Geg Triyas’ta agilmaya baslayan Neotetis’in giiney kolu Ge¢ Kretase’ye kadar
olusumuna devam etmektedir.

Okyanus kabugunun Geg¢ Kretase’de kuzeye dogru dalmaya baslamasi ile iist
kabukta hendege yakin kisimda olusan basing azalmasi nedeniyle astenosfer
adiyabatik olarak hendege dogru yiikselmekte ve kismi ergimeye ugramaktadir.
Yitimin baslangicinda dalan levhanin hizli bir sekilde asagiya dogru ¢ekilmesine
bagli olarak, iist levhanin hendege yakin kisminda yay 6ncesi erken agilma olusmus
ve astenosferin kismi ergimesiyle olusan OOSB benzeri magmanin bu agilma
zonuna yerlesmesiyle de ileride olusacak ofiyolitlerin baslangi¢ kiimiilatlari
meydana gelmistir.

Dalmanin devam etmesi sonucu dalan levhadan ¢ikan akiskanlar ilk kismi ergime
sonucu geriye kalan manto peridotitlerinin icerisine girmesi ile %30’dan fazla
kismi ergimeye ugrayacak ve geride harzbujit ve diinit bilesimli manto kalintilarini
olusturacaktir.

Bu manto kalintilar1 spineli yiiksek Cr#, olivinleri yiiksek forsterit oranina sahip
harzburjitler ve az oranda dunitlerdir.

Yitimin kararli hale gelmesiyle birlikte dalan levhada da kismi ergimeler meydana
gelmis ve bunun sonucunda ileride olusacak Guleman Ofiyoliti’nin birimlerini
kesen ve iizerinde olusan ada yayr olusmustur. Bu ada yayr 0rlnleri Elazig
Magmatitleri’dir.

Yayonii ortaminda olusan manto peridotitleri ve diger birimler Geg¢ Kretase
sonunda Arap Levhasi iizerine yerlesmistir. Bugiinkii konumlarini ise Erken

Miyosen sonu bindirmelerle almiglardir.
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EKLER

Ek Tablo 4.1. Guleman Ofiyoliti manto peridotitlerine ait spinel kristalleri iizerinde gergeklestirilen elektron mikroprob analizleri. Kisaltmalar Tablo 4.2°de verildigi

gibidir.

MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SiO, 0.02 0.00 0.02 0.05 0.03 0.00 0.01 0.03 0.05 0.00 0.00 0.00 0.01 0.00 0.02
TiO, 0.00 0.03 0.01 0.00 0.03 0.00 0.02 0.05 0.00 0.02 0.01 0.02 0.05 0.00 0.01
Al,O4 12.27 11.70 12.46 15.72 12.14 12.31 11.27 11.35 11.83 11.21 11.81 11.20 11.39 12.71 11.12
Cr,04 56.84 57.37 56.72 52.51 56.54 56.07 56.95 57.40 56.99 57.90 57.00 56.99 57.64 55.75 57.17
FeO 20.02 20.20 20.63 20.98 20.49 21.24 20.56 20.19 20.33 19.98 20.78 20.50 20.43 21.12 20.16
MnO 0.56 1.10 0.89 0.77 0.87 0.76 0.86 0.92 0.90 0.83 0.98 0.90 0.67 0.94 1.23
MgO 9.76 9.80 9.32 9.49 9.42 9.36 9.48 9.66 9.56 9.78 9.60 9.67 9.48 9.36 10.02
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.03 0.01 0.02 0.03 0.01 0.00 0.00 0.00
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.14 0.12 0.19 0.35 0.14 0.27 0.09 0.12 0.10 0.05 0.16 0.31 0.12 0.24 0.26
TOPLAM 99.61 100.32 100.25 99.86 99.67 100.00 99.22 99.76 99.77 99.80 100.37 99.60 99.77 100.11 99.99
Mg# 46.47 46.37 44.60 44.62 45.03 44.00 45.10 46.01 45.60 46.59 45.15 45.68 45.25 44.13 46.97
Cr# 75.66 76.68 75.32 69.14 75.75 75.35 77.22 77.24 76.36 77.59 76.40 77.34 77.24 74.64 77.52
Fe'’# 53.53 53.63 55.40 55.38 54.97 56.00 54.90 53.99 54.40 53.41 54.85 54.32 54.75 55.87 53.03

63



Ek Tablo 4.1’in devami

MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10

16 17 18 19 20 21 22 23 24 25 26 27 o Ort.

SiO, 0.06 0.02 0.00 0.00 0.03 0.02 0.00 0.04 0.00 0.00 0.00 0.02 0.02 0.02
TiO, 0.05 0.05 0.02 0.10 0.02 0.05 0.01 0.00 0.00 0.03 0.00 0.00 0.02 0.02
Al,O4 11.30 11.48 12.11 12.65 11.06 11.27 12.42 12.04 11.75 11.84 12.89 13.25 0.93 12.02
Cr,03 56.70 56.20 55.74 55.58 58.03 55.99 56.20 57.99 57.81 58.33 55.35 53.96 1.25 56.58
FeO 20.12 20.85 20.96 20.70 20.55 20.94 21.19 19.70 19.43 19.67 20.94 21.72 0.52 20.53
MnO 0.87 1.35 0.67 0.89 0.67 1.28 1.49 1.01 0.60 0.92 0.66 0.59 0.23 0.90
MgO 9.76 9.13 9.24 9.30 9.37 9.50 941 9.96 10.02 9.93 8.64 8.62 0.34 9.51
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.02 0.01 0.08 0.01 0.02 0.01
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.05 0.07 0.34 0.21 0.13 0.18 0.00 0.00 0.08 0.02 0.15 0.00 0.10 0.14
TOPLAM 98.90 99.15 99.07 99.48 99.86 99.22 100.72 100.74 99.70  100.74 98.70 98.19 0.61 99.73
Mg# 46.35 43.83 43.99 44.46 4483 4471 44.19 47.39 47.88 47.35 4235 4142 1.47 45.20
Cr# 77.10 76.66 75.54 74.66 77.87 76.91 75.22 76.36 76.74 76.77 74.22 73.20 1.75 75.95
Fe'’# 53.65 56.17 56.01 55.54 55.17 55.29 55.81 52.61 52.12 52.65 57.65 58.58 1.47 54.80

64



Ek Tablo 4.1’in devami

MG1l1 MG11 MG1l1 MG11 MG11 MG1l1 MG11 MG11 MG11 MG11 MG1l1 MG11 MG1l1 MG11

1 2 3 4 5 6 7 8 9 10 11 12 13 14

SiO, 0.00 0.01 0.00 0.04 0.00 0.04 0.02 0.03 0.03 0.02 0.00 0.04 0.03 0.00
TiO, 0.06 0.07 0.02 0.02 0.06 0.02 0.03 0.06 0.03 0.06 0.05 0.08 0.07 0.09
Al,O4 14.11 14.24 15.54 14.99 15.26 15.28 14.48 14.59 14.68 14.86 15.77 15.05 14.80 14.76
Cr,03 54.06 54.34 53.92 54.46 53.50 53.52 53.82 55.30 53.23 53.94 52.80 51.65 53.39 51.17
FeO 19.44 19.32 19.56 19.16 20.13 19.19 19.08 19.37 19.79 19.25 19.58 19.23 18.95 19.18
MnO 0.43 0.53 0.50 0.48 0.83 1.14 0.53 0.49 0.41 0.46 0.46 0.66 0.76 1.03
MgO 10.63 10.62 10.37 10.69 10.30 10.67 11.11 10.65 11.06 10.36 10.23 10.85 10.86 10.76
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.01 0.00 0.00 0.00 0.03 0.01 0.01 0.00 0.00 0.00 0.04 0.03 0.00 0.00
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.28 0.18 0.00 0.12 0.14 0.27 0.08 0.28 0.15 0.20 0.23 0.27 0.16 0.15
TOPLAM 99.01 99.32 99.91 99.97 100.24 100.13 99.16 100.77 99.38 99.15 99.17 97.85 99.00 97.12
Mg# 49.36 49.49 48.58 49.85 47.69  49.77 50.92 49.47 49.90 48.97 48.21 50.14 50.51 50.00
Cr# 71.98 71.91 69.94 70.90 70.17 70.14 71.36 71.77 70.86 70.89 69.19 69.71 70.76 69.92
Fe'’# 50.64 50.51 51.42 50.15 52.31 50.23 49.08 50.53 50.10 51.03 51.79  49.86 49.49 50.00
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Ek Tablo 4.1’in devam

MG11 MG11 MG1l1 MG11 MG11 MG11 MG11

15 16 17 18 19 c Ort.

SiO, 0.00 0.01 0.03 0.06 0.03 0.02 0.02
TiO, 0.03 0.06 0.09 0.03 0.05 0.02 0.05
Al,O4 15.79 15.15 14.52 16.36 16.17 0.61 15.07
Cr,04 52.29 52.13 52.69 52.39 52.16 1.04 53.20
FeO 19.16 20.37 20.66 20.00 20.40 0.49 19.57
MnO 0.36 0.44 0.50 0.85 0.91 0.22 0.62
MgO 11.08 9.90 9.95 10.11 10.26 0.36 10.55
NiO dla dla dla dla dla dla dla
CaO 0.00 0.02 0.01 0.00 0.00 0.01 0.01
Na,O dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla
ZnO 0.29 0.09 0.21 0.09 0.33 0.08 0.18
TOPLAM 99.01 98.18 98.65 99.88 100.31 0.88 99.27
Mg# 50.75 46.41 46.18 47.39 47.27 1.39 48.99
Cr# 68.95 69.77 70.87 68.24 68.39 1.08 70.30
Fe'’# 49.25 53.59 53.82 52.61 52.73 1.39 51.01
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Ek Tablo 4.1’in devam

MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.01 0.00 0.00 0.00 0.00 0.04 0.00 0.02 0.04 0.10 0.00 0.00 0.01 0.01
TiO, 0.08 0.01 0.00 0.06 0.04 0.00 0.00 0.02 0.00 0.05 0.05 0.01 0.04 0.00
Al,O4 17.04 16.68 15.68 16.11 16.01 15.32 15.91 15.21 15.70 14.90 14.85 15.59 15.82 15.99
Cr,04 48.20 49.36 51.50 50.82 50.21 51.05 51.33 51.26 50.29 49.42 51.72 51.42 50.57 51.22
FeO 25.15 24.61 23.26 23.27 23.84 23.83 23.82 23.75 23.32 25.25 22.78 23.33 23.69 23.59
MnO 0.43 0.76 1.32 0.92 0.82 0.78 0.74 1.26 1.03 1.36 1.31 0.61 0.91 0.50
MgO 1.77 7.69 8.31 8.23 8.42 8.15 8.08 8.16 8.09 7.76 8.31 8.65 8.03 8.11
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.00 0.03 0.00 0.02 0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.00 0.04
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.36 0.31 0.40 0.38 0.32 0.19 0.53 0.32 0.52 0.49 0.17 0.33 0.33 0.16

TOPLAM 99.04 99.42 100.51 99.78 99.68 99.37 100.41 100.03 98.98 99.33 99.19 99.96 99.39 99.61

Mg# 35.51 35.75 38.90 38.65 38.63 37.86 37.69 37.97 38.19 35.39 39.40 39.79 37.65 37.97
Cr# 65.48 66.49 68.78 67.91 67.78 69.09 68.40 69.32 68.24 68.98 70.03 68.87 68.19 68.24
Fe'%# 64.49 64.25 61.10 61.35 61.37 62.14 62.31 62.03 61.81 64.61 60.60 60.21 62.35 62.03
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Ek Tablo 4.1’in devam

MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20

15 16 17 18 19 20 21 22 G Ort.
Sio, 0.00 0.02 0.03 0.00 0.03 0.00 0.01 0.04 0.02 0.02
TiO, 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.02 0.02
Al,O4 14.55 14.31 14.63 15.26 14.95 16.60 15.72 16.68 0.73 15.61
Cr,04 51.83 52.27 51.15 51.92 52.35 50.36 50.71 48.34 1.11 50.79
FeO 23.41 22.68 23.84 23.01 23.62 23.21 23.14 23.59 0.64 23.64
MnO 0.61 0.96 0.96 0.93 0.80 0.75 0.94 0.95 0.25 0.89
MgO 8.49 8.54 8.27 8.54 8.57 8.21 8.44 8.29 0.26 8.23
NiO dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla
ZnO 0.14 0.15 0.22 0.35 0.15 0.33 0.28 0.38 0.12 0.31

TOPLAM 99.05 98.94 99.11 100.03 100.47 99.47 99.26 98.33 0.54 99.51

Mo# 39.25 40.16 38.19 39.80 39.25 38.67 39.39 38.51 1.29 38.30
Cr# 70.50 71.01 70.10 69.53 70.13 67.05 68.39 66.02 1.40 68.57
Fe'%# 60.75 59.84 61.81 60.20 60.75 61.33 60.61 61.49 1.29 61.70
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Ek Tablo 4.1’in devam

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG 26

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.00 0.06 0.04 0.03 0.04 0.03 0.07 0.02 0.06 0.00 0.02 0.04 0.01 0.02
TiO, 0.03 0.04 0.05 0.08 0.03 0.01 0.01 0.02 0.03 0.05 0.00 0.06 0.01 0.03
Al,O4 15.98 14.53 14.50 15.42 14.66 14.30 14.73 14.95 15.13 15.83 14.96 16.37 15.07 15.63
Cr,04 51.26 55.28 54.42 53.99 53.45 54.13 52.53 54.14 53.09 52.94 54.06 51.61 52.78 53.24
FeO 19.36 19.16 19.07 19.13 18.86 18.61 18.57 18.92 18.89 19.39 19.40 19.02 19.25 18.83
MnO 0.53 0.49 1.03 0.99 0.85 1.03 0.92 0.66 0.76 0.88 0.84 1.09 1.19 1.16
MgO 10.66 11.00 10.86 11.04 10.82 11.01 11.12 11.08 11.05 10.79 10.93 11.40 10.72 10.56
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.01 0.00 0.00 0.00 0.00 0.04 0.02 0.02 0.06 0.00 0.00 0.02 0.00 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.09 0.32 0.21 0.32 0.13 0.05 0.03 0.16 0.25 0.04 0.12 0.41 0.12 0.03
TOPLAM 97.92 100.87 100.18 100.99 98.84 99.21 97.98 99.97 99.32 99.91 100.33 100.02 99.15 99.51
Mg# 49.52 50.56 50.38 50.71 50.56 51.31 51.61 51.07 51.03 49.77 50.10 51.63 49.81 49.98
Cr# 68.27 71.85 71.57 70.14 70.97 71.74 70.52 70.83 70.17 69.17 70.79 67.89 70.15 69.56
Fe*%# 50.48 49.44 49.62 49.29 49.44 48.69 48.39 48.93 48.97 50.23 49.90 48.37 50.19 50.02
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Ek Tablo 4.1’in devam

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG 26

15 16 17 18 19 20 21 22 23 24 25 c Ort.
Sio, 0.01 0.05 0.00 0.00 0.03 0.00 0.00 0.01 0.03 0.05 0.00 0.02 0.02
TiO, 0.02 0.04 0.07 0.07 0.06 0.00 0.03 0.05 0.01 0.00 0.02 0.03 0.02
Al,O4 21.54 18.71 14.67 14.41 15.66 14.12 15.13 15.19 14.78 14.32 14.51 15.40 1.55
Cr,04 46.51 48.17 54.54 54.68 52.00 55.14 53.89 53.17 53.41 54.46 54.21 53.08 1.98
FeO 19.00 19.74 18.45 18.88 18.93 18.42 18.33 19.19 18.93 19.01 18.85 18.97 0.33
MnO 0.97 0.87 0.71 0.77 0.80 0.74 0.91 0.98 0.95 0.62 0.81 0.86 0.18
MgO 11.39 10.83 10.91 11.38 11.36 11.15 11.11 10.99 11.26 11.10 11.18 11.03 0.22
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla
P,Os dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.27 0.11 0.21 0.11 0.08 0.24 0.18 0.10 0.03 0.14 0.30 0.16 0.10
TOPLAM 99.72 98.56 99.55 100.28 98.92 99.80 99.58 99.68 99.39 99.72 99.88 99.57 0.73
Mg# 51.64 49.43 51.30 51.77 51.68 51.89 51.92 50.49 51.45 50.98 51.38 0.76 50.88
Cr# 59.16 63.33 71.38 71.79 69.01 72.37 70.49 70.13 70.80 71.83 71.47 2.82 69.82
Fe*%# 48.36 50.57 48.70 48.23 48.32 48.11 48.08 49.51 48.55 49.02 48.62 0.76 49.12
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Ek Tablo 4.1’in devam

MG 27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG?27

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.00 0.04 0.02 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.04
TiO, 0.07 0.03 0.00 0.02 0.00 0.02 0.03 0.07 0.06 0.00 0.03 0.02 0.04 0.02
Al,O4 18.43 20.53 17.08 17.50 19.54 15.97 16.16 17.61 16.94 17.60 16.18 16.25 17.34 17.06
Cr,04 47.86 45.78 49.57 50.22 47.80 50.97 51.05 48.93 50.16 48.89 51.49 50.97 49.82 50.21
FeO 21.95 21.74 20.73 21.17 21.32 21.37 21.02 20.10 20.86 21.20 20.72 21.26 21.06 21.15
MnO 0.86 0.67 1.27 0.72 0.81 0.70 0.94 0.95 0.92 0.53 0.86 0.85 0.69 0.73
MgO 10.39 10.72 10.73 10.61 10.72 10.49 10.64 11.45 10.69 10.89 10.97 10.78 10.87 10.72
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.08 0.18 0.05 0.34 0.04 0.17 0.20 0.18 0.18 0.25 0.14 0.23 0.06 0.18

TOPLAM 99.64 99.70 99.48 100.57 100.24 99.69 100.04 99.29 99.80 99.37 100.41 100.41 99.88 100.12

Mg# 45.75 46.78 47.97 47.18 4725  46.64  47.42 50.36 47.71 47.79 48.55 4747 47.89 47.46
Cr# 63.53 59.92 66.06 65.82 62.13 68.17 67.94 65.09 66.51 65.08 68.09 67.78 65.84 66.38
Fe'%# 54.25 53.22 52.03 52.82 52.75 53.36 52.58 49.64 52.29 52.21 51.45 52.53 52.11 52.54
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Ek Tablo 4.1’in devam

MG 27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG?27

15 16 17 18 19 20 21 22 G Ort.
Sio, 0.00 0.03 0.02 0.00 0.00 0.04 0.00 0.00 0.01 0.01
TiO, 0.01 0.02 0.05 0.02 0.04 0.01 0.01 0.00 0.02 0.03
Al,O4 16.99 17.78 16.22 16.41 18.19 16.77 16.94 17.55 1.09 17.32
Cr,04 49.94 48.80 51.63 50.67 49.15 50.90 50.99 48.77 1.39 49.75
FeO 21.42 20.96 20.42 21.07 20.55 21.17 21.54 21.34 0.41 21.10
MnO 121 0.67 0.89 0.90 0.81 0.80 1.02 0.84 0.17 0.85
MgO 10.68 11.16 11.14 10.96 11.43 10.66 10.54 11.00 0.27 10.83
NiO dla dla dla dla dla dla dla dla dla dla
CaO 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla
ZnO 0.32 0.23 0.12 0.16 0.04 0.14 0.24 0.00 0.09 0.16

TOPLAM  100.58 99.66 100.48 100.19 100.20 100.48 101.28 99.52 0.48 100.05

Mo# 47.05 48.67 49.29 48.09 49.78  47.28 46.58 47.88 1.05 47.77
Cr# 66.35 64.80 68.10 67.44 64.45 67.07 66.87 65.08 2.01 65.84
Fe'%# 52.95 51.33 50.71 51.91 50.22 52.72 53.42 52.12 1.05 52.23
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Ek Tablo 4.1’in devam

MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG?29

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.07 0.02 0.00 0.00 0.01 0.04 0.03 0.00 0.02 0.03 0.01 0.02 0.00 0.00
TiO, 0.03 0.04 0.05 0.05 0.03 0.01 0.00 0.00 0.01 0.00 0.06 0.03 0.00 0.00
Al,O4 9.78 9.72 9.77 10.34 9.83 9.85 10.26 10.49 10.96 9.49 9.78 10.45 10.37 9.98
Cr,04 57.59 59.03 59.32 56.99 59.39 59.34 57.33 57.11 56.74 58.37 59.41 57.81 58.35 57.88
FeO 22.94 21.29 21.68 22.52 20.96 21.36 22.77 22.33 23.19 20.72 20.98 21.60 21.97 22.24
MnO 0.87 0.90 0.96 0.75 0.70 0.99 0.92 0.96 0.89 0.95 0.99 1.09 1.05 1.17
MgO 8.39 8.94 8.91 8.67 8.99 9.04 8.81 8.27 8.06 9.18 9.28 8.92 8.75 8.38
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.01 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.24 0.20 0.20 0.00 0.19 0.00 0.06 0.38 0.24 0.03 0.24 0.10 0.22 0.20

TOPLAM 99.92 100.15 100.92 99.33 100.10 100.63 100.17 99.54 100.10 98.79 100.74 100.03 100.71 99.85

Mg# 39.45 42.80 42.27 40.68 43.32 42.99 40.81 39.75 38.24 44.12 4408  42.38 41.50 40.17
Cr# 79.79 80.28 80.29 78.71 80.21 80.17 78.94 78.50 77.65 80.50 80.30 78.78 79.05 79.54
Fe'%# 60.55 57.20 57.73 59.32 56.68 57.01 59.19 60.25 61.76 55.88 55.92 57.62 58.50 59.83
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Ek Tablo 4.1’in devam

MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG 29

15 16 17 18 19 20 21 22 23 24 25 26 c Ort.

Sio, 0.12 0.01 0.01 0.03 0.05 0.00 0.00 0.00 0.03 0.01 0.06 0.00 0.03 0.02
TiO, 0.01 0.05 0.05 0.05 0.06 0.10 0.00 0.10 0.03 0.00 0.05 0.08 0.03 0.03
Al,O4 9.29 9.48 10.18 10.14 10.06 9.85 10.23 9.83 10.42 9.82 9.71 10.98 0.41 10.04
Cr,04 58.97 59.27 59.04 58.50 58.64 58.82 58.16 59.17 57.98 59.09 59.26 57.91 0.81 58.44
FeO 21.61 20.85 22.22 21.72 21.32 21.15 22.42 21.58 22.59 20.98 20.65 20.54 0.74 21.70
MnO 0.99 1.00 1.17 1.07 0.91 1.33 0.76 1.25 0.92 0.71 0.61 0.85 0.17 0.95
MgO 9.17 8.96 8.39 8.72 8.67 8.98 8.41 8.88 8.58 9.23 9.30 9.11 0.33 8.81
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.01 0.00 0.04 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0Os dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.11 0.05 0.15 0.13 0.00 0.10 0.37 0.11 0.25 0.14 0.07 0.36 0.11 0.16
TOPLAM  100.27 99.67 101.25 100.39 99.71 100.33 100.36 100.92 100.79 99.97 99.70 99.85 0.54 100.16
Mg# 43.06 43.37 40.23 41.71 42.02 43.06 40.06 42.30 40.36 43.92 44.53 44.14 1.68 41.97
Cr# 80.99 80.74 79.55 79.46 79.63 80.02 79.22 80.14 78.87 80.15 80.36 77.96 0.84 79.61
Fe*%# 56.94 56.63 59.77 58.29 57.98 56.94 59.94 57.70 59.64 56.08 55.47 55.86 1.68 58.03
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Ek Tablo 4.1’in devam

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.00 0.01 0.00 0.04 0.02 0.01 0.02 0.01 0.06 0.02 0.00 0.05 0.02 0.00
TiO, 0.04 0.00 0.01 0.03 0.00 0.02 0.00 0.05 0.03 0.08 0.00 0.00 0.03 0.04
Al,O4 20.68 20.31 20.91 18.71 18.74 19.82 18.37 18.61 18.95 19.60 18.89 18.75 20.08 20.33
Cr,04 47.34 48.55 48.13 50.25 50.30 48.56 50.42 50.67 50.78 49.67 50.62 50.17 48.98 48.77
FeO 19.35 17.65 18.36 18.88 18.06 18.43 18.12 17.92 18.07 17.77 18.28 18.54 18.38 17.71
MnO 0.65 1.32 0.59 0.61 0.91 0.89 0.74 0.67 0.71 1.05 0.72 1.09 1.08 0.78
MgO 11.77 12.08 11.72 11.74 11.58 12.14 11.99 11.87 12.12 12.13 11.60 11.89 11.77 11.77
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.01 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
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.32 0.16 0.17 0.22 0.12 0.00 0.15 0.32 0.24 0.13 0.03 0.00 0.17 0.25

TOPLAM 100.15 100.07 99.88 100.48 99.73 99.87 99.81 100.13 100.96 100.45 100.14 100.48 100.52 99.66

Mg# 52.00 54.94 53.21 52.56 53.32 53.99 54.10 54.13 54.44 54.88 53.05 53.33 53.29 54.22
Cr# 60.56 61.58 60.69 64.30 64.29 62.17 64.80 64.61 64.25 62.96 64.25 64.22 62.07 61.67
Fe'%# 48.00 45.06 46.79 47.44 46.68  46.01 45.90 45.87 45.56 45.12 46.95  46.67 46.71 45.78
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Ek Tablo 4.1’in devam

MG32 MG32 MG32 MG32 MG32 MG32

15 16 17 18 G Ort.

Sio, 0.01 0.02 0.00 0.00 0.02 0.02
TiO, 0.05 0.00 0.02 0.06 0.02 0.03
Al,O4 20.07 21.15 19.39 20.72 0.90 19.67
Cr,04 48.49 47.33 49.20 47.48 1.19 49.21
FeO 18.82 18.48 19.15 18.71 0.48 18.37
MnO 0.66 0.73 0.64 0.73 0.20 0.81
MgO 11.63 11.32 11.31 11.39 0.27 11.77
NiO dla dla dla dla dla dla
CaO 0.02 0.07 0.00 0.01 0.02 0.01
Na,O dla dla dla dla dla dla
K,O dla dla dla dla dla dla
P,0s dla dla dla dla dla dla
ZnO 0.00 0.20 0.16 0.26 0.10 0.16
TOPLAM 99.74 99.29 99.88 99.34 0.43 100.03
Mg# 52.39 52.18 51.28 52.02 1.06 53.30
Cr# 61.84 60.01 62.98 60.59 1.62 62.66
Fe*%# 47.61 47.82 48.72 47.98 1.06 46.70
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Ek Tablo 4.1’in devam

MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG 36

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sio, 0.01 0.01 0.02 0.02 0.07 0.03 0.00 0.00 0.00 0.05 0.03 0.01 0.00 0.00
TiO, 0.06 0.08 0.08 0.06 0.05 0.01 0.07 0.00 0.02 0.07 0.07 0.08 0.07 0.03
Al,O4 24.56 19.27 18.55 18.11 17.47 18.76 18.64 19.88 17.89 18.17 19.05 17.84 17.54 18.07
Cr,04 42.25 48.47 48.06 49.57 50.18 48.82 48.40 48.05 49.13 49.62 47.47 49.54 49.94 48.42
FeO 20.16 21.08 21.17 19.05 19.30 19.14 20.87 20.54 20.71 20.54 20.35 20.63 21.01 20.76
MnO 0.77 0.56 0.87 0.73 0.75 0.89 0.62 0.72 0.86 0.79 0.73 0.84 0.66 0.62
MgO 12.27 10.91 11.09 12.30 12.00 11.92 11.18 11.14 11.02 11.23 11.26 11.13 11.12 11.51
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.04 0.01 0.02 0.03
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla dla dla dla dla dla dla
ZnO 0.10 0.00 0.20 0.00 0.16 0.21 0.22 0.04 0.21 0.16 0.21 0.02 0.10 0.06

TOPLAM 100.20 100.39 100.03 99.84 99.99 99.78 100.00 100.39 99.85 100.64 99.20 100.09 100.46 99.48

Mg# 52.02 47.99 48.27 53.49 52.55 52.59 48.82 49.15 48.67 49.35 49.65  49.02 48.52 49.70
Cr# 53.57 62.79 63.48 64.74 65.83 63.57 63.52 61.85 64.81 64.68 62.57 65.06 65.63 64.25
Fe'%# 47.98 52.01 51.73 46.51 4745 4741 51.18 50.85 51.33 50.65 50.35 50.98 51.48 50.30
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Ek Tablo 4.1’in devam

MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36

15 16 17 18 19 20 c Ort.
Sio, 0.00 0.00 0.00 0.00 0.02 0.01 0.02 0.01
TiO, 0.04 0.13 0.04 0.07 0.01 0.06 0.03 0.06
Al,O4 17.84 17.72 19.39 18.31 18.27 18.36 1.49 18.68
Cr,04 50.39 48.45 47.46 48.80 49.39 48.71 1.66 48.56
FeO 20.22 20.13 21.21 21.44 21.58 21.41 0.72 20.56
MnO 0.68 0.81 0.79 1.19 0.80 0.64 0.13 0.77
MgO 11.41 11.60 11.41 10.38 10.45 10.70 0.51 11.30
NiO dla dla dla dla dla dla dla dla
CaO 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Na,O dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla
P,0s dla dla dla dla dla dla dla dla
ZnO 0.23 0.11 0.13 0.28 0.11 0.24 0.08 0.14

TOPLAM  100.82 98.95 10043 100.47 100.63 100.13 0.47 100.09

Mo# 50.13 50.67 48.94 46.32 46.32 47.09 194  49.46
Cr# 65.44 64.71 62.15 64.13 64.45 64.02 2.54 63.56
Fe'%# 49.87 49.33 51.06 53.68 53.68 52.91 1.94 50.54
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Ek Tablo 4.2. Guleman Ofiyoliti manto peridotitlerine ait klinopiroksen kristalleri tizerinde gergeklestirilen elektron mikroprob analizleri. Kisaltmalar Tablo 4.3’te
verildigi gibidir.

MG10 MG1]0 MG10 MG10 MG10 MG10 MG10 MG10 MG1]0 MG10 MG10 MG10 MG10 MGI10

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 55.08 54.88 54.41 54.71 54.41 54.47 53.94 53.51 54.17 54.16 54,55 53.79 54.40 54.18
TiO, 0.02 0.00 0.00 0.05 0.01 0.02 0.00 0.04 0.00 0.02 0.00 0.02 0.00 0.00
Al,O4 0.70 0.50 0.65 0.85 0.78 0.69 0.79 0.76 0.74 0.74 0.69 0.64 0.60 0.69
Cr,03 0.35 0.25 0.31 0.48 0.39 0.34 0.42 0.35 0.43 0.44 0.34 0.29 0.31 0.31
FeO 1.82 1.40 1.73 1.96 2.06 1.72 2.03 1.95 2.07 191 1.79 1.74 1.78 1.70
MnO 0.11 0.08 0.05 0.08 0.04 0.07 0.10 0.14 0.14 0.06 0.14 0.05 0.05 0.07
MgO 17.97 17.84 17.87 19.19 19.33 17.86 18.32 18.28 18.33 18.38 17.84 18.16 18.31 18.31
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 23.95 24.53 24.29 22.44 21.75 24.34 23.51 23.41 23.22 23.26 23.72 23.55 23.67 24.20
Na,O 0.04 0.03 0.03 0.01 0.04 0.03 0.05 0.03 0.03 0.06 0.02 0.02 0.00 0.06
K,O 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
TOPLAM  100.02 99.51 99.35 99.77 98.81 99.56 99.15 98.49 99.13 99.02 99.10 98.26 99.12 99.50
Mg# 94.63 95.78 94.84 94.58 94.35 94.87 94.16 94.34 94.03 94.50 94.68 94.90 94.82 95.06
Cr# 24.98 25.15 24.44 27.21 24.97 24.98 26.47 23.66 27.92 28.22 25.09 23.55 25.70 23.15

MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10

15 16 17 18 19 20 21 22 23 c Ort.
SiO, 54.23 54.25 54.36 53.60 53.91 54.22 55.24 54.12 54.88 0.43 54.32
TiO, 0.03 0.04 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.02 0.01
Al,O4 0.67 0.72 0.48 0.63 0.42 0.70 0.73 0.84 0.81 0.11 0.69
Cr,04 0.39 0.45 0.28 0.33 0.25 0.37 0.52 0.50 0.51 0.08 0.37
FeO 1.84 1.83 1.70 1.62 1.78 1.82 1.87 1.78 1.72 0.15 1.81
MnO 0.07 0.09 0.01 0.04 0.08 0.08 0.11 0.11 0.05 0.03 0.08
MgO 17.86 18.13 18.46 17.97 18.44 18.26 17.57 17.92 17.61 0.42 18.18
NiO dla dla dla dla dla dla dla dla dla dla dla
CaO 23.98 23.51 24.19 24.22 24.33 23.34 23.54 24.04 24.06 0.63 23.70
Na,O 0.03 0.01 0.04 0.06 0.02 0.05 0.05 0.02 0.01 0.02 0.03
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOPLAM 99.10 99.03 99.51 98.48 99.25 98.84 99.62 99.33 99.66 0.42 99.20
Mg# 94.52 94.64 95.08 95.18 94.86 94.70 94.37 94.73 94.81 0.36 94.71
Cr# 28.01 29.32 27.99 26.00 28.11 26.22 32.28 28.35 29.84 2.21 26.59
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Ek Tablo 4.2’nin devamu

MG11 MG1l1 MGI11 MG1l1 MGI11 MG1l1 MG11 MG11 MG1l1 MGI11 MG1l1 MGI11 MG1l1 MG11
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 53.37 53.65 53.99 54.12 53.78 54.69 54.10 53.92 52.91 52.77 53.92 53.49 53.26 54.19
TiO, 0.00 0.04 0.01 0.02 0.01 0.01 0.03 0.05 0.00 0.00 0.03 0.00 0.00 0.00
Al,O4 0.53 0.55 1.10 0.85 1.05 0.82 0.90 0.85 0.89 0.77 1.08 0.94 0.99 1.01
Cry,03 0.23 0.35 0.55 0.33 0.55 0.34 0.49 0.30 0.45 0.40 0.49 0.46 0.54 0.58
FeO 1.78 1.80 2.08 1.89 1.85 1.65 1.53 1.87 1.64 1.86 1.66 1.53 1.63 1.67
MnO 0.12 0.08 0.13 0.04 0.05 0.02 0.08 0.07 0.04 0.08 0.09 0.05 0.05 0.04
MgO 18.35 18.22 18.31 18.49 18.49 18.05 17.93 18.03 18.38 19.10 18.20 18.09 18.28 18.03
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 24.32 24.49 23.33 24.07 23.12 24.18 24.54 24.12 24.21 23.15 24.32 24.54 23.98 24.29
Na,O 0.05 0.05 0.00 0.03 0.04 0.04 0.04 0.04 0.02 0.01 0.00 0.00 0.03 0.06
K,O 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00
TOPLAM 98.75 99.24 99.51 99.84 98.93 99.81 99.62 99.24 98.56 98.15 99.80 99.10 98.75 99.87
Mg# 94.82 94.74 94.00 94.58 94.68 95.13 95.43 94.49 95.23 94.82 95.12 95.47 95.23 95.05
Cr# 22.75 29.76 25.25 20.68 26.14 21.73 26.54 19.44 25.18 25.91 23.45 24.53 26.77 28.01
MG11 MG11 MG11
16 c Ort.
SiO, 54.30 0.50 53.78
TiO, 0.02 0.01 0.01
Al,O4 0.71 0.16 0.87
Cr,04 0.27 0.11 0.43
FeO 1.49 0.16 1.72
MnO 0.14 0.03 0.07
MgO 18.19 0.27 18.27
NiO dla dla dla
CaO 24.39 0.45 24.08
Na,O 0.05 0.02 0.03
K,O 0.00 0.00 0.00
TOPLAM 99.54 0.50 99.27
Mg# 95.61 0.42 94.99
Cr# 20.07 2.87 24.55
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Ek Tablo 4.2°nin devamu

MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MGI12 MG12 MG12 MG12 MG12
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 50.89 50.78 50.18 52.17 51.07 50.81 53.11 50.29 50.69 51.31 51.33 50.68 51.34 50.54
TiO, 0.18 0.13 0.22 0.14 0.28 0.21 0.09 0.26 0.18 0.20 0.15 0.17 0.21 0.21
Al,O4 4,53 4.56 5.18 2.97 4,92 4.67 2.27 5.32 5.03 4.07 2.24 5.60 4,95 4.45
Cr,04 0.94 0.92 1.00 0.33 0.91 0.79 0.29 0.99 0.85 0.79 0.58 0.98 0.91 0.81
FeO 2.14 2.13 2.15 2.18 2.19 2.18 1.87 2.32 2.26 1.90 2.05 2.26 2.29 2.15
MnO 0.05 0.07 0.03 0.05 0.03 0.02 0.00 0.13 0.05 0.05 0.04 0.07 0.06 0.11
MgO 15.57 16.37 15.44 16.85 16.01 16.00 17.15 15.71 15.97 16.18 17.52 15.54 15.98 16.24
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 23.92 23.30 24.06 24.28 23.52 23.95 24.54 23.88 23.84 24.24 24.02 23.84 23.93 24.18
Na,O 0.23 0.34 0.23 0.24 0.28 0.25 0.16 0.23 0.22 0.20 0.19 0.28 0.28 0.25
K,0 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
TOPLAM 98.46 98.60 98.48 99.19 99.21 98.88 99.48 99.13 99.08 98.95 98.12 99.41 99.95 98.94
Mg# 92.84 93.20 92.76 93.24 92.88 92.91 94.24 92.34 92.65 93.81 93.84 92.46 92.57 93.09
Cr# 12.27 11.91 11.45 6.93 11.08 10.17 7.79 11.05 10.17 11.56 14.78 10.47 10.93 10.93
MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12
15 16 17 18 19 20 21 22 23 c Ort.
SiO, 51.20 50.92 50.99 52.20 52.28 51.49 50.01 50.82 50.77 0.72 51.12
TiO, 0.21 0.23 0.25 0.16 0.19 0.24 0.28 0.19 0.16 0.05 0.20
Al,O4 4.15 4.68 4.47 3.24 3.47 3.55 5.33 4.85 4.02 0.92 4.28
Cr,0; 0.86 1.00 0.88 0.55 0.71 0.88 1.14 1.05 0.81 0.21 0.82
FeO 2.18 2.01 2.15 1.84 1.84 2.02 2.15 2.06 2.09 0.13 2.10
MnO 0.12 0.06 0.09 0.02 0.07 0.04 0.12 0.11 0.07 0.03 0.06
MgO 16.08 16.03 15.88 17.23 16.85 15.94 16.42 15.94 16.34 0.54 16.23
NiO dla dla dla dla dla dla dla dla dla dla dla
CaO 24.39 23.90 23.55 23.50 23.50 24.34 22.99 23.90 23.78 0.36 23.88
Na,O 0.26 0.24 0.21 0.30 0.33 0.20 0.54 0.24 0.22 0.07 0.26
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00
TOPLAM 99.44 99.07 98.45 99.04 99.24 98.69 98.99 99.15 98.26 0.42 98.97
Mg# 92.94 93.44 92.94 94.33 94.24 93.36 93.16 93.23 93.31 0.55 93.21
Cr# 12.20 12.56 11.62 10.14 11.99 14.29 12,51 12.68 11.97 1.69 11.37
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Ek Tablo 4.2’nin devamu

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 53.69 54.35 53.62 54.24 54.39 54.86 53.51 54.40 54.37 54.93 54.45 54.53 53.75 54.17
TiO, 0.02 0.03 0.02 0.03 0.01 0.00 0.03 0.00 0.01 0.00 0.01 0.00 0.03 0.00
Al,O4 0.98 0.52 0.97 0.92 0.87 0.65 0.87 0.83 0.72 0.73 0.76 0.97 1.05 0.71
Cry,03 0.58 0.23 0.46 0.44 0.43 0.31 0.48 0.38 0.29 0.37 0.40 0.49 0.60 0.39
FeO 1.96 1.62 1.52 1.65 1.63 1.56 1.67 1.68 1.74 1.81 1.72 2.02 1.75 1.51
MnO 0.02 0.14 0.04 0.10 0.07 0.04 0.04 0.00 0.08 0.02 0.05 0.03 0.00 0.03
MgO 18.92 18.19 17.99 17.86 18.07 18.02 18.51 18.29 18.07 18.21 18.56 18.17 18.32 18.69
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 22.95 24.13 24.15 24.23 24.40 24.35 23.65 23.91 24.46 24.20 24.29 23.38 23.89 24.20
Na,O 0.07 0.07 0.08 0.11 0.11 0.05 0.10 0.07 0.10 0.10 0.04 0.09 0.09 0.08
K,0 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.02 0.01
TOPLAM 99.19 99.27 98.85 99.59 99.96 99.84 98.86 99.58 99.83 100.37 100.27 99.68 99.50 99.78
Mg# 94.51 95.24 95.48 95.07 95.19 95.36 95.19 95.10 94.87 94.72 95.06 94.13 94.91 95.68
Cr# 28.30 22.72 24.09 24.33 24.81 24.29 26.78 23.44 21.57 25.11 25.97 25.04 27.65 26.96
MG26 MG26 MG26 MG26 MG?26
15 16 17 c Ort.
SiO, 53.25 53.02 53.22 0.56 54.04
TiO, 0.00 0.00 0.02 0.01 0.01
Al,O4 0.82 1.07 0.96 0.15 0.85
Cr,04 0.50 0.42 0.47 0.09 0.42
FeO 1.68 1.90 1.88 0.15 1.72
MnO 0.06 0.02 0.07 0.03 0.05
MgO 18.83 18.51 18.81 0.32 18.35
NiO dla dla dla dla dla
CaO 24.00 23.69 23.43 0.40 23.96
Na,O 0.02 0.07 0.08 0.02 0.08
K,O 0.00 0.01 0.00 0.01 0.01
TOPLAM 99.15 98.70 98.94 0.48 99.49
Mg# 95.24 94.55 94.68 0.38 95.00
Cr# 28.87 20.60 24.58 2.19 25.01
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Ek Tablo 4.2’nin devamu

MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG?27
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 53.81 54.12 53.45 53.77 54.17 54.58 53.93 53.63 53.70 54.23 53.19 54.55 52.76 53.54
TiO, 0.00 0.00 0.01 0.05 0.01 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.03
Al,O4 1.33 1.01 1.26 1.43 144 0.74 1.31 1.28 1.19 1.22 1.09 0.83 1.18 1.32
Cr,04 0.77 0.43 0.64 0.69 0.70 0.31 0.56 0.64 0.48 0.62 0.38 0.24 0.53 0.56
FeO 1.69 1.56 2.28 1.82 2.09 1.68 1.74 1.52 1.65 1.64 1.69 1.45 2.00 1.85
MnO 0.04 0.04 0.10 0.13 0.06 0.04 0.02 0.07 0.08 0.08 0.01 0.08 0.00 0.07
MgO 17.65 18.14 17.73 17.81 18.09 18.12 17.92 17.68 18.11 17.66 18.00 18.16 18.22 18.04
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 25.00 24.17 24.15 24.67 23.41 24.74 24.38 24.49 24.61 24.53 24.50 24.96 23.92 24.12
Na,O 0.01 0.04 0.05 0.00 0.05 0.01 0.02 0.01 0.08 0.03 0.01 0.03 0.03 0.02
K,0 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
TOPLAM 100.30 99.52 99.67 100.38 100.02 100.20 99.88 99.32 99.93 100.01 98.88 100.30 98.64 99.56
Mg# 94.90 95.40 93.27 94.58 93.91 95.06 94.83 95.39 95.15 95.04 95.00 95.71 94.21 94.55
Cr# 27.95 22.26 25.41 24.38 24.67 21.79 22.40 25.07 21.34 25.44 19.10 16.10 23.12 22.29
MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG?27
15 16 17 18 19 20 21 22 23 c Ort.
SiO, 54.31 53.52 54.50 54.47 53.88 54.09 54.41 54.31 54.48 0.47 53.97
TiO, 0.02 0.04 0.00 0.02 0.04 0.00 0.04 0.00 0.06 0.02 0.02
Al,O4 0.81 1.02 1.09 0.69 1.26 1.33 1.03 1.23 0.87 0.21 1.13
Cr,04 0.37 0.70 0.49 0.44 0.51 0.65 0.41 0.56 0.28 0.14 0.52
FeO 1.54 1.94 1.83 1.81 1.77 1.65 1.89 1.57 1.87 0.19 1.76
MnO 0.04 0.11 0.10 0.07 0.01 0.12 0.07 0.03 0.07 0.04 0.06
MgO 18.34 18.26 18.07 18.45 18.05 17.83 17.99 17.93 18.41 0.23 18.03
NiO dla dla dla dla dla dla dla dla dla dla dla
CaO 24.74 24.25 23.96 24.50 24.04 24.52 24.75 24.01 24.14 0.37 24.37
Na,O 0.05 0.03 0.02 0.01 0.04 0.03 0.00 0.04 0.02 0.02 0.03
K,0 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
TOPLAM 100.22 99.86 100.07 100.45 99.59 100.23 100.58 99.69 100.20 0.47 99.89
Mg# 95.50 94.38 94.62 94.80 94.78 95.07 94.43 95.30 94.60 0.54 94.80
Cr# 23.55 31.59 23.04 29.80 21.29 24.86 20.99 23.55 17.89 3.41 23.39
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Ek Tablo 4.2’nin devamu

MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG?29

1 2 3 4 5 6 7 8 9 10 11 c Ort.

SiO, 54.60 55.05 54.59 54.37 55.14 54.99 54.64 54.26 54.99 53.63 53.83 0.47 54,55
TiO, 0.00 0.06 0.00 0.01 0.02 0.03 0.00 0.05 0.00 0.00 0.07 0.02 0.02
Al,O4 0.40 0.32 0.60 0.55 0.56 0.57 0.58 0.69 0.42 0.55 0.49 0.10 0.52
Cry,03 0.36 0.21 0.41 0.34 0.46 0.33 0.38 0.47 0.33 0.44 0.38 0.07 0.37
FeO 1.67 1.53 1.87 1.85 1.65 1.90 1.69 2.01 1.77 1.88 1.76 0.13 1.78
MnO 0.04 0.03 0.03 0.05 0.04 0.14 0.01 0.06 0.06 0.09 0.13 0.04 0.06
MgO 18.26 18.13 18.53 18.61 17.91 18.38 18.03 18.70 18.36 18.10 17.83 0.27 18.26
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 24.61 25.21 23.64 24.11 24.32 24.30 24.20 23.34 24.24 23.81 24.40 0.47 24.20
Na,O 0.13 0.06 0.13 0.16 0.15 0.15 0.18 0.13 0.15 0.14 0.11 0.03 0.13
K,O 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
TOPLAM 100.10 100.60 99.80 100.05 100.25 100.76 99.70 99.70 100.32 98.66 98.97 0.61 99.90
Mg# 95.13 95.48 94.65 94.70 95.09 94.51 95.00 94.31 94.87 94.49 94.75 0.32 94.82
Cr# 37.66 31.03 31.31 29.48 35.35 28.01 30.43 31.10 34.01 35.11 34.39 2.80 32.53
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Ek Tablo 4.2°nin devamu

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 53.48 53.38 53.84 54.07 54.38 54.20 54.23 53.23 53.79 53.56 54.47 54.46 54.25 54.46
TiO, 0.00 0.00 0.00 0.00 0.04 0.00 0.04 0.04 0.05 0.00 0.01 0.00 0.01 0.00
Al,O4 1.57 1.57 0.91 1.08 1.02 1.12 1.28 0.99 1.42 1.33 0.78 1.15 1.28 0.99
Cr,04 0.66 0.70 0.38 0.50 0.33 0.56 0.57 0.42 0.66 0.60 0.28 0.54 0.53 0.44
FeO 1.90 1.74 1.80 1.83 1.78 1.50 1.54 1.65 1.76 1.68 1.48 1.56 1.62 1.71
MnO 0.03 0.03 0.08 0.06 0.00 0.14 0.06 0.05 0.06 0.07 0.10 0.10 0.10 0.04
MgO 17.82 17.84 18.60 18.09 17.91 18.10 17.73 18.04 17.97 17.83 18.15 17.97 17.96 17.94
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 24.12 24.05 24.41 23.64 24.34 24.67 24.33 24.73 24.36 24.42 24.72 24.46 24.55 24.63
Na,O 0.00 0.04 0.00 0.00 0.01 0.01 0.03 0.04 0.00 0.00 0.04 0.01 0.01 0.01
K,0 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00
TOPLAM 99.60 99.35 100.02 99.27 99.82 100.31 99.79 99.19 100.06 99.50 100.03 100.24 100.33 100.22
Mg# 94.35 94.80 94.85 94.63 94.71 95.55 95.35 95.11 94.80 94.97 95.63 95.36 95.19 94.93
Cr# 21.88 22.87 21.64 23.75 17.91 25.03 23.03 22.28 23.81 23.14 19.29 23.85 21.67 22.74
MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32
15 16 17 18 19 20 c Ort.
SiO, 53.69 53.93 54.00 53.89 53.83 54.25 0.36 53.97
TiO, 0.03 0.00 0.04 0.00 0.00 0.00 0.02 0.01
Al,O4 1.43 1.41 1.36 1.65 1.62 0.68 0.27 1.23
Cr,04 0.67 0.62 0.67 0.71 0.78 0.22 0.15 0.54
FeO 1.58 1.52 1.61 1.79 1.75 1.60 0.12 1.67
MnO 0.08 0.09 0.12 0.08 0.04 0.04 0.03 0.07
MgO 17.75 17.89 18.16 17.76 17.87 18.34 0.21 17.99
NiO dla dla dla dla dla dla dla dla
CaO 25.17 24.91 24.75 24.20 24.66 24.63 0.33 24.49
Na,O 0.01 0.00 0.02 0.00 0.04 0.05 0.02 0.02
K,0 0.00 0.01 0.03 0.00 0.00 0.02 0.01 0.01
TOPLAM 100.41 100.38 100.76 100.09 100.58 99.83 0.43 99.99
Mg# 95.25 95.44 95.26 94.65 94.79 95.33 0.34 95.05
Cr# 23.89 22.77 24.70 22.54 24.46 18.16 1.94 22.47
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Ek Tablo 4.2°nin devamu

MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36
1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 53.19 54.13 54.04 53.98 53.55 54.77 54.37 54.22 54.26 53.85 54.06 54.08 54.05 54.11
TiO, 0.07 0.03 0.02 0.00 0.02 0.01 0.03 0.01 0.06 0.00 0.02 0.07 0.01 0.07
Al,O4 1.19 1.03 1.31 1.09 1.46 1.38 1.11 1.35 1.07 1.22 1.11 1.35 1.09 1.15
Cr,04 0.58 0.35 0.49 0.35 0.66 0.64 0.44 0.60 0.39 0.49 0.36 0.60 0.43 0.43
FeO 1.86 1.56 1.86 1.86 2.04 2.26 1.60 1.71 1.83 1.81 1.72 191 1.79 1.74
MnO 0.08 0.04 0.08 0.02 0.06 0.07 0.06 0.07 0.08 0.07 0.06 0.12 0.05 0.07
MgO 18.17 18.27 17.95 18.13 18.19 20.50 17.81 18.12 18.00 18.26 18.34 18.38 18.14 18.22
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 24.20 24.59 24.57 24.34 23.53 20.80 24.81 24.56 24.76 23.87 24.45 24.03 24.40 24.67
Na,O 0.05 0.03 0.04 0.02 0.06 0.02 0.03 0.04 0.02 0.01 0.08 0.04 0.04 0.06
K,0 0.02 0.03 0.00 0.00 0.00 0.02 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.00
TOPLAM 99.40 100.05 100.35 99.80 99.56 100.47 100.25 100.70 100.47 99.57 100.20 100.58 100.00 100.51
Mg# 94.58 95.42 94.50 94.55 94.07 94.18 95.19 94.97 94.60 94.73 95.00 94.48 94.77 94.91
Cr# 24.49 18.68 20.01 17.75 23.22 23.82 20.90 23.02 19.68 21.11 17.88 23.09 20.78 20.16
MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36
15 16 17 18 19 20 21 c Ort.
SiO, 54.17 54.19 54.43 53.97 54.08 53.93 54.22 0.31 54.08
TiO, 0.04 0.04 0.00 0.00 0.03 0.03 0.04 0.02 0.03
Al,O4 1.20 1.09 1.18 1.27 1.03 1.31 1.36 0.13 1.21
Cr,0; 0.38 0.55 0.41 0.43 0.34 0.46 0.48 0.10 0.47
FeO 1.82 1.44 1.69 1.75 1.90 1.74 2.07 0.17 1.81
MnO 0.04 0.03 0.05 0.05 0.07 0.09 0.03 0.02 0.06
MgO 18.10 17.91 17.95 18.06 18.26 18.11 18.06 0.53 18.23
NiO dla dla dla dla dla dla dla dla dla
CaO 24.55 25.04 24.91 24.68 24.56 24.27 24.18 0.85 24.27
Na,O 0.06 0.07 0.01 0.03 0.02 0.05 0.06 0.02 0.04
K,0 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01
TOPLAM 100.35 100.35 100.60 100.23 100.31 99.98 100.49 0.36 100.20
Mg# 94.65 95.68 94.97 94.85 94.47 94.88 93.96 0.41 94.73
Cr# 17.34 25.27 18.81 18.35 18.27 19.26 19.16 2.34 20.53
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Ek Tablo 4.3. Guleman Ofiyoliti manto peridotitlerine ait ortopiroksen kristalleri iizerinde ger¢eklestirilen elektron mikroprob analizleri. Kisaltmalar Tablo 4.4’te
verildigi gibidir.

MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG100 MG100 MG10 MG10 MG10 MG10 MGI10

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 56.58 57.14 57.83 57.37 57.32 57.22 57.12 57.58 56.86 57.33 56.98 56.57 57.53 57.21
TiO, 0.00 0.00 0.04 0.01 0.00 0.01 0.00 0.00 0.01 0.06 0.00 0.00 0.00 0.00
Al,O4 0.70 0.72 0.40 0.71 0.71 0.69 0.69 0.52 0.76 0.75 0.55 0.71 0.78 0.65
Cr,03 0.32 0.39 0.27 0.34 0.36 0.19 0.28 0.17 0.25 0.32 0.17 0.34 0.36 0.26
FeO 5.21 5.31 5.11 5.24 5.44 5.39 5.25 5.53 5.38 5.23 5.41 5.35 5.45 5.55
MnO 0.18 0.14 0.13 0.22 0.16 0.05 0.23 0.17 0.10 0.10 0.11 0.13 0.14 0.13
MgO 34.84 34.52 35.04 3451 34.70 34.84 34.64 34.76 34.56 34.24 35.30 34.89 34.73 35.31
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.66 0.98 0.39 0.97 0.87 0.36 0.91 0.37 0.78 0.70 0.51 1.12 0.95 0.58
Na,O 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.00
K,0 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00

TOPLAM 98.52 99.18 99.23 99.38 99.58 98.73 99.12 99.10 98.71 98.74 99.03 99.12 99.96 99.69

Mg# 92.26 92.06 92.43 92.14 91.91 92.02 92.16 91.80 91.97 92.11 92.09 92.08 91.91 91.89
Cr# 2341 26.47 31.00 24.39 25.11 15.34 21.10 18.27 18.35 22.53 16.70 24.45 23.41 21.10
Wo 1.23 1.84 0.74 1.83 1.63 0.68 1.72 0.70 1.47 1.34 0.94 2.09 1.78 1.07
En 91.12 90.36 91.75 90.46 90.41 91.39 90.58 91.16 90.62 90.88 91.22 90.15 90.27 90.91
Fs 7.65 7.80 7.51 7.71 7.96 7.93 7.70 8.14 7.91 7.78 7.84 7.76 7.95 8.02
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Ek Tablo 4.3’lin devami

MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG100 MG10 MG10 MGI10

15 16 17 18 19 20 21 22 23 (4 Ort.
SiO, 57.61 57.29 56.88 57.43 57.41 56.88 57.47 57.21 56.32 0.36 57.18
TiO, 0.00 0.02 0.04 0.00 0.04 0.00 0.03 0.01 0.01 0.02 0.01
Al,O3 0.67 0.60 0.62 0.62 0.64 0.62 0.66 0.74 0.61 0.08 0.66
Cr,03 0.21 0.25 0.35 0.29 0.20 0.16 0.36 0.35 0.38 0.07 0.28
FeO 5.35 5.06 5.30 5.40 5.31 5.54 5.25 5.36 5.30 0.12 5.33
MnO 0.14 0.12 0.16 0.17 0.19 0.14 0.16 0.12 0.16 0.04 0.14
MgO 34.97 34.73 35.36 35.11 35.03 35.36 34.55 34.61 35.22 0.31 34.86
NiO dla dla dla dla dla dla dla dla dla dla dla
CaO 0.77 0.81 0.64 0.42 0.38 0.34 0.99 1.11 0.94 0.25 0.72
Na,O 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.01 0.01
K,O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
TOPLAM 99.71 98.88 99.34 99.43 99.19 99.03 99.48 99.52 98.95 0.36 99.20
Mg# 92.10 92.45 92.24 92.05 92.17 91.92 92.14 92.00 92.22 0.16 92.09
Cr# 17.32 21.50 27.42 24.16 17.26 14.54 26.63 23.97 29.33 4.37 22.34
Wo 1.44 1.52 1.18 0.78 0.71 0.63 1.86 2.08 1.73 0.00 1.35
En 90.78 91.05 91.15 91.33 91,51 91.35 90.42 90.09 90.62 0.00 90.85
Fs 7.79 7.44 7.67 7.88 7.78 8.03 7.72 7.83 7.65 0.00 7.80
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Ek Tablo 4.3’lin devami

MG11 MG1l1 MG11 MG11 MG11 MG11 MG11 MG11 MGI11 MGI11 MG11 MG11 MGI11 MG11 MG11

1 2 3 4 5 6 7 8 9 10 11 12 13 c Ort.
SiO, 57.41 56.71 56.51 57.16 56.54 57.30 56.63 57.34 57.17 57.59 56.97 56.74 57.91 0.42 57.07
TiO, 0.04 0.00 0.00 0.04 0.00 0.01 0.05 0.01 0.00 0.02 0.03 0.04 0.00 0.02 0.02
Al,O4 0.98 1.01 1.02 1.01 0.93 1.00 0.96 1.01 1.03 1.05 0.98 1.10 0.84 0.06 0.99
Cr,04 0.48 0.48 0.42 0.37 0.37 0.37 0.36 0.42 0.35 0.37 0.41 0.51 0.33 0.05 0.40
FeO 5.26 5.19 5.42 4.97 5.00 5.27 5.10 4.92 5.32 5.18 5.09 5.25 5.01 0.15 5.15
MnO 0.13 0.12 0.11 0.10 0.09 0.11 0.09 0.11 0.09 0.16 0.16 0.10 0.14 0.02 0.12
MgO 34.68 34.79 35.08 34.54 34.62 34.63 35.14 33.96 35.22 34.82 34.60 34.55 35.12 0.33 34.75
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.47 1.02 0.91 0.97 0.93 0.97 0.78 2.26 0.48 0.87 1.18 1.25 0.69 0.43 0.98
Na,O 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00
K,O 0.02 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

TOPLAM 99.46 99.33 99.48 99.17 98.48 99.68 99.11 100.03 99.69 100.07 99.41 99.53  100.03 0.42 99.50

Mo# 92.15 92.28 92.02 92.53 92.50 92.13 92.47 92.49 92.18 92.29 92.38 92.15 92.58 0.18 92.32
Cr# 24.92 24.17 21.44 19.61 20.95 20.00 20.30 21.81 18.73 19.34 21.91 23.89 20.60 1.87 21.36
Wo 0.9 1.9 1.7 1.8 1.8 1.8 15 4.2 0.9 1.6 2.2 2.3 13 0.8 1.8
En 91.33 90.52 90.48 90.83 90.88 90.45 91.12 88.56 91.35 90.79 90.33 89.99 91.40 0.72 90.62
Fs 7.8 7.6 7.8 7.3 7.4 7.7 7.4 7.2 7.7 7.6 7.5 7.7 7.3 0.0 7.5
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Ek Tablo 4.3’lin devami

MG12 MG12 MG12 MG12 MG12 MG12 MG12 MGI12 MGI12 MGI12 MG12 MG12 MG12 MGI12

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 55.29 54.64 54.68 41.01 54.28 55.53 54.16 54.53 55.22 54.43 54.28 55.18 54.36 54.08
TiO, 0.02 0.02 0.04 0.02 0.05 0.05 0.07 0.07 0.05 0.10 0.08 0.02 0.00 0.05
Al,O4 2.52 4.08 3.97 0.00 4.27 3.00 5.23 4.67 3.48 4.46 4.64 3.60 4.13 5.11
Cr,03 0.30 0.51 0.39 0.00 0.44 0.32 0.74 0.58 0.50 0.59 0.64 0.37 0.53 0.61
FeO 5.80 6.13 5.85 8.71 5.96 6.12 6.16 5.81 6.00 5.75 5.78 6.13 5.91 5.90
MnO 0.11 0.13 0.14 0.05 0.14 0.13 0.18 0.14 0.15 0.18 0.19 0.17 0.17 0.07
MgO 3451 33.39 33.30 49.89 32.93 33.68 33.08 32.89 33.55 32.28 32.91 33.59 33.35 32.44
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 1.03 0.37 0.38 0.03 0.76 0.45 0.44 0.40 0.50 1.83 0.37 0.35 0.36 1.16
Na,O 0.00 0.00 0.00 0.03 0.00 0.03 0.02 0.00 0.02 0.02 0.01 0.01 0.01 0.00
K,0 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00

TOPLAM 99.59 99.27 98.75 99.74 98.83 99.31 100.06 99.10 99.45 99.65 98.89 99.41 98.82 99.42

Mo# 91.38 90.66 91.02 91.08 90.78 90.75 90.54 90.99 90.89 90.91 91.03 90.71 90.95 90.74
Cr# 7.37 7.71 6.20 0.00 6.52 6.64 8.68 7.66 8.81 8.16 8.50 6.42 7.91 7.44
Wo 1.9 0.7 0.7 0.0 1.5 0.9 0.8 0.8 1.0 3.6 0.7 0.7 0.7 2.3
En 89.61 90.01 90.35 91.04 89.43 89.95 89.78 90.27 90.02 87.66 90.37 90.10 90.32 88.67
Fs 8.5 9.3 8.9 8.9 9.1 9.2 9.4 8.9 9.0 8.8 8.9 9.2 9.0 9.0
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Ek Tablo 4.3’lin devami

MG12 MG12 MG12 MG12 MG12 MG12 MG12 MG12 MGI12

15 16 17 18 19 20 21 c ort.

SiO, 55.37 53.94 54.02 53.40 54.17 54.03 55.68 2.95 53.92
TiO, 0.09 0.06 0.08 0.00 0.02 0.08 0.04 0.03 0.05
Al,O4 4.09 4.44 4,98 4.97 5.25 4,90 2.46 1.20 4.01
Cr,03 0.44 0.53 0.71 0.68 0.60 0.50 0.20 0.17 0.48
FeO 5.93 5.87 5.82 6.26 6.23 5.94 6.23 0.60 6.11
MnO 0.14 0.07 0.11 0.12 0.15 0.15 0.13 0.04 0.13
MgO 33.11 32.40 31.84 32.87 32.23 32.49 34.25 3.64 33.86
NiO dla dla dla dla dla dla dla dla dla
CaO 0.46 1.03 1.74 0.30 1.32 1.06 0.41 0.48 0.70
Na,O 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.01 0.01
K,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOPLAM 99.64 98.34 99.30 98.60 99.95 99.18 99.39 0.43 99.27
Mg# 90.86 90.77 90.70 90.35 90.21 90.69 90.74 0.25 90.80
Cr# 6.77 7.40 8.69 8.34 7.12 6.41 5.05 1.84 7.04
Wo 0.9 2.0 3.4 0.6 2.6 2.1 0.8 0.0 1.3
En 90.04 88.92 87.59 89.81 87.89 88.80 90.03 0.00 89.60
Fs 9.1 9.0 9.0 9.6 9.5 9.1 9.2 0.0 9.1
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Ek Tablo 4.3’lin devami

MG20 MG20 MG20 MG20 MG200 MG20 MG20 MG20 MG20 MG20 MG20 MG20

1 2 3 4 5 6 7 8 9 10 c ort.
SiO, 56.88 56.76 56.68 57.07 56.52 56.86 56.99 57.29 56.68 56.60 0.22 56.83
TiO, 0.02 0.01 0.00 0.01 0.00 0.02 0.00 0.02 0.01 0.00 0.01 0.01
Al,O4 1.02 1.25 1.21 1.22 1.09 1.18 1.05 1.19 1.15 1.02 0.08 1.14
Cr,03 0.43 0.45 0.46 0.44 0.41 0.41 0.41 0.47 0.47 0.55 0.04 0.45
FeO 6.02 5.41 5.39 5.56 5.49 5.38 5.11 5.41 5.43 5.16 0.23 5.44
MnO 0.12 0.17 0.14 0.14 0.12 0.15 0.12 0.09 0.12 0.14 0.02 0.13
MgO 34.38 34.45 34.40 33.93 34.37 34.60 34.76 34.11 34.14 33.27 0.40 34.24
NiO dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.65 0.90 1.11 0.98 1.01 1.08 0.97 0.73 0.99 1.97 0.34 1.04
Na,O 0.00 0.01 0.03 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01
K,0 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.03 0.01 0.01

TOPLAM 99.50 99.42 99.43 99.37 99.03 99.69 99.41 99.32 98.99 98.74 0.27 99.29

Mo# 91.05 91.90 91.92 91.57 91.77 91.98 92.38 91.82 91.81 91.99 0.32 91.82
Cr# 21.98 19.36 20.48 19.31 20.32 19.04 20.69 20.77 21.72 26.53 2.06 21.02
Wo 1.2 1.7 2.1 1.9 1.9 2.0 1.8 1.4 1.9 3.8 0.0 2.0
En 89.94 90.35 90.01 89.86 90.03 90.11 90.70 90.54 90.08 88.52 0.56 90.01
Fs 8.8 8.0 7.9 8.3 8.1 7.9 7.5 8.1 8.0 7.7 0.3 8.0
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Ek Tablo 4.3’lin devami

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 57.54 56.86 58.42 57.48 56.90 56.99 57.49 56.26 56.60 56.44 56.93 57.93 57.16 57.15
TiO, 0.01 0.00 0.00 0.01 0.01 0.05 0.05 0.01 0.00 0.00 0.00 0.00 0.05 0.00
Al,O4 0.89 0.89 0.74 1.06 1.05 0.99 0.93 1.00 0.94 1.01 0.93 0.91 0.80 0.89
Cr,03 0.26 0.41 0.78 0.39 0.35 0.39 0.41 0.36 0.31 0.34 0.36 0.44 0.41 0.34
FeO 5.26 5.19 5.09 5.14 4.98 5.16 4.82 4.93 4.88 5.02 5.12 4.98 4.62 5.03
MnO 0.15 0.12 0.12 0.09 0.09 0.08 0.10 0.13 0.13 0.06 0.17 0.19 0.12 0.13
MgO 35.54 34.74 34.22 34.81 34.75 35.12 34.64 34.39 34.47 34.83 35.28 35.01 34.77 35.18
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.49 0.79 0.67 0.96 0.95 0.88 0.90 1.08 0.97 0.61 0.53 0.53 1.33 0.48
Na,O 0.01 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
K,0 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

TOPLAM 100.16 99.01 100.04 99.94 99.07 99.67 99.32 98.16 98.31 98.31 99.33 99.99 99.25 99.19

Mg# 92.33 92.27 92.29 92.35 92.56 92.38 92.75 92.55 92.64 92,51 92.46 92.61 93.06 92.57
Cr# 16.32 23.35 41.32 19.78 18.30 20.92 22.74 19.50 18.08 18.51 20.58 24.49 25.54 20.25
Wo 0.9 1.5 1.3 1.8 1.8 1.6 1.7 2.1 1.8 11 1.0 1.0 25 0.9
En 91.48 90.89 91.10 90.68 90.91 90.87 91.18 90.66 90.93 91.45 91.55 91.68 90.74 91.74
Fs 7.6 7.6 7.6 7.5 7.3 7.5 7.1 7.3 7.2 7.4 7.5 7.3 6.8 7.4
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Ek Tablo 4.3’lin devami

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26

15 16 17 18 19 20 21 c ort.
SiO, 57.61 57.88 57.74 57.64 57.62 57.04 56.88 0.53 57.26
TiO, 0.02 0.01 0.00 0.05 0.00 0.00 0.01 0.02 0.01
Al,O4 0.88 0.99 0.86 0.85 1.05 1.04 1.06 0.09 0.94
Cr,03 0.35 0.34 0.26 0.28 0.44 0.37 0.38 0.10 0.38
FeO 4.90 5.11 4.94 5.03 4.89 4.81 4.96 0.15 4.99
MnO 0.13 0.16 0.13 0.10 0.10 0.05 0.15 0.03 0.12
MgO 35.52 34.77 34.94 35.00 35.20 34.55 35.03 0.34 34.89
NiO dla dla dla dla dla dla dla dla dla
CaO 0.40 1.05 0.82 0.64 0.56 0.96 0.82 0.24 0.78
Na,O 0.00 0.02 0.04 0.00 0.00 0.00 0.00 0.01 0.00
K,0 0.00 0.02 0.02 0.01 0.02 0.01 0.00 0.01 0.00
TOPLAM 99.81 100.36 99.75 99.60 99.89 98.84 99.30 0.61 99.39
Mg# 92.82 92.38 92.65 92.53 92.77 92.75 92.64 0.19 92.57
Cr# 20.80 18.87 16.81 18.03 21.95 19.29 19.58 5.07 21.19
Wo 0.8 2.0 1.5 1.2 1.0 1.8 1.5 0.4 15
En 92.12 90.57 91.22 91.43 91.80 91.06 91.21 0.41 91.20
Fs 7.1 7.5 7.2 7.4 7.2 7.1 7.2 0.2 7.3
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Ek Tablo 4.3’lin devami

MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 56.96 57.26 55.82 57.35 56.82 57.42 57.82 57.85 57.58 57.56 57.12 57.37 56.90 57.17
TiO, 0.00 0.02 0.01 0.04 0.00 0.07 0.01 0.01 0.01 0.02 0.02 0.01 0.00 0.04
Al,O4 1.24 1.18 1.28 0.94 1.44 1.19 1.19 1.24 1.26 1.15 1.19 1.13 1.27 1.19
Cr,03 0.47 0.29 0.36 0.17 0.50 0.45 0.42 0.40 0.44 0.30 0.42 0.39 0.48 0.42
FeO 5.27 5.22 5.43 5.55 5.14 5.35 5.17 5.27 5.06 5.36 5.52 5.35 5.37 5.35
MnO 0.12 0.09 0.12 0.11 0.14 0.10 0.16 0.15 0.13 0.11 0.15 0.18 0.12 0.18
MgO 34.74 34.98 34.48 35.27 34.07 35.12 34.79 35.18 34.85 35.03 34.89 34.87 34.89 34.50
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.63 0.68 0.90 0.43 1.31 0.52 0.61 0.86 0.74 0.67 0.79 0.61 1.04 1.09
Na,O 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.01 0.03 0.01 0.00 0.00 0.00 0.00
K,0 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

TOPLAM 99.42 99.71 98.40 99.87 99.44 100.21 100.15 100.96 100.09 100.19 100.09 99.92 100.07 99.93

Mg# 92.16 92.27 91.88 91.89 92.20 92.13 92.31 92.25 92.47 92.10 91.85 92.08 92.05 91.99
Cr# 20.18 14.00 15.82 10.84 18.91 20.23 19.01 17.86 18.91 14.73 19.02 18.91 20.10 19.10
Wo 1.2 13 1.7 0.8 2.5 1.0 11 1.6 1.4 1.2 1.5 1.2 1.9 2.0
En 91.07 91.10 90.32 91.15 89.92 91.23 91.25 90.78 91.18 90.95 90.50 91.02 90.26 90.12
Fs 7.7 7.6 8.0 8.0 7.6 7.8 7.6 7.6 7.4 7.8 8.0 7.8 7.8 7.8
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Ek Tablo 4.3’lin devami

MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27

15 16 17 18 19 20 21 c ort.
SiO, 57.45 56.86 57.31 57.56 57.35 56.91 57.10 0.43 57.22
TiO, 0.00 0.03 0.03 0.01 0.01 0.00 0.03 0.02 0.02
Al,O4 1.18 1.18 1.22 0.91 1.11 1.20 1.37 0.11 1.19
Cr,03 0.40 0.42 0.44 0.14 0.29 0.46 0.49 0.10 0.39
FeO 5.31 5.33 5.35 5.57 5.24 5.13 5.55 0.14 5.33
MnO 0.12 0.16 0.08 0.13 0.13 0.10 0.10 0.03 0.13
MgO 34.88 34.53 34.57 35.23 34.98 34.83 34.82 0.28 34.83
NiO dla dla dla dla dla dla dla dla dla
CaO 0.63 1.10 0.66 0.46 0.55 0.66 0.86 0.22 0.75
Na,O 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.01 0.01
K,0 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOPLAM 99.98 99.59 99.66 100.03 99.64 99.31 100.33 0.49 99.86
Mg# 92.12 92.03 92.01 91.84 92.25 92.37 91.79 0.18 92.10
Cr# 18.57 19.19 19.38 9.49 14.90 20.26 19.33 3.02 17.56
Wo 1.2 2.1 1.2 0.9 1.0 1.2 1.6 0.4 1.4
En 91.04 90.13 90.87 91.05 91.29 91.21 90.32 0.43 90.80
Fs 7.8 7.8 7.9 8.1 7.7 7.5 8.1 0.2 7.8
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Ek Tablo 4.3’lin devami

MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29

1 2 3 4 5 6 7 8 9 10 c ort.
SiO, 56.42 57.63 57.81 57.69 58.26 57.70 57.95 57.96 58.43 58.05 0.52 57.79
TiO, 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.02 0.01
Al,O4 0.47 0.55 0.59 0.54 0.50 0.48 0.44 0.46 0.52 0.51 0.04 0.51
Cr,03 0.11 0.30 0.31 0.24 0.24 0.23 0.16 0.17 0.17 0.19 0.06 0.21
FeO 5.45 5.39 5.24 5.17 5.23 5.31 5.40 5.40 5.51 5.54 0.12 5.36
MnO 0.16 0.17 0.14 0.12 0.11 0.17 0.13 0.11 0.08 0.11 0.03 0.13
MgO 35.88 35.14 35.32 35.58 34.83 35.23 35.84 35.94 35.54 35.59 0.34 35.49
NiO dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.43 1.04 0.97 0.90 0.90 0.68 0.48 0.57 0.59 0.54 0.21 0.71
Na,O 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.02 0.01 0.02 0.01 0.01
K,0 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01
TOPLAM 98.94 100.24 100.42 100.29 100.09 99.78 100.40 100.66 100.87 100.57 0.52 100.23
Mg# 92.15 92.08 92.32 92.46 92.23 92.20 92.20 92.22 91.99 91.96 0.14 92.18
Cr# 13.28 26.78 25.84 23.05 24.16 24.11 19.51 19.42 18.45 19.45 3.90 21.40
Wo 0.8 1.9 1.8 1.7 1.7 1.3 0.9 1.0 1.1 1.0 0.4 1.3
En 91.42 90.30 90.66 90.92 90.67 91.03 91.40 91.27 90.99 91.04 0.33 90.97
Fs 7.8 7.8 7.5 7.4 7.6 7.7 7.7 7.7 7.9 8.0 0.2 7.7
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Ek Tablo 4.3’lin devami

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 56.90 55.39 57.00 57.58 58.00 57.24 56.70 56.69 57.32 57.52 57.21 57.65 57.55 56.78
TiO, 0.00 0.01 0.02 0.04 0.00 0.02 0.04 0.00 0.00 0.00 0.02 0.03 0.02 0.00
Al,O4 1.45 1.38 1.32 1.17 1.23 1.17 1.38 1.28 1.44 1.34 1.36 1.56 1.40 1.56
Cr,03 0.43 0.51 0.53 0.38 0.48 0.36 0.52 0.42 0.51 0.48 0.41 0.50 0.59 0.62
FeO 5.31 5.03 5.33 5.44 5.31 5.56 5.16 5.33 5.36 5.34 5.72 5.52 5.18 4.90
MnO 0.10 0.08 0.07 0.07 0.09 0.13 0.14 0.11 0.14 0.08 0.06 0.16 0.17 0.16
MgO 34.67 33.71 35.47 35.34 34.31 35.32 35.09 35.35 34.82 34.88 35.13 34.64 34.40 34.37
NiO dla dla dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.94 2.20 0.48 0.61 0.73 0.71 1.00 1.06 0.66 0.73 0.52 0.95 131 1.66
Na,O 0.00 0.00 0.02 0.00 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.03 0.00 0.00
K,0 0.01 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

TOPLAM 99.81 98.30 100.24 100.65 100.15 100.53 100.02 100.25 100.25 100.36 100.42 101.04 100.59 100.06

Mg# 92.08 92.27 92.22 92.05 92.01 91.88 92.38 92.20 92.04 92.09 91.63 91.79 92.21 92.59
Cr# 16.62 19.67 21.30 17.99 20.89 17.04 20.02 18.21 19.34 19.32 16.61 17.66 21.90 20.91
Wo 1.8 4.1 0.9 11 1.4 1.3 1.9 2.0 1.2 14 1.0 1.8 25 3.1
En 90.46 88.45 9141 91.01 90.73 90.67 90.67 90.40 90.91 90.83 90.75 90.16 89.95 89.70
Fs 7.8 7.4 7.7 7.9 7.9 8.0 7.5 7.6 7.9 7.8 8.3 8.1 7.6 7.2
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Ek Tablo 4.3’lin devami

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32

15 16 17 18 19 20 c ort.
SiO, 57.30 56.28 58.87 57.15 57.20 57.28 57.18 0.67
TiO, 0.03 0.01 0.03 0.00 0.00 0.03 0.02 0.01
Al,O4 1.27 1.26 1.09 1.40 1.56 1.18 1.34 0.13
Cr,03 0.34 0.32 0.53 0.51 0.51 0.37 0.47 0.08
FeO 5.05 5.24 5.52 5.15 5.43 5.48 5.32 0.20
MnO 0.11 0.14 0.16 0.15 0.18 0.11 0.12 0.04
MgO 35.50 35.16 34.81 34.07 34.93 35.16 34.86 0.48
NiO dla dla dla dla dla dla dla dla
CaO 0.33 0.37 0.34 2.05 0.38 0.42 0.87 0.54
Na,O 0.01 0.00 0.00 0.02 0.00 0.01 0.01 0.01
K,0 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.01
TOPLAM 99.94 98.81 101.34 100.50 100.19 100.04 100.17 0.65
Mg# 92.61 92.29 91.83 92.18 91.98 91.96 0.24 92.11
Cr# 15.37 14.35 24.54 19.77 18.15 17.58 2.34 18.86
Wo 0.6 0.7 0.6 3.8 0.7 0.8 1.0 1.6
En 92.03 91.65 91.24 88.64 91.32 91.25 0.88 90.61
Fs 7.3 7.7 8.1 75 8.0 8.0 0.3 7.8
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Ek Tablo 4.3’lin devami

MG36 MG36 MG36 MG36 MG36E MG36E MG36 MG36 MG36 MG36 MG36 MG36

1 2 3 4 5 6 7 8 9 10 c ort.
SiO, 57.12 56.91 57.15 57.04 57.43 56.80 55.65 56.15 56.96 56.36 0.51 56.76
TiO, 0.01 0.02 0.08 0.02 0.05 0.00 0.00 0.02 0.04 0.01 0.02 0.02
Al,O4 1.36 1.46 1.34 1.31 1.00 0.91 1.33 1.16 1.27 1.37 0.17 1.25
Cr,03 0.33 0.46 0.51 0.31 0.24 0.12 0.32 0.35 0.40 0.39 0.10 0.34
FeO 5.56 5.25 5.38 5.53 5.29 5.48 5.18 5.40 5.12 5.38 0.14 5.36
MnO 0.15 0.06 0.15 0.15 0.12 0.13 0.03 0.12 0.12 0.15 0.04 0.12
MgO 34.95 35.08 35.19 35.16 35.57 35.70 35.43 35.00 34.98 34.78 0.28 35.18
NiO dla dla dla dla dla dla dla dla dla dla dla dla
CaO 0.77 0.82 0.89 0.74 0.39 0.39 0.36 0.36 0.85 0.89 0.22 0.64
Na,O 0.04 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01
K,0 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 100.29 100.05 100.69 100.25 100.08 99.55 98.31 98.57 99.73 99.34 0.73 99.69

Mo# 91.80 92.25 92.09 91.89 92.30 92.07 92.42 92.03 9241 92.01 0.20 92.13
Cr# 13.93 17.42 20.33 13.73 14.10 8.24 13.97 16.85 17.44 16.08 3.08 15.21
Wo 1.4 1.5 1.7 14 0.7 0.7 0.7 0.7 1.6 1.7 0.4 1.2
En 90.49 90.84 90.57 90.63 91.63 9141 91.81 9141 90.94 90.48 0.47 91.02
Fs 8.1 7.6 7.8 8.0 7.6 7.9 7.5 7.9 7.5 7.9 0.2 7.8

100



Ek Tablo 4.4. Guleman Ofiyoliti manto peridotitlerine ait olivin kristalleri tizerinde gergeklestirilen elektron mikroprob analizleri. Kisaltmalar Tablo 4.5’te verildigi

gibidir.
MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SiO, 40.51 39.59 40.34 39.96  40.34 4031 40.24  40.34 40.94 40.42 40.16 40.01 40.24  40.21 40.32
TiO, 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.03 0.03 0.04 0.00 0.00 0.00 0.00 0.03
Al,O4 0.00 0.00 0.02 0.01 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00
Cr,03 0.02 0.00 0.00 0.00 0.04 0.00 0.07 0.20 0.73 0.00 0.00 0.12 0.00 0.00 0.01
FeO 8.04 8.12 8.30 8.21 7.87 7.90 6.94 7.02 6.42 8.17 8.20 7.32 8.17 8.06 7.28
MnO 0.06 0.09 0.12 0.11 0.13 0.14 0.05 0.07 0.09 0.10 0.11 0.08 0.13 0.10 0.07
MgO 50.31 50.33 50.60 49.96  49.93 50.25 50.92 51.11 51.29 50.04 50.54 50.95 50.16 50.73 51.39
NiO 0.37 0.40 0.40 0.48 0.39 0.43 0.45 0.36 0.33 0.44 0.40 0.34 0.51 0.35 0.45
CaO 0.00 0.00 0.02 0.01 0.01 0.01 0.06 0.04 0.02 0.04 0.00 0.00 0.01 0.00 0.03
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,0O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
TOPLAM 99.31 98.53 99.81 98.74 98.74 99.05 98.73 99.17 99.83 99.27 99.40 98.80 99.24 99.45 99.57
Fo 91.8 91.7 91.6 91.6 91.9 91.9 92.9 92.8 93.4 91.6 91.7 92.5 91.6 91.8 92.6
MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10 MG10
16 17 18 19 20 21 22 23 24 25 26 27 c Ort.
SiO, 40.38 40.35 40.30 40.57 40.64 39.86 40.17 40.28 40.33 40.25  40.15 39.90 0.26 40.26
TiO, 0.01 0.02 0.00 0.07 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.02 0.01
Al,O4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.01 0.00
Cr,0; 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.05
FeO 8.36 8.13 8.02 8.47 8.05 7.96 8.49 8.38 7.92 8.10 8.09 7.95 0.49 7.92
MnO 0.13 0.07 0.15 0.07 0.06 0.08 0.08 0.07 0.15 0.15 0.04 0.14 0.03 0.10
MgO 50.41 50.03 50.68 50.40 50.04 50.50 50.55 50.37 50.52 50.34 50.13 50.63 0.38 50.48
NiO 0.34 0.35 0.40 0.44 0.39 0.41 0.46 0.39 0.48 0.38 0.36 0.37 0.05 0.40
CaO 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.01
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
TOPLAM 99.65 98.95 99.55 100.02 99.21 98.81 99.74 99.49 99.42 99.22 98.83 99.02 0.39 99.24
Fo 91.5 91.6 91.8 91.4 91.7 91.9 91.4 91.5 91.9 91.7 91.7 91.9 0.5 91.9
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Ek Tablo 4.4’tin devami

MG1l1 MG11 MG1l1 MG11 MGI11 MG1l1 MG11 MG1l1 MG11 MGI11 MG1l1 MG11 MG11 MG11

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 40.23 40.40 39.97 40.25 40.59 40.44 40.79 39.86 40.80 40.68 40.36 40.32 40.70 40.17
TiO, 0.00 0.00 0.05 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.00
Al,O4 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.00 0.00 0.01 0.00
Cr,04 0.00 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.04 0.02 0.03 0.01 0.02
FeO 7.69 7.64 7.09 7.83 7.95 8.07 7.87 8.01 7.76 7.58 8.02 8.11 7.97 8.10
MnO 0.13 0.12 0.15 0.05 0.07 0.09 0.10 0.14 0.11 0.10 0.10 0.09 0.13 0.10
MgO 50.69 50.73 51.74 50.83 50.53 51.11 50.67 50.30 49.49 50.77 50.48 50.51 50.29 50.59
NiO 0.31 0.36 0.41 0.37 0.51 0.42 0.42 0.30 0.42 0.37 0.32 0.31 0.40 0.42
CaO 0.01 0.01 0.01 0.04 0.05 0.04 0.00 0.06 0.02 0.00 0.04 0.03 0.03 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.06 99.26 9943  99.37  99.71 100.19 99.87  98.68  98.61 9956 99.33 9942 9955 9941

Fo 92.2 92.2 92.9 92.0 91.9 91.9 92.0 91.8 91.9 92.3 91.8 91.7 91.8 91.8

MG1l1 MG11 MG1l1 MG11 MG11 MG1l1 MG11 MG1l1 MG11

15 16 17 18 19 20 21 G Ort.
SiO, 40.35 40.62 40.40 40.65 40.33 40.34 40.43 0.24 40.41
TiO, 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.01 0.01
Al,O4 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.00
Cr,04 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
FeO 8.19 7.74 7.81 7.56 7.97 8.09 8.33 0.27 7.88
MnO 0.10 0.15 0.07 0.06 0.08 0.08 0.04 0.03 0.10
MgO 50.57 50.20 50.29 51.22 50.42 50.84 50.06 0.44 50.59
NiO 0.39 0.45 0.34 0.36 0.35 0.36 0.39 0.05 0.38
CaO 0.02 0.01 0.04 0.01 0.00 0.00 0.01 0.02 0.02
Na,O dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla

TOPLAM 99.63 99.18 9898 99.86 99.14  99.73  99.29 0.37 99.39

Fo 91.7 92.0 92.0 92.4 91.9 91.8 91.5 92.0 0.3
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Ek Tablo 4.4’tin devami

MG12 MG12 MG12 MG12 MG12 MG1l2 MG12 MG12 MG12

1 2 3 4 5 6 7 G Ort.
SiO, 39.91 40.03 39.92 40.43 39.73 39.82 39.54 0.26 39.91
TiO, 0.02 0.00 0.00 0.03 0.00 0.00 0.01 0.01 0.01
Al,O4 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.01
Cr,04 0.00 0.01 0.00 0.00 0.02 0.02 0.00 0.01 0.01
FeO 8.93 8.87 8.98 8.79 8.81 9.01 8.84 0.08 8.89
MnO 0.14 0.17 0.11 0.16 0.09 0.11 0.15 0.03 0.13
MgO 49.99 49.66 49.76 48.98 49.80 49.47 50.16 0.35 49.69
NiO 0.36 0.41 0.36 0.41 0.41 0.46 0.35 0.04 0.39
CaO 0.00 0.01 0.00 0.01 0.00 0.03 0.01 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla

TOPLAM 99.34 99.14 99.13 9881 98.85 9891  99.10 0.18  99.04

Fo 90.9 90.9 90.8 90.9 91.0 90.7 91.0 0.1 90.9
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Ek Tablo 4.4’tin devami

MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SiO, 40.11 39.94 39.95 40.13 40.41 40.31 40.73 40.48 40.14 40.19 39.87 40.45 40.58 40.81 40.36
TiO, 0.00 0.01 0.00 0.01 0.00 0.04 0.02 0.02 0.00 0.04 0.00 0.06 0.00 0.03 0.00
Al,O4 0.03 0.02 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.02 0.02 0.00 0.00 0.00
Cr,04 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 0.02 0.00
FeO 8.55 8.57 8.26 8.28 8.35 8.23 8.31 8.56 8.16 8.23 8.37 8.21 8.64 8.37 8.79
MnO 0.06 0.11 0.12 0.10 0.13 0.11 0.10 0.16 0.06 0.08 0.12 0.07 0.16 0.11 0.12
MgO 49.46 49.73 49.98 49.08 49.98 50.43 49.94 50.20 49.55 49.71 49.59 49.75 49.80 50.53 50.41
NiO 0.36 0.47 0.39 0.40 0.40 0.31 0.37 0.41 0.57 0.43 0.33 0.43 0.40 0.40 0.35
CaO 0.00 0.00 0.01 0.06 0.01 0.02 0.02 0.01 0.03 0.00 0.00 0.00 0.02 0.00 0.00
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 98.57 98.85 98.71 98.06 99.28 9945 9950 99.84 9851 98.69 9831 99.00 99.60 100.26 100.02

Fo 91.2 91.2 91.5 91.3 91.4 91.6 91.5 91.3 91.5 91.5 91.3 91.5 91.1 91.5 91.1

MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG20 MG?20

16 17 18 19 20 21 22 23 24 25 26 27 c Ort.
SiO, 39.95 40.60 40.39 40.14 41.01 40.91 40.32 39.85 40.27 40.38 39.94 40.26 0.31 40.31
TiO, 0.00 0.01 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.04 0.02 0.01
Al,O4 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.03 0.00 0.03 0.02 0.00 0.01 0.01
Cr,04 0.00 0.02 0.00 0.00 0.10 0.08 0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.01
FeO 8.87 8.42 8.30 7.78 7.01 7.18 8.65 8.26 8.63 8.22 8.30 8.69 0.41 8.30
MnO 0.12 0.10 0.13 0.05 0.11 0.06 0.12 0.11 0.07 0.13 0.15 0.11 0.03 0.11
MgO 49.44 49.91 50.29 50.78 51.05 50.80 49.92 50.42 49.79 50.15 50.67 50.32 0.47 50.06
NiO 0.18 0.35 0.35 0.36 0.37 0.41 0.44 0.43 0.44 0.48 0.37 0.51 0.07 0.40
CaO 0.01 0.00 0.03 0.01 0.02 0.01 0.00 0.03 0.00 0.00 0.00 0.02 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 98.57  99.40  99.52 99.12 99.67 9945 9946  99.13  99.22 99.40 99.44  99.96 0.53  99.22

Fo 90.8 91.4 91.5 92.1 92.8 92.7 91.1 91.6 91.1 91.6 91.6 91.2 0.4 91.5
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Ek Tablo 4.4’tin devami

MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG26 MG 26

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 40.77 40.40 40.40 40.56 40.64 40.60 40.90 40.30 40.24 40.88 40.67 40.40 40.34 40.31
TiO, 0.01 0.00 0.01 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.04 0.00 0.00
Al,O4 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00
Cr,04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
FeO 7.49 7.52 7.54 7.53 7.31 7.38 7.69 7.74 7.39 7.48 7.42 7.53 7.69 7.68
MnO 0.06 0.12 0.12 0.09 0.04 0.10 0.11 0.07 0.09 0.07 0.12 0.03 0.15 0.10
MgO 50.93 51.09 50.96 51.06 50.69 50.92 50.74 50.74 50.93 50.91 51.46 51.04 50.66 51.30
NiO 0.39 0.43 0.43 0.35 0.42 0.37 0.41 0.35 0.49 0.46 0.51 0.39 0.36 0.46
CaO 0.02 0.02 0.02 0.02 0.00 0.01 0.00 0.00 0.04 0.04 0.00 0.00 0.02 0.01
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.67 9959 9949  99.62 9910 9936 99.86 99.20 99.18 99.83 100.17 99.43  99.22  99.86

Fo 92.4 92.4 92.3 92.4 92.5 92.5 92.2 92.1 92.5 92.4 92.5 92.4 92.2 92.2

MG26 MG26 MG26 MG 26

15 16 G Ort.
SiO, 40.28 39.93 0.25 40.48
TiO, 0.00 0.00 0.01 0.01
Al,O3 0.01 0.00 0.01 0.00
Cr,03 0.00 0.00 0.00 0.00
FeO 7.65 7.35 0.13 7.52
MnO 0.11 0.08 0.03 0.09
MgO 50.82 51.34 0.23 50.97
NiO 0.41 0.39 0.05 0.41
CaO 0.00 0.00 0.01 0.01
Na,O dla dla dla dla
K,O dla dla dla dla

TOPLAM 99.29  99.09 0.31 99.50

Fo 92.2 92.6 0.1 92.3
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Ek Tablo 4.4’tin devami

MG 27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG 27

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 39.97 40.38 39.88 39.88 40.58 40.89 40.07 39.71 40.88 39.67 40.67 40.14 40.61 40.59
TiO, 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00
Al,O4 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.00
Cr,04 0.00 0.02 0.00 0.01 0.00 0.01 0.00 0.02 0.03 0.00 0.00 0.00 0.04 0.02
FeO 8.13 7.77 7.88 8.16 7.82 7.90 8.03 8.06 7.74 8.12 8.04 7.78 7.68 7.88
MnO 0.12 0.11 0.11 0.04 0.03 0.12 0.10 0.15 0.17 0.19 0.10 0.08 0.12 0.09
MgO 50.77 50.68 50.59 50.04 50.43 50.81 50.98 51.00 50.54 50.42 50.86 50.79 51.30 50.67
NiO 0.34 0.40 0.40 0.45 0.42 0.38 0.39 0.42 0.44 0.41 0.40 0.36 0.37 0.38
CaO 0.01 0.03 0.02 0.05 0.02 0.00 0.00 0.00 0.04 0.04 0.00 0.03 0.00 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.40  99.42 98.90 98.62 99.29 100.11 9956 99.38  99.84  98.84 100.09 99.16 100.12  99.65

Fo 91.8 92.1 92.0 91.6 92.0 92.0 91.9 91.9 92.1 91.7 91.9 92.1 92.2 92.0

MG 27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG27 MG?27

15 16 17 18 19 20 21 22 G Ort.
SiO, 40.05 40.71 40.22 40.76 40.92 40.71 40.55 40.77 0.40 40.39
TiO, 0.03 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Al,O4 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Cr,04 0.00 0.05 0.00 0.00 0.04 0.00 0.00 0.01 0.02 0.01
FeO 7.51 7.08 8.06 7.96 7.25 7.96 8.02 7.51 0.28 7.83
MnO 0.06 0.07 0.07 0.08 0.10 0.03 0.11 0.03 0.04 0.09
MgO 50.86 50.72 50.50 50.18 51.28 50.03 50.98 50.97 0.34 50.70
NiO 0.45 0.40 0.39 0.31 0.45 0.36 0.41 0.43 0.04 0.40
CaO 0.00 0.00 0.01 0.03 0.00 0.03 0.00 0.00 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla

TOPLAM 98.97  99.03  99.28  99.33 100.03  99.12 100.07  99.71 0.44  99.45

Fo 92.3 92.7 91.8 91.8 92.7 91.8 91.9 92.4 0.3 92.0
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Ek Tablo 4.4’tin devami

MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG29 MG?29

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 40.02 40.37 40.46 40.22 40.56 40.58 40.74 40.49 40.72 40.04 41.04 40.68 40.54 40.73
TiO, 0.00 0.04 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al,O4 0.00 0.00 0.00 0.01 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Cr,04 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 7.73 8.05 8.06 7.73 7.85 8.16 8.12 7.76 7.99 7.59 7.87 7.92 8.03 7.98
MnO 0.06 0.12 0.07 0.07 0.10 0.13 0.08 0.14 0.15 0.10 0.05 0.14 0.09 0.13
MgO 51.02 50.75 51.00 50.67 50.80 50.58 51.25 50.51 50.66 50.93 50.82 50.65 50.05 50.87
NiO 0.37 0.34 0.35 0.46 0.50 0.27 0.36 0.35 0.33 0.31 0.35 0.31 0.43 0.36
CaO 0.01 0.03 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.03 0.00
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.21  99.71 99.98 99.18 99.83 99.75 10056 99.25 99.85 9897 100.15 99.70  99.17 100.07

Fo 92.2 91.8 91.8 92.1 92.0 91.7 91.8 92.1 91.9 92.3 92.0 91.9 91.7 91.9

MG29 MG29 MG29 MG?29

15 16 G Ort.
SiO, 40.39 40.67 0.26 40.51
TiO, 0.03 0.02 0.01 0.01
Al,O3 0.01 0.03 0.01 0.01
Cr,03 0.00 0.00 0.01 0.00
FeO 8.00 7.57 0.18 7.90
MnO 0.13 0.11 0.03 0.10
MgO 50.61 51.24 0.28 50.77
NiO 0.36 0.43 0.06 0.37
CaO 0.00 0.01 0.01 0.01
Na,O dla dla dla dla
K,O dla dla dla dla

TOPLAM 99.53 100.07 043  99.69

Fo 91.9 92.3 0.2 92.0
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Ek Tablo 4.4’tin devami

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32

1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 40.46 40.24 40.50 40.46 39.90 40.47 39.98 40.16 39.92 40.22 40.54 40.65 40.46 40.70
TiO, 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.05 0.04 0.06 0.00 0.01 0.02
Al,O4 0.00 0.00 0.01 0.03 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Cr,04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 0.00 0.02 0.00 0.02
FeO 8.00 8.14 8.06 7.95 8.12 7.92 8.04 8.05 8.45 7.92 8.03 8.32 7.82 7.99
MnO 0.07 0.13 0.10 0.04 0.04 0.12 0.03 0.09 0.12 0.09 0.13 0.13 0.13 0.08
MgO 50.70 50.77 51.00 50.94 50.98 51.02 51.15 50.93 51.24 50.74 50.41 50.90 50.94 51.15
NiO 0.36 0.32 0.42 0.47 0.36 0.32 0.42 0.34 0.39 0.42 0.36 0.41 0.44 0.32
CaO 0.03 0.01 0.03 0.03 0.01 0.01 0.00 0.00 0.02 0.01 0.02 0.01 0.01 0.04
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.62 99.62 100.10 99.94 9941 9987 99.66 99.60 100.18 9945 9955 100.44  99.81 100.32

Fo 91.9 91.7 91.9 92.0 91.8 92.0 91.9 91.8 91.5 91.9 91.8 91.6 92.1 91.9

MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32 MG32

15 16 17 18 19 20 21 G Ort.
SiO, 40.44 40.69 40.35 40.17 40.30 40.11 40.50 0.23 40.34
TiO, 0.04 0.00 0.03 0.02 0.03 0.01 0.03 0.02 0.02
Al,O4 0.00 0.00 0.01 0.00 0.03 0.02 0.02 0.01 0.01
Cr,04 0.02 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.01
FeO 7.98 8.08 8.02 7.98 8.17 7.67 8.23 0.16 8.04
MnO 0.11 0.11 0.09 0.13 0.14 0.10 0.11 0.03 0.10
MgO 50.54 51.05 50.47 50.69 50.99 50.96 51.32 0.23 50.90
NiO 0.35 0.38 0.49 0.38 0.37 0.40 0.31 0.05 0.38
CaO 0.00 0.00 0.02 0.00 0.02 0.02 0.02 0.01 0.01
Na,O dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla

TOPLAM 99.47 100.30  99.49  99.37 100.04 99.29 100.55 0.37 99.81

Fo 91.9 91.8 91.8 91.9 91.8 92.2 91.7 0.1 91.9
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Ek Tablo 4.4’tin devami

MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG 36

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
SiO, 40.23 39.86 40.06 40.28 40.42 40.35 40.30 40.23 40.08 39.99 39.94 40.20 40.30 40.28 39.77
TiO, 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.01 0.02 0.01 0.00 0.00 0.00
Al,O4 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.02 0.00 0.00 0.00 0.01 0.01 0.00 0.00
Cr,04 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.08 0.00 0.00 0.00
FeO 8.13 8.02 7.98 8.16 8.19 7.74 8.12 8.06 7.71 7.89 7.92 7.47 7.99 7.85 8.20
MnO 0.04 0.08 0.13 0.04 0.16 0.14 0.06 0.12 0.06 0.10 0.08 0.12 0.12 0.10 0.11
MgO 51.00 50.47 51.45 50.95 50.92 50.81 51.17 50.51 50.55 50.35 50.27 52.10 50.78 50.72 50.97
NiO 0.41 0.34 0.43 0.46 0.38 0.44 0.39 0.47 0.38 0.41 0.41 0.39 0.41 0.38 0.43
CaO 0.03 0.02 0.03 0.05 0.03 0.01 0.05 0.00 0.02 0.00 0.03 0.00 0.00 0.00 0.03
Na,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla
K,O dla dla dla dla dla dla dla dla dla dla dla dla dla dla dla

TOPLAM 99.84 98,81 100.06  99.93 100.10 99.51 100.32 99.44  98.81 98.74  98.66 100.38 99.60  99.32 99.51

Fo 91.8 91.8 92.0 91.8 91.7 92.1 91.8 91.8 92.1 91.9 91.9 92.6 91.9 92.0 91.7

MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG36 MG 36

16 17 18 19 20 21 22 23 24 25 26 27 c Ort.
SiO, 40.22 40.53 40.79 40.44 40.13 40.37 40.53 40.80 40.18 41.15 41.06 41.00 0.35 40.35
TiO, 0.04 0.00 0.02 0.01 0.02 0.00 0.00 0.04 0.00 0.02 0.00 0.00 0.01 0.01
Al,O4 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.04 0.01
Cr,04 0.00 0.00 0.23 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.01 0.00 0.05 0.02
FeO 7.81 7.72 6.98 7.95 7.75 7.88 8.26 8.02 7.88 7.85 8.07 7.69 0.26 7.90
MnO 0.09 0.13 0.11 0.11 0.13 0.05 0.08 0.09 0.14 0.11 0.11 0.11 0.03 0.10
MgO 50.78 50.96 51.38 50.59 50.86 49.78 50.51 50.23 50.04 50.99 50.73 50.95 0.45 50.77
NiO 0.38 0.42 0.44 0.33 0.42 0.37 0.45 0.38 0.38 0.03 0.40
CaO 0.03 0.00 0.02 0.00 0.02 0.02 0.01 0.01 0.01 0.02 0.04 0.00 0.01 0.02
Na,O dla dla dla dla dla dla dla dla dla dla dla dla bdl bdl
K,O dla dla dla dla dla dla dla dla dla dla dla dla bdl bdl

TOPLAM 99.34  99.76  99.97 99.42 9933 9849 99.83 99.60 98.63 100.16 100.05  99.76 0.54  99.53

Fo 92.1 92.2 92.9 91.9 92.1 91.8 91.6 91.8 91.9 92.0 91.8 92.2 0.3 92.0
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