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OZET

Harmancik (KB-Tiirkiye, Bursa) yoresi ultramafik kayaglarinin ana oksit ve iz element
degerleri incelenerek, Tetis Okyanusunun kalintilar1 oldugu disiliniilen bu kayaclarin
olusumlar1 hakkinda sonuglar ¢ikartilmigtir. Caligma alanindaki ultramafik kayaclarin MgO
degerleri Si0,, Al,Os3, CaO, V, Sc, Yb ve Lu ile negatif korelasyon gostermistir. Al,O3 ve
CaO degerleri 0.75 — 2.21 arasindadir ve klinopiroksen igerigindeki azalmaya paralel olarak
azalma gosterirler. Olivin igerikleri Fopg9y — Fogpg, arasindadir ve kimyasal zonlanma
gostermez. NiO igerikleri %0.27 ila 0.53 arasinda degisir ve MnO igerikleri % 0.20’ye
ulagmaktadir bu degerler manto olivinleri degerleriyle benzerlik gosterir.

Ortopiroksenler yiiksek Mg-numarasina (0.89 — 0.92) sahiptirler ve ince ayrilim
lamelleri seklinde klinopiroksen igermektedirler. Ortopiroksenlerin bilesimleri Engs.o; Woo.s
ve Fsg ) arasindadir ve diisiik CaO igeriklerine sahiptirler. Al,O3 igerikleri 1.47 ila 4.95
arasinda degisen genis bir dagilim gostermektedir. Mg- numaras1 degerleri 0.90 ile 0.95
arasinda degisen klinopiroksenlerin Al,O3 igerikleri %1.88 — 6.09 arasindadir ve Cr,0Os;
icerikleri %0.45 — 1.27 arasinda degismektedir. Klinopiroksenler ayrica %0.17°ye kadar
ulagsan TiO, ve %0.64’e kadar ulasan Na,O degerlerine sahiptir. Spineller genelde Al’ca
zengindir ve Cr-numarasi degerleri 0.18 — 0.56, Mg-numaras1 degerleri ise 0.5 — 0.79 arasinda
degismektedir. Spinellerin Mg- numaras1 degerleri genellikle klinopiroksence zengin
harzburjitlerde, tiiketilmis harzburjitlere kiyasla daha yiiksektir ve Cr-numarasi ile ters bir
dagilim gostermektedir. Tiim kaya¢ MgO ve V igerikleri ve mineral kimyasi 6zellikleri bu
yorede olusan kayaglarin %5-25 arasinda degisen kismi ergime derecelerine sahip olduklarini
gostermektedir. Klinopiroksenlerce zengin drnekler bu minerallerce fakir olanlara nazaran
yiiksek Nadir Toprak Element (NTE) iceriklerine sahiptir ve kondrite gére normallestirilmis
ornekler azalan bir dagilim sergilemektedir. Calisma alan1 yakinlarinda ekonomik degere
sahip kromit yataklarinin bulunmamasi ve kayaclarin mineral kimyasi karakteristikleri
Harmancik yoresi ultramafik kayaclarinin abisal peridotitlere benzerlik gosterdigi sonucuna
varilmistir. Bu kayaclarin olusumlar1 incelenir ve yitim tip peridotitleri olduklari kabul
edilirse, s6z konusu kayaclarin ergiyik kayac etkilesiminden ¢ok fazla etkilenmedigi

goriilmektedir.

Anahtar Kelimeler: Kuzeybati Tiirkiye, Harmancik (Bursa), Harzburjit, Yitim tip
peridotitler, Kismi ergime derecesi.



SUMMARY

Mineralogical and Petrographical Investigation of Peridotitic Rocks From Harmancik
Area (NW-TURKEY, Bursa)

Whole rock major and trace element abundances and mineral phases of rock samples
from Harmancik, NW-Turkey are investigated to understand the formation of the ultramafic
rocks which are supposed to be remnants of lithosphere of Neotethys Ocean. MgO
concentrations correlated negatively with SiO,, Al,O3, CaO, V, Sc, Yb and Lu. Al,O; and
CaO abundances are between 0.75-2.21 and 0.01-2.31 wt%, respectively and increase with the
increasing of clinopyroxene abundances. Olivine compositions range from Fog gy to Fog ¢, and
show no chemical zoning. NiO contents vary between 0.27 and 0.53 wt.%, and MnO contents
reach up to 0.20 wt.%, indicating compositions similar to mantle olivine. Orthopyroxene has
high Mg-number (0.89-0.92) and contains thin exsolution lamellae of clinopyroxene in some
cases. Composition range between Engs 91 Wog s and Fsg ;;, with low content of CaO (0.23—
2.65 wt.%). Al,O; concentrations show a wide variation between 1.47 and 4.95 wt.%. The
Al,O3 contents in clinopyroxene vary between 1.88 and 6.09 wt.% and Cr,Os; contents
between 0.45 and 1.27 wt.% with a Mg-numbers comprised in the range of 0.90 and 0.95.
They also contain up to 0.17 wt.% TiO, and 0.64 wt.% Na,O. Spinel grains are generally rich
in Al, with the Cr- and Mg-numbers ranging from 0.18 to 0.56, and 0.5 to 0.79 respectively.
Mg-number of spinel is usually higher in clinopyroxene-rich harzburgite than those of more
depleted harzburgite and inversely correlated with the Cr-number.

Whole rock MgO and V concentrations, as well as mineral chemistry imply that these
rocks formed by different degrees of partial melting (%5-25). The clinopyroxene rich samples
have higher REE abundances than those of clinopyroxene poor ones and all samples are
depleted with respect to chondrite showing convex-downward patterns. Mineral chemistry
and whole rock abundances, as well as lack of abundant chromite deposits in the investigated
area, reflect that ultramafic rocks of Harmancik are similar to the abyssal peridotites and have
not been affected intensively by percolating melt if SSZ origin is considered for the formation

of these rocks.

Key Words: NW-Turkey, Harmancik (Bursa), Harzburgite, Supra Subduction Zone,
Partial Melting
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GENEL BIiLGILER

1.1. Amag

Bu ¢alismada, Bursa Ili’ne baglh Harmancik yéresinde yaklasik 350 km?*’lik yiizeyleme
gosteren Peridotik  kayaclarin  mineralojik ve petrografik yonden incelenmesi
amaclanmistir. Bu amag¢ dogrultusunda arazi ve laboratuar caligmalar1 yapilarak,
kayaclarin s6z konusu 6zellikleri incelenmis olup, kayaclarin kokeni ve olusum siireclerine

yonelik bulgular ortaya koyulmustur.

Ofiyolitlerin Tanimi ve Tektonostratigrafik Ozellikleri

Ofiyolitler; yesil taslar, ofiyolit toplulugu, ofiyolit birligi veya ofiyolit karmasigi
terimleri seklinde ilk defa Steinman (1927) tarafindan Ligurie (italya)’deki serpantin-
gabro-spilit toplulugunu tanimlamak i¢in kullanilmistir. Bugiinkii “ofiyolit” terimi ve
olusum modellerine uygun olarak, “matfik ve ultramafik kayaglar toplulugu” seklinde
1970’ yillarda Avrupali ve Amerikali jeologlar tarafindan kullanilmistir. Ayrica
ofiyolitlerin sadece bir kaya¢ adi olmadig1 ve jeolojik harita aliminda litolojik bir birim
olarak kabul edilmesi gerektigi sonucuna varilmaistir.

Ofiyolitik bir istif tabandan tavana dogru, asagidaki birimlerden olusur;

Harzburjit ve az oranda dunit ve lerzolitten olugsmus tektonitler

Dunit, verlit, klinopiroksenit, gabro ve tabakali gabrolardan olusan kiimiilatlar
Tabakal1 gabrolar {izerine gelen izotrop gabrolar

Diyabazlardan olusan levha dayk karmasigi

Bazaltik yastik lavlar ve ¢okeller (Sekil 1).

Boudier ve Nicolas (1985) ve Nicolas (1989), calismalarinda, plastik deformasyon
yapilar1 ve gosterdikleri litolojik o6zellikleri dikkate alarak ofiyolitleri, Harzburjit tip
ofiyolitler (HTO) ve Lerzolit tip ofiyolitler (LTO) olmak {izere iki gruba ayirmustir.
Tiirkiye’de ofiyolitler genis bir yayilim gosteriler. Ulkemizde Kuzey kusak, Toros kusagi

ve Giliney kusak olmak iizere ii¢ kusaktan olusan bir ofiyolit yayilimi s6z konusudur



(Akgiil, 1993). Kuzey kusak, Izmir’den baslayip Orhaneli ve Harmancik boyunca devam
ederek, Ankara’ya, oradan da Erzincan’a kadar uzanmaktadir. Bu kusaktaki ofiyolitler
genel ozellikleri itibariyle, mavisist ve yesil sist fasiyeslerinde metamortfize olmus kayaglar
ile kesilmektedir. Toros kusagi; batidan doguya dogru Marmaris, Fethiye, Antalya, Mersin
ve Pozanti-Karsant1 ofiyolitlerini kapsamaktadir. Giiney kusak ofiyolitleri ise, Kizildag,
Kahramanmaras, Goksun-Elbistan, Karanlikdere, Ispendere, Kémiirhan, Guleman, Kogali,
Kulp, Gevas, Cilo (Oraman) ve Karadag ofiyolitlerini kapsamaktadir (Juteau, 1979 ve
Akgiil, 1993). Calismanin konusunu olusturan Harmancik Ultramafik birimi, Kuzey

kusakta yer almaktadir (Sekil 4a).

Supra-Subduction (Yitim Tip)-Ofiyolitier
Pelajik Cokeller

Cu
Andezit, Riyolit Okyanus-Ortasi-Sirti Ofiyolitleri
Bazalt
Pelajik Cokel
u " .
. Ti’'ca zengin Basalt
Gabro, Gabronorit Ferrogabrolar
) Ortopiroksenit Troktolit
Petrolojik_ _ _ O PCE Kinopiroksenit. Verlit, Dunit
Moho }Cr, PGE Tabakali kromititler Cr, Lerzoli, Klinopiroksen
Dunit Harzburjit
Cr Kivrimlanmig kromititler
Yay gerisi  AdaYayl Harzburjit-Dunit ardalanmasi  Okyanus Ortasi
(Back-arc) Magmatizmasi ySlrtl

Deniz Seviyesi

Astenosfer

Sekil 1. Ofiyolit biriminin  genel stratigrafisi ve tektonik ortam iliskisi
(http://www.bgr.bund.de/cln_011/nn_335208/EN.html).



1.3. Onceki Cahsmalar

1.3.1. inceleme Alami ve Yakin Cevresinde Yapilan Cahsmalar

Calisma alanindaki ilk arastirmalar kromititler iizerine yogunlagsmistir (Wijkerslooth,
1941 ve Arni, 1942). Daha sonraki ¢aligsmalarin ana konusu bdlgenin tektonostratigrafisini
belirlemeye yoneliktir.

Kalafatgioglu (1962), yorede yaptig1 c¢alismada incelenen ultramafik kayalarin
Paleozoyik yasli metamorfik kayaclari lizerledigini ortaya koymustur.

Borchert ve Uzkut (1967), incelenen ultramafik kayaclarin temelini metamorfik
kayaglarin olusturdugunu savunmustur.

Ozkogak (1969), Bursa ilinin giiney kesimini kapsayan ¢alismasinda, ofiyolit biriminin
Gec Kretase yash taban igine yerlestigini belirtmis ve bu birimi alt ve iist serilere
ayirmistir.

Lisenbee (1971), Orhaneli bolgesinde yaptig1 ¢alismada, Ust Kretase yasl ultramafik
masifte; diinit, harzburjit, piroksenit, gabro, diyabaz dayklar, serpantinit ve granodiyorit
tiirii kayaclar1 ayirtlamis ve haritalamistir.

Kaya (1972), inceleme alaninda yaptig1 calismada, yoredeki ofiyolitik kayaglarin, Jura
yasli oldugunu savunarak bu kayaclarin temel birimine ait olabilecegine isaret etmistir.

Lisenbee (1972), Orhaneli bdlgesinin kuzeyindeki ve gilineyindeki birimleri
tanimlamistir. Bu bolgenin kuzeyindeki kayaclarin asir1 derecede deforme olmus ve
kismen metamorfizmaya ugramis birimlerden olustugunu ve Triyas yasli taban
kayaclarinin uyumsuz olarak Ust Jura-Alt Kretase yash kiregtaslarn ile iistlendigini
vurgulamastir.

Okay (1985), Tetis Okyanusu’nun kalintilar1 oldugunu belirttigi biiyiik ofiyolit
kiitlelerinin Kuzeybat1 Anadolu’da ¢ok genis alanlar kapladigini ve genel olarak harzburjit
ile diinit tipi peridotitlerden olustugunu belirtmistir.

Emre (1986), daha once Lisenbee (1971, 1972), tarafindan Orhaneli ultramafigi olarak
adlandirilan birligi Orhaneli ofiyoliti olarak yeniden adlandirmistir. Birligin genel olarak
kiimiilat harzburjit, tektonit diinit, serpantinit ve az olarak piroksenit damarlarindan
olustugunu ve Orhaneli ofiyolitinin Ust Kretase-Paleosen araliginda metamorfik birimleri

tizerledigini bildirmistir.



Usiimezsoy (1987), Kuzeybat1 Anadolu’da Triyas ada yay1 yigisim kusaginin oldugunu
belirtmistir. Arastirmaci, bu kusagin daha sonra asindigini ve Geg Tersiyer sonrasi ¢okel
ortii altinda yiizeyleyen ada yay1 yitim kompleksi ve ofiyolit dilimlerinin metamorfik temel
olarak korundugunu belirlemistir.

Orgiin (1993), Orhaneli ofiyolitine ait diinit ve harzburjit drneklerinin iz element
analizleri sonucuna gore bu 6rneklerin tiiketilmis oldugunu belirtmistir.

Okay ve Kelley (1994), Tavsanli ve Orhaneli arasinda yaptigi arastirmada
volkanosedimanter istif olarak belirttikleri ve ofiyolitik melanj olarak degerlendikleri
spilitlesmis bazik volkanik kayaclar, piroklastikler, radyolaryali ¢ortler ve serpantinitler ile
birbiri lizerine itilmis ofiyolitik tektonik dilimlerden olusan bu kayaglari, okyanusal
kabugun iist tabakalarina ait yigisim kompleksi olarak yorumlamistir. Mavi sistler,
peridotit dilimleri, volkanik ve volkano sedimanterlerden olusan bu topluluk Tavsanli zonu
olarak tanimlanmustir.

Yousefi (1998), yaptig1 calismada, ofiyolit toplulugunun bolgede eksik bir ofiyolit
dizilimi o6zelliginde oldugunu belirtmistir. Ayrica jeokimyasal verilere gore ultrabazik
birim asin1 tiiketilmis pirolitik magma {iriini oldugu iizerinde durmus ve kromitlerin de
Alpin tipi podiform yataklanma tipinde olduguna isaret etmistir.

Sherlock vd. (1999), Tavsanl bolgesindeki metamorfik kayacglarin yas tayini iizerine
yogunlastig1r calismasinda, mavi sistlerin yaslarini Ar-Ar ve Rb-Sr metodlariyla Geg
Kretase olarak belirlemistir.

Bacak vd. (2003), Harmancik giineyinde Dagardi bolgesinden alinan harzburjit ve diinit
orneklerinde yapilan analiz sonuglarini degerlendirdigi calismasinda, pirolit alaninda
yogunlagma gosteren harzburjit bilesimindeki kayaglarin manto ergimesinin tipik
kalintilar1 olduklarini belirtmistir.

Robertson vd. (2002), Tiirkiye’deki Geg¢ Kretase ofiyolitlerinin ¢ogunun yitim tipi
ofiyolitleri olduklarini belirtmistir.

Manav vd. (2004), yaptig1 ¢alismada, Asya ve Karpat ofiyolitlerini birbine baglayan
Orhaneli-Harmancik-Tavsanli  ofiyolitlerinin tektonik kokeni {iizerinde durmus ve
bolgedeki ofiyolit biriminin yitimle iligkisini vurgulamistir.

Ozkocak (1969), Orhaneli ve ¢evresinde yaptigi calismalarda temeldeki metamorfikleri
alt ve iist olmak tizere 2’ye ayirmis ve yaslarii Siliiriyen veya Devoniyen olarak vermistir.

Lisenbee (1972), Orhaneli ultrabazik masifi ile lavsonit-glokofan iceren metamorfitlerin

Paleozoyik veya Mesozoyik yasta olduklarini belirtmistir.



Kaya (1972), ultrabaziklerin iizerine Jura yash lavsonit albit sistlerin geldigini
belirtmistir.

Uz (1978), Sindirgi-Akhisar bolgesinde yaptigi calismalarda mavisistleri, yesilsist,
serpantingistler ve ultramafitlerle tektonik kontaklar yaptiklarini vurgulamistir.

Okay (1984), Bat1 Anadolu’daki metamorfik kayaglar “Karakaya Karmasigi, Tavsanl
Zonu ve Afyon Zonu” olmak iizere li¢ kusakta toplamistir. Tavsanli Zonu’nu ise Ovacik ve
Orhaneli birliklerine ayirmistir. Ayrica, Orhaneli birliginin de diizenli bir stratigrafi
gosterdigini ve mavisist metamorfizmasi gecirdigini belirtmistir. Bolgede goriilen yiiksek
basing/diisiik sicaklik metamorfizmasinin Turoniyen-Alt Senoniyen aralifinda gelistigini
vurgulamaistir.

Harris vd. (1994), mavisistlerdeki glokofanlar iizerinde Ar’*/Ar* yas tayini yontemi ile

108+3,7 milyon y1l (Alt Kretase) olarak bulmuslardir.

1.3.2. Diinya Literatiiriinde Ultramafik Kayaclar Uzerine Yapilan Calismalar

Arai vd. (2006), manto tektonitlerinden tiireyen sedimanlardaki spinellerin Cr
igeriklerini degerlendirerek, Umman ofiyolitinin, hizl1 yayilma ekseninde gelistigini, bunu
takiben yitimle iliskili bir zonda ada yay1r magmatizmasindan etkilenmis olabilecegini
savunmusgtur.

Ahmed vd. (2002), Neoproterozoyik ofiyolitik kayaglardaki spinellerin Cr# degerlerinin
yaklasik 80 civarinda oldugunu ve bu kayaglarin mannto kayaglarindan yiiksek dereceli
kismi ergime sonucunda olugsmus olabilecegini ileri siirmiistiir.

Takazawa vd. (2000), ofiyolitik kayaclarin, ana oksit, uyumlu ve uyumsuz element
iceriklerinin, kayaglarin MgO igerikleri ile gostermis olduklar sistematik degisimlerin, bu
peridotik kayaclarin ¢esitli derecelerdeki kismi ergimeler sonucu olusmus kalintilar
olabilecegini vurgulamistir.

Pearce vd. (2000), Giiney Atlantik peridotit kayaclarmin, okyanus sirtindaki kismi
ergimelerin kalintis1 oldugunu, bunlarin daha sonra yay magmatizmasiyla etkilesmesi
sonucu sonraki evrede gecis peridotitleri ve dunitlerinde doniistiiglinii savunmustur.

Kubo (2002), asir1 tiikketilmis peridotik kayaglardan diinitlerin olusum mekanizmasinin
tartisildigl calismasinda, bu olusumun ancak bir yitim zonundaki manto kamasinda
harzburjitlerin kismi ergime neticesinde ortopiroksence fakirlesmeleriyle olusabilecegini

savunmustur.



Zhou vd. (2005), Giiney Tibetteki Luobusa ofiyolitinin harzburjit, klinopiroksen igeren
harzburjit ve dunitlerden olustugunu ve harzburjitler igerisinde dunitik zarflar ile ¢evrili
kromitit olusuklarimin varligini ortaya koyarak, bunlarin OOS peridotitleri ile boninitik
magma etkilesimleri sonucu olustugunu ileri stirmistiir. Calismaya gore, siirekli olarak
devam eden peridotit-ergiyik etkilesimi ise gecis zonu dunitlerini olusturmustur.

Melcher ve Meisel (2004), asir1 tiiketilmis harzburjitlerin bir okyanus havzasinda
kabuk-manto gecis zonu altindaki agsir1 tiiketilmis okyanus alti mantodan tliremis
olduklarin1 savunmuslardir.

Aldanmaz ve Kdopriibast (2006), spinel harzburjit, dunit ve spinel lerzolitlerden olusan
Bat1 Anadolu ofiyolitik kompleksindeki PGE ve iz element sistematikerini degerlendirerek,
bu kayaclarin %5-20 arasinda degisen kismi ergime kalintilar1 oldugunu ve bunlarin bir
yitim zonu ortaminda metasomatize edici 0zellige sahip ergiyik ile etkilesmis olduklarini

belirlemistir.

1.4. Bolgesel Jeoloji

Calisma alani, Bursa ili'nin 58 km giineyinde yer alan Harmancik y&resi i¢inde bulunur
ve 122-d2, i22-a3 paftalarinda yer almaktadir. Bu bolgedeki kayaclar genelde Harmancik
ofiyoliti adiyla bilinmektedir. Cakmak, Akalani, Dutluca, Golciikk ise bu bdlgedeki
yerlesim alanlaridir.

Bolgede olduk¢a yogun bir bitki Ortiisii ve ormanlik alan bulunmakta, bolgenin sert
topografyasi nedeniyle kdy ve daha kiigiik yerlesim birimlerine ulagim stabilize ve orman
yollar ile yapilmaktadir. Soguk ve yagish kis aylar ile sicak ve kurak yaz aylarinin etkin
oldugu bolgede karasal ve denizel iklimin etkileri bir arada goriilebilmektedir. izmir—
Ankara ofiyolitik siitur zonu Pontidleri kuzeyden giineye dogru Anatolidler ve Toridler
olmak {iizere iki parcaya ayirir. Pontidlerin Avrasya kokenli oldugu bilinmektedir (Manav
vd. 2004). Gondwana’dan kopan kitasal bloklar daha sonra giliney Avrasya ile carpisarak
bugiinkii konumuna yakin bir hal almis ve Tetis Okyanusu’nun kapanmasiyla Izmir—
Ankara siituru olusmustur. Bu olusumun yas1 Tersiyer’dir (Manav vd. 2004). Mesozoyik—
Tersiyer siiresince Tetis Okyanusu Pontidlerin altina dogru yitmistir. Kretase siiresince de
riftlesmeye bagli olarak Karadeniz bir yay gerisi baseni olarak olugmustur (Sengér ve

Yilmaz, 1981). Eosen siiresince, Pontidlerin Anatolidler ve Toridler ile ¢arpismasi sonucu,



kuzeyde Anatolidler, giineyde ise Toridler {lizerine genis bir alana sahip ofiyolit birimi

yerlesmistir (Okay ve Tiiysiiz, 1999).
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Sekil 2. Tiirkiye'nin tektonik birlikleri ve inceleme alaninin konumu (Okay
vd.,1996). (@ : Caligma alani).

1.5. Caliyma Alanimin Stratigrafisi

Harmancik bolgesindeki en yaygin kayag¢ grubu ultramafik kayaglardir. Ultramafik
kayaclarin tabaninda Alt Kretase yaslhi metamorfik kayaclar ile bunlara yanal ve diisey
gecisli ve ardalanmali olan kiregtaglar1 yer almaktadir (Okay ve Kelley, 1994). Bu birimler
tizerine peridotitler bindirmeli olarak gelirler. Bu iki birim arasina ise kama seklinde ve
bindirmeli olarak ofiyolitik melanj gelmektedir. Biitiin bu birimlerin {izerine ise Neojen
yash sedimanter kayaclar ve bu sedimanter kayaglar1 6rten aliivyon Ortli uyumsuz olarak

yerlesmistir (Sekil 3).
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Sekil 3. Harmancik yoresi kayag¢ birimlerinin stratigrafik kolon
kesiti [Manav (2004)’den degistirilerek].

1.5.1. Metamorfik Kayaclar
1.5.1.1. Ad, Yayihm Topografik Goriiniim

Bat1 Anadolu’daki metamorfik kayaglar “Karakaya Karmasigi, Tavsanli Zonu ve Afyon

Zonu” olmak flizere li¢ kusakta toplanmistir. Tavsanli Zonu’da Ovacik ve Orhaneli

birliklerine ayrilmistir (Okay vd. 1984).



1.5.1.2. Alt-Ust Simirlar ve Litoloji

Ultramafik birimin iizerine geldigi temel birimi metamorfik kayaclardir. Bu birimin alt
sinir1 belirsizdir. Ancak iistten tektonik bindirmeli olarak ofiyolitik melanj ile sinirhdir.
Neojen yaslt geng ¢okeller ile ortiilidiir. Neojen yasl geng ¢okellerle drtiilen metamorfik
kayaclar, ¢aligma alaninda gozlenen ofiyolitik kayaclardan sonra en genis yayilima sahip
birimdir. Metamorfik birimde deformasyon izleri ve asir1 kirikli bir zon gozlenmektedir.
Deformasyona ugramis bu bolgede, serpantinitsist ve talksistler bulunmaktadir.
Kirectaglari, metamorfik kayaglarla uyumlu olarak bu birim icine yerlesmis sekilde

bulunurlar.

1.5.2. Ofiyolitik Melanj

1.5.2.1. Ad, Yayilim ve Topografik Goriiniim

Calisma alan1 olan Harmancik bolgesinde peridotit masifin tektonik olarak tistledigi
ofiyolitli melanjin ana kayalari, pelajik c¢okeller (cort ve kirectaslarl), bazik kayalar

(doleritler, bazaltlar) ile serpantinit ve talksistlerden olugsmaktadir.

1.5.2.2. Alt-Ust Smirlar ve Litoloji

Bolgede yer alan “Ofiyolitik Melanj” serisinin en 6nemli 6zelligi, bazik volkanik lavlar
ve diyabazlarin, kirmizi-yesil renkli diisiik metamorfizma gecirmis seyllerin, pelajik
cokellerin ve serpantinsistlerin sik¢a karmagsik bir bigimde ardalanmalaridir (Yousefi,
1998). Pelajik ¢okeller inceleme alaninda radyolaritli ¢ortler, kirmizi-yesil renkli killi
seyller ve bunlarla ardalanmali olarak pelajik kirecgtaslar1 ile temsil edilmektedirler.
Serpantinit ve talksistler pelajik ¢okeller arasinda sikca goriiliirler. 25-30 m genislige sahip

olan bu seviyeler fay ve ezilme zonlar1 boyunca artig gostermektedirler (Yousefi, 1997).
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1.5.3. Ofiyolitler

1.5.3.1. Ad, Yayilhim ve Topografik Goriiniim

Ofiyolitler iilkemizde c¢ok genis bir dagilim gostermektedirler. Sengdér ve Yilmaz
(1981), ofiyolit birliklerinin yerlesimini Alpin orojenezi ile iligkilendirmistir. Harmancik
yoresi ultramafik kayaglari, giineydeki Tavsanli ofiyoliti ile benzer &zellikte oldugunu
vurgulamistir. Ayrica séz konusu kayag birlikteliklerinin, Izmir-Ankara siitur zonu
boyunca koparak Neotetis okyanus havzasi icinde yer aldigin1 ve Ust Kretase siiresince
giineyden Menderes Masifi ve kuzeyden Sakarya kitasinin sikistirmasi sonucu, yiiksek
sicaklik-diigiik basing metamorfizmas1 gegirmis metamorfikler ilizerine giiney batidan

kuzeydoguya dogru bindirdigini belirtmistir.

1.5.3.2. Alt-Ust Smirlar ve Litoloji
Harmancik yoresi ofiyolitleri harzburjitlerden olusmaktadir ve metamorfik birim

tarafindan {istlenmistir. Harzburjitler asir1  derecede serpantinlesmis ve tektonik

deformasyonun etkisiyle kirikli bir yap1 kazanmaistir.

1.5.4. Kirectaslari

1.5.4.1. Ad, Yayilhm ve Topografik Goriiniim
Kiregtaglar1 mostralar halinde metamorfik birim icinde sik sik gozlenir. Bu kayaglar

degisen kalinliklarda, gri-mavimsi renklerde olup, yer yer mermerlere dontismiislerdir

(Yousefi, 1998).

1.5.4.2. Alt-Ust Siirlar ve Litoloji

Harmancik-Dursunbey yolu iizerinde bulunan kiregtaglari metamorfik kayalarla diisey

ve yanal gecislidir. Bunlarin iizerine tektonik bindirmeli olarak ofiyolitik melanj ve
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peridotitler gelmektedir. Genelde karakteristik 6zellik olarak gri renk ve kirikli yapi
hakimdir (Yousefi, 1998).

1.5.5. Sedimanter Ortii Kayaclar

1.5.5.1. Ad, Yayilim ve Topografik Goriiniim

Calisma alan1 ve civarinda peridotitler ve metamorfik birimden sonra en sik rastlanan
sedimanter kayaglar, sarimsi renktedirler. Harmancik kuzeyi, dogusu ve giineyinde bu
sedimanter Ortii kayaclarimi gormek miimkiindiir. Yoredeki bu kayaglar metamortfik
birimleri kuzeybati ve giineydogu kesimlerinde oOrter. Neojen yaslt bu Ortii kayaglart

yaklasik 200 km?’lik bir alanda yayilim sunarlar.

1.5.5.2. Alt-Ust Simirlar, Kalinlik, Yas ve Litoloji

Calisma alanindaki sedimanlar tabandan itibaren konglomeralar ve iri taneli kumtasi ile
baslayan seviyelere sahiptir. Kumtagsi seviyeleri yaklasik 20m kalinligindadir ve yer yer
mavisist ve peridotit bilesimindeki cakillart biinyesinde bulundurur (Manav vd. 2004). Bu
seviyeleri daha ince taneli, 30-85m kalinliginda seyl marn ardalanmasi igeren sedimanlar
takip eder. Harmancik yoresindeki ortii sedimanlari direkt olarak Ust Kretase yash
birimlerin iizerine gelmektedir ve bu sedimanlarin en {istiinde 1-5m kalinligindaki litik
tiflerden olusan ve genellikle trakitik kaya¢ parcalarinin yani sira ayrismis piroksen
kristalleri i¢eren birimler gelmektedir (Manav vd. 2004). Sedimanter ortlii kayaglarinin en
iistiinde bulunan bu birimin yasi, Kalafat¢ioglu (1962) tarafindan Pliyosen olarak

verilmisgtir.
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Sekil 4. a: Calisma alaninin Bati Anadolu ofiyolit birlikleri haritasindaki (Uysal vd.,
2007) yeri. b: Inceleme alanmin jeolojik haritast [(Manav (2004)’den
degistirilerek].



2. YAPILAN CALISMALAR

2.1. Materyal ve Yontemler

Calisma amaci dogrultusunda arazi, literatiir arastirmasi, laboratuar ve biiro ¢alismasi
yapilmistir. Arazi calismasi sirasinda s6z konusu bolgeden kayag¢ ornekleri alinmus,
bolgedeki birimler Manav (1995) tarafindan hazirlanmig 1/25.000 6lgekli jeoloji haritasi
kullanilarak yeniden derlenmistir. Literatiir ¢aligmalar1 sirasinda konuyla ilgili diinya
literatiirtinde yapilmis calismalar arastirilmis, laboratuar caligmalari ile mikroskobik
incelemeler ve kimyasal analizler yapilmis, son olarak da biiro ¢alismasi ile arazi, literatiir
ve laboratuar caligmalarindan elde edilen veriler derlenerek tezin yazim islemi

gerceklestirilmistir.

2.1.1. Arazi Calismalari

Arazi calismalarinin biiyiik bir kismin1 érnek alim islemi olusturmaktadir. Inceleme
alan1 igerisinde dagilim gosteren peridotitik kayaclar 6rneklenmistir. Caligma kapsaminda
peridotik kayaclardan miimkiin oldugu kadar ayrismamis kesimlerinden 6rnek alimina
dikkat edilmistir. Alinan kaya¢ orneklerinin yerleri Sekil 4b.’deki jeoloji haritasinda

gosterilmistir.

2.1.2. Laboratuar Calismalari

Mikroskobik incelemelerin yapilarak, mineral igeriklerinin belirlenmesi i¢in kesit
hazirlanmasi, kayaclarin mineral kimyas1 6zelliklerinin tespiti amaciyla yapilan analizler
icin ornek hazirlanmasi, peridotik kayaglarin ana oksit ve iz element ve nadir toprak
element (NTE) iceriklerinin oOlgiilecegi analizler i¢in ornek hazirlanmasi, bu tezin

laboratuar ¢alismalar1 kismini olusturur.
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2.1.2.1. Mikroskobik incelemeler

Araziden toplanan kaya¢ Orneklerinin mineral igeriginin belirlenmesine yonelik
mikroskobik incelemeler yapmak {izere ince kesitler hazirlanmistir. Bunun igin ilk olarak
kaya¢ orneklerinden alinan yaklasik olarak 0.5 x 2 x 4 cm boyutlarindaki dikdortgen
prizma seklinde parcaciklar1 0.1 x 2.5 x 5 cm boyutlarindaki cama yapistirilarak ince
kesitler hazirlanmistir. Bu pargaciklarin cama yapisacak yiizeyleri piirlizsiiz hale getirilip
araldit ile yapistirma islemi gergeklestirilmistir. Cama yapistirilan pargalar agindirict tozlar
kullanilarak 0.025 mm kalinligina kadar inceltilmis ve 6rnekler mikroskobik incelemeler

i¢cin hazir hale getirilmistir.

2.1.2.2. Kimyasal Analizler

Tiim kaya¢ ve mineral kimyasin1 belirlemek tizere iki farkli kimyasal analiz yontemi

kullanilmustir.

2.1.2.2.1. Tiim Kayac¢ Analizleri

Kayag ornekleri iizerinde ana oksit, iz element ve nadir toprak element (NTE) analizleri

gerceklestirilmistir.

2.1.2.2.1.1. Ana Oksit ve iz Element Analizleri

Araziden alinan kayag 6rnekleri ¢eneli kiric1 yardimiyla 1 cm’den daha kiiglik parcalara
ayrilmis daha sonra halkali ogiitiiciiler kullanilarak Orneklerin toz haline gelmesi
saglanmistir. Her bir 6rnek i¢in yapilan islemlerden oOnce aletsel kirlenmeyi Onlemek
amaciyla ugucu sivilar kullanilarak, kirici ve ogitiiciiler temizlenmis, kirlenme yok
edilmeye ¢aligilmistir.

110 °C deki firinda 12 saat boyunca kurumaya birakilan o6giitiilmiis 6rnekler ana
oksitlerin Olctlilecegi cam tablalar1 hazirlamak i¢in kullanilmistir. Homojen bir cam tabla

olusturmak i¢in 4000 mg (1:10) lityumtetraborat, 6gltiilmiis kuru 6rnekten 400 mg ile cam
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cubuk yardimiyla karistirilmig ve ardindan platin bilesimli kaplar i¢inde 1sitilarak erimesi
saglanmistir. Eriyen 6rneklerin ani sogumasini dnlemek i¢in daha 6nceden 1sitilmis baska
bir kap icinde sogumasi beklenmis, ancak bu sogutma iglemi sirasinda herhangi bir
cokelme olmamas1 ve 6rnegin homojen kalmasi i¢in kap ¢alkalanmistir.

Ana oksitlerin 6l¢limii i¢in yapilan kurutma islemi ayni sekilde iz element analizleri i¢in
hazirlanacak sikistirllmig toz tablalar i¢in de uygulanmistir. 6g” lik toz ornekler 1g
tutturucu (Hochts Wachs C) ile karistirilarak aluminyum kaliplar i¢ine koyularak hidrolik
kollar yardimiyla sikistirilmistir. Daha sonra tabla haline gelen 6rnekler ICP-MS cihaziyla

ACME laboratuarlarinda analiz edilmistir.

2.1.2.2.1.2. Nadir Toprak Element Analizleri

Ana oksit ve analizleri i¢in yapilan Ornek hazirlama islemleri nadir toprak element
analizleri i¢inde ayni sekilde uygulanmistir. Bu islemlere ek olarak 6rnek dane boyutu 177
um olacak sekilde tekrar bir 6glitme islemi yapilmistir. H,O, HCI ve derisik HNO; igerikli
bir karisimda ylizdiiriilmek tizere 1g’lik 6rnekler ¢ozelti kabina koyulmustur. Elde edilen
cozelti yaklasik 90°C sicakligindaki su iginde 50-60 dakika bekletilmis ve su ile 20:1
oraninda seyreltilerek Ornekler nadir toprak element icerikleri Avusturya Leoben

Universitesi’nde ICP-MS ile belirlenmistir.

2.1.2.2.1.3. Ateste Kaybin Hesaplanmasi

Kayag¢ orneklerinin igerdigi ugucu ve nem miktarim1 belirlemek igin yapilan ateste
kaybin hesaplanmasi iglemi icin analizi yapilmis toz 6rneklerin bir miktar1 kullanilmistir.
Ornekler yaklasik 12 saat siiresince 110 °C ye kadar 1sitilmig firmlarda bekletilmistir.
Kurutulan 6rneklerden yaklasik 2g (S) alinarak ateste kaybin (Ak) hesaplanmasi i¢in 900
°C’> de 120 dakika siiresince bekletilmistir. Bu siire sonunda firindan alinan ornekler bir
miktar sogumaya birakildiktan sonra tartilmis (S;) ve [ S — S; = Ak ] formiiliiyle ateste

kayiplar hesaplanmistir.

2.1.2.2.2. Mineral Kimyas1 Analizleri
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Peridotit orneklerine ait minerallerin kimyasal igeriklerinin tayini i¢in, Hamburg
Universitesi, Mineraloji ve Petrografi Enstitiisi'nde CAMECA-SX100 marka elektron
mikroprob aleti kullanilmistir. Mineral analizleri yapilacak olan peridotit 6rneklerine ait
parlatilmis ince kesitler oncelikli olarak polarizan mikroskopta incelenerek mineralojik
acidan analiz edilmistir. Mikrokimyasal analizleri yapilmak istenen olivin, ortopiroksen,
klinopiroksen ve krom-spinel minerallerinin koordinatlari mikroskop ortamindan
bilgisayar ortamina aktarilmis ve analiz yapilacak kisimlarin goriintiileri kaydedilmistir.
Son olarak, bu islemlerden gecen her bir 6rnek analiz edilmeden 6nce analiz sirasinda
iletkenligi saglamak ve bazi elementlerin 151n bombardimani sirasinda ortamdan kagmasini
onlemek i¢in karbon kaplama islemine tabi tutulmustur. Ancak karbon kaplama igleminden
once, kesitlerin analiz edilecek ylizeyleri alkol (aseton, ethanol veya iso-propanol) ile iyice
temizlenmistir. Bu islemlerden sonra ornekler analiz edilmek {izere nem barindirmayan
kaplara konularak beklemeye birakilmistir. Analiz edilecek peridotit drnegine ait kesitler
mikroprob aletine yerlestirildikten ve uygun analiz kosullar1 saglandiktan sonra bilgisayar
ortamina kaydedilen koordinatlar ve goriintiiler kullanilarak mineral kimyas1 analizleri
yuriitilmistiir. Peridotitlere ait spinel Olglimleri sirasinda dogal ve sentetik oksitler ve
silikat standartlar kullanilmistir. Aletin ¢alisma sartlart 15 kV ve 20 nA’de sabitlenmistir.
Sayma zamani (counting time) Al, Ni, Ca elementleri i¢in 30 sn, Ti i¢in 20 sn, diger biitiin
elementler i¢in 10 sn olarak belirlenmistir. Peridotit drneklerine ait spinel minerallerinin
Ti 6l¢tim alt sinir limitini diisiirmek i¢in sayma zamani bu element i¢in 100 sn olarak
ayarlanmistir. Elektron 1sininin ¢ap1 (beam size) biitiin silikat analizlerinde 1 pm iken, bazi
kesitlerde ince klinopiroksen ayrilim lamelleri iceren ortopiroksen minerallerin gergek
mineral kimyasini belirleyebilmek i¢in 50 pm olarak diizenlenmistir. Kalibrasyon ig¢in
dogal ve sentetik standartlar kullanilmistir. Olgiilen elementlerin oksit bazindaki l¢iim alt
sinir limitleri (% ag.) Si, Al ve K i¢in 0.02, T1 i¢in 0.01, Mg, Ca ve Na i¢in 0.03, Cr ve Fe
icin 0.07, Mn i¢in 0.08 ve Ni i¢in 0.11 olarak belirlenmistir. Spinel minerallerine ait F et

ve Fe®* dagilimlari, mineral formulii (AB,04) kullanilarak hesaplanmistir.
2.1.3. Biiro Calismalan
Arazi ve laboratuar calismalarinda elde edilen biitlin bilgiler biiro ¢alismalar1 ile bir

araya getirilmis, Harmancik yoresindeki peridotik kayaclarin mineralojik, petrografik

Ozellikleri ve olusum ortamlari ile ilgili sonuglar ortaya konulmustur.



3. BULGULAR

3.1. Petrografi

3.1.1. Ultramafik Kayaclarin Petrografisi

Calisilan peridotik kayaglar “tektonit” Ozellikteki harzburjitlerden olusmaktadir.
Cogunlukla serpantinlestigi gozlenen bu kayaclar asir1 deformasyona ugramis ve ezikli,
kirikli yapr sunmaktadirlar. Arazide genel olarak belirli oranda serpantinlesme gosteren
kayagclar, ayrismanin az oldugu lokasyonlarda piroksen kristalleri yiizeysel ayrisma sonucu
belirli dogrultularda réliyef gosterirler.

Calisma alanindan elde edilen ultramafik kaya¢ 6rneklerinin modal mineralojik tayinleri
Swift marka nokta sayim aleti ile yapilmistir. Harmancik bolgesinde bulunan ilgili
ultramafik kayag kiitlesinden 23 adet 6rnek alinmis ve yapilan modal analiz sonuglarina
gore Harmancik yoresinde bulunan ultramafik kayaclarin harzburjitlerden olustugu

saptanmustir (Sekil 5).

Olivinli Vebsterit

Ortopiroksenit Klinopiroksenit

Sekil 5. Harmancik yoresi ultramafik kayaglarinin OI-Opir-Kpir
ticgenindeki (Streckesen, 1976) yerleri.
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3.1.2. Harzburjit

Bolgede yiizeyleyen peridotitlerin “Harmancik-Orhaneli” kisminda yogunlasan kayag
topluluklar1 tektonit harzburjitlerdir. Ultramafik kiitlenin tamamina yakinini olusturan
harzburjitler gecirmis olduklar1 tektonik siire¢ sonucunda ¢ok kirikli, ¢atlakli bir yapiya
sahiptirler. Harzburjitler genelde olivin ve ortopiroksenlerden olusmakla birlikte, cok az bir
kisminda klinopiroksenler goriilmektedir. Bazi harzburjit 6rneklerinin hi¢ klinopiroksen
icermedigi gézlenmistir. Bu durum asir1 serpantinlesme ile agiklanabilir. Serpantinlesme
sonucu harzburjitik bilesimdeki kayactan Ca’un tamamen ayrilmasi ile klinopiroksen
bilesimi de kayac icinde gozlenemez hale gelmistir. Nokta sayimlart sonucunda
harzburjitlerin modal bilesimlerinin olivin % 52-74, ortopiroksen % 22-45, klinopiroksen

[

% 0-5,5 ve spinel % 1,6-2,5 arasinda degistigi gézlenmistir (Tablo 1).

iy - gk Y
- 1.' ¥
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=

Sekil 6. Harmancik yoresi harzburjitlerinin makroskobik goriiniimii (a: taze kirik yiizeyi, b:
sar1 renkli kisim faylanma sonucu ezilmis ve ayrismis yiizey ve bu yiizeye gore
daha taze oldugu gozlenen koyu renkli harzburjitler).

3.1.3. Serpantinitler

%90-95 aras1 serpantinlesen kayaclar serpantinit olarak adlandirilmislardir. Ikincil
kaya¢ grubu olarak belirlenen serpantinitler aslinda harzburjitlerin ilksel bilesimli
kayaclaridir. Mafik dayklarin ultramafik kayaglar ile olan kontaklarinda bu ultramafik
kayaclarin biitiiniiyle serpantinlestigi goriilmektedir. Serpantiniterde, tali olarak 0.01-0.7

mm boyutlu, % 1-5 arasinda degisen oranlarda spinel gozlenir.
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Sekil 7. Harmancik yoresinde gozlenen serpantinitlerin makroskobik
goruntimu.

Tablo1. Harmancik yoresi ultramafik kayaglarinin modal mineralojik bilesimleri.

Toplam
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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3.2. Mineraloji ve Mineral Kimyasi

3.2.1. Giris

Harmancik yoresi ultramafik kayaglarimin tamamina yakin bir kismini1 harzburjitler
olusturmaktadir. Bu nedenle Harmancik yoresi ultramafik kayaglari sadece harzburjit

baslig1 altinda incelenmistir.

3.2.2. Harzburjitler

Calisma alanindaki harzburjitleri olusturan ana minerallerden olivin, % 52-74.2
arasinda degisen oranlarda bulunur. Olivinin yaninda % 22.2-45.6 arasinda degisen
oranlarda ortopiroksen ve az miktarda klinopiroksen ile birlikte spinel, harzburjitlerin

mineralojik olarak geri kalan bilesimini olusturmaktadirlar.

Sekil 8. Incelenen kayaglarin mikroskobik goriiniimii. a: iri ortopiroksen
kristali igerisinde ayrimlanma lamelleri halinde bulunan
klinopiroksen. b: Kiiciik kristaller halinde dagilim gdsteren olivin
ve spinel mineralleri ve bu minerallerle birlikte gdzlenen orta
derecede serpantinlesmis ortopiroksen kristali. c: Asir1 derecede
serpantinlesmis olivin kristalleri tarafindan ¢evrenen, belirgin
dilinim izlerine sahip az catlakli klinopiroksen kristali. d:
Ugradigi deformasyon sonucu kink-bant yapist gozlenen
ortopiroksen ve 6z sekilsiz spinel kristalleri.
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3.2.2.1. Olivin

Harmancik yoresi harzburjitlerinin ana minerali olan olivinler; kirtklanmis, dane boyutu
kiigiilmiis, 6z sekilsiz ve yar1 6z sekilli kristaller halinde olup, genelde 0,5-1 mm arasinda
degisen boyutlarda, nadir olarak da 2,5-3 mm’lik blytkligli asan kristaller halinde
bulunurlar. Incelenen ince kesitlerin bazilaria olivin kristallerinin ortopiroksenler iginde
kapanimlar halinde gozlenmistir. Ayrica, baz1 kesitlerde ortopiroksenler i¢indeki olivin
kapanimlariin da spinel kapanimlari i¢erdigi belirlenmistir (Sekil 9c¢).

Tektonik siireglerin  etkisi olarak tektonit Ozellikteki harzburjitik kayaclarin
deformasyon izleri tasidig goriilmektedir. Bu kayaclar i¢cinde gézlenen olivin ve piroksen
kristallerinin kiriklt ve ¢atlakli, ayrica dalgali sonme ve deformasyon yoniine paralel

uzama yapilari sunmaktadirlar.

Sekil 9.  Harmancik yoresi harzburjiterinin mikroskobik goriiniimleri. a: Asiri
derecede serpantinlesmeye ugramis olivinler. b: Piroksen
kristallerinin kontaklarinda kiigiik kristaller halinde bulunan olivinler
c: Piroksen ig¢inde kapanim halinde bulunan olivin kristali. d:
Deformasyon sonrasit “kink-bant” yapisi gosteren ortopiroksen
kristali. Olv: Olivin, Opir: Ortopiroksen, Kpir: Klinopiroksen, Spl:
Spinel.
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Calisma alanindan elde edilen harzburjitlerdeki olivinlerin kimyasal bilesimlerinin
degisim araliklar1 Tablo 2’de verilmistir. Veriler incelendiginde olivinlerin Mg’ca zengin
oldugu ve Fo (Forsterit) igeriklerinin 89.4-91.8 arasinda degistigi belirlenmistir. Ayrica
kimyasal formiilleri de (Mg ;81185 Fe 0.17-022)S104 seklindedir.

[ % | ' [ ' | ' [ '
100 f=1m) =1 <0 20 O
% Fo % Fa

Sekil 10. Harmancik yoresi harzburjitlerindeki olivinlerin forsterit-fayalit izomorf
serisindeki yerleri.

Tablo2. Harmancik yoresi harzburjitlerindeki olivinlerin kimyasal degisim araliklari
(a.l.a: Analiz limitlerinin altinda kalan degerler).

Olivin H1 H10A-1 H15-1 H19-1 H21-1
Ort Ort Ort Ort Ort

Sio, 41.18 40.23 41.21 40.20 40.65
TiO, ala 0.01 0.01 ala 0.01
ALO; 0.01 0.01 0.02 0.06 0.01
Cr,0; ala 0.01 0.01 0.01 0.01
FeO 8.34 9.40 8.93 9.67 9.42
MnO 0.14 0.13 0.13 0.14 0.13
NiO 0.42 0.40 0.44 0.39 0.38
MgO 51.42 50.77 51.23 50.38 50.22
CaO 0.01 0.02 0.03 0.04 0.05
Na,O ala ala ala ala ala
K,O ala ala ala ala ala
Toplam 101.51 101.00 102.00 100.90 100.90
Si 0.99 0.98 0.99 0.98 0.99

Ti ala a.la ala ala ala

Al ala ala ala ala ala

Cr ala a.la ala ala ala
Fe** 0.17 0.19 0.18 0.20 0.19
Mn ala ala ala ala a.la
Ni 0.01 0.01 0.01 0.01 0.01
Mg 1.84 1.84 1.83 1.83 1.82
Ca ala ala ala ala ala
Na ala ala ala ala ala

K ala ala ala ala ala
Toplam 3.01 3.02 3.01 3.02 3.01

Mg# 0.92 0.91 0.91 0.90 0.90
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Simkin ve Smith (1970) ve Jurewitz ve Watson (1998)’a gore, olivinlerin Fo
igeriklerine karsilik CaO ve MnO degisimlerinin kuvveli pozitif bir dagilim géstermemesi,
s0z konusu kayaglarin olusumu sirasinda farklilagsmanin etkin olmadigina, ayrica basincin
da olusumu etkileyecek degisimler gostermedigine isaret etmektedir.

Harmancik yoresine ait harzburjitler bu acidan incelendiginde, olivinlerin Fo igerigine
karsilik hazirlanan MnO ve CaO diyagramlarinda da kuvvetli bir pozitif dagilim
gozlenmemektedir. Bu sebeple incelenen harzburjitlerin olusumlar1 sirasinda mineral

farklilagsmasi olayi etkili olmadig1 gibi, basing kosullarinin degisimide etkili olmamustir.

60.10

MnO(%ag)

Cal (% a

95 90 85 95 90 85
100Mg# 100Mg#

Sekil 11: Harmancik yoresi harzburjitlerindeki olivinlerin a: Fo - %MnO ve b: Fo - %
CaO degisim diyagramlari.

3.2.2.2. Ortopiroksen

Oz sekilsiz ve yar1 6z sekilli olarak bulunan ortopiroksenler, olivinden sonra en yaygin
olarak gozlenen mineraldir. Harzburjitlerin yapisinda % 22.2 — 45.6 arasinda degisen
oranlarda bulunmaktadir (Tablo 1).

Ortopiroksen kristallerinin yer yer ayrigarak bastite doniistiigli gozlenmistir (Sekil 12a).
Ortopiroksenlerin  bir ¢ogu, klinopiroksen ayrilim lamelleri icermektedir. Plastik
deformasyona isaret eden bircok dokusal 6zellik bu minerallerde de gézlenmektedir. Sekil
12b’de goriildiigii gibi, dilinim izleri deformasyonun etkisiyle egilmis ve mineralin
biikiilmesi sonucu dalgali sonme 6zelligi agikca gozlenebilmistir. Olivinlerde oldugu gibi

spinellerin de ortopiroksenler i¢cinde kapanimlar halinde bulunmaktadir (Sekil 12a).
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Sekil 12. a: Harmancik yoresi harburjitlerine ait ortopiroksenlerde goriilen spinel
kapanimi ve serpantinlesme, b: Deformasyon sonucu egilmis dilinim
izleri ve biikiilmeden kaynaklanan dalgali sonme, c: Kirikli olivin
kristalleri tarafindan sarlmis, iri ortopiroksen kristallerii d: Kenar

kisimdan itibaren serpantinlesmeye baslayan bir ortopiroksen kristalinin
elektron mikroskop goriintiisii.

Enstatit | Ferrosillit

Mg Fe

Sekil 13. Harmancik yoresi harzburjitlerindeki ortopiroksen minerallerinin Ca -
Mg - Al iiggenindeki yerleri (Morimoto, 1988).
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Ortopiroksenlerin kimyasal bilesimleri En g¢20 - 90,83 VOl 942 — 530 Fs 795 11,10 arasinda
olup, enstatit bilesiminde olduklar1 belirlenmistir (Tablo 3, Sekil 13). Mg# degerleri ise
0,88-0,91 arasindadir. Ortopiroksenlerin % Al,O3 degerlerine karsilik Mg# degerlerinin
belirgin bir yonseme gostermedigi goriilmektedir. Bu sekildeki bir ydnseme,
ortopiroksenlerin kismi ergime sirasinda sabit Mg# igerigine sahip oldugunu ifade eder.
Sekil 14’deki alanlar g6z Oniline alindiginda Harmancik yoresi harzburjitlerine ait

ortopiroksenlerin yiiksek basin¢li olusum ortamlarina isaret ettikleri anlagilmaktadir.

Tablo 3. Harmancik yoresi harzburjitlerindeki ortopiroksen kristallerinin kimyasal
bilesim araliklar1 (O: Ornek sayisi, A: Analiz sayisi, a.l.a: Analiz limitlerinin
altinda kalan degerler).

H21-2 H20-2 H19-2 H16-4 H16-2 H15-2 H10A-2 H1-2-2 H1-2

Opir Ort Ort Ort Ort Ort Ort Ort Ort Ort
SiO, 53.39 54.83 54.43 54.80 54.59 54.36 54.75 54.14 54.93
TiO, 0.04 0.04 0.05 0.04 0.03 0.01 0.02 0.04 0.04
ALO; 4.47 4.10 4.45 2.60 2.47 2.95 3.49 223 222
Cr,0; 0.65 0.67 0.73 0.60 0.65 0.67 0.51 0.70 0.63
FeO 6.01 6.08 6.22 6.05 6.10 6.02 6.28 5.82 5.81
MnO 0.14 0.15 0.14 0.14 0.14 0.15 0.15 0.15 0.14
NiO 0.09 0.09 0.09 0.09 0.10 0.09 0.09 0.10 0.10
MgO 32.49 33.78 32.90 34.28 34.55 33.99 3391 33.75 33.73
CaO 1.03 0.86 1.51 0.72 0.70 0.39 0.83 0.91 0.87
Na,O 0.02 0.02 0.03 0.01 0.01 0.01 0.02 0.03 0.02
K,O ala ala ala 0.01 0.01 0.01 ala 0.01 0.01
Toplam 98.34 100.62 100.55 99.33 99.34 98.64 100.04 97.87 98.50
Si 1.88 1.89 1.88 1.91 1.90 1.91 1.90 1.92 1.93

Ti ala ala ala ala ala ala ala ala ala

Al 0.19 0.17 0.18 0.11 0.10 0.12 0.14 0.09 0.09
Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02
Fe* 0.18 0.17 0.18 0.18 0.18 0.00 0.18 0.17 0.17
Mn ala ala ala ala ala ala ala ala ala
Ni ala ala ala a.la ala a.la a.la a.la ala
Mg 1.71 1.73 1.69 1.78 1.80 1.78 1.75 1.78 1.77
Ca 0.04 0.03 0.06 0.03 0.03 0.01 0.03 0.03 0.03
Na ala ala ala ala ala ala ala ala ala

K ala ala ala a.la ala a.la ala a.la a.la
Toplam 4.02 4.02 4.02 4.03 4.04 4.02 4.03 4.03 4.02
%Wo 2.03 1.63 2.90 1.35 1.31 0.74 1.56 1.74 1.66
%Ens 88.75 89.35 87.79 89.76 89.79 90.29 89.17 89.60 89.67
%Fs 9.21 9.02 9.32 8.89 8.89 8.96 9.26 8.66 8.67
Mg# 091 0.91 0.90 0.91 091 0.91 091 0.91 091

0=9, A=209
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(o]

Tanzanya kompleksindeki
yuksek seviye gabrosu

ALO, (%ag)
N

N

Sekil 14. Harmancik ydresi ultramafik kayaglarina ait ortopiroksen minerallerinin

100Mg# degerine karsilik % Al,Os degisim diyagrami.

Ayrica ortopiroksenlerin % Al,O; degerlerine karsilik spinellerin Cr# diyagrami
incelendiginde kuvvetli bir negatif iliski gozlenmektedir (Sekil 15). Ortopiroksenlerin Al
iceriginde bir artis gdzlenirken, spinelin Cr# degerlerinin ise azaldigr gozlenmistir. Bu
diyagrama gore Harmancik yoresi harzburjitlerinin agirlikli olarak abisal peridotit alanina

diistligii ve asir1 derecede bir tiikketilmeye ugramadigi s6ylenebilir.

6.00
Abisal peridotitler
L
4.00 - u
S [ ]
N
< |
g_
2.00
Yay onu peridotitleri
0

0 020 040 060 0.80 1.00
Spinel Cr#

Sekil 15. Harmancik yoresi harzburjitlerindeki ortopiroksen minerallerinin
% AlLO; iceriklerine karsilik spinellerin  Cr# degerleri
diyagrami. Yay onili peridotitleri alan1 Bonatti ve Michael
(1989), Abisal peridotitler alan1 Parkinson vd., (2003) ve Uysal
vd. (2007) den alinmustir.
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3.2.2.3. Klinopiroksen

Harmancik yoresindeki harzburjitlerinde % 5’den az (Tablo 4) oranda mevcut olup,
siklikla  ortopiroksen kristalleri iginde ayrisma lamelleri seklinde  bulunur.
Klinopiroksenler, harzburjitlerin kokensel gelisimi hakkinda 6nemli bilgiler sunarlar.

Klinopiroksenlerin kimyasal bilesimlerinin degisim araliklar1 Tablo 4’de verilmistir. Bu
veriler Sekil 16’deki CaSi03-MgSi03-FeSi0; licgen diyagraminda diyopsit ve endiyopsit
alanlarina karsilik gelmektedir. Diyopsit ve endiyopsitlerin kimyasal bilesimleri ise En 44s.
623 VO 32.1-495 Fs27_100arasinda degismektedir. Diyopsit bilesimindeki klinopiroksenlerin

Al,Os3 igerikleri % 2.1-6.1 ve Cr,05 igerikleri ise % 0.5-1.3 arasindadir.

diyopsit T hedenberjit
. / casio, \
/ salit demir-salit\ \
%
40 2,
- - %
ojit demir-ojit Q
| %
30 %
/ %
20 / ~/ yari kalsik ojit yari kalsik demir-ojit
‘endiyopsi
demirli
magnezyum orta S
y / pijonit / pijon(i;t \ pijonit \
0 10 20 30 40 50 60 70 80 90 100
MgSiO4 FeSiO4
Klinoenstatit Klinoferrosillit

Sekil 16. Harmancik yoresi harzburjitlerindeki klinopiroksenlerin CaSiO3;-MgSiOs-
FeSiOs licgenindeki (Poldevaart ve Hess, 1951) yerleri.
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Tablo 4. Hamancik yoresi harzburjitlerindeki klinopiroksenlerin kimyasal bilesimleri (O:

Ornek sayisi, A: Analiz sayisi, a.l.a: Analiz limitlerinin altinda kalan degerler).

H21-4 H20-4 H20-1 H19-4 H16-1 H15-4 H10A-4
Kpir Ort Ort Ort Ort Ort Ort Ort
SiO, 51.49 50.56 51.15 50.22 51.88 52.02 51.06
TiO, 0.11 0.12 0.12 0.14 0.09 0.04 0.08
ALO; 5.55 4.67 3.73 4.97 2.53 2.97 3.65
Cr,0; 1.07 1.01 0.93 1.07 0.92 1.08 0.85
FeO 2.86 2.39 2.20 2.55 2.14 1.97 2.42
MnO 0.10 0.08 0.10 0.09 0.08 0.08 0.08
NiO 0.05 0.05 0.05 0.04 0.04 0.05 0.05
MgO 18.02 16.79 17.10 16.68 17.68 17.11 17.79
CaO 20.43 22.61 22.97 22.44 23.64 23.89 22.78
Na,O 0.50 0.44 0.40 0.39 0.29 0.27 0.31
K,O ala ala ala ala ala ala ala
Toplam 100.17 98.72 98.76 98.59 99.30 99.48 99.07
Si 1.86 1.87 1.89 1.86 1.91 1.91 1.88
Ti ala ala ala ala ala ala ala
Al 0.24 0.20 0.16 0.22 0.11 0.13 0.16
Cr 0.03 0.03 0.03 0.03 0.03 0.03 0.02
Fe** 0.09 0.07 0.07 0.08 0.07 0.06 0.07
Mn ala ala ala ala ala ala ala
Ni a.la a.la a.la ala a.la a.la ala
Mg 0.97 0.92 0.94 0.92 0.97 0.93 0.98
Ca 0.79 0.89 0.91 0.89 0.93 0.94 0.90
Na 0.04 0.03 0.03 0.03 0.02 0.02 0.02
K ala a.la a.la ala a.la a.la ala
Toplam 4.02 4.03 4.03 4.03 4.03 4.02 4.04
%Voll 43.1 473 474 47.1 474 48.5 46.1
%Ens 52.2 48.8 49.1 48.7 49.3 483 50.0
%Fs 4.6 3.9 35 42 33 3.1 3.8
Mgt# 0.9 0.9 0.9 0.9 0.9 0.9 0.9
0=17,A=116

Harmancik yoresi harzburjitlerine ait klinopiroksenlerin Mg degerlerinin 0.9’dan yiisek

olmasina karsilik, manto lerzolitlerindeki klinopiroksenlere gore daha diisiik oldugu ve

yiiksek basinga sahip olusum ortamlarinda olustuklar1 goriilmektedir (Sekil 17).
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0 0.8 1.6 24
Cr,0,4 (% ag)

Sekil 17. Harmancik yoresi harzburjitlerindeki klinopiroksenlerin
%Cr,03-Mg# diyagramindaki yerleri. Manto
lerzolitlerindeki klinopiroksen alani, Cohen vd. (1984) ve
Dawson (1987) den, yiiksek basing klinopiroksen alant,
Simonetti vd. (1996)’den alinmistir.

ALD, (Yed)

100 a0 80 70 G0 50
100Mo#

Sekil 18. Incelenen kayaglara ait klinopiroksen minerallerinin 100Mg# degerine
karsilik % Al,Os3 degisim diyagrami.

3.2.2.4. Spinel

Harmancik yoresi harzburjitlerinde yaklasik olarak %3’den az miktarda bulunan
spineller, siyah veya koyu kahve renklerde, 6z sekilli ve yar1 6z sekilli kristaller halinde
gozlenmektedir (Sekil 19).

Spineller bilesimsel olarak yiiksek Mg icerigine sahiptirler (Mg# = 0,50 — 0,80). Cr#

degerleri 0,18 — 0,56 arasinda degismektedir. Harmancik yoresi harzburjitlerine ait
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spinellerin, Cr — Al — Fe™ tiggenine gore, kromlu spinel ve aliiminyumlu kromit arasinda
degisen bilesime sahip olduklar1 goriilmektedir (Sekil 19).

Stratiform ve Alp tipi kompleksler i¢in Irvine (1967) tarafindan hazirlanan siniflama
diyagraminda, spinellerin Mg# (100Mg# [100Mg/(Mg+Fe)])’ na karsihik Cr# (100Cr#
[100Cr/(Cr+Al)]) degerleri g6z Oniine alindiginda, Harmancik yoresi peridotik
kayaclarinin tamamen Alp tipi peridotik kayac oOzelligine sahip oldugu goriilmektedir
(Sekil 20). Spinellerin tektonik olusum ortamlar1 igin farkli kékensel Ozelliklere sahip
bolgeler ile karsilagtirildiginda, Neary (1974)’e ait diyagramda, Harmancik yoresi
peridotitlerinin Irvine (1967)’de oldugu gibi Alp tipi yonsemelere benzerlik gosterdigi
anlagilmaktadir (Sekil 21). Spinellerin %Al,0; degerlerine karsilik %TiO; ve Fe / Fe™
degerlerinin degisimleri incelendiginde, s6z konusu peridotitlerin Okyanus Ortast Sirti
(OOS) ve yitim peridotitleri Ozelliklerine sahip oldugu ortaya c¢ikmaktadir. Bu
diyagramlarda goriildiigii gibi, spinellerin %Al,03 degerleri 24,1 — 53,4 arasinda iken,
%TiO, degerleri 0 — 0,2, Fe™/Fe™ degerleri ise 4,3 — 22,1 arasinda degismektedir.

Demirli spinel Aliminyumlu manyetit

Al

Sekil 19. Harmancik yoresi harzburjitlerindeki spinel minerallerinin Cr-Al-Fe™
iicgenindeki (Stewens, 1944) yerleri.
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Sekil 20. Harmancik yoOresi harzburjitlerine ait spinellerin mikroskobik
goriintlileri. A ve C: Asirt derecede serpantinlesmis olivin ve
piroksen mineralleri ile birlikte bulunan 6zsekilli spinel kristali.
B: A’ daki kristalin tek nikoldeki gdriiniimii. D: Ozsekilli spinel
kristali ve olivin kristallerinin elektron mikroskop goriiniimii.
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Tablo 5. Harmancik yoéresi harzburjitlerindeki spinel kristallerinin kimyasal bilesim
araliklar1 (O: Ornek sayisi, A: Analiz sayisi, a.l.a: Analiz limitlerinin altinda

kalan degerler).
Sol H21-3 H20-3 H19-3 H16-3 H15-3 H10A-3 H3-3 H1-3
p
Ort Ort Ort Ort Ort Ort Ort Ort
Sio, 0.19 0.06 0.15 0.26 0.53 0.18 0.08 0.09
TiO, 0.04 0.04 0.05 0.15 0.03 0.02 0.05 0.16

ALO; 50.77 48.01 48.24 27.71 32.82 46.94 37.32 24.81
Cr,0; 17.70 19.68 19.28 39.92 33.13 20.32 32.49 44.67

Fe,0; 1.20 1.99 2.22 2.83 3.31 1.74 2.30 2.36
FeO 9.96 11.02 10.55 15.76 14.41 11.60 13.72 16.14
MnO 0.09 0.10 0.10 0.15 0.14 0.11 0.18 0.16
NiO 0.32 0.27 0.29 0.13 0.13 0.26 0.17 0.11
MgO 19.51 18.40 18.75 13.70 15.02 17.87 16.16 13.27
CaO 0.02 0.01 0.11 0.03 0.02 0.03 0.01 0.01
Na,O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
K,O ala ala ala ala ala ala ala ala

Toplam  99.80 99.57 99.73 100.65 99.55 99.07 102.48 101.79

Si 0.01 ala ala 0.01 0.02 ala ala ala
Ti ala ala ala ala ala ala ala ala
Al 1.59 1.53 1.53 0.97 1.13 1.51 1.23 0.88
Cr 0.37 0.42 0.41 0.94 0.77 0.44 0.72 1.06
Fe** 0.02 0.04 0.05 0.06 0.07 0.04 0.05 0.05
Fe** 0.22 0.25 0.24 0.39 0.35 0.27 0.32 0.40
Mn ala ala ala ala ala ala ala ala
Ni 0.01 0.01 0.01 ala ala 0.01 ala ala
Mg 0.77 0.74 0.75 0.61 0.65 0.73 0.67 0.59
Ca ala ala ala ala ala ala ala ala
Na ala ala ala ala ala ala ala ala
K ala ala ala ala ala ala ala ala
Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mg# 0.78 0.75 0.76 0.61 0.65 0.73 0.68 0.59
Cr# 19 22 21 49 40 23 37 55
Fe''# 1 2 2 3 4 2 2 3

0=8, A= 151
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100

100 Cr#

0 T T | T
100 80 60 40 20 O

100 Mg#

Sekil 21. Harmancik yoresi harzburjitlerindeki spinellerin
100Mg# - 100Cr# degisim diyagramindaki
(Irvine,  1967)  yerleri. A:  Stratiform
kompleksler, B: Alp tipi kompleksler.

Bushveld

Stillwater

Fiskenaesset

Kempirsai

Selukve

100xTiFe*2
~

Al' Ays

Troodos

Morais

NERENEOE

Braganca

0 1 2 3 4 5
Cr/Fe*?

o

Sekil 22. Harmancik yéresi harzburjitlerine ait spinellerin Cr/Fe ™ oranina karsin
2
100Ti/Fe”” diyagramindaki (Neary, 1974) yerleri ve diger
peridotitlerle karsilastirilmasi.
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Sekil 23. Harmancik yoresi harzburjitlerine ait spinel minerallerinin A: %ALO; -
%TiO, ve B: %Al,0; — Fe?/Fe” degisim diyagramlarindaki (Kamenetsky
vd. 2001) yerleri.

3.2.3. Ultramafik Kayaclarin Kimyasi

3.2.3.1. Giris

Bu boliimde, Harmancik yoresi peridotik kayaglarin {izerinde gergeklestirilen
jeokimyasal analizler ¢esitli diyagramlar yardimiyla degerlendirilmis, kayaglarin gegirmis

oldugu petrolojik siirecler ortaya konulmaya c¢aligilmistir.

3.2.3.2. Ana Oksit ve iz Element Kimyasi

Calisma alanindaki ultramafik kayaclardan alinan 22 adet Ornege, ana oksit ve iz
element analizleri yapilmigtir. Peridotik kayaclarin bilesimlerinde alterasyonun etkisiyle
kimyasal degisimler meydana gelmistir. Kayaglarda gozlenen yaygin alterasyon
serpantinlesmedir. Kayaclarin kimyasal bilesimleri incelendiginde %Al,Os degerlerinin
0.75 — 2.21 arasinda degisen genis bir araliga sahip oldugu goriilmektedir. Mg# degerleri
ise 0.89 — 0.92 arasindadir.

Pearce vd. (1984), ofiyolit topluluklarini birbirinden ayirmak i¢in yaptig1 bir
siniflamada kromitit icermeyen ofiyolit komplekslerin, okyanus ortasi sirtlar (OOS) ile

iliskili olusuklar oldugunu, kromitit igeren ofiyolitik kayag¢ topluluklarinin ise yitim ile



35

iligkili kayaclar olduklarin1 savunmustur. Bu smiflamanin da Rb, Sr, Ba, K, P gibi
elementlerle iliskili kayag tiirlerinin igerikleri ile desteklendigini 6ne slirmiistiir. Daha
sonraki yillarda Roberts (1986) tarafindan yapilan bir arastirma ile, yitim ve OOS
peridotitlerini birbirinden ayirmak i¢in Al,O3; - CaO - MgO ve Ti - Ni - Cr ug iiyelerinden
olusan iicgen diyagramlar1 olusturmustur. Bu diyagramlar iizerinde bulunan OOS manto
topluluklart ve kromit igeren yitimle iligkili manto alanlari, bu kayag¢ topluluklarini igeren
farkl1 ofiyolit birimlerinden alinan 6rneklerle hazirlanmastir.

Harmancik bolgesi peridotik kayaclarindan elde edilen analiz sonuglar1 bu diyagramlar
yardimiyla degerlendirildiginde 6rneklerin MgO igeriklerinin yiiksek, buna karsilik CaO ve
ALOj igeriklerinin ¢ok diisiik oldugu belirlenmistir (Sekil 23).

Tablo 6. Harmancik yoresi peridotik kayaclarinin ana oksit ve iz element degisim
araliklari. (AK: Ateste kayip)

%Agirhk Max Min Ort p/gr (ppm) | Max Min Ort
SiO, 4481 | 4243 | 43.80 Ba 17 4 4.78
ALO; 2.21 0.75 1.45 Co 123 95 107
Fe,03(T) 10.16 7.98 8.83 Cr 1932 1240 1451
MnO 0.13 0.06 0.11 Cu 32 8 23.62
MgO 46.54 | 41.82 | 44.36 Nb 8 5 5.48
CaO 231 0.01 0.92 Ni 3111 2134 | 2382
Na,O 0.08 0.01 0.02 Pb <1 <1 <1
K,O 0.05 0.04 0.05 Se 13 5 9.91
TiO; 0.03 0.01 0.02 Sr 20 20 20
P,0s 0.02 0.01 0.01 \% 76 27 50
Cr,03 0.56 0.36 0.42 Y 5 5 5
Zn 90 43 58
AK 1590 | 7.50 11.72

Calisma alanindaki peridotik kayaglardan alinan 6rneklerden ¢ok azinin az tiiketilmis
pirolit alanindadir (Sekil 24). Ringwood (1975) diyagramina gore, Harmancik yoresi
peridotik kayaclar pirolit 6zelligindedir.
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Pirolit

I | %1.2Al,04

1 ]
i Az tuketilmis
; | pirolit
O i [ ! I [ ; I
34 36 38 40 42 44 46 48 50

Sekil 24. Incelenen &rneklerin MgO-Al,O; degisim diyagramindaki Ringwood (1975)
yerleri.

Harmancik yoresindeki peridotik kayaglarin tektonik olusum ortamlar1 Al,O3-CaO-
MgO iicgen diyagraminda Roberts (1986) yorumlanmistir. Buna gore, Orneklerin
tamaminin yitim ile iliskili kalintt manto alaninda kiimelendigi goriilmektedir (Sekil 25).
Ultramafik kayaglarin serpantinlesmesi sirasinda, ortopiroksen ve klinopiroksenlerin
igerdikleri Ca’un ortamdan uzaklagmasi, serpantinlesmis drnekler i¢in bu diyagramlardan
cok Ti-Ni-Cr iicgen diyagramiin kullanilmasini gerekli kilmaktadir. Bu diyagramda da
Harmancik yoresi peridotik kayaclarinin yitim ile iligkili ultramafik kaya¢ alanina yakin

kiimelendigi goriilmektedir (Sekil 26).

AlpOg

AlyO,

D Morais peridotitleri

Baganga kalinti manto
harzburjitleri

|:| Morais peridotitleri

Baganga kalinti manto
harzburjitleri

Ca0 MgO  CaO MgO

Sekil 25. Harmancik yoresi peridotik kayaclarinin  Al,O3-CaO-MgO {iggen
diyagramindaki (Roberts, 1986) yerleri.
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Ti

Kromititsiz lerzolitler
OOS peridotitleri

|:| Harzburjitler
Yitim tipi peridotitler

Ni Cr

Sekil 26. Harmancik yoresi peridotik kayaglarinin  Ti-Ni-Cr  {liggen
diyagramindaki (Roberts, 1986) yerleri.

Coleman (1977) yaptig1 ¢alismada ultramafik kayaclar1 siniflandirmak i¢in Al,O3 —
MgO — CaO ug tlyelerinden olusan iiggen diyagrami kullanmistir. Harmancik ydresi
ultramafik kayaclarindan elde edilen analiz sonuglart bu diyagram yardimiyla
yorumlandiginda, s6z konusu kayaglarin ultramafik tektonit o6zelliginde oldugu
sOylenebilir (Sekil 26).

AlO,

Metamorfik
Peridotit ‘

CaO MgO

Sekil 27. Harmancik yoresi ultramafik kayaglarinin AL,O3 - MgO - CaO
iicgen diyagramindaki (Coleman 1977) yerleri.
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Ultramafik kayaclarin MgO igerigi, klinopiroksen ve ortopiroksen miktarindaki azalma
ile birlikte artig gostermektedir. MgO miktarindaki bu artig (Parkinson ve Pearce, 1998)’ e
gore ergiyik tliiketimine isaret etmektedir.

Harmancik yoresi ultramafik kayaglarini iz elementler agisindan incelemek igin, soz
konusu elementlerin MgO ile olan iliskileri dikkate alinmistir (Sekil 28). Sc ve V gibi
elementler ergime siiresince uyumsuz davranis sergilerler. Ergime devam ederken, MgO
miktarinin artmasi ve bu uyumsuz elementlerin ergiyik bilesiminden ayrilmasi sonucu, Sc
ve V’ye karsilik MgO diyagramlarinda negatif iliski beklenir. Sc ve V’nin aksine Ni,
uyumlu element oldugu i¢in MgO miktarindaki artigla birlikte artig gosterir ve Ni-MgO
diyagraminda pozitif iligki gozlenir. Caligma alanindan alinan peridotit drneklerine ait Ni-
MgO diyagraminda beklenen korelasyonun olugmadigi goriilmektedir. Bu durum bazi
orneklerdeki asir1 serpantinlesmesi ile iligkili olabilir. V, Sc, Y, Lu, Yb, Ni gibi
elementlerin MgO igerigine kars1 degisim diyagramlart incelendiginde, Y, V, Yb ve Lu
elementlerinde negatif iligski gézlenirken, Ni ve Sc’de belirgin bir pozitif veya negatif iliski
gozlenememektedir. Asir1 serpantinlesme sonucu bazi elementler ortamdan uzaklasirlar.
Sekil 28’deki CaO’e karsilik MgO degerlerinin karsilastirildigr grafikte CaO’ce tamamen
tiiketilmis Ornekler goriilmektedir. Ayrica MgO igerigine karst Sc ve Ni diyagramlart da
incelendiginde belirgin bir yonseme olusumunu bozan ornekler isaretlenmistir. Bu
orneklerin kimyasal bilesimleri incelenmis ve asir1 derecede serpantinlesmis olduklari
belirlenmistir.

Harmancik yoresi peridotitlerinden alinan 6rneklerden elde edilen Al,O3/SiO; oranina
karsilik MgO/SiO, oranlar1 incelendiginde, kayaglarin tamaminin abisal peridotit alanina
karsilik geldigi goriilmektedir.

MgO/SiO, degerleri 0.94’ten biiyiilkken, Al,03/Si0, degerleri ise 0.01-0.05
arasindadir. Niu, (2004)’e gore kesikli ¢izgi ile gosterilen yonseme, MgO/SiO, degerinin
yaklasik 0.85 ve Al,03/SiO; degerinin ise 0.1 oldugu ilksel bilesimli mantodan (IM),
yiiksek derecede tiiketilmis harzburjitik bilesime (MgO/SiO, ~ 1.1, ALO3/Si0, = 0.00)
dogru degisen kayac¢ bilesimini ifade etmektedir. Yiiksek derecede serpantinlesmis
peridotitler MgO’ce tiiketilmistir (Niu, 2004). Harmancik peridotitleri bu yonsemeye
hemen hemen paralel bir dagilim sunarlar. Ancak bazi 6rnekler, asir1 serpantinlesmelerine

ragmen, MgO’ca tiiketilme gostermezler.
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Sekil28. Harmancik yoresi peridotitlerinin MgO igerigine karsilik baz1 ana
oksit ve iz element degisim diyagramlari. Si0,, Al,O3 ve CaO %
agirlik, diger elementler ise ppm olarak verilmistir. Gri alanlar,
Izu-Bonin yay 6nii peridotitlerini (Parkinson ve Pearce, 1998)
temsil etmektedir.

AZala
N Tiikeg;
uketl/rneli Peridot'
itler

0.9 A

MgO/SiO,

0.8 1

0.7

Alterasyon

06 +

Abisal Peridotit Alani

0.5 A

04 1 T T T 1 T 1 T 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Al,0,/SiO,

Sekil 29. Harmancik yoresi peridotitlerinin Al,03/SiO, oranina karsi
MgO/Si0; orani degisim diyagrami. abisal peridotit alan1 Baker
ve Beckett, (1999); Niu, (1997) ve Snow ve Dick, (1995)’den
almmistir. IM: Ilksel Manto).
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3.2.3.3. Nadir Toprak Element (NTE) Jeokimyasi

Harmancik yoresi peridotitlerinin kondrite gore degerlendirilmis NTE dagilimlart Sekil
30°da gosterilmistir. Prinzhofer ve Allegre, (1985) Parkinson vd. 1992’a gore
serpantinlesmeye ugrayan kayaclarin element icerikleri incelendiginde, NTE’lerinin diger
elementlere gore hareketsiz oldugu goriilmektedir. S6z konusu kayaglarin hafif NTE’lerce
tiiketilmis oldugu goriilmektedir. Agir NTE’lerin dagiliminin ise 0.1 ila 1 arasinda degisen
yataya yakin bir sekle sahip oldugu gozlenmektedir. Hafif NTE’lerin diisiik seviyeli bir
dagilim gostermesi, kismi ergimeye ve tliketilmeye isaret etmektedir. Calisma alaninda
gozlenen kayag tiirii olan harzburjitlerin uyumsuz hafif NTE’ lerce azalan bir dagilima
sahip olmasi abisal peridotitlerin 6zellikleri ile benzerlik sunar.

Sekil 30’daki yonsemeler, Harmancik yoresi peridotitlerinin az tiiketilmis abisal
harzburjit alani ile paralel ve uyumlu bir dagilim gostermektedir. Niu (2004)’ya gore Ce
elementinde gozlenen azalan yondeki dagilimlar peridotitlerin deniz tabani alterasyonuna
ugradiklarina isaret etmesine karsin c¢alisma alanindaki peridotitlerde Ce belirgin azalan

yonseme gostermemektedir ve deniz tabani alterasyonunun bu kayaclarda etkili olmadig:

sOylenebilir.
10
|:| Tuketilmig abisal harzburjit
|:| izu Bonin-Mariana yay énii harzburjitleri
1
z
C
o
¥
S 01
g
]
N
0.01
0.001

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Sekil 30. Harmancik yoresi peridotitlerinin  kondrite  gore
normallestirilmis nadir toprak element dagilim diyagrami
[kondrit degerleri, McDonough ve Sun (1995)’ten
alimmustir].
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Tablo 7. Harmancik yoresi harzburjitik kayaclarinin nadir toprak element (NTE)
iceriklerinin degisim araliklar1 (O: 6rnek sayisi, a.l.a: Analiz limitlerinin altinda kalan

degerler).

0=10 Min Max Ort
La 0.002 0.251 0.075
Ce ala 0.086 0.022
Pr 0.006 0.085 0.038
Nd 0.002 0.094 0.039
Sm ala 0.271 0.098
Eu ala 0.344 0.106
Gd ala 0.393 0.160
Tb ala 0.480 0.164
Dy ala 0.501 0.207
Ho ala 0.530 0.227
Er ala 0.647 0.271
Tm ala 0.761 0.292
Yb ala 0.748 0.308
Lu ala 0.750 0.323




4. IRDELEME VE TARTISMA

Bu arastirma ile Tirkiye’nin kuzeybatisinda yer alan Harmancik (Bursa) yoresinde
yiizeyleyen, ultramafik kayaclarin mineralojik ve petrografik oOzellikleri incelenerek,
tektonik olusum ortamlari, kismi ergime dereceleri, ergiyik kayag etkilesim siiregleri gibi
bazi petrolojik olaylar agiklanmaya calisilmigtir.

Calisma alaninda yiizeyleyen ultramafik birimin tamamina yakin bir kismini
harzburjitler olusturmaktadir. Harzburjitlerin petrografik incelemesi sonucunda tiiketilmis
olduklar tespit edilmistir. Tiiketilmis harzburjitler kismi ergime, ergiyik-manto etkilesimi
ve manto metasomatizmasi gibi siire¢ler sonucu olusmaktadir (Kelemen vd., 1992; Zhou
vd., 1996). Harmancik yoresinde ylizeyleyen ultramafik birim, ofiyolitik istifin biiylik bir
kismini olusturan manto peridotitlerinden olusmaktadir. Bu kayaglar diisiik Ti igerikleriyle
yiiksek derecede tiiketilmis 6zellik gostermektedirler. Dick ve Bullen (1984); Arai (1994a,
b); Tamura ve Arai (2006)’ ya gore harzburjitlerdeki spinellerin Cr#'nin, manto
peridotitlerinin kismi ergime derecesini belirlemede Onemli bir parametre oldugunu
vurgulamiglardir. Azdan ¢oga dogru degisen araliklarda spinel Cr #’na sahip Harmancik
yoresi harzburjitleri, bu 6zellikleri ile farkli kismi ergime derecelerine sahiptirler. Cr#
degerleri abisal peridotitlerin karakteristik Cr#>0.60 degerleriyle uyumludur. Verimli
(tiketilmemis) peridotitlerde, tektonik agilma rejimlerinde birincil kismi ergime siirecinin
baslamasi ile Al’ ca zengin ergiyik ortamdan ayrilarak, diisiik Cr#’na sahip, az tliketilmis
bir manto olusumunu saglamaktadir (Zhou vd., 1996; Melcher vd., 1997). A¢ilma rejimi
sonrasi ortam bir sikisma rejimi i¢ine girer ve hendek sedimanlar1 okyanusal kabuk altina
dalar. Yiten parcadan akiskanlar ayrilir ve tiikketilmis manto metasomatize olur. Diisiik
derecede tiiketilmis harzburjitlerdeki ortopiroksen ve klinopiroksenlerin sivi igerikli SiO,
ile metasomatik ayrigmasi ikincil ergiyigi olusturur (Uysal, 2005). Olusan bu ikincil
ergiyik klinopiroksen ve ortopiroksen bakimindan tliketilmis olmasi nedeniyle olivin
icerigi ve dolayisiyla Mg’ ca zengindir. Ergime derecesinin artmasi nedeniyle geride kalan

ergiyigin Cr-numarasinda birincil ergiyige gore artis gozlenecektir.
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4.1. Kismi Ergime Dereceleri

Peridotitlerin kismi ergime derecesi ile spinellerin Cr#, klinopiroksen igerigi ve
olivinlerin forsterit icerikleri arasindaki iliski daha 6nce yapilan bir ¢ok caligmada kismi
ergime derecesinin test edilmesinde kullanilmigtir. Baker ve Stolper (1994), Matsukage ve
Kubo (2003), Tamura ve Arai (2006), manto peridotitleri i¢in krom spinellerin kismi
ergime ile olan iligkilerini ortaya koymustur. Gaetani ve Grove (1998)’e gore, olivinlerin
forsterit igerigi toplam kismi ergime derecesini gostermektedir. Dick ve Fisher (1984) ise,
peridotitlerin klinopiroksen igerikleri kismi ergime derecesi arasindaki iliskiyi ortaya
koymus ve klinopiroksenlerin kayac icerisindeki bilesimlerinin, tiiketilme derecesi arttik¢a
azaldigin1 vurgulamistir.

Tiim bu degerlendirmelere gére Harmancik yoresi peridotitleri mineral parajenezleri ve
jeokimyasal 6zellikleri agisindan incelendiginde, s6z konusu kayaglarin tiikketilme derecesi

ile ilgili 6nemli bulgular saglanmistir.

6.00 6.00
|
Abisal peridotitler Abisal peridotitler
. |
4.00 - u 4.00 -
e | 0 |
2 2
< ] < ]
° 2.00 A1 < 2.00 4
Yay onu peridotitleri Yay 6nu peridotitleri
0 T T T T T T T T T 0 T T T T T T T T T
0 020 040 060 080 1.00 0 020 040 060 080 1.00
Spinel Cr# Spinel Cr#

Sekil 31. Harmancik yoresi peridotitlerindeki ortopiroksen ve klinopiroksen
minerallerinin % Al,Oj5 igeriklerine karsilik spinellerin Cr# diyagramu.
Abisal ve yay Onii peridotitleri alanlari, Bonatti ve Michael (1989),
Parkinson vd. (2003) ve Uysal vd. (2007)’ den alinmistir.

Incelenen peridotik kayaclarin diisiik modal klinopiroksen igerikleri, kismen tiiketilmis

olduklarimi gostermekle birlikte, kismi ergime derecelerinin %5-30 arasinda degistigine

isaret etmektedir. Bununla birlikte Dick ve Matland (1996) ve Zhou (2005) piroksenlerin
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Al igerikleri ve spinellerin Cr#, peridotik kayaglarin kismi ergime derecesi ile yakin bir
iligki gosterdigini vurgulamaktadir.

Harmancik yoresi peridotitlerindeki piroksenlerin Al,Os igeriklerine karsin spinellerin
Cr# iliskisi degerlendirildiginde, hem klinopiroksenlerin hem de ortopiroksenlerin Al,O3
degerleri negatif bir dagilim gostermektedir (Sekil 32). Yiiksek Al,O3 ve diisiik spinel Cr
numarasina sahip Ornekler abisal peridotit alaninda dagilim gostermektedirler.
Peridotitlerin gosterdigi negatif iliski ayrica tiiketilme ile tam bir paralellik sunmaktadir.

Harmancik yoresinde yiizeyleyen peridotitler, olivinlerin forsterit igerigi ve spinellerin
Cr numarasi degerlerine gore olivin-spinel-manto-yonsemesi (OSMY) diyagraminda (Arai,
1994a) abisal peridotit alaniyla tamamen uyumlu bir dagilim gostermektedir (Sekil 32).
Ayrica spinellerin Cr numarasi arttikca kismi ergime derecesi de artmaktadir ve bu
degerler dikkate alindiginda incelenen peridotitlerin % 5 -30 arasinda degisen bir kismi

ergime derecesine sahip oldugu goriilmektedir.

1.0
Yayoni
peridotitleri

0.8 1
@ OSMY=
© Olivine-spinel
g manto yénsemesi
5 0.61
c
= R
(] ar/f//
< 51mg
[7]
c 041
o
[42]

Abisal
peridotitler Pasif
0.2 1 kenar
peridotitleri
0.0

096 094 092 090 088 0856 084
Qlivinin Mg numarasi

Sekil 32. Harmancik yoresine ait peridotitlerin, Pasif kenar
peridotitleri, Abisal peridotitler ve yayonii peridotitleri
ile karsilastirilmasi. Pasif kenar peridotitleri ve Abisal
peridotit alani, Dick ve Bullen (1984) ve yayonii
peridotit alani, Pearce vd. (2000)’den alinmustir.



5. SONUCLAR

Bu calisma ile, izmir-Ankara siitur zonunda yer alan, Bursa iline bagli Harmancik
yoresinde ylizeyleyen ultramafik kayaclarin jeolojik siire¢ boyunca gecirmis oldugu
petrolojik olaylar incelenmistir. Calisma kapsaminda s6z konusu kayaglarin dokusal,
mineralojik ve kimyasal analizleri yapilarak kokensel degerlendirmeler yapilmistir. Bu
bilgiler 15181 altinda;

I- Calisma alani igerisindeki Harmancik yoresi ultramafik kayaclari harzburjitlerden
olugmaktadir ve harzburjit bilesimindeki bu kayaglar kismen serpantinlesmistir.

2- Harzburjitlerin mikroskobik incelemesi esnasinda gozlenen, dilinim izlerindeki ve
minerallerdeki egilme-biikiilme gibi yapilar, bu kayaclarn1 etkileyen bir tektonik
deformasyona isaret etmektedirler. Ayrica arazi caligmalari sirasinda gozlenen ezilme
zonlari, kirikli yapr gibi deformasyon izleri de bu tip deformasyonun varligim
desteklemektedir.

3- Harzburjitleri olusturan esas mineral olivindir. Olivinler forsterit bilesimli olup
Mg’ca zengindirler. Olivinlerden sonra harzburjitlerin yapisinda en yaygin bulunan
mineral olan enstatit bilesimli ortopiroksenlerdir. Deformasyon izlerinin en belirgin olarak
gozlendigi mineral olan ortopiroksenler, “kink-bant” ve dilinim izlerindeki egilme-
blikiilme bi¢cimli mikro tektonik yapilara sahiptir. Ortopiroksenler genelde
klinopiroksenlerden olusan ayrilim lamelleri igerirler. Ayrilim lamelleri, klinopiroksenlerin
mikroskobik incelemeler esnasinda en yaygin olarak gozlendigi bulunus seklidir.
Klinopiroksenlerin biiyiik bir kismi1 diyopsit bilesimine sahip olmasina ragmen bir kismi da
endiyopsit bilesimindedir.

4- Tektonik olusum ortami agisindan incelendiginde, klinopiroksenlerin ¢ok diisiik Ti
icerigine sahip olmasi bu minerallerin yitim ile iliskisine isaret etmekte olup yitim
karakteri sunarlar. Klinopiroksenlerin yiiksek Mg-numarasit degerleri, olusum ortamlarinin
yiiksek basing 6zelliginde oldugunu gostermektedir.

5- Harzburjitler igindeki spinel minerallerinin Mg# [Mg/(Mg+Fe)] ve Cr#
[Cr/(Cr+Al)] degerleri Alp tipi peridotitler ile paralellik gdstermistir. Ayrica spinellerin
TiO, ve Fe?'/Fe*" iceriklerinin Al,O3 degerleri ile kiyaslanmasi sonucu Harmancik yoresi

harzburitlerinin yitimle iliskili oldugu belirlenmistir.
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Ek Tablo 1. Harmancik yoresi harzburjitlerine ait olivin kristallerinin mikrokimyasal analiz sonuglari

Olivin Hi-1 H1-2 H1-3 HI15-1-1 H15-12 HI15-1-3 H15-1-4 HI5-1-5 H15-1-6 HI10A-1-1 H10A-1-2 H10A-1-3 H10A-1-4 H10A-1-5 H10A-1-6
SiO, 41.19 4127 41.08 40.66 4096 42.01 40.66 4144 41.54 39.74 40.47 40.31 40.16 41.80 40.23
TiO, g g g g 0.01 0.01 g 0.02 0.01 g 0.01 g g 0.02 0.01
Al20, g 0.01 0.01 g 0.09 g 0.01 g 0.01 g g g 0.01 0.02 g
Cr,0; g g g g g g g 0.04 0.02 0.02 0.04 0.03 0.03 0.02 0.03
FeO 8.23 8.28 8.50 8.91 8.73 8.72 8.97 9.12 9.13 9.41 9.37 9.51 9.33 9.09 9.36
MnO 0.09 0.19 0.13 0.10 0.12 0.13 0.11 0.18 0.15 0.11 0.17 0.12 0.09 0.11 0.16
NiO 0.46 0.41 0.38 0.45 0.44 0.46 0.44 0.38 0.46 0.41 0.45 0.41 0.39 0.41 0.53
MgO 51.38 5157 5130 5097 4994 5226 5099 51.57 51.64 50.08 50.68 50.92 50.71 52.48 50.56
CaO 0.01 g 0.03 0.01 0.07 0.03 0.02 0.02 0.01 g 0.01 0.02 0.01 0.01 0.03
Na,O g g g g 0.01 g g g g 0.01 g g g g g
K,0O g g g g g g g g g 0.01 0.01 g 0.02 0.01 0.01

Toplam 101.37 101.73 101.42 101.11 100.35 103.61 101.20 102.78 102.97 99.78 101.22 101.31 100.75 103.97 100.92

Si 0.99 0.99 0.99 0.98 1.00 0.99 0.98 0.99 0.99 0.98 0.98 0.98 0.98 0.98 0.98
Ti - - - - - - - - - - - - - - -
Al - - - - - - - - - - - - - - -
Cr - - - - - - - - - - - - - - -
Fe** 0.17 0.17 0.17 0.18 0.18 0.17 0.18 0.18 0.18 0.19 0.19 0.19 0.19 0.18 0.19
Mn - - - - - - - - - - - - - - -
Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.84 1.84 1.84 1.84 1.81 1.84 1.84 1.83 1.83 1.84 1.83 1.84 1.84 1.84 1.84
Ca - - - - - - - - - - - - - - -
Na 0- - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 3.01 3.01 3.01 3.02 3.00 3.01 3.02 3.01 3.01 3.02 3.02 3.02 3.02 3.02 3.02
Mgt 0.92 0.92 0.91 091 091 0.91 091 0.91 091 0.90 091 0.91 091 091 0.91

Not: Ana oksit degerleri % agirlik cinsindendir. Mg#: Mg/(Mg+Fe2+), g: Gozlenmedi, -: Cihazin 6l¢lim sinirlarinin altinda.
Yapisal parametreler 4 oksijene gore hesaplanmistir.
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Ek Tablo 1’in devami

Olivin H10A-1-7 H10A-1-8 H10A-1-9 HI10A-1-10 H10A-1-11 H10A-1-12 H19-1-1 HI19-1-2 H19-1-3 H19-14 H19-1-5 HI19-1-6 H19-1-7 H19-1-8 H19-19
SiO, 40.40 37.68 40.88 40.19 40.13 40.84 4038  40.01 40.20  40.21 39.93  40.07 3996 40.05 39.92
TiO, g 0.03 g g g g g g g 0.01 g g g 0.01 0.01
Al20; 0.02 0.05 g g g g 0.01 g g 0.01 g 0.02 g g g
Cr,0; g 0.01 g g g g 0.04 g 0.01 g 0.02 0.01 0.04 g 0.05
FeO 9.60 9.94 9.21 9.33 9.35 9.25 9.60 9.93 9.76 9.59 9.65 9.90 9.80 9.83 9.70
MnO 0.15 0.14 0.11 0.15 0.12 0.16 0.15 0.15 0.12 0.16 0.09 0.16 0.11 0.15 0.10
NiO 0.27 0.43 0.40 0.44 0.37 0.36 0.39 0.41 0.36 0.39 0.39 0.33 0.45 0.38 0.34
MgO 50.72 48.70 51.70 50.60 50.73 5137 5049  50.21 5026  50.24 50.09 50.08 50.33 50.13  50.20
CaO 0.03 0.05 0.03 0.01 0.02 0.03 0.05 0.05 0.03 0.01 0.04 0.03 0.02 0.04 0.04
Na,O g g g g 0.01 g g 0.01 0.01 g 0.01 0.01 0.01 g g
K,O g 0.01 g 0.01 g 0.01 0.01 g g g g 0.01 g g 0.01
Toplam  101.18 97.03  102.33 100.73 100.73 102.01 101.12 100.77 100.75 100.62 100.22 100.61 100.72 100.58 100.37
Si 0.98 0.96 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Ti - - - - - - - - - - - - - - -

Al - - - - - - - - - - - - - - -

Cr - - - - - - - - - - - - - - -
Fe** 0.19 0.21 0.18 0.19 0.19 0.19 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Mn - - - - - - - - - - - - - - -
Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.83 1.85 1.85 1.84 1.84 1.84 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83 1.83
Ca - - - - - - - - - - - - - - -
Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -
Toplam 3.02 3.04 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02
Mg# 0.90 0.90 0.91 0.91 0.91 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
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Ek Tablo 1’in devami

Olivin H19-1-10 H19-1-11 HI19-1-12 H19-1-13 H19-1-14 H19-1-15 H19-1-16 H19-1-17 H19-1-18 H19-1-19 H19-1-20 H19-1-21 H19-1-22 HI19-1-23 H21-1-16
Sio, 40.17 39.93 39.93 40.05 40.01 39.91 40.07 40.16 40.26 40.56 40.28 42.92 40.01 39.60 40.76
TiO, 0.01 0.01 g 0.01 0.02 g 0.01 g g 0.01 g g g g g
ALO; g g g 0.02 g 0.01 g g 0.01 0.14 g 0.03 0.68 0.41 0.01
Cr;0; g g g g 0.04 0.06 g 0.01 g g g g g g g
FeO 9.95 9.59 9.69 9.55 9.62 9.60 9.70 9.93 9.65 9.40 9.70 9.42 9.37 9.53 9.46
MnO 0.13 0.17 0.18 0.18 0.16 0.14 0.15 0.16 0.08 0.13 0.18 0.13 0.14 0.13 0.17
NiO 0.38 0.44 0.39 0.36 0.42 0.42 0.41 0.36 0.44 0.32 0.42 0.47 0.37 0.41 0.41
MgO 50.39 50.14 50.41 50.30 50.38 50.53 50.23 50.29 50.35 49.81 50.58 53.95 49.84 49.43 50.39
CaO 0.03 0.03 0.06 0.04 0.04 0.03 0.06 0.05 0.04 0.07 0.04 0.06 0.05 0.06 0.04
Na,O 0.01 0.01 g 0.01 g g g g g g g 0.02 0.01 0.01 g
K,O g g 0.02 g g 0.01 g g g g 0.01 g 0.02 g g
Toplam  101.06 100.30 100.69 100.51 100.69 100.69 100.63 100.96 100.84 100.43 101.21 106.99 100.48  99.57 101.24
Si 0.98 0.98 0.98 0.98 0.98 0.97 0.98 0.98 0.98 0.99 0.98 0.98 0.98 0.98 0.99
Ti - - - - - - - - - - - - - - -
Al - - - - - - - - - - - - 0.02 0.01 -
Cr - - - - - - - - - - - - - - -
Fe’* 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.19 0.20 0.18 0.19 0.20 0.19
Mn - - - - - - - - - - - - - - -
Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.83 1.83 1.84 1.83 1.83 1.84 1.83 1.83 1.83 1.81 1.83 1.84 1.81 1.82 1.82
Ca - - - - - - - - - - - - - - -
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.02 3.01 3.02 3.02 3.01 3.02 3.01
Mg# 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.91 0.90 0.90 0.90
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Ek Tablo 1’in devami

Olv H21-1-17 H21-1-18 H21-1-1 H21-1-2 H21-1-3 H21-14 H21-1-5 H21-1-6 H21-1-7 H21-1-8 H21-1-9 H21-1-10 H21-1-11 H21-1-12 H21-1-13
SiO, 40.39 39.72 3999 40.88 3997 36.89 4096 4198 40.55 39.84 40.85 4496 40.35 40.83 40.52
TiO, g 0.01 g g g 0.04 g 0.03 g 0.01 g G 0.01 0.03 g
AlLO; 0.06 0.02 g g 0.01 0.05 0.01 g g 0.04 g 0.03 g 0.01 0.02
Cr,04 0.01 g 0.02 0.05 g 0.05 0.01 0.04 g 0.04 g G g g 0.01
FeO 9.23 9.49 9.15 9.26 9.33 9.75 9.67 9.61 9.45 9.48 9.56 9.36 9.13 9.46 9.57
MnO 0.20 0.12 0.16 0.15 0.11 0.14 0.17 0.09 0.13 0.12 0.11 0.14 0.10 0.13 0.15
NiO 0.39 0.47 0.43 0.42 0.36 0.39 0.35 0.33 0.35 0.31 0.39 0.31 0.42 0.37 0.41
MgO 49.51 49.01 49.82 5031 4937 46.10 5038 52.09 4991 4938 50.37 55.83 49.78 49.92 50.13
CaO 0.06 0.06 0.05 0.03 0.04 0.07 0.03 0.05 0.06 0.06 0.06 0.06 0.05 0.06 0.05
Na,O g 0.01 g g g 0.01 g 0.01 g 0.01 g 0.01 g 0.01 g
K,0 g 0.01 0.01 g g 0.01 g 0.01 g 0.01 g 0.01 g g 0.01

Toplam  99.83 98.92 99.63 101.11 99.19 93.50 101.57 104.22 100.45 99.30 101.34 110.72 99.85 100.83 100.86

Si 0.99 0.99 0.98 0.99 0.99 0.97 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99

Ti - - - - - - - - - - - - - - -

Al - - - - - - - - - - - - - - -

Cr - - - - - - - - - - - - - - -

Fe** 0.19 0.20 0.19 0.19 0.19 0.22 0.20 0.19 0.19 0.20 0.19 0.17 0.19 0.19 0.19

Mn - - - - - - - - - - - - - - -

Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mg 1.81 1.81 1.83 1.82 1.82 1.82 1.81 1.83 1.82 1.82 1.82 1.83 1.82 1.81 1.82

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -
Toplam  3.01 3.01 3.02 3.01 3.01 3.02 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.01 3.01
Mg# 0.91 0.90 0.91 0.91 0.90 0.89 0.90 0.91 0.90 0.90 0.90 0.91 0.91 0.90 0.90
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Ek Tablo 2. Harmancik yoresi harzburjitlerine ait ortopiroksen kristallerinin mikrokimyasal analiz sonuglari.

Opir H1-2-2-1 HI-2-2-2 H1-2-2-3 HI1-2-2-4 H1-2-2-5 H1-2-2-6 H1-2-2-7 H1-2-2-8 H1-2-2-9 H1-2-2-10 H1-2-2-11 H1-2-2-12 H1-2-2-13 H1-2-2-14 H1-2-2-15
SiO, 53.97 49.58 55.75 54.78 54.93 51.70 55.11 55.36 55.07 55.35 54.88 55.48 55.75 55.08 55.63
TiO, 0.04 0.05 0.02 0.05 0.04 0.03 0.05 0.07 0.03 0.05 0.03 0.04 0.03 0.05 0.04
ALO; 1.86 2.00 2.33 2.26 2.38 2.30 2.40 2.32 2.36 2.35 2.38 2.34 2.33 227 227
Cr,0; 0.39 0.60 0.73 0.74 0.80 0.80 0.84 0.75 0.79 0.74 0.77 0.84 0.73 0.74 0.68
Fe,03 g g g g g g g g g g G G g g g
FeO 6.13 6.02 5.66 5.93 5.44 7.19 5.31 5.47 5.45 5.49 5.38 5.42 5.62 5.46 5.47
MnO 0.17 0.11 0.14 0.11 0.13 0.21 0.09 0.16 0.16 0.18 0.18 0.14 0.13 0.17 0.14
NiO 0.09 0.09 0.19 0.10 g 0.07 0.12 0.20 0.06 0.08 0.06 0.12 0.09 0.13 0.11
MgO  34.86 33.94 34.14 33.22 33.89 32.56 33.54 33.84 33.33 33.50 33.78 33.75 34.21 33.69 34.04
Ca0 0.40 0.87 0.82 1.32 0.99 1.25 1.36 0.87 1.39 1.23 1.04 0.93 0.80 0.78 0.74
Na,O 0.02 0.02 0.03 0.03 0.02 0.03 0.01 0.04 0.02 0.05 0.03 0.02 0.01 0.01 0.01
K,O 0.02 g 0.02 0.03 g 0.04 g g 0.01 0.01 G G g g g
Toplam  97.95 93.28 99.82 98.58 98.62 96.18 98.83 99.06 98.67 99.02 98.52 99.07 99.71 98.38 99.13
Si 1.91 1.86 1.93 1.93 1.92 1.88 1.93 1.93 1.93 1.93 1.92 1.93 1.93 1.93 1.94
Al 0.08 0.09 0.09 0.09 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.09 0.09
Cr 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Fe+ - - - - - - - - - - - - - - -
Fe?* 0.18 0.19 0.16 0.17 0.16 0.22 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Mn 0.01 - - - - 0.01 - - - 0.01 0.01 - - - -
Mg 1.84 1.89 1.76 1.74 1.77 1.77 1.75 1.76 1.74 1.74 1.77 1.75 1.77 1.76 1.77
Ca 0.02 0.03 0.03 0.05 0.04 0.05 0.05 0.03 0.05 0.05 0.04 0.03 0.03 0.03 0.03
K - - - - - - - - - - - - - - -
Toplam  4.05 4.09 4.01 4.02 4.02 4.06 4.01 4.01 4.01 4.01 4.02 4.01 4.01 4.01 4.01
%Voll  0.74 1.64 1.55 2.53 1.88 2.39 2.60 1.66 2.68 235 1.99 1.78 1.51 1.50 1.40
%Ens  90.35 89.46 90.07 88.59 90.02 86.85 89.45 90.17 89.15 89.42 89.97 90.10 90.17 90.29 90.44
%Fs 8.91 8.90 8.37 8.88 8.10 10.76 7.95 8.18 8.17 8.23 8.04 8.12 8.31 8.21 8.16
Mgt 0.91 0.91 0.91 0.91 0.92 0.89 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

Not: Ana oksit degerleri %agirlik cinsindendir. Mg#: Mg/(Mg+Fez+), g: Gozlenmedi. Yapisal parametreler 6 oksijene gore hesaplanmistir.

Fe** ve Fe* ayrimi, Droop (1987)’a gére yapilmistir
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Ek Tablo 2’nin devami

Opir H1-2-2-16 HI1-2-2-17 HI1-2-2-18 HI1-2-2-19 HI-2-2-20 HI1-2-2-21 H1-2-1 H1-2-2 H1-2-3 H1-2-4 H1-2-5 H1-2-6 H1-2-7 H1-2-8 H1-2-9
Sio, 54.89 54.19 45.72 54.54 54.95 54.28 54.79 55.93 55.69 54.28 5391 54.34 53.05 55.32 55.53
TiO, 0.05 0.04 0.01 0.04 0.04 0.02 0.06 0.04 0.02 0.02 0.03 0.02 0.02 0.04 0.04
AL O, 221 2.14 2.10 2.16 2.12 1.98 2.09 2.13 2.12 2.17 2.15 221 2.08 221 2.23
Cr,0; 0.79 0.62 0.64 0.61 0.63 0.52 0.51 0.60 0.56 0.55 0.63 0.59 0.62 0.61 0.64
Fe,0; g g g g g g 5.78 5.70 5.65 6.14 6.12 6.00 5.84 5.78 5.67
FeO 5.81 6.41 6.49 6.12 6.08 5.82 0.17 0.10 0.15 0.18 0.13 0.17 0.15 0.11 0.13
MnO 0.12 0.16 0.17 0.14 0.16 0.13 0.13 0.02 0.12 0.08 0.11 0.15 0.06 0.06 0.11
NiO 0.02 0.12 0.12 0.07 0.15 0.11 33.79 34.00 33.99 33.96 33.70 33.86 33.88 34.12 34.25
MgO 33.80 33.57 34.27 33.70 34.04 32.99 0.58 0.67 0.75 0.66 0.69 0.76 0.64 0.83 0.85
CaO 0.69 0.70 0.49 0.75 0.82 0.89 0.03 0.01 0.01 0.02 0.02 0.05 0.04 0.03 0.03
Na,O 0.01 0.03 0.01 0.01 0.01 0.12 0.01 g g g 0.02 0.01 g g g
K,O 0.01 0.01 0.01 g 0.01 0.01 g g g g g g g g g
Toplam 98.39 97.98 90.03 98.15 99.00 96.87 97.94 99.20 99.06 98.05 97.50 98.15 96.38 99.11 99.48
Si 1.93 1.94 1.94 1.92 1.92 1.92 1.91 1.93 1.93 1.94 1.93 1.94 1.93 1.94 1.93
Ti - - - - - - - - - - - - - - -
Al 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
Cr 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Fe®* 0.17 0.17 0.16 0.18 0.18 0.18 0.18 0.17 0.16 0.16 0.17 0.16 0.17 0.17 0.16
Mn - - - - - - - - - - 0.01 - - - -
Ni - - - - - - - - - - - - - - -
Mg 1.78 1.76 1.76 1.79 1.79 1.78 1.82 1.77 1.77 1.76 1.77 1.76 1.76 1.76 1.76
Ca 0.02 0.02 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.04
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 4.02 4.00 4.01 4.03 4.03 4.03 4.04 4.02 4.02 4.01 4.02 4.01 4.01 4.01 4.01
%Voll 1.12 1.28 1.43 1.25 1.31 1.45 1.22 1.58 1.61 1.70 1.60 1.67 1.93 1.78 1.81
%Ens 90.22 90.24 90.16 89.66 89.57 89.64 90.07 89.88 90.04 90.08 89.97 90.23 89.44 89.76 89.89
%Fs 8.66 8.48 8.41 9.09 9.12 8.90 8.71 8.54 8.35 8.22 8.44 8.10 8.63 8.46 8.30
Mgt 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.92 0.92 0.91 0.92 0.91 0.91 0.92
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Ek Tablo 2’nin devami

Opir H1-2-10 HI1-2-11 H1-2-12 H1-2-13 H1-2-14 H1-2-15 H1-2-16 H1-2-17 H1-2-18 H1-2-19 HI1-2-20 H1-2-21 H1-2-22 H1-2-23 H1-2-24
Si0, 55.81 5511 5562 5522 5516 5551 5554 5337 5314 5445 5566 5494 5531 5531 5538
TiO, 0.03 0.05 0.04 0.04 0.03 0.03 0.03 0.05 0.01 0.04 0.03 0.04 0.04 0.04 0.06
ALO; 2.18 221 2.26 227 2.23 2.29 2.34 2.26 2.20 2.28 232 2.28 2.26 2.25 2.25
Cr,0; 071 0.65 0.63 0.60 0.62 0.69 0.72 0.59 0.65 0.70 0.74 0.65 0.70 0.73 0.56
FeO 5.51 5.69 5.43 5.80 5.64 5.56 5.50 6.56 7.42 5.95 572 5.48 5.44 5.51 5.65
MnO 0.16 0.18 0.14 0.11 0.11 0.11 0.10 0.15 0.15 0.09 0.15 0.11 0.16 0.14 0.12
NiO 0.12 0.22 0.07 0.06 0.17 0.13 0.12 0.11 0.11 0.12 0.11 0.09 0.10 0.06 0.07
MgO 3390 3401 3394 3373 3355 3380 3393 3275 3255 3320 3393 3354 3374 3377  33.76
CaO 0.89 0.84 0.87 1.01 0.93 0.95 0.92 1.13 1.12 1.07 0.98 0.91 0.96 0.95 0.84
Na,O 0.02 0.01 0.02 0.02 0.02 0.01 0.02 0.03 0.04 0.02 g 0.01 0.03 0.02 0.02
K,O g 0.01 g 0.02 g g g 0.02 0.02 0.01 0.01 0.01 g g g
H,O0 g g g g g g g g g g g g g g g
Toplam 9933 9896  99.02 9886 9844  99.08 9920  97.03 9741 9793 9965  98.05 9875  98.77  98.72
Si 1.94 1.93 1.94 1.93 1.94 1.93 1.93 1.91 1.91 1.93 1.93 1.93 1.93 1.93 1.94
Al 0.09 0.09 0.09 0.09 0.09 0.09 0.10 0.10 0.09 0.10 0.09 0.09 0.09 0.09 0.09
Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Fe* 0.16 0.17 0.16 0.17 0.17 0.16 0.16 0.20 0.22 0.18 0.17 0.16 0.16 0.16 0.17
Mn - 0.01 - - - - - - - - - - - - -
Ni - 0.01 - - - - - - - - - - - - -
Mg 1.76 1.77 1.76 1.76 1.76 1.76 1.76 1.75 1.74 1.75 1.75 1.76 1.76 1.76 1.76
Ca 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam  4.01 4.02 4.01 4.01 4.01 4.01 4.01 4.03 4.04 4.02 4.01 4.01 4.01 4.01 4.01
%Voll  1.70 1.60 1.67 1.93 1.78 1.81 1.76 2.18 2.15 2.06 1.86 1.76 1.84 1.82 1.62
%Ens  90.08 8997 9023  89.44 8976  89.89  90.06 8793  86.75 8899  89.67  90.00  90.02  89.95  89.93
%F's 8.22 8.44 8.10 8.63 8.46 8.30 8.18 9.89 11.10 8.95 8.48 8.25 8.14 8.23 8.45
Mg# 0.92 0.91 0.92 0.91 0.91 0.92 0.92 0.90 0.89 0.91 0.91 0.92 0.92 0.92 0.91

8¢



Ek Tablo 2’nin devami

H10A-2-13 H10A-2-14 H10A-2-15

Opir  HI10A-2-1 H10A-2-2 H10A-2-3 H10A-2-4 H10A-2-5 H10A-2-6 H10A-2-7 H10A-2-8 H10A-2-9 H10A-2-10 H10A-2-11 H10A-2-12
SiO, 54.93 53.26 51.90 52.08 52.67 54.35 54.60 54.85 55.14 55.31 55.28 55.23 55.17 55.19 55.19
TiO, 0.03 0.07 0.03 0.01 0.02 0.05 0.03 0.10 0.03 0.02 0.01 0.02 0.04 0.01 0.03
Al O, 3.65 3.71 3.68 3.66 3.74 3.73 3.89 3.80 3.85 3.81 3.78 3.79 3.74 3.73 3.64
Cr,0; 0.58 0.54 0.56 0.52 0.54 0.51 0.53 0.55 0.56 0.62 0.54 0.58 0.53 0.59 0.54
FeO 6.46 6.30 6.49 6.34 6.36 6.19 6.43 6.17 6.35 6.24 6.11 6.13 6.37 6.18 6.23
MnO 0.16 0.21 0.16 0.15 0.18 0.16 0.11 0.09 0.09 0.12 0.15 0.16 0.14 0.17 0.13
NiO 0.17 0.07 0.12 0.06 0.06 0.14 0.10 0.02 0.08 0.02 0.15 0.09 0.02 0.12 0.08
MgO 33.83 33.86 33.50 33.24 33.29 33.39 33.65 33.73 33.65 33.62 33.79 33.90 33.86 33.57 33.74
Ca0 0.87 0.81 0.84 0.83 0.93 0.93 0.94 0.98 0.92 0.91 0.92 0.92 0.91 0.87 0.89
Na,O 0.01 0.01 0.03 0.01 0.03 0.04 0.01 g 0.02 0.03 0.03 0.02 0.02 0.01 0.02
K,O 0.01 g g 0.01 0.01 g 0.01 0.01 g g g G g g 0.01
Toplam 100.69  98.84 97.30 96.89 97.80 99.47 10031 100.30 100.69 100.68 100.75 100.83 100.81 100.43 100.48
Si 1.89 1.87 1.86 1.87 1.87 1.89 1.89 1.89 1.90 1.90 1.90 1.90 1.90 1.90 1.90
Ti - - - - - - - - - - - - - - -
Al 0.15 0.15 0.16 0.15 0.16 0.15 0.16 0.15 0.16 0.15 0.15 0.15 0.15 0.15 0.15
Cr 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.02 0.01
Fe** 0.19 0.19 0.19 0.19 0.19 0.18 0.19 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Mn - 0.01 - - 0.01 - - - - - - - - - -
Ni - - - - - - - - - - - - - -
Mg 1.74 1.77 1.79 1.78 1.76 1.73 1.73 1.74 1.73 1.72 1.73 1.74 1.73 1.72 1.73
Ca 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam  4.02 4.04 4.06 4.05 4.04 4.02 4.02 4.02 4.02 4.01 4.02 4.02 4.02 4.01 4.02
%Voll 1.65 1.53 1.59 1.59 1.77 1.77 1.78 1.86 1.74 1.74 1.74 1.74 1.71 1.65 1.68
%Ens  88.84 89.16 88.76 88.90 88.73 88.98 88.70 89.00 88.86 89.00 89.20 89.22 88.91 89.13 89.09
%Fs 9.51 9.31 9.64 9.51 9.50 9.25 9.51 9.14 9.40 9.26 9.05 9.05 9.38 9.21 9.23
Mgt 0.90 0.91 0.90 0.90 0.90 0.91 0.90 0.91 0.90 0.91 0.91 0.91 0.90 0.91 0.91
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Ek Tablo 2’nin devami

Opir H10A-2-16 H10A-2-17 H10A-2-18 HI10A-2-19 HI10A-2-20 H10A-2-21 H10A-2-22 H10A-2-23 H10A-2-24 H10A-2-25 H15-2-1 H15-2-2 H15-2-3 H15-2-4 H15-2-5
Sio, 55.26 55.23 55.25 55.28 54.92 54.72 55.30 56.05 56.57 54.92 54.23 54.53 54.63 54.28 54.50
TiO, g g 0.01 0.02 0.03 0.04 0.01 0.01 0.01 0.01 g 0.01 0.04 0.02 0.02
ALO; 3.69 3.67 3.62 3.60 3.62 3.61 322 2.56 1.90 1.64 3.09 3.17 3.13 3.10 3.07
Cr,0; 0.56 0.58 0.53 0.52 0.51 0.50 0.50 0.41 0.12 0.13 0.68 0.70 0.73 0.68 0.74
FeO 6.23 6.27 6.30 6.26 6.29 6.38 6.12 6.27 6.21 6.24 6.29 6.22 6.10 6.13 6.03
MnO 0.14 0.15 0.11 0.13 0.16 0.23 0.17 0.17 0.19 0.19 0.19 0.17 0.14 0.10 0.15
NiO 0.12 0.06 0.18 0.12 0.02 0.11 0.12 0.09 0.07 g 0.08 0.12 0.03 0.09 0.06
MgO 33.74 33.91 33.80 33.92 33.88 33.86 34.31 34.81 35.42 35.50 33.84 33.95 34.07 33.95 34.19
CaO 0.92 0.90 0.87 0.84 0.81 0.82 0.72 0.54 0.43 0.35 0.36 0.34 0.35 0.35 0.29
Na,O 0.02 0.02 0.03 0.03 0.02 0.02 0.01 0.01 g 0.02 0.01 g 0.02 0.01 g
K,O g g 0.01 g 0.01 0.01 g g g g 0.02 g 0.01 0.03 0.01
Toplam 100.69 100.79 100.70 100.71 100.27 100.31 100.49 100.91 100.90 98.99 98.80 99.21 99.26 98.74 99.06
Si 1.90 1.90 1.90 1.90 1.90 1.89 1.90 1.92 1.94 1.92 1.90 1.90 1.90 1.90 1.90

Ti - - - - - - - - - - - - - - -

Al 0.15 0.15 0.15 0.15 0.15 0.15 0.13 0.10 0.08 0.07 0.13 0.13 0.13 0.13 0.13

Cr 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 - - 0.02 0.02 0.02 0.02 0.02
Fe** 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 - - - - -
Mn - - - - - 0.01 - - 0.01 0.01 0.01 - - - -
Ni - - - - - - - - - - - - - - -
Mg 1.73 1.74 1.73 1.74 1.74 1.75 1.76 1.78 1.81 1.85 1.77 1.77 1.77 1.77 1.78
Ca 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01
Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -
Toplam 4.02 4.02 4.02 4.02 4.02 4.03 4.02 4.02 4.02 4.04 4.03 4.02 4.02 4.02 4.02
%Voll 1.74 1.70 1.65 1.59 1.54 1.56 1.36 1.01 0.79 0.64 0.70 0.65 0.67 0.67 0.56
%Ens 89.04 89.06 89.04 89.17 89.17 89.03 89.67 89.91 90.33 90.44 89.93 90.09 90.27 90.19 90.49
%Fs 9.23 9.24 9.31 9.24 9.29 9.41 8.97 9.08 8.88 8.92 9.38 9.26 9.06 9.14 8.95
Mg# 0.91 0.91 0.91 0.91 0.91 0.90 0.91 0.91 0.91 0.91 091 091 091 091 091

09



Ek Tablo 2’nin devami

Opir H15-2-6 H15-2-7 H15-2-8 H15-2-9  HI15-2-10 HI5-2-11  HI15-2-12 HI15-2-13  HI15-2-14 HI15-2-15 HI15-2-16 HI15-2-17 HI15-2-18 HI15-2-19 HI15-2-20
SiO, 54.43 54.70 54.22 54.45 54.36 54.12 54.49 54.42 54.45 54.62 54.47 54.56 54.37 54.42 54.59
TiO, g 0.05 g g g g 0.05 0.04 g g 0.04 g 0.02 0.03 g
Al O, 3.21 3.09 3.06 3.07 3.04 3.06 3.04 3.05 2.97 3.04 2.98 2.99 2.95 2.92 2.89
Cr,03 0.73 0.74 0.68 0.61 0.61 0.63 0.68 0.63 0.78 0.67 0.78 0.63 0.66 0.71 0.65
FeO 5.84 5.92 5.88 5.94 6.12 5.98 5.83 6.02 6.02 5.96 6.01 5.83 5.95 5.84 6.01
MnO 0.17 0.15 0.15 0.17 0.20 0.17 0.11 0.12 0.18 0.13 0.15 0.16 0.12 0.16 0.18
NiO 0.05 0.12 0.07 0.14 0.12 0.06 0.11 0.10 0.09 0.10 0.10 0.06 0.13 0.04 0.13
MgO 34.13 34.02 34.14 34.03 34.00 33.70 33.86 33.98 34.17 34.09 34.02 34.11 34.06 33.99 33.95
CaO 0.31 0.31 0.34 0.31 0.32 0.33 0.36 0.37 0.38 0.36 0.33 0.38 0.37 0.38 0.39
Na,O 0.01 g 0.02 0.02 0.01 0.01 0.01 g 0.01 g g 0.01 0.01 0.01 0.01
K,;O 0.01 g g 0.01 0.01 0.01 0.01 0.02 0.01 g 0.01 0.01 g 0.01 g

Toplam 9891 99.10 98.53 98.72 98.78 98.05 98.55 98.75 99.07 98.97 98.89 98.74 98.63 98.50 98.80
Si 1.90 1.91 1.90 1.91 1.90 1.91 1.91 1.91 1.90 1.91 1.91 1.91 1.91 1.91 1.91

Ti - - - - - - - - - - - - - - -

Al 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.12 0.12 0.12 0.12 0.12 0.12 0.12

Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Fe*' - - - - - - - - - - - - - - -

Mn 0.01 - - - 0.01 0.01 - - 0.01 - - - - - 0.01

Ni - - - - - - - - - - - - - -

Mg 1.78 1.77 1.79 1.78 1.78 1.77 1.77 1.77 1.78 1.78 1.77 1.78 1.78 1.78 1.77

Ca 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -
Toplam  4.02 4.02 4.03 4.02 4.02 4.02 4.02 4.02 4.03 4.02 4.02 4.02 4.02 4.02 4.02
%Voll 0.60 0.59 0.65 0.59 0.61 0.64 0.69 0.70 0.72 0.69 0.63 0.72 0.71 0.73 0.75
%ZEns 90.69 90.56 90.61 90.55 90.27 90.36 90.57 90.32 90.35 90.45 90.40 90.59 90.43 90.54 90.28

%Fs 8.71 8.85 8.75 8.86 9.12 8.99 8.74 8.98 8.93 8.86 8.97 8.69 8.86 8.73 8.97
Mgt 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

19



Ek Tablo 2’nin devami

Opir H15-2-21 H15-2-22 H15-2-23 HI15-2-24 H15-2-25 HI16-2-1 HI16-2-2 HI16-2-3 HI16-2-4 HI16-2-5 HI16-2-6 HI16-2-7 HI16-2-8 HI16-2-9 H16-2-10
Sio, 54.25 54.16 54.00 53.96 53.78 53.68 56.56 56.09 55.90 55.97 55.67 55.62 56.10 55.97 55.79
TiO, 0.01 g 0.01 g 0.04 0.03 0.02 0.02 0.04 0.05 g 0.02 g 0.04 0.03
ALO; 2.90 2.74 2.51 2.35 2.24 1.96 2.42 2.51 2.32 2.56 2.60 2.68 2.68 2.70 2.60
Cr,03 0.72 0.62 0.56 0.53 0.56 0.43 0.48 0.60 0.58 0.69 0.66 0.73 0.74 0.72 0.77
FeO 6.05 6.03 6.13 6.23 6.01 6.16 5.99 6.14 6.08 5.87 5.94 5.86 5.93 5.85 5.73
MnO 0.16 0.16 0.16 0.16 0.14 0.13 0.13 0.20 0.15 0.13 0.10 0.17 0.13 0.16 0.13
NiO 0.07 0.09 0.07 0.08 0.14 0.08 0.09 0.11 0.13 0.15 0.10 0.01 0.10 0.08 0.12
MgO 34.01 34.02 33.96 33.76 33.67 35.62 35.34 35.04 34.94 34.49 34.52 34.33 34.70 34.58 34.41
CaO 0.36 0.54 0.62 0.64 0.66 0.23 0.29 0.43 0.24 0.84 1.00 0.78 0.81 0.81 0.93
Na,O 0.02 0.01 0.02 g 0.01 0.03 g g g 0.02 0.01 g 0.02 g 0.01
K,0 g 0.01 0.02 0.02 0.01 0.01 0.01 0.01 g 0.02 g 0.01 0.02 g g
Toplam 98.55 98.38 98.06 97.74 97.25 98.34 101.33 101.14 100.37 100.78 100.60 100.20 101.22 100.94 100.54
Si 1.91 1.91 1.91 1.91 1.92 1.89 1.93 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92
Ti - - - - - - - - - - - - - - -
Al 0.12 0.11 0.10 0.10 0.09 0.08 0.10 0.10 0.09 0.10 0.11 0.11 0.11 0.11 0.11
Cr 0.02 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Fe** - - - - - 0.18 0.17 0.18 0.17 0.17 0.17 0.17 0.17 0.17 0.16
Mn - - - - - - - 0.01 - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 1.78 1.79 1.79 1.79 1.79 1.87 1.79 1.79 1.79 1.76 1.77 1.77 1.77 1.77 1.76
Ca 0.01 0.02 0.02 0.02 0.03 0.01 0.01 0.02 0.01 0.03 0.04 0.03 0.03 0.03 0.03
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 4.03 4.03 4.03 4.03 4.03 4.06 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02
%Voll 0.68 1.02 1.18 1.23 1.26 0.43 0.53 0.80 0.44 1.56 1.87 1.47 1.50 1.52 1.75
%Ens 90.30 90.02 89.74 89.50 89.76 90.77 90.83 90.32 90.71 89.86 89.50 89.92 89.88 89.94 89.85
%Fs 9.02 8.96 9.08 9.27 8.99 8.80 8.64 8.88 8.85 8.58 8.63 8.61 8.62 8.54 8.40
Mgt 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

9



Ek Tablo 2’nin devami

Opir H16-2-11 HI16-2-12 HI16-2-13 HI16-2-14 H16-2-15 H16-2-16 H16-2-17 HI16-2-18 HI16-2-19 H16-2-20 H16-2-21 H16-2-22  H16-4-1 H16-4-2 H16-4-3
SiO, 53.33 45.73 55.56 55.78 54.90 53.16 53.86 52.69 55.52 53.67 54.79 54.71 54.92 53.90 53.39
TiO, 0.05 0.01 0.04 0.05 0.05 0.03 0.02 0.01 0.04 0.02 g 0.01 0.02 0.01 0.02
ALO; 2.62 2.49 2.63 2.64 2.63 2.62 2.63 2.59 2.56 2.14 2.20 1.47 2.63 2.51 2.73
Cr,0; 0.80 0.84 0.82 0.68 0.74 0.82 0.66 0.72 0.61 0.51 0.42 0.21 0.56 0.58 0.56
FeO 6.41 6.77 5.61 5.90 5.90 6.45 6.47 6.83 597 5.99 6.01 6.32 6.23 597 6.17
MnO 0.16 0.14 0.11 0.11 0.15 0.10 0.18 0.16 0.15 0.14 0.09 0.16 0.15 0.16 0.13
NiO 0.02 0.14 0.17 0.13 0.13 0.13 0.10 0.09 0.09 0.07 0.13 0.01 0.07 0.02 0.11
MgO 34.05 33.56 34.25 34.42 34.30 34.11 34.39 33.83 34.55 34.92 34.77 34.89 34.47 34.12 34.08
CaO 0.88 1.21 1.17 091 0.92 091 0.71 0.69 0.56 0.43 0.41 0.30 0.65 0.69 0.66
Na,O g 0.02 0.02 0.01 g 0.01 g 0.03 0.01 g 0.02 0.01 0.01 g 0.01
K,O g 0.02 0.01 g 0.01 0.02 0.01 0.02 g g 0.01 0.02 0.02 0.01 0.01
Toplam 98.34 90.93 100.38 100.65 99.73 98.35 99.03 97.65 100.07 97.88 98.85 98.10 99.72 97.98 97.86
Si 1.89 1.78 1.92 1.92 1.91 1.88 1.89 1.88 1.92 1.90 1.92 1.93 1.91 1.91 1.89
Ti - - - - - - - - - - - - - - -
Al 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.10 0.09 0.09 0.06 0.11 0.10 0.11
Cr 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.02
Fe** 0.19 0.22 0.16 0.17 0.17 0.19 0.19 0.20 0.17 0.18 0.18 0.19 0.18 0.18 0.18
Mn - - - - - - 0.01 - - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 1.80 1.95 1.76 1.76 1.78 1.80 1.80 1.80 1.78 1.84 1.81 1.84 1.79 1.80 1.80
Ca 0.03 0.05 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.01 0.02 0.03 0.02
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 4.05 4.15 4.02 4.02 4.03 4.05 4.04 4.05 4.02 4.05 4.03 4.04 4.03 4.03 4.04
%Voll 1.66 227 2.19 1.71 1.73 1.69 1.32 1.30 1.05 0.80 0.76 0.56 1.21 1.30 1.24
%Ens 88.94 87.80 89.58 89.66 89.63 88.88 89.26 88.66 90.21 90.49 90.47 90.26 89.69 89.88 89.65
%Fs 9.40 9.93 8.23 8.63 8.64 9.42 9.42 10.04 8.74 8.71 8.77 9.18 9.09 8.82 9.11
Mg# 0.90 0.90 0.92 091 091 0.90 0.90 0.90 091 091 091 091 091 091 091
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Ek Tablo 2’nin devami

Opir H16-4-4 H16-4-5 H16-4-6 H16-4-7 H16-4-8 H16-4-9  H16-4-10 HI16-4-11 H16-4-12 H16-4-13 HI16-4-14 H16-4-15 HI16-4-16 H16-4-17 HI16-4-18
SiO, 54.55 55.69 54.40 51.27 55.60 55.68 55.64 55.01 55.05 54.31 54.56 55.77 55.90 55.74 54.53
TiO, 0.05 0.05 0.05 0.07 0.03 0.03 0.03 0.06 0.05 0.03 0.05 0.03 0.05 0.01 0.05
AlLO; 2.62 2.64 2.62 2.54 2.70 2.65 2.68 2.64 2.60 2.57 2.60 2.72 271 2.76 2.56
Cr,03 0.70 0.64 0.69 0.63 0.57 0.61 0.59 0.75 0.55 0.59 0.73 0.59 0.67 0.70 0.53
FeO 6.09 5.96 6.12 6.62 6.09 5.67 5.96 6.46 6.06 6.02 6.10 5.74 5.96 5.95 5.90
MnO 0.20 0.17 0.10 0.16 0.12 0.12 0.17 0.21 0.16 0.10 0.13 0.11 0.11 0.15 0.13
NiO 0.07 0.10 0.08 0.06 0.10 0.13 0.17 0.09 0.16 0.10 0.06 0.16 0.10 0.08 0.08
MgO 34.16 34.47 34.29 34.06 34.66 34.26 34.47 33.81 33.65 34.40 34.31 34.41 34.64 34.53 33.95
CaO 0.76 0.80 0.85 0.72 0.88 0.83 0.82 0.90 0.86 0.74 0.74 0.79 0.63 0.74 0.59
Na,O 0.02 0.02 0.02 0.03 g g 0.02 0.01 0.01 g 0.01 0.02 0.01 g g
K,O 0.01 g g 0.01 g 0.01 g g g 0.01 g 0.01 g g g
Toplam 99.24 100.53 99.21 96.18 100.74 99.99 100.55 99.92 99.14 98.86 99.28 100.35 100.78 100.64 98.32
Si 1.91 1.92 1.90 1.86 191 1.92 1.92 1.91 1.92 1.90 1.90 1.92 1.92 1.92 1.92
Ti - - - - - - - - - - - - - - -
Al 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11
Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01
Fe* 0.18 0.17 0.18 0.20 0.18 0.16 0.17 0.19 0.18 0.18 0.18 0.17 0.17 0.17 0.17
Mn 0.01 0.01 - 0.01 - - - 0.01 - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 1.78 1.77 1.79 1.84 1.78 1.76 1.77 1.75 1.75 1.80 1.79 1.77 1.77 1.77 1.78
Ca 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 4.03 4.02 4.03 4.07 4.03 4.01 4.02 4.02 4.02 4.03 4.03 4.02 4.02 4.02 4.02
%Voll 1.44 1.49 1.59 1.35 1.63 1.56 1.54 1.71 1.63 1.38 1.38 1.49 1.18 1.38 1.13
%Ens 89.61 89.80 89.46 88.95 89.55 90.07 89.75 88.78 89.34 89.81 89.67 90.08 90.12 89.93 90.09
%Fs 8.95 8.71 8.95 9.70 8.83 8.37 8.71 9.51 9.03 8.81 8.95 8.43 8.70 8.69 8.78
Mg# 0.91 091 0.91 0.90 091 0.92 0.91 0.90 091 0.91 091 091 091 091 091
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Ek Tablo 2’nin devami

Opir H16-4-19 H16-4-20 HI16-4-21 H16-4-22  HI19-2-1 H19-2-2 H19-2-3 H19-2-4 H19-2-5 H19-2-6 H19-2-7 H19-2-8 H19-2-9  HI19-2-10 H19-2-11

SiO, 55.97 54.25 53.65 55.78 54.32 54.80 54.60 54.52 54.35 54.61 54.68 54.65 54.55 54.45 54.38
TiO, 0.04 0.03 0.02 0.05 0.03 0.06 0.06 0.05 0.05 0.04 0.05 0.05 0.04 0.08 0.06
Al O3 2.57 2.52 2.40 2.16 4.19 4.29 4.34 4.48 4.53 4.47 4.55 4.49 4.57 4.49 4.57
Cr,0; 0.58 0.47 0.50 0.38 0.61 0.66 0.72 0.66 0.80 0.73 0.70 0.66 0.67 0.88 0.78
FeO 5.97 6.04 6.22 5.90 6.60 6.19 6.06 6.27 6.18 6.29 6.15 6.24 6.31 6.15 6.17
MnO 0.16 0.16 0.19 0.08 0.13 0.13 0.14 0.17 0.13 0.14 0.19 0.12 0.11 0.20 0.11
NiO 0.07 0.13 0.01 g 0.06 0.09 0.08 0.10 0.15 0.12 0.05 0.16 0.12 0.04 0.07
MgO 34.54 34.16 34.42 34.41 33.31 33.15 32.59 33.14 32.52 33.14 32.95 33.06 33.01 32.50 32.80
CaO 0.63 0.54 0.52 0.45 0.99 1.14 1.89 1.17 2.17 1.33 1.21 1.26 1.34 1.81 1.69

Na,O g 0.03 0.01 0.02 0.02 0.01 0.02 0.02 0.05 0.02 0.02 0.02 0.03 0.04 0.04
K,0O g 0.01 0.01 0.01 g 0.01 0.02 g 0.01 g 0.01 g g g g
Toplam 100.52 98.34 97.93 99.24 100.26  100.51 100.52 100.57 100.93 100.89 100.56 100.71  100.74 100.63  100.66

Si 1.92 1.91 1.90 1.94 1.88 1.89 1.89 1.88 1.87 1.88 1.88 1.88 1.88 1.88 1.88
Ti - - - - - - - - - - - - - - -
Al 0.10 0.10 0.10 0.09 0.17 0.17 0.18 0.18 0.18 0.18 0.18 0.18 0.19 0.18 0.19
Cr 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Fe** 0.17 0.18 0.18 0.17 0.19 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18

Mn - - 0.01 - - - - - - - 0.01 - - 0.01 -
Ni - - - - - - - - - - - - - - -
Mg 1.77 1.79 1.82 1.78 1.72 1.70 1.68 1.70 1.67 1.70 1.69 1.70 1.70 1.67 1.69
Ca 0.02 0.02 0.02 0.02 0.04 0.04 0.07 0.04 0.08 0.05 0.04 0.05 0.05 0.07 0.06
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -

Toplam  4.02 4.03 4.04 4.01 4.02 4.01 4.02 4.02 4.02 4.02 4.01 4.02 4.02 4.02 4.02
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%Voll 1.18 1.03 0.97 0.85 1.89 2.18 3.64 2.24 4.15 2.53 2.32 241 2.56 3.50 3.24
%Ens 90.08 90.03 89.91 90.45 88.29 88.55 87.25 88.38 86.62 88.08 88.42 88.24 88.00 87.24 87.52
%Fs 8.74 8.94 9.11 8.69 9.81 9.27 9.11 9.38 9.23 9.38 9.26 9.34 9.44 9.26 9.23
Mgi# 0.91 0.91 0.91 0.91 0.90 0.91 0.91 0.90 0.90 0.90 0.91 0.90 0.90 0.90 0.90




Ek Tablo 2’nin devami

Opir H19-2-12 HI19-2-13 HI19-2-14 HI19-2-15 HI9-2-16 HI19-2-17 HI19-2-18 HI19-2-19 HI19-2-20 HI19-2-21 HI19-2-22 HI19-2-23 HI19-2-24 HI19-2-25 H20-2-1
SiO, 54.53 54.46 54.50 54.48 54.89 54.62 53.97 54.26 54.70 54.11 54.00 53.60 53.63 55.17 53.95
TiO, 0.06 0.04 0.07 0.05 0.04 0.04 0.03 0.08 0.07 0.04 0.03 0.06 0.06 0.07 0.04
ALO; 4.60 4.51 4.42 4.77 4.56 4.65 4.53 4.62 4.43 4.44 4.35 4.39 4.46 3.50 3.98
Cr,03 0.80 0.80 0.80 0.83 0.74 0.80 0.71 0.82 0.73 0.73 0.72 0.68 0.61 0.62 0.58
FeO 6.14 6.14 591 5.96 6.25 6.34 6.29 6.22 6.16 6.39 6.18 6.38 6.62 6.01 6.00
MnO 0.14 0.13 0.13 0.08 0.18 0.09 0.15 0.12 0.14 0.18 0.13 0.15 0.16 0.12 0.12
NiO 0.05 0.10 0.06 0.03 0.08 0.12 0.04 0.06 0.12 0.15 0.14 0.09 0.12 0.12 0.14
MgO 33.13 33.01 32.91 32.74 33.23 32.96 32.92 32.55 33.18 32.77 32.58 32.88 32.92 32.46 33.35
CaO 1.25 1.42 1.70 1.66 1.33 1.28 1.51 2.27 1.40 1.46 1.85 1.18 0.95 2.54 0.87
Na,O 0.02 0.02 0.03 0.04 0.02 0.03 0.03 0.06 0.02 0.02 0.05 0.02 0.02 0.04 0.04
K,O g g g 0.01 g g g g g g 0.01 g 0.02 g g

Toplam 100.70 100.64 100.54 100.62 101.32 100.92 100.18 101.05 100.93 100.28  100.04 99.43 99.57 100.64 99.07
Si 1.88 1.88 1.88 1.88 1.88 1.88 1.87 1.87 1.88 1.88 1.88 1.87 1.87 1.91 1.89
Ti - - - - - - - - - - - - - - -

Al 0.19 0.18 0.18 0.19 0.18 0.19 0.19 0.19 0.18 0.18 0.18 0.18 0.18 0.14 0.16

Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Fe** 0.18 0.18 0.17 0.17 0.18 0.18 0.18 0.18 0.18 0.19 0.18 0.19 0.19 0.17 0.18

Mn - - - - 0.01 - - - - 0.01 - - - - -

Ni - - - - - - - - - - - - - - -

Mg 1.70 1.70 1.69 1.68 1.70 1.69 1.70 1.67 1.70 1.69 1.69 1.71 1.71 1.67 1.74

Ca 0.05 0.05 0.06 0.06 0.05 0.05 0.06 0.08 0.05 0.05 0.07 0.04 0.04 0.09 0.03

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -
Toplam  4.02 4.02 4.02 4.01 4.02 4.02 4.03 4.03 4.02 4.02 4.02 4.03 4.03 4.01 4.02
%Voll 2.39 2.73 3.26 3.20 2.53 2.46 2.90 4.32 2.67 2.80 3.55 2.28 1.84 4.84 1.68
%ZEns 88.42 88.08 87.88 87.83 88.17 88.04 87.70 86.42 88.15 87.62 87.17 88.13 88.21 86.20 89.31

%Fs 9.19 9.19 8.86 8.97 9.30 9.49 9.40 9.26 9.17 9.58 9.28 9.59 9.96 8.96 9.01
Mgt 0.91 0.91 0.91 0.91 0.90 0.90 0.90 0.90 0.91 0.90 0.90 0.90 0.90 0.91 0.91
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Ek Tablo 2’nin devami

Opir H20-2-2 H20-2-3 H20-2-4 H20-2-5 H20-2-6 H20-2-7 H20-2-8 H20-2-9  H20-2-10 H20-2-11 H20-2-12 H20-2-13 H20-2-14 H20-2-15 H20-2-16

SiO, 55.00 51.51 55.17 55.39 55.20 55.35 55.05 55.00 55.02 54.06 55.02 55.03 55.12 54.35 53.71
TiO, 0.05 0.05 0.05 0.04 0.05 0.06 0.06 0.04 0.02 0.07 0.02 0.06 0.01 0.03 0.03
AL O, 4.14 3.81 4.08 4.14 4.20 4.16 4.22 4.14 4.29 4.34 4.23 4.19 4.30 4.26 4.35
Cr,0; 0.68 0.67 0.59 0.81 0.73 0.77 0.64 0.70 0.72 0.71 0.71 0.63 0.70 0.71 0.75
FeO 6.11 6.30 6.00 6.06 6.10 6.16 6.11 6.12 6.00 6.35 6.05 6.26 6.12 6.01 5.88
MnO 0.15 0.13 0.18 0.20 0.14 0.12 0.17 0.15 0.12 0.10 0.14 0.12 0.16 0.10 0.15
NiO 0.08 0.06 0.11 0.12 0.12 0.09 0.06 0.10 0.15 0.07 0.13 0.03 0.04 0.05 0.11
MgO 33.90 34.12 33.81 33.92 33.71 33.81 33.65 33.95 33.80 33.13 33.64 33.69 33.68 33.61 33.18
CaO 0.94 0.74 1.19 0.71 0.88 0.93 1.00 0.79 0.85 1.22 1.10 1.07 0.85 0.79 0.96
Na,O 0.02 0.03 0.03 0.02 0.01 0.02 0.01 0.01 0.03 0.03 0.01 0.01 0.01 0.02 0.03

K,O0 0.01 0.02 g 0.01 g g g g g g g g g g g
Toplam 101.07 9744  101.21 101.39 101.14 10146 10097 101.01 101.00 100.07 101.05 101.08 100.99  99.92 99.17

Si 1.89 1.84 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.88 1.89 1.89 1.89 1.88 1.88
Ti - - - - - - - - - - - - - - -

Al 0.17 0.16 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.17 0.17 0.17 0.17 0.18
Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

Fe**  0.18 0.19 017  0.17 0.17 0.8 018  0.18 0.17 018  0.17 0.18 0.18 0.17 0.17
Mn - - 0.01 0.01 - - - - - - - - -

Ni - - - - - - - - - - - - - - -
Mg 1.73 1.82 1.73 1.73 1.72 1.72 1.72 1.74 1.73 1.71 1.72 1.72 1.72 1.74 1.73
Ca 0.03 0.03 0.04 0.03 0.03 0.03 0.04 0.03 0.03 0.05 0.04 0.04 0.03 0.03 0.04
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -

Toplam  4.02 4.07 4.02 4.01 4.01 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02
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%Voll 1.78 1.38 2.25 1.34 1.67 1.75 1.89 1.49 1.62 2.34 2.10 2.02 1.62 1.51 1.86
%Ens 89.19 89.37 88.91 89.68 89.26 89.13 89.04 89.46 89.47 88.18 88.94 88.74 89.28 89.51 89.26
%Fs 9.02 9.25 8.85 8.99 9.07 9.11 9.07 9.05 8.91 9.48 8.97 9.24 9.11 8.98 8.88
Mgt 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.90 0.91 0.91 0.91 0.91 0.91




Ek Tablo 2’nin devami

Opir H20-2-17 H20-2-18 H20-2-19 H20-2-20 H20-2-21 H20-2-22 H20-2-23 H20-2-24 H20-2-25  H21-2-1 H21-2-2 H21-2-3 H21-2-4 H21-2-5 H21-2-6

SiO, 55.06 55.21 55.30 55.32 55.32 55.31 54.54 55.45 55.35 54.67 54.57 53.80 53.74 54.11 53.66
TiO, 0.05 0.04 0.02 0.07 0.04 0.04 0.05 0.05 0.04 0.05 0.01 0.04 0.03 0.02 0.05
AL O, 4.16 4.10 3.85 3.93 4.01 3.90 3.98 3.84 3.93 3.51 3.97 4.28 4.33 4.64 4.67
Cr,0; 0.70 0.66 0.66 0.54 0.71 0.66 0.53 0.53 0.59 0.45 0.53 0.60 0.66 0.63 0.72
FeO 6.10 6.06 6.24 591 6.09 6.03 6.01 5.97 5.94 6.00 5.95 6.09 5.99 5.82 5.87
MnO 0.18 0.15 0.15 0.11 0.13 0.17 0.19 0.11 0.20 0.11 0.14 0.15 0.13 0.13 0.14
NiO 0.12 0.13 0.08 0.12 0.08 0.14 0.03 0.06 0.16 0.03 0.03 0.05 0.11 0.13 0.10
MgO 3391 33.94 34.24 34.03 34.01 33.85 33.84 33.86 33.88 33.43 33.20 32.67 32.77 32.02 32.15
CaO 0.75 0.74 0.53 0.62 0.73 0.74 0.83 0.81 0.74 0.67 0.77 0.79 0.86 1.52 1.39

Na,O 0.01 0.02 g 0.01 0.02 0.01 0.02 0.02 0.02 g 0.01 0.02 g 0.03 0.04
K,O g g g g g g g g 0.01 g 0.01 0.01 g g 0.01
Toplam 101.04 101.04 101.07 100.67 101.13  100.86  100.01  100.69  100.85 98.93 99.19 98.49 98.61 99.04 98.79
Si 1.89 1.89 1.89 1.90 1.89 1.90 1.89 1.90 1.90 1.91 1.90 1.89 1.89 1.89 1.88
Ti - - - - - - - - - - - - - - -
Al 0.17 0.17 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.14 0.16 0.18 0.18 0.19 0.19
Cr 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02
Fe** 0.17 0.17 0.18 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.17 0.18 0.18 0.17 0.17
Mn 0.01 - - - - - 0.01 - 0.01 - - - - - -
Ni - - - - - - - - - - - - - - -

Mg 1.73 1.73 1.75 1.74 1.73 1.73 1.75 1.73 1.73 1.74 1.72 1.71 1.72 1.67 1.68
Ca 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.06 0.05

K - - - - - - - - - - - - -
Toplam  4.02 4.02 4.02 4.01 4.02 4.01 4.02 4.01 4.01 4.01 4.01 4.01 4.01 4.01 4.01
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%Voll 1.42 1.41 0.99 1.18 1.38 1.41 1.58 1.54 1.42 1.30 1.50 1.55 1.68 3.00 2.74
%Ens 89.54 89.62 89.82 90.05 89.62 89.63 89.50 89.60 89.75 89.67 89.51 89.14 89.18 88.03 88.21
%Fs 9.04 8.97 9.18 8.77 9.00 8.95 8.92 8.86 8.83 9.03 8.99 9.31 9.14 8.97 9.04
Mgt 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91




Ek tablo 3’tiin devami

Opir H21-2-7 H21-2-8 H21-2-9 H21-2-10 H21-2-11 H21-2-12 H21-2-13 H21-2-14 H21-2-15 H21-2-16 H21-2-17 H21-2-18 H21-2-19 H21-2-20 H21-2-21 H21-2-22
SiO, 51.67 53.90 53.53 51.50 52.67 53.32 51.64 53.31 53.37 53.65 53.54 53.51 52.65 53.72 54.00 53.96
TiO, 0.05 0.08 0.04 0.06 0.05 0.06 0.08 0.04 0.04 0.02 0.07 0.04 0.05 0.06 0.03 0.02
ALO; 4.70 4.83 4.79 4.71 491 4.90 4.88 4.84 4.81 4.78 4.82 4.74 447 3.88 3.54 3.27
Cr,0; 0.74 0.77 0.67 0.65 0.81 0.77 0.62 0.71 0.81 0.76 0.66 0.73 0.72 0.47 0.52 0.39
FeO 6.31 597 6.16 6.14 5.40 6.36 597 5.95 6.04 6.13 5.95 6.05 6.01 6.07 6.00 6.07
MnO 0.14 0.15 0.11 0.10 0.15 0.13 0.15 0.09 0.18 0.12 0.14 0.12 0.16 0.11 0.13 0.21
NiO 0.05 0.10 0.04 0.07 0.16 0.07 0.12 0.09 0.12 0.10 0.11 0.12 0.11 0.16 0.03 0.11
MgO 31.83 32.43 32.33 32.78 31.06 32.83 31.54 32.26 32.42 32.82 32.16 32.62 32.21 32.76 33.01 33.59
CaO 0.95 0.92 0.99 0.75 2.65 0.77 1.33 1.10 1.17 0.92 1.17 0.80 0.83 0.89 0.81 0.70
Na,O 0.01 0.02 0.03 0.01 0.07 0.03 0.03 0.04 0.02 0.02 g 0.04 0.04 0.02 0.02 0.03
K,O 0.01 g g g g 0.01 g g g g 0.01 0.01 0.01 0.01 0.01 0.01
Toplam 96.45 99.16 98.67 96.76 97.92 99.25 96.35 98.43 98.98 99.32 98.62 98.79 97.24 98.13 98.08 98.35
Si 1.86 1.88 1.88 1.85 1.87 1.86 1.86 1.88 1.87 1.87 1.88 1.88 1.88 1.90 1.90 1.90
Ti - - - - - - - - - - - - - - - -
Al 0.20 0.20 0.20 0.20 0.21 0.20 0.21 0.20 0.20 0.20 0.20 0.20 0.19 0.16 0.15 0.14
Cr 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01
Fe** 0.19 0.17 0.18 0.18 0.16 0.19 0.18 0.18 0.18 0.18 0.17 0.18 0.18 0.18 0.18 0.18
Mn - - - - - - - - 0.01 - - - - - - 0.01
Ni - - - - - - - - - - - - - - - -
Mg 1.71 1.69 1.69 1.75 1.64 1.71 1.69 1.69 1.69 1.71 1.68 1.71 1.71 1.72 1.74 1.76
Ca 0.04 0.03 0.04 0.03 0.10 0.03 0.05 0.04 0.04 0.03 0.04 0.03 0.03 0.03 0.03 0.03
Na - - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - - -
Toplam 4.03 4.01 4.01 4.04 4.02 4.02 4.02 4.01 4.02 4.02 4.01 4.02 4.02 4.02 4.02 4.03
%Voll 1.89 1.80 1.94 1.47 5.29 1.50 2.66 2.17 2.30 1.78 2.32 1.58 1.65 1.73 1.57 1.35
%Ens 88.29 89.00 88.58 89.15 86.29 88.84 87.99 88.66 88.46 88.91 88.51 89.15 89.04 89.01 89.33 89.58
%Fs 9.82 9.20 9.48 9.37 8.41 9.66 9.34 9.17 9.24 9.31 9.18 9.27 9.32 9.26 9.10 9.07
Mg# 0.90 091 0.90 0.90 091 0.90 0.90 091 091 091 091 091 091 091 091 091
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Ek Tablo 3. Harmancik yoresi harzburjitlerine ait klinopiroksen minerallerinin mikrokimyasal analiz sonuglari.

Kpir H10A-4-1 HI10A-4-2 H10A-4-3 H10A-4-4 H10A-4-5 HI10A-4-6 H10A-4-7 HI10A-4-8 HI10A-4-9 H10A-4-10 H10A-4-11 H10A-4-12 HI10A-4-13 HI10A-4-14 HI10A-4-15

SiO, 52.09 49.93 51.44 51.29 51.13 50.87 49.33 50.90 51.08 51.07 48.29 51.31 51.30 51.38 51.14
TiO, 0.08 0.07 0.06 0.06 0.08 0.05 0.08 0.10 0.05 0.08 0.04 0.13 0.08 0.09 0.06
AL O3 3.10 3.03 3.46 3.35 3.70 3.97 3.78 4.18 4.10 4.32 3.48 4.15 3.95 3.84 3.61
Cr,03 0.73 0.75 0.86 0.75 0.82 0.99 0.87 1.00 0.91 1.09 0.72 0.89 0.87 0.93 0.79
FeO 2.17 3.56 2.15 2.45 2.24 2.12 2.53 2.20 2.19 2.34 3.62 2.45 2.38 2.41 2.36
MnO 0.10 0.08 0.07 0.08 0.09 0.08 0.09 0.04 0.06 0.04 0.12 0.05 0.08 0.06 0.08
NiO 0.04 0.02 g 0.09 0.08 0.03 0.07 0.08 0.07 g 0.09 0.05 0.01 0.12 0.01
MgO 17.65 21.97 17.17 19.44 16.70 16.70 18.17 16.66 16.71 16.60 22.94 16.96 17.41 17.34 17.02
CaO 23.44 19.17 23.78 22.04 23.87 23.81 21.78 23.72 23.80 23.39 16.42 23.24 22.77 23.26 23.49
Na,O 0.27 0.20 0.32 0.29 0.33 0.30 0.29 0.32 0.33 0.32 0.28 0.35 0.35 0.36 0.32
K,O 0.02 g 0.01 0.01 0.02 g g g g g g g 0.01 g 0.01
Toplam 99.68 98.78 99.31 99.84 99.06 98.92 96.99 99.21 99.30 99.26 96.00 99.58 99.20 99.78 98.89
Si 1.90 1.84 1.89 1.87 1.89 1.88 1.86 1.87 1.88 1.88 1.82 1.88 1.88 1.88 1.89
Ti - - - g - - - - - g - - - - -
Al 0.13 0.13 0.15 0.14 0.16 0.17 0.17 0.18 0.18 0.19 0.15 0.18 0.17 0.17 0.16
Cl; 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.02
Fe + - - - - - - - - - - - - - - -
Fe* 0.07 0.11 0.07 0.07 0.07 0.07 0.08 0.07 0.07 0.07 0.11 0.07 0.07 0.07 0.07
Mn - - - - - - - - - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 0.96 1.21 0.94 1.06 0.92 0.92 1.02 0.91 0.92 0.91 1.29 0.93 0.95 0.95 0.94
Ca 0.92 0.76 0.94 0.86 0.94 0.94 0.88 0.94 0.94 0.92 0.66 0.91 0.90 0.91 0.93
Na 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02
K - - - - - - - - - - - - - - -
Toplam 4.03 4.09 4.03 4.06 4.03 4.03 4.06 4.03 4.03 4.02 4.10 4.03 4.03 4.04 4.03
%Voll 47.17 36.50 48.19 43.22 48.85 48.89 44.41 48.79 48.82 48.41 32.10 47.67 46.60 4721 47.92
%Ens 49.43 58.20 48.41 53.03 47.57 47.70 51.56 47.68 47.68 47.81 62.38 48.41 49.59 48.97 48.32
%Fs 3.41 5.30 3.40 3.75 3.59 3.40 4.03 3.53 3.51 3.78 5.52 3.92 3.80 3.82 3.76
Mg# 0.94 0.92 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.92 0.93 0.93 0.93 0.93

Not: Ana oksit degerleri % agirhik cinsindendir. Mg#: Mg/(Mg+Fe™"), g: Gozlenmedi, -: Cihazin 6lgiim smurlarimin altinda. Yapisal
parametreler 6 oksijene gore hesaplanmustir. Fe** ve Fe*" ayrimi, Droop (1987)’a gore yapilmustir.

0L



Ek Tablo 3’tin devami

Kpir  H10A-4-16 H10A-4-17 H10A-4-18 H10A-4-19 H10A-4-20 H10A-4-21 H154-1 HI15-4-2 H154-3 H154-4 H154-5 H154-6 H154-7 HI154-8 H15-4-9
SiO, 51.40 51.38 52.00 51.44 51.76 51.81 52.30 52.16 51.68 52.33 52.45 52.28 52.16 52.03 52.80

TiO, 0.08 0.11 0.06 0.07 0.06 0.10 0.04 0.03 0.03 0.05 0.06 0.04 0.04 0.04 g

AL O3 3.62 3.59 3.69 3.65 3.27 2.87 2.76 2.88 2.76 3.04 3.26 3.09 2.96 3.14 293
Cr,0; 0.92 0.96 0.88 1.03 0.59 0.55 1.06 1.02 1.06 1.08 1.11 1.03 1.06 1.19 1.17
FeO 2.32 2.33 2.38 2.19 2.18 2.13 1.76 1.95 1.87 2.01 2.00 1.81 1.91 2.07 1.96
MnO 0.14 0.05 0.07 0.07 0.08 0.13 0.10 0.11 0.08 0.10 0.07 0.11 0.06 0.08 0.03

NiO 0.06 g 0.12 0.03 0.09 0.04 0.02 0.05 0.10 0.03 0.04 g 0.06 0.05 g
MgO 17.35 17.41 17.63 17.04 17.34 17.36 17.07 17.08 16.81 17.07 17.32 17.14 17.23 16.78 17.25
CaO 23.25 23.19 23.09 23.34 23.40 24.05 24.14 24.19 23.86 2391 23.80 24.08 23.79 24.13 24.20

Na,O 0.35 0.32 0.34 0.34 0.28 0.25 0.26 0.26 0.24 0.27 0.31 0.26 0.29 0.27 0.27
K;O g g g g g g g g g g g g 0.01 g g
Toplam  99.48 99.33 10026 99.18 99.05 9929 9951 9972 9850  99.91 10041  99.84  99.57  99.78  100.62
Si 1.88 1.89 1.89 1.89 1.90 1.90 1.91 1.91 1.91 1.91 1.90 1.91 1.91 1.90 1.91
Al 0.16 0.16 0.16 0.16 0.14 0.12 0.12 0.12 0.12 0.13 0.14 0.13 0.13 0.14 0.13
Cr 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
l-?e:;+ - - - - - - - - - - - - - - -
Fe** 0.07 0.07 0.07 0.07 0.07 0.07 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Mg 0.95 0.95 0.95 0.93 0.95 0.95 0.93 0.93 0.93 0.93 0.94 0.93 0.94 0.91 0.93
Ca 0.91 0.91 0.90 0.92 0.92 0.95 0.95 0.95 0.95 0.93 0.92 0.94 0.93 0.95 0.94
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

K - - - - - - - - - - - - - - -
Toplam  4.03 4.03 4.03 4.03 4.03 4.03 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02 4.02

IL

%Voll 47.25 47.10 46.68 47.87 47.52 48.23 49.01 48.89 48.99 48.57 48.11 48.80 48.29 49.16 48.67
%Ens 49.07 49.20 49.57 48.63 49.01 48.43 48.21 48.04 48.02 48.25 48.73 48.34 48.67 47.55 48.25
%PFs 3.68 3.70 3.75 3.50 3.46 3.34 2.78 3.07 2.99 3.18 3.15 2.86 3.03 3.29 3.08
Mgt 0.93 0.93 0.93 0.93 0.93 0.94 0.95 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94




Ek tablo 3’tun devami

Kpir H15-4-10 H15-4-11 H15-4-12 HI15-4-13 H15-4-14 H15-4-15 HI15-4-16 HI15-4-17 HI15-4-18 HI15-4-19 HI16-1-1 H16-1-2 H16-1-3 H16-1-4 H16-1-5
SiO, 49.86 52.42 52.48 51.70 50.31 52.51 52.14 52.20 52.32 52.18 52.49 52.27 51.94 49.95 51.94
TiO, 0.04 0.07 0.05 0.02 0.04 0.02 0.03 0.02 0.05 0.04 0.11 0.09 0.08 0.08 0.11
ALO; 3.08 3.02 2.99 3.15 2.88 2.84 3.67 2.99 2.88 2.11 2.06 2.50 2.52 2.52 2.52
Cr,0; 1.12 1.14 1.02 1.08 1.10 1.10 1.24 1.02 1.11 0.79 0.71 1.00 0.99 0.92 0.96
FeO 2.07 2.06 1.73 1.82 2.57 2.07 2.17 1.89 1.93 1.87 1.90 1.91 1.93 2.50 2.11
MnO 0.06 0.11 0.08 0.10 0.06 0.11 0.08 0.08 0.07 0.06 0.08 0.13 0.02 0.11 0.11
NiO 0.08 0.03 0.06 0.09 0.06 0.11 0.10 g 0.01 0.01 0.04 0.07 g g g
MgO 16.22 17.28 17.22 17.01 16.94 17.22 17.63 17.22 17.29 17.24 17.57 17.37 17.24 18.13 17.46
CaO 23.67 24.13 24.22 23.90 23.23 24.02 22.61 23.69 24.09 24.33 24.78 24.04 24.24 22.63 24.03
Na,O 0.29 0.26 0.26 0.28 0.23 0.26 0.40 0.30 0.23 0.22 0.20 0.28 0.29 0.26 0.32
K,O g g g g g 0.01 0.01 g g 0.02 G g g 0.01 0.01
Toplam  96.48 100.52  100.09  99.13 97.43 100.27  100.07  99.40 99.98 98.87 99.94 99.66 99.23 97.12 99.56

Si 1.89 1.90 1.91 1.90 1.89 1.91 1.89 1.91 1.91 1.92 1.92 1.91 1.91 1.88 1.91
Al 0.14 0.3 0.13 0.14 013 012 016 0.3 012 0.09 009 0.1 0.11 0.11 0.11

Cr 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03
Fe** 0.07 0.06 0.05 0.06 0.08 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.06

Mn - - - - -

Ni - - - - - - - - - -
Mg 0.92 0.93 0.93 0.93 0.95 0.93 0.95 0.94 0.94 0.95 0.96 0.95 0.94 1.02 0.95

Ca 0.96 0.94 0.94 0.94 0.93 0.94 0.88 0.93 0.94 0.96 0.97 0.94 0.95 0.91 0.94
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02

K - - - - - - - - -
Toplam  4.03 4.02 4.02 4.02 4.04 4.02 4.02 4.02 4.02 4.03 4.03 4.03 4.03 4.06 4.03

L

%Voll  49.46 48.46 48.90 48.79 47.59 48.43 46.31 48.23 48.52 48.88 48.87 48.37 48.74 45.43 48.10
%Ens  47.16 48.30 48.38 48.31 48.30 48.31 50.23 48.77 48.44 48.19 48.21 48.63 48.24 50.65 48.61
%F's 3.38 3.23 2.72 2.90 4.11 3.26 3.46 3.00 3.04 293 2.92 3.00 3.02 3.91 3.29
Mgt 0.93 0.94 0.95 0.94 0.92 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.93 0.94




Ek tablo 3’tiin devami

Kpir H16-1-6  H16-1-7 H16-1-8  H16-1-9 H16-1-10 H16-1-11 H16-1-12 H16-1-13 H16-1-14 H16-1-15 HI6-1-16 HI16-1-17 HI16-1-18 HI6-1-19  HI16-1-20
SiO, 53.30 51.59 50.38 51.77 51.94 52.33 52.30 51.56 51.44 51.83 53.55 52.19 52.24 49.99 52.64
TiO, 0.08 0.09 0.09 0.13 0.07 0.10 0.11 0.08 0.07 0.08 0.10 0.11 0.10 0.09 0.07
Al O; 2.62 2.59 2.52 2.60 2.62 2.71 2.96 2.60 2.58 2.79 2.79 2.67 2.38 2.12 1.88
Cr,0; 0.92 0.98 0.85 0.97 1.02 0.90 1.02 0.95 0.98 1.14 1.03 1.01 0.84 0.74 0.45
FeO 2.00 1.97 2.35 2.00 2.10 2.12 1.94 2.10 2.34 2.09 2.16 2.05 2.05 3.32 1.92
MnO 0.13 0.02 0.05 0.07 0.11 0.02 0.07 0.08 0.11 0.07 0.07 0.12 0.05 0.08 0.08
NiO 0.08 0.04 g 0.07 0.05 g 0.12 0.06 0.05 0.10 0.03 0.04 0.06 0.04 g
MgO 18.50 17.49 17.55 17.26 17.47 17.28 17.60 17.13 17.56 17.36 19.03 17.44 17.54 18.98 17.67
CaO 23.64 23.86 22.80 23.95 23.95 23.80 23.59 23.94 23.68 23.69 23.21 23.60 23.70 21.61 24.03
Na,O 0.35 0.27 0.30 0.31 0.32 0.34 0.35 0.32 0.32 0.34 0.29 0.30 0.28 0.20 0.26
K,0 g 0.01 g g 0.01 0.01 0.01 g 0.01 g g G g 0.02 g
Toplam 101.62 98.90 96.89 99.13 99.64 99.60 100.07 98.80 99.15 99.50 102.27 99.52 99.24 97.18 98.99
Si 1.91 1.90 1.90 1.91 1.90 1.91 1.90 1.91 1.90 1.90 1.90 1.91 1.92 1.88 1.93
Ti - - - - - - - - - - - - - - -
Al 0.11 0.11 0.11 0.11 0.11 0.12 0.13 0.11 0.11 0.12 0.12 0.12 0.10 0.09 0.08
Cr 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.01
Fe®* 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.10 0.06
Mn - - - - - - - - - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 0.99 0.96 0.99 0.95 0.95 0.94 0.95 0.94 0.97 0.95 1.01 0.95 0.96 1.07 0.97
Ca 0.91 0.94 0.92 0.94 0.94 0.93 0.92 0.95 0.94 0.93 0.88 0.93 0.93 0.87 0.95
Na 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02
K - - - - - - - - - - - - - - -
Toplam  4.03 4.03 4.04 4.03 4.03 4.02 4.03 4.03 4.04 4.03 4.03 4.02 4.03 4.06 4.03
%Voll  46.40 47.97 46.47 48.36 48.00 48.09 47.57 48.45 47.42 47.88 45.18 47.71 47.68 42.69 47.95
%Ens 50.53 48.94 49.79 48.49 48.72 48.57 49.38 48.24 48.93 48.82 51.54 49.06 49.10 52.18 49.06
%Fs 3.07 3.09 3.74 3.15 3.29 3.34 3.05 3.31 3.66 3.30 3.28 3.24 3.22 5.12 2.99
Mgt 0.94 0.94 0.93 0.94 0.94 0.94 0.94 0.94 0.93 0.94 0.94 0.94 0.94 0.91 0.94

€L



Ek Tablo 3’in devami

Kpir H19-4-1 HI19-4-2 HI19-4-3 HI19-4-4 HI19-4-5 HI9-4-6 HI19-4-7 HI9-4-8 HI19-4-9 HI19-4-10 H19-4-11 H19-4-12 H19-4-13 HI19-4-14 H19-4-15
Sio, 50.31 50.23 49.48 50.40 49.75 50.25 50.83 50.48 50.36 50.55 50.21 50.51 50.00 50.63 49.34

TiO, 0.15 0.14 0.14 0.14 0.16 0.16 0.15 0.14 0.09 0.09 0.14 0.16 0.15 0.12 0.15
ALO; 4.85 4.90 4.78 4.88 4.75 4.97 5.04 5.09 5.04 5.30 5.26 5.28 4.47 5.13 4.77
Cr,03 1.03 1.01 1.01 1.09 1.14 1.10 1.09 1.06 0.98 1.15 1.14 1.12 0.95 1.11 1.09
FeO 2.35 2.54 2.61 2.51 2.34 2.46 2.55 2.39 2.31 2.75 2.70 2.55 2.90 2.47 2.86
MnO 0.09 0.08 0.05 0.09 0.13 0.10 0.07 0.08 0.10 0.09 0.08 0.08 0.09 0.09 0.07
NiO 0.01 0.04 0.02 0.04 0.02 0.04 0.05 0.10 g g 0.05 0.03 0.12 0.04 0.08

MgO 16.58 16.80 16.52 16.50 16.13 16.43 16.32 16.37 16.18 16.57 16.24 16.20 18.41 16.38 18.52
CaO 22.63 2291 22.37 22.80 23.27 23.07 22.84 22.64 22.93 22.35 22.69 22.46 20.67 22.64 20.37

Na,O 0.36 0.37 0.39 0.41 0.41 0.40 0.41 0.39 0.39 0.40 0.41 0.41 0.33 0.43 0.34
K,0 g g g 0.01 g g 0.01 0.02 g g 0.01 G 0.01 g 0.01
Toplam 98.36 99.00 97.37 98.87 98.09 98.99 99.35 98.76 98.38 99.26 98.92 98.79 98.08 99.06 97.59
Si 1.86 1.85 1.86 1.86 1.85 1.85 1.87 1.86 1.87 1.86 1.85 1.86 1.85 1.86 1.84
Ti - - - - - - - - - - - - - - -
Al 0.21 0.21 0.21 0.21 0.21 0.22 0.22 0.22 0.22 0.23 0.23 0.23 0.20 0.22 0.21
Cr 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Fe’* 0.07 0.08 0.08 0.08 0.07 0.08 0.08 0.07 0.07 0.08 0.08 0.08 0.09 0.08 0.09
Mn - - - - - - - - - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 0.92 0.92 0.92 0.91 0.90 0.90 0.89 0.90 0.89 0.91 0.89 0.89 1.02 0.90 1.03
Ca 0.90 0.91 0.90 0.90 0.93 0.91 0.90 0.90 0.91 0.88 0.90 0.89 0.82 0.89 0.81
Na 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.03 0.02
K - - - - - - - - - - - - - - -
Toplam 4.02 4.04 4.03 4.03 4.03 4.03 4.02 4.02 4.02 4.02 4.03 4.02 4.04 4.02 4.05

YL

%Voll 47.62 47.47 47.20 47.79 48.95 48.21 48.06 47.89 48.53 47.00 47.88 47.80 42.58 47.81 42.10
%Ens 48.53 48.43 48.51 48.11 47.21 47.78 47.75 48.17 47.65 48.49 47.67 47.96 52.76 48.12 53.28
%Fs 3.85 4.10 4.30 4.10 3.84 4.01 4.19 3.94 3.81 4.51 4.45 4.24 4.66 4.08 4.62
Mg# 0.93 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.93 0.91 0.91 0.92 0.92 0.92 0.92




Ek Tablo 3’tUn devami

Kpir H19-4-16 H19-4-17 HI19-4-18 HI19-4-19 H19-4-20 H20-1-1 H20-1-2 H20-1-3 H20-1-4 H20-1-5 H20-1-6 H20-1-7 H20-1-8 H20-1-9  H20-1-10

SiO, 50.22 50.85 50.72 50.92 49.29 51.28 51.79 50.87 50.76 50.94 51.22 49.17 51.25 50.34 51.44
TiO, 0.13 0.16 0.17 0.14 0.16 0.12 0.15 0.14 0.13 0.13 0.14 0.16 0.14 0.12 0.13
AL O, 4.70 4.55 4.56 4.41 4.16 3.57 4.03 4.28 4.21 4.24 4.12 4.00 3.90 3.46 3.68
Cr,0; 1.06 1.01 0.97 0.86 0.85 0.73 0.82 0.90 0.95 0.98 1.01 1.03 1.01 0.87 0.94
FeO 2.80 2.57 2.47 2.45 2.99 2.17 2.49 2.49 2.23 2.09 2.22 2.27 2.14 2.15 2.09
MnO 0.11 0.07 0.05 0.10 0.08 0.09 0.09 0.15 0.07 0.09 0.08 0.09 0.11 0.08 0.12
NiO 0.06 0.08 0.07 0.03 0.08 g 0.01 g 0.12 0.07 0.04 0.14 0.10 0.04 0.03
MgO 17.06 17.00 16.72 16.80 16.89 17.24 17.71 17.42 17.29 16.62 16.70 16.65 16.79 16.95 16.83
CaO 21.96 22.71 22.73 2291 22.56 23.28 22.31 22.59 22.50 23.47 23.33 22.60 23.22 22.85 23.25
Na,O 0.39 0.40 0.39 0.38 0.33 0.38 0.42 0.41 0.39 0.45 0.41 0.36 0.39 0.39 0.40

K,O 0.01 g 0.02 g g g g g g 0.01 g G 0.01 g g
Toplam  98.49 99.39 98.87 98.99 97.40 98.86 99.82 99.26 98.64 99.10 99.27 96.47 99.05 97.23 98.92
Si 1.86 1.87 1.87 1.87 1.85 1.89 1.89 1.87 1.87 1.88 1.88 1.86 1.89 1.89 1.89

Ti - - - - - - - - - - - - - - -
Al 0.21 0.20 0.20 0.19 0.18 0.15 0.17 0.19 0.18 0.18 0.18 0.18 0.17 0.15 0.16

Cr 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Fe* 0.09 0.08 0.08 0.08 0.09 0.07 0.08 0.08 0.07 0.06 0.07 0.07 0.07 0.07 0.06

Mn - - - - -

Ni - - - - - - - -
Mg 094 093 092 092 095 095 09 095 095 091 091 094 092 095 092

Ca 0.87 0.89 0.90 0.90 0.91 0.92 0.87 0.89 0.89 0.93 0.92 0.92 0.92 0.92 0.92
Na 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

K - - - - - - - -
Toplam  4.03 4.03 4.03 4.03 4.05 4.03 4.03 4.04 4.03 4.03 4.03 4.04 4.03 4.03 4.02

SL

%Voll  45.87 46.96 47.42 47.54 46.62 47.56 45.63 46.32 46.59 48.66 48.30 47.54 48.13 47.49 48.13
%Ens  49.57 48.90 48.55 48.50 48.55 48.98 50.40 49.69 49.81 47.95 48.10 48.73 48.40 49.02 48.49
%Fs 4.56 4.14 4.03 3.96 4.83 3.46 3.97 3.99 3.60 3.39 3.59 3.73 3.46 3.49 3.38
Mgt 0.92 0.92 0.92 0.92 0.91 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93




Ek Tablo 3’iin devami

Kpir H20-1-11  H20-1-12  H20-1-13  H20-1-14 H20-1-15  H20-4-1 H20-4-2 H20-4-3 H20-4-4 H20-4-5 H20-4-6 H20-4-7 H20-4-8 H20-4-9  H20-4-10
SiO, 52.17 51.63 51.39 51.57 51.48 51.36 51.39 50.93 50.69 50.56 48.62 50.18 50.73 50.93 50.83
TiO, 0.09 0.08 0.12 0.09 0.12 0.10 0.12 0.12 0.13 0.10 0.12 0.12 0.11 0.12 0.09
Al O3 2.45 3.54 3.50 3.51 3.42 4.03 4.65 4.70 4.74 4.71 4.47 4.73 4.72 4.71 4.51
Cr,0; 0.91 1.02 1.02 0.98 0.84 0.94 0.86 0.93 1.14 0.97 1.13 1.03 1.08 0.93 0.87
FeO 1.89 2.08 2.27 2.28 2.16 2.15 2.61 2.48 2.32 2.40 3.06 2.52 2.34 2.44 2.13
MnO 0.08 0.12 0.09 0.10 0.11 0.08 0.06 0.04 0.11 0.12 0.09 0.12 0.08 0.08 0.09
NiO 0.02 0.06 0.03 g 0.05 0.06 0.03 0.04 0.06 0.05 0.06 0.11 0.02 0.11 0.03
MgO 17.49 17.26 17.31 17.36 16.82 16.75 17.98 16.56 16.54 16.81 18.93 16.34 16.42 16.60 17.17
CaO 23.19 23.06 22.97 22.51 23.47 22.92 21.11 22.80 22.72 22.43 18.98 23.14 23.17 22.89 22.57
Na,O 0.39 0.42 0.42 0.40 0.41 0.46 0.43 0.48 0.49 0.49 0.43 0.41 0.48 0.46 0.39
K,0 g g 0.01 g g g g g 0.01 0.01 g 0.01 0.01 0.01 g
Toplam  98.68 99.28 99.15 98.80 98.88 98.85 99.25 99.07 98.95 98.62 95.89 98.69 99.15 99.28 98.69

Si 1.92 1.89 1.89 1.90 1.90 1.89 1.88 1.87 1.87 1.87 1.84 1.86 1.87 1.87 1.87
Al 0.11 0.15 0.15 0.15 0.15 0.17 0.20 0.20 0.21 0.20 0.20 0.21 0.20 0.20 0.20

Cr 0.03 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Fe?* 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.08 0.07 0.07 0.10 0.08 0.07 0.07 0.07

Mn - - - - - - - -
Ni - - - - - - - - - - - - - - -
Mg 0.96 0.94 0.95 0.95 0.92 0.92 0.98 0.91 0.91 0.93 1.07 0.90 0.90 0.91 0.94
Ca 0.92 0.91 0.90 0.89 0.93 0.90 0.83 0.90 0.90 0.89 0.77 0.92 0.91 0.90 0.89
Na 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03
K - - - - - - - - - - - - - - -

Toplam  4.02 4.03 4.03 4.02 4.03 4.02 4.02 4.03 4.03 4.03 4.05 4.03 4.03 4.03 4.03

9L

% Voll  47.32 47.36 47.05 46.46 48.33 47.85 43.84 47.72 47.79 47.03 39.78 48.38 48.43 47.80 46.90
%Ens  49.67 49.30 49.32 49.87 48.19 48.65 51.93 48.23 48.40 49.04 55.20 47.52 47.75 48.23 49.65
%Fs 3.01 3.34 3.63 3.67 3.48 3.50 4.23 4.05 3.81 3.92 5.01 4.11 3.82 3.97 3.45
Meg# 0.94 0.94 0.93 0.93 0.93 0.93 0.92 0.92 0.93 0.93 0.92 0.92 0.93 0.92 0.93




Ek Tablo 3’iin devami

Kpir H20-4-11 H20-4-12 H20-4-13 H20-4-14 H20-4-15 H20-4-16 H20-4-17 H20-4-18 H20-4-19 H20-4-20 H21-4-1 H21-4-2 H21-4-3 H21-4-4 H21-4-5
SiO, 50.98 50.09 51.13 50.51 50.40 50.03 49.85 50.61 50.59 50.80 51.17 50.96 51.38 50.94 51.03
TiO, 0.17 0.14 0.16 0.13 0.15 0.13 0.09 0.13 0.12 0.14 0.13 0.13 0.10 0.14 0.10
AL O3 4.40 4.57 491 4.92 4.83 4.93 4.85 4.84 4.72 4.39 5.56 5.87 5.79 5.92 5.96
Cr,0; 0.90 1.06 1.02 0.96 1.01 1.16 1.14 1.12 0.96 0.96 1.18 1.13 1.13 1.06 1.19
FeO 2.08 2.51 2.30 2.32 2.32 2.28 2.57 2.35 2.38 2.19 2.65 2.30 2.51 2.55 2.51
MnO 0.04 0.10 0.08 0.04 0.05 0.09 0.11 0.10 0.03 0.09 0.09 0.10 0.06 0.17 0.08
NiO 0.06 0.07 g 0.06 0.02 0.01 0.08 0.04 0.03 g 0.05 0.01 0.06 0.04 g
MgO 16.41 16.66 16.60 16.38 16.25 16.12 17.85 16.49 16.51 16.48 16.76 15.75 16.65 16.37 16.77
CaO 23.43 22.65 23.04 23.10 23.11 23.16 21.45 23.06 23.16 23.40 21.70 23.13 22.15 22.15 21.68
Na,O 0.40 0.42 0.43 0.45 0.46 0.46 0.40 0.44 0.40 0.40 0.54 0.54 0.59 0.59 0.56
K,O 0.01 0.01 g g 0.01 g g g g g g G g 0.01 g
Toplam  98.88 98.27 99.67 98.88 98.60 98.35 98.38 99.17 98.90 98.85 99.83 99.92 100.42  99.93 99.87
Si 1.88 1.86 1.87 1.86 1.86 1.86 1.85 1.86 1.87 1.87 1.86 1.86 1.86 1.85 1.85
Ti - - - - - - - - - - - - - - -
Al 0.19 0.20 0.21 0.21 0.21 0.22 0.21 0.21 0.21 0.19 0.24 0.25 0.25 0.25 0.26
Cr 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Fe** 0.06 0.08 0.07 0.07 0.07 0.07 0.08 0.07 0.07 0.07 0.08 0.07 0.08 0.08 0.08
Mn - - - - - - - - - - - - - 0.01 -
Ni - - - - - - - - - - - - - - -
Mg 0.90 0.92 0.90 0.90 0.90 0.89 0.99 0.90 0.91 0.91 0.91 0.86 0.90 0.89 0.91
Ca 0.92 0.90 0.90 0.91 0.92 0.92 0.85 0.91 0.91 0.92 0.85 0.90 0.86 0.86 0.84
Na 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04
K - - - - - - - - - - - - - - -
Toplam  4.02 4.03 4.02 4.03 4.03 4.03 4.04 4.03 4.03 4.03 4.02 4.02 4.02 4.02 4.02
%Voll  48.92 47.40 48.08 48.43 48.63 48.91 44.41 48.20 48.26 48.71 46.08 49.37 46.86 47.20 46.16
%Ens  47.68 48.51 48.18 47.78 47.56 47.34 51.43 47.96 47.87 47.74 49.53 46.79 49.01 48.56 49.66
%Fs 3.40 4.09 3.74 3.79 3.81 3.75 4.16 3.84 3.87 3.55 4.39 3.84 4.14 4.25 4.18
0.92 0.92 0.92 0.92

Mg# 0.93 0.92 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.92

LL



Ek Tablo 3’tUn devami

H21-4-9 H21-4-10 H21-4-11 H21-4-12 H21-4-13 H21-4-14 H21-4-15 H21-4-16 H21-4-17 H21-4-18 H21-4-19 H21-4-20

Kpir ~ H21-4-6 H21-4-7 H21-4-8
SiO, 51.03 53.49 51.42 51.13 53.94 50.85 50.93 50.17 51.08 51.13 51.52 51.39 51.68 52.08 51.57
TiO, 0.11 0.02 0.12 0.13 0.03 0.14 0.08 0.11 0.14 0.13 0.11 0.13 0.13 0.13 0.15
AL O, 6.09 5.14 5.93 6.04 4.73 5.96 5.84 5.94 5.89 5.65 5.48 5.32 5.11 4.88 5.21
Cr,0; 1.18 0.71 1.27 1.20 0.67 1.14 1.18 1.24 1.15 1.13 1.07 1.00 0.88 0.98 1.00
FeO 2.56 6.38 2.83 2.61 6.70 2.57 2.42 2.69 247 2.33 2.47 2.38 2.44 2.35 2.28
MnO 0.06 0.11 0.10 0.08 0.19 0.12 0.07 0.07 0.09 0.06 0.06 0.12 0.08 0.11 0.09
NiO 0.03 0.14 0.01 0.09 0.05 0.04 0.08 0.03 0.04 0.09 g 0.02 0.06 0.07 0.07
MgO 16.57 32.82 17.09 16.44 33.44 16.05 16.03 16.73 16.16 16.17 16.36 16.45 16.71 16.70 16.70
CaO 22.46 0.62 21.13 22.02 0.62 22.59 22.54 21.75 22.62 22.74 22.75 22.72 22.84 22.93 22.63
Na,O 0.57 g 0.54 0.64 0.02 0.62 0.58 0.56 0.58 0.56 0.56 0.52 0.52 0.50 0.51
K,O0 g g g g g 0.01 g g g g g 0.01 g g g
Toplam  100.64 99.44 100.44 10037  100.38  100.10 99.76 99.29 100.23 99.97 100.38  100.06  100.44  100.73  100.20
Si 1.85 1.87 1.86 1.85 1.87 1.85 1.86 1.84 1.85 1.86 1.87 1.87 1.87 1.88 1.87
Al 0.26 0.21 0.25 0.26 0.19 0.26 0.25 0.26 0.25 0.24 0.23 0.23 0.22 0.21 0.22
Cr 0.03 0.02 0.04 0.03 0.02 0.03 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Fe* 0.08 0.19 0.09 0.08 0.19 0.08 0.07 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07
Mn - - - - 0.01 - - - - - - - - - -
Mg 0.89 1.71 0.92 0.89 1.72 0.87 0.87 0.91 0.88 0.88 0.88 0.89 0.90 0.90 0.90
Ca 0.87 0.02 0.82 0.85 0.02 0.88 0.88 0.85 0.88 0.89 0.88 0.89 0.89 0.89 0.88
Na 0.04 - 0.04 0.04 - 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
K - - - - - - - - - - - - - - -
Toplam  4.02 4.02 4.01 4.02 4.03 4.02 4.02 4.03 4.02 4.02 4.02 4.02 4.02 4.02 4.02
%Voll 4727 1.22 44.84 46.92 1.19 48.14 48.23 46.14 48.09 48.33 47.96 47.87 47.58 47.77 47.50
%Ens 48.52 89.07 50.47 48.74 88.82 47.59 4772 49.40 47.81 47.81 47.98 48.22 48.44 48.42 48.77
%Fs 4.20 9.71 4.69 434 9.98 4.27 4.05 4.45 4.10 3.86 4.07 3.91 3.97 3.81 3.73
Mg# 0.92 0.90 0.92 0.92 0.90 0.92 0.92 0.92 0.92 0.93 0.92 0.93 0.92 0.93 0.93

8L



Ek Tablo 3’tUn devami

Kpir H21-4-21 H21-4-22

SiO, 51.70 52.12

TiO, 0.14 0.11
ALO; 4.72 5.15
Cr;0; 1.04 1.00
FeO 2.42 2.46
MnO 0.06 0.13
NiO 0.04 0.01

MgO 16.89 16.84
CaO 22.89 22.71
Na,O 0.44 0.52
K;O 0.01 G
Toplam 100.36 101.04

Si 1.87 1.87
Ti - -
Al 0.20 0.22
Cr 0.03 0.03
Fe** 0.07 0.07
Mn - -
Ni - -
Mg 0.91 0.90
Ca 0.89 0.88
Na 0.03 0.04
K - -
Toplam  4.02 4.02

6L

%Voll 4740 4725
%Ens  48.68 4875
%Fs  3.92 4.00
Mg# 093 0.92




Ek Tablo 4. Harmancik yoresi harzburjitlerine ait spinel minerallerinin mikrokimyasal analiz sonuglari

Spl H1-3-1 HI1-3-2 HI1-3-3 H1-3-4 HI-3-5 HI-3-6 HI-3-7 HI1-3-8 HI-3-9 HI1-3-10 HI-3-11 HI-3-12 HI1-3-13 HI1-3-14 HI-3-15
SiO, 0.06 0.09 0.05 0.07 0.09 0.07 0.09 0.08 0.08 0.07 0.07 0.08 0.07 0.08 0.09
TiO, 0.15 0.17 0.15 0.13 0.15 0.16 0.16 0.16 0.18 0.14 0.20 0.17 0.18 0.17 0.16
AL O, 25.73 25.35 25.51 25.30 25.14 25.04 24.93 24.58 24.84 24.56 24.63 24.52 24.80 24.54 24.56
Cr,0; 43.74 44.07 44.17 43.62 44.19 43.99 44.79 44.59 44.75 44.27 45.02 45.03 44.78 45.34 45.09
Fe,0; 2.35 232 2.52 2.58 241 2.60 2.53 2.75 2.15 3.28 2.53 2.50 2.18 2.32 2.49
FeO 17.45 16.01 15.86 15.64 15.95 15.82 15.96 15.70 16.05 15.52 16.04 15.78 15.98 15.97 16.07
MnO 0.14 0.11 0.19 0.21 0.14 0.17 0.10 0.16 0.22 0.13 0.17 0.15 0.21 0.20 0.20
NiO 0.09 0.08 0.11 0.10 0.10 0.09 0.09 0.10 0.04 0.10 0.19 0.05 0.12 0.17 0.21
MgO 12.67 13.45 13.54 13.49 13.46 13.41 13.55 13.45 13.31 13.60 13.38 13.49 13.35 13.35 13.33

CaO 0.01 g g g g g g 0.01 - - 0.01 - - 0.04 g
Na,O g 0.01 0.01 g g g 0.01 0.02 0.02 0.02 0.01 0.02 - 0.01 g
K,O g g g g g 0.02 g 0.01 g g G 0.01 g g g
Toplam 102.40 101.65 102.12 101.14 101.63 101.37 102.21 101.60 101.63 101.69 102.23 101.79 101.67 102.21 102.21
Si - - - - - - - - - - - - - - -
Ti - - - - - - - - - - - - - - -
Al 0.90 0.89 0.90 0.90 0.89 0.89 0.88 0.87 0.88 0.87 0.87 0.87 0.88 0.86 0.87
Cr 1.03 1.04 1.04 1.04 1.05 1.04 1.06 1.06 1.06 1.05 1.06 1.07 1.06 1.07 1.07

Fe* 0.05 0.05 0.06 0.06 0.05 0.06 0.06 0.06 0.05 0.07 0.06 0.06 0.05 0.05 0.06
Fe** 0.44 0.40 0.39 0.39 0.40 0.40 0.40 0.39 0.40 0.39 0.40 0.40 0.40 0.40 0.40
Mn - - - 0.01 - - - - 0.01 - - - 0.01 0.01 0.01
Ni - - - - - - - - - - - - - - 0.01
Mg 0.56 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.61 0.60 0.60 0.60 0.59 0.59
Ca - - - - - - - - - - - - - - -
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Mgt 0.56 0.60 0.60 0.61 0.60 0.60 0.60 0.60 0.60 0.61 0.60 0.60 0.60 0.60 0.60
Cri# 0.53 0.54 0.54 0.54 0.54 0.54 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Fe* 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.04 0.03 0.03 0.02 0.03 0.03

Not: Ana oksit degerleri % olarak agirlik cinsindendir. Cr# : Cr / (Cr+Al), Mg# : Mg / (Mg+Fe™), Fe™# : Fe" / (Fe"+Cr+Al). g
Gozlenmedi, -: Cihazin dl¢iim simirlarimin altinda. Yapisal parametreler 4 oksijene gore hesaplanmistir. Fe™” ve Fe™ ayrimm, Droop
(1987)’ a gore yapilmistir.
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Ek Tablo 4’tn devami

Spl H1-3-16 HI1-3-17 H1-3-18 H1-3-19 HI1-3-20 HI1-3-21 H1-3-22 HI1-3-23 H3-3-1 H3-3-2 H3-3-3 H3-3-4 H3-3-5 HI10A-3-1 HIO0A-3-2
SiO, 0.09 0.26 0.06 0.11 0.08 0.10 0.09 0.09 0.10 0.06 0.06 0.10 0.06 0.10 0.09
TiO, 0.17 0.14 0.19 0.16 0.12 0.17 0.18 0.11 0.09 0.06 0.04 0.05 0.04 0.05 0.03
ALO; 24.67 24.50 24.55 24.54 24.57 24.35 24.13 25.19 37.62 37.28 37.17 37.21 37.30 44.25 46.34
Cr,03 44.62 44.70 45.52 44.86 45.87 45.72 45.72 43.06 32.66 32.17 32.52 32.48 32.61 22.37 21.46
Fe,0; 2.70 231 2.12 2.19 2.06 1.92 1.66 1.77 2.25 2.16 2.59 2.25 2.23 1.77 2.02
FeO 16.00 15.68 15.96 15.82 16.11 16.05 16.62 19.29 13.88 13.70 13.57 13.70 13.74 12.43 12.13
MnO 0.11 0.18 0.11 0.13 0.14 0.14 0.18 0.30 0.17 0.14 0.19 0.18 0.24 0.10 0.12
NiO 0.11 0.17 0.08 0.10 0.07 0.12 0.11 0.04 0.18 0.19 0.18 0.19 0.13 0.24 0.23
MgO 13.45 13.54 13.46 13.44 13.36 13.34 12.90 11.00 16.28 16.07 16.23 16.10 16.14 16.90 17.64
CaO 0.01 0.04 g 0.01 g 0.01 g 0.01 g 0.01 0.02 0.01 - 0.01 0.02
Na,O g 0.02 0.01 g 0.03 0.01 g 0.01 0.02 0.01 0.01 0.02 0.01 g g
K,O Og g 0.01 g 0.01 g g g - - - - - g g
Toplam 101.93 101.54 102.06 101.37 102.41 101.94 101.58 100.86  103.24 101.85 102.57 102.28  102.48 98.22 100.07
Si - 0.01 - - - - - - - - - - - - -
Ti - - - - - - - - - - - - - - -
Al 0.87 0.87 0.87 0.87 0.86 0.86 0.86 0.91 1.23 1.23 1.22 1.23 1.23 1.46 1.49
Cr 1.06 1.06 1.08 1.07 1.08 1.08 1.09 1.04 0.72 0.71 0.72 0.72 0.72 0.50 0.46
Fe* 0.06 0.05 0.05 0.05 0.05 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.04 0.04
Fe** 0.40 0.39 0.40 0.40 0.40 0.40 0.42 0.49 0.32 0.32 0.32 0.32 0.32 0.29 0.28
Mn - - - - - - - 0.01 - - - - 0.01 - -
Ni - - - - - - - - - - - - - 0.01 0.01
Mg 0.60 0.61 0.60 0.60 0.59 0.60 0.58 0.50 0.67 0.67 0.68 0.67 0.67 0.71 0.72
Ca - - - - - - - - - - - - - - -
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mgt 0.60 0.61 0.60 0.60 0.60 0.60 0.58 0.50  0.676457 0.676536 0.680759 0.676877 0.67676  0.71 0.72
Cr# 0.55 0.55 0.55 0.55 0.56 0.56 0.56 0.53 0.37 0.37 0.37 0.37 0.37 0.25 0.24
Fe*! 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02
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Ek Tablo 4’tn devami

Spl H10A-3-3 HI10A-3-4 HI0A-3-5 HI10A-3-6 HI10A-3-7 HI10A-3-8 HI10A-3-9 HI10A-3-10 HI10A-3-11 HI10A-3-12 HI10A-3-13 HI10A-3-14 HI10A-3-15 HI10A-3-16 HI10A-3-17

SiO, 0.62 0.21 0.25 0.11 0.16 0.09 0.11 0.10 0.08 0.09 0.57 0.12 0.16 0.14 0.19
TiO, 0.02 0.01 0.03 g 0.04 0.02 0.03 g 0.02 g 0.03 0.03 0.01 g g

ALO; 4525 4691 4483 4759 4886 4741 4731 47.36 46.82 47.55 45.56 48.75 42.99 46.25 45.84
Cr,0; 2059  20.75 2042 2036  20.18 20.64 20.29 20.25 20.21 20.61 20.23 20.21 19.93 20.87 19.38
Fe,0; 0.89 1.95 1.38 2.20 2.04 1.93 1.83 2.25 1.84 1.47 1.09 2.06 1.43 1.55 3.05
FeO 12.39 11.95 12.10 11.72 11.58 11.55 11.53 11.64 11.42 11.80 12.14 11.41 11.60 11.68 10.17
MnO 0.19 0.14 0.12 0.12 0.07 0.15 0.07 0.07 0.16 0.13 0.08 0.12 0.09 0.13 0.13
NiO 0.28 0.28 0.31 0.26 0.23 0.27 0.27 0.28 0.23 0.20 0.26 0.32 0.26 0.26 0.21
MgO 17.04 17.83 16.79 18.11 18.78 18.13 17.98 18.04 17.76 17.90 17.29 18.67 16.13 17.62 18.11

Ca0O 0.07 0.02 0.02 g g g 0.03 0.01 g g 0.09 g 0.04 0.01 0.28
Na,O 0.02 0.01 0.01 g g g 0.02 0.01 0.02 0.01 0.02 g g g 0.02
K,O 0.02 g g 0.01 g g g g g g 0.02 0.01 g g g
Toplam 97.39 100.06 96.25 10046 101.94 100.19 99.44  100.01 98.55 99.75 97.37 101.68 92.63 98.50 97.38
Si 0.02 0.01 0.01 - - - - - - - 0.02 - - - 0.01
Ti - - - - - - - - - - - - - - -
Al 1.49 1.50 1.50 1.51 1.53 1.51 1.52 1.51 1.52 1.52 1.50 1.53 1.49 1.50 1.50

Cr 0.46 0.45 0.46 0.43 0.42 0.44 0.44 0.43 0.44 0.44 0.45 0.42 0.46 0.46 0.43
Fe* 0.02 0.04 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.03 0.02 0.04 0.03 0.03 0.06
Fe** 0.29 0.27 0.29 0.26 0.26 0.26 0.26 0.26 0.26 0.27 0.28 0.25 0.29 0.27 0.24
Ni 0.01 0.01 0.01 0.01 - 0.01 0.01 0.01 - - 0.01 0.01 0.01 0.01 -
Mg 0.71 0.72 0.71 0.73 0.74 0.73 0.73 0.73 0.73 0.73 0.72 0.74 0.71 0.73 0.75
Ca - - - - - - - - - - - - - - 0.01
Na - - - - - - - - - - - - - - -
K - - - - - - - - - - - - - - -
Toplam 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

4

Mgt 0.71 0.73 0.71 0.73 0.74 0.74 0.74 0.73 0.73 0.73 0.72 0.74 0.71 0.73 0.76
Cr# 0.23 0.23 0.23 0.22 0.22 0.23 0.22 0.22 0.22 0.23 0.23 0.22 0.24 0.23 0.22
Fe*'# 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03




Ek Tablo 4’tn devami

Spl H10A-3-18 HI10A-3-19 HI10A-3-20 HI10A-3-21 HI0A-3-22 HI10A-3-23 H10A-3-24 HI10A-3-25  HI5-3-1 H15-3-2 H15-3-3 H15-3-4 H15-3-5 H15-3-6 H15-3-7
Sio, 0.06 0.14 0.11 0.15 0.24 0.42 0.09 0.08 0.28 0.22 0.20 0.12 0.36 0.16 2.06
TiO, g g 0.02 0.01 0.01 0.03 g 0.01 0.01 g 0.04 0.01 0.06 0.02 0.02
AL O, 4741 47.73 48.52 46.28 51.21 45.17 49.05 48.35 36.01 32.88 34.01 33.64 31.02 33.40 29.32
Cr,0; 20.26 19.99 20.19 20.11 19.80 19.43 19.73 19.66 31.00 32.07 33.05 34.57 34.08 34.15 28.74
Fe,0; 1.91 1.83 1.70 1.60 1.47 1.24 1.29 1.62 2.98 2.65 3.03 2.72 2.07 2.84 10.60
FeO 11.42 11.20 11.20 11.39 11.18 11.69 11.36 11.22 13.81 14.15 14.07 14.85 15.08 14.09 15.16
MnO 0.07 0.12 0.15 0.13 0.11 0.12 0.08 0.13 0.15 0.13 0.13 0.06 0.15 0.15 0.11
NiO 0.29 0.28 0.22 0.27 0.28 0.27 0.24 0.20 0.19 0.16 0.18 0.07 0.10 0.10 0.16
MgO 18.02 18.26 18.61 17.56 19.68 16.97 18.50 18.39 15.60 14.34 15.15 14.88 13.70 15.09 15.96
CaO 0.01 0.02 g 0.02 0.04 0.04 0.01 g 0.01 0.03 0.02 0.01 0.04 0.03 0.02
Na,O 0.02 0.01 0.01 g g 0.03 g g 0.02 g 0.02 g 0.01 0.01 0.01
K,0 g 0.01 g 0.02 g 0.02 g g g g g 0.01 g 0.01 g

Toplam 99.47 99.57 100.72 97.54 104.02 95.42 100.37 99.65 100.05 96.63 99.90 100.93 96.66 100.05 102.15

Si - - - - 0.01 0.01 - - 0.01 0.01 0.01 - 0.01 - 0.06

Ti - - - - - - - - - - - - - - -

Al 1.52 1.53 1.53 1.52 1.56 1.51 1.55 1.54 1.22 1.16 1.16 1.15 1.11 1.14 1.00

Cr 0.44 0.43 0.43 0.44 0.40 0.44 0.42 0.42 0.70 0.76 0.76 0.79 0.82 0.78 0.66
Fe* 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.06 0.06 0.07 0.06 0.05 0.06 0.23
Fe* 0.26 0.25 0.25 0.26 0.24 0.28 0.25 0.25 0.33 0.36 0.34 0.36 0.38 0.34 0.37
Mn - - - - - - - - - - - - - - -

Ni 0.01 0.01 - 0.01 0.01 0.01 0.01 - - - - - - - -

Mg 0.73 0.74 0.74 0.73 0.76 0.72 0.74 0.74 0.67 0.64 0.66 0.64 0.62 0.65 0.69

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mgt 0.74 0.74 0.75 0.73 0.76 0.72 0.74 0.75 0.67 0.64 0.66 0.64 0.62 0.66 0.65

Crit 0.22 0.22 0.22 0.23 0.21 0.22 0.21 0.21 0.37 0.40 0.39 0.41 0.42 0.41 0.40

Fe*'# 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.03 0.03 0.03 0.03 0.02 0.03 0.12

€8



Ek Tablo 4’tn devami

Spl H15-3-8 H15-3-9 H15-3-10 H15-3-11 HI15-3-12 H15-3-13 HI15-3-14 H15-3-15 HI15-3-16 H15-3-17 HI15-3-18 H16-3-1 H16-3-2 H16-3-3 H16-3-4
SiO, 0.11 0.30 0.10 0.52 0.13 3.36 0.11 0.10 0.31 0.08 0.95 0.78 0.19 0.07 0.10
TiO, 0.02 0.04 0.04 0.05 0.02 0.02 0.05 0.04 0.02 0.02 g 0.13 0.17 0.15 0.16
Al O3 33.76 34.14 33.15 32.19 32.95 29.87 33.81 33.93 32.53 33.61 30.57 28.24 28.22 27.89 27.61
Cr,0; 34.14 34.18 34.28 33.83 33.50 28.17 34.10 33.49 33.69 34.24 35.00 36.07 38.99 40.03 40.16
Fe,0; 3.32 2.60 2.29 2.03 2.80 8.02 2.66 2.68 1.65 2.59 1.98 2.52 2.93 2.94 3.20
FeO 14.28 14.19 14.47 14.56 14.28 15.14 14.26 14.10 14.42 13.98 14.55 15.24 15.75 15.94 15.88
MnO 0.16 0.13 0.08 0.09 0.12 0.15 0.14 0.19 0.15 0.17 0.22 0.19 0.14 0.14 0.21
NiO 0.13 0.15 0.14 0.14 0.12 0.07 0.11 0.16 0.22 0.10 0.08 0.19 0.15 0.06 0.16
MgO 15.15 15.47 14.65 14.57 14.65 17.08 15.09 15.03 14.29 15.05 14.71 13.52 13.63 13.56 13.55
CaO 0.01 0.02 0.01 0.02 0.02 0.05 0.02 0.02 0.04 0.01 0.02 0.05 0.04 0.01 0.01
Na,O 0.02 0.02 0.01 0.02 g 0.02 0.01 g 0.01 0.03 0.02 0.05 g g g
K,O 0.01 0.01 g g g 0.01 g g 0.01 g 0.01 0.03 g g g

Toplam 101.12  101.25 99.23 98.01 98.58 101.97  100.37 99.73 97.34 99.87 98.11 96.98 100.19 100.79 101.02

Si - 0.01 - 0.02 - 0.10 - - 0.01 - 0.03 0.02 0.01 - -

Ti - - - - - - - - - - - - - - -

Al 1.15 1.15 1.15 1.13 1.15 1.00 1.15 1.16 1.15 1.15 1.07 1.02 0.99 0.98 0.97

Cr 0.78 0.77 0.80 0.80 0.78 0.63 0.78 0.77 0.80 0.79 0.83 0.87 0.92 0.94 0.95
Fe¥* 0.07 0.06 0.05 0.05 0.06 0.17 0.06 0.06 0.04 0.06 0.04 0.06 0.07 0.07 0.07
Fe** 0.34 0.34 0.36 0.36 0.35 0.36 0.35 0.34 0.36 0.34 0.36 0.39 0.39 0.40 0.40
Mn - - - - - - - - - - 0.01 - - - 0.01

Ni - - - - - - - - 0.01 - - - - - -

Mg 0.65 0.66 0.64 0.65 0.64 0.73 0.65 0.65 0.64 0.65 0.65 0.62 0.61 0.60 0.60

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mgt 0.65 0.66 0.64 0.64 0.65 0.67 0.65 0.66 0.64 0.66 0.64 0.61 0.61 0.60 0.60

Cr# 0.40 0.40 0.41 041 0.41 0.39 0.40 0.40 0.41 0.41 0.43 0.46 0.48 0.49 0.49

Fe¥'# 0.04 0.03 0.03 0.02 0.03 0.10 0.03 0.03 0.02 0.03 0.02 0.03 0.03 0.03 0.04

¥8



Ek Tablo 4’tin devami

Spl H16-3-5 H16-3-6 H16-3-7 H16-3-8 H16-3-9 H16-3-10 H16-3-11  H16-3-12 H16-3-13 HI16-3-14 H16-3-15 HI16-3-16 H16-3-17 HI16-3-18 H16-3-19
Sio,  0.07 0.09 0.09 0.07 0.08 0.07 0.09 0.13 0.08 0.80 0.06 0.09 0.09 0.16 0.08
TiO,  0.17 0.16 0.11 0.15 0.13 0.14 0.13 0.14 0.15 0.15 0.14 0.16 0.19 0.12 0.17
ALO;, 2749 2718 2721 2723 2724 2709 2740 2717  27.14 2677 2733 2744 2705  29.65 2837
Cr,0; 40.12 4075 4040 4123 4070  40.78  40.78  40.94  40.59 4052 4120 4020 4035  40.76  39.95
Fe,0,  2.97 2.65 2.95 2.72 2.62 3.06 3.27 2.75 2.74 2.05 2.69 3.06 2.81 3.34 3.45
FeO 1581 1593 1567 1568 1597 1579 1561 1580 1562 1621 1583 1534 1588 1521 1545
MnO  0.19 0.13 0.18 0.16 0.11 0.13 0.21 0.15 0.15 0.11 0.12 0.13 0.15 0.14 0.14
NiO 0.14 0.07 0.19 0.14 0.12 0.13 0.19 0.16 0.07 0.14 0.09 0.15 0.10 0.15 0.14
MgO 1344 1341 1341 13.62 1335 1351 1371 1356 1345 1370  13.62 1371 1334 1495  14.11
Ca0 0.0l 0.02 0.01 0.01 0.01 g g 0.01 0.07 0.16 0.02 g g 0.01 0.02
Na,0 0.0l g g 0.01 g g 0.01 g 0.01 0.01 g 0.02 g 0.02 0.01
K,O g 0.01 0.02 0.01 g 0.01 g g 0.01 g g 0.01 0.01 g g

Toplam 10039 10040 100.24 101.04 100.32 100.71 10141 100.80 100.06 100.62 101.10 10029  99.96  104.49 101.89

Si - - - - - - - - - 0.02 - - - - -

Al 0.97 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.94 0.96 0.97 0.96 1.00 0.98

Cr 0.95 0.97 0.96 0.97 0.97 0.97 0.96 0.97 0.97 0.96 0.97 0.95 0.96 0.92 0.93
Fe**  0.07 0.06 0.07 0.06 0.06 0.07 0.07 0.06 0.06 0.05 0.06 0.07 0.06 0.07 0.08
Fe** 0.0 0.40 0.39 0.39 0.40 0.40 0.39 0.39 0.39 0.40 0.39 0.38 0.40 0.36 0.38
Mn - - - - - - 0.01 - - - - - - - ;
Mg 0.60 0.60 0.60 0.61 0.60 0.60 0.61 0.60 0.60 0.61 0.60 0.61 0.60 0.64 0.62

Ca - - - - - - - - - 0.01 - - - - -

K - - - - - - - - - - - - - - -

Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mg#  0.60 0.60 0.60 0.61 0.60 0.60 0.61 0.60 0.61 0.60 0.61 0.61 0.60 0.64 0.62

Cr# 0.49 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.48 0.49

Fe*#  0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.04

¢8



Ek Tablo 4’tn devami

Spl H16-3-20 HI16-3-21 HI16-3-22  H19-3-1 H19-3-2 H19-3-3 H19-3-4 H19-3-5 H19-3-6 H19-3-7 H19-3-8 H19-3-9  HI19-3-10 HI19-3-11 HI19-3-12
SiO, 0.65 1.80 0.08 0.05 0.67 0.04 0.08 0.06 0.04 0.05 0.08 0.06 0.06 0.05 0.07
TiO, 0.15 0.17 0.13 0.02 0.02 0.03 0.06 0.05 0.05 0.03 0.10 0.05 0.05 0.06 0.06
ALO; 27.38 29.60 29.03 4891 47.92 48.45 48.70 47.95 48.20 48.11 48.14 48.09 48.00 47.87 47.89

Cr,03 39.59 36.30 37.78 19.02 18.37 19.19 19.39 19.99 20.23 19.86 20.22 19.96 20.26 19.54 19.44
Fe,0; 2.63 1.60 341 2.34 1.88 2.10 2.09 243 1.90 2.38 1.90 2.23 1.93 2.29 2.03
FeO 16.07 16.43 15.54 10.43 10.49 10.40 10.43 10.40 10.76 10.49 10.77 10.61 10.65 10.56 10.58
MnO 0.16 0.13 0.13 0.12 0.11 0.09 0.13 0.09 0.12 0.03 0.09 0.08 0.12 0.12 0.11
NiO 0.15 0.11 0.11 0.28 0.25 0.27 0.35 0.32 0.23 0.36 0.22 0.24 0.34 0.33 0.24
MgO 13.65 14.81 13.72 18.96 19.10 18.82 18.91 18.95 18.77 18.83 18.84 18.86 18.72 18.59 18.58
CaO 0.15 0.04 g 0.02 0.04 0.01 g g g g g g 0.02 0.03 0.02
Na,O 0.02 0.03 g 0.01 g g 0.01 g g 0.02 g g g g 0.01
K,O g 0.01 0.01 g g g g g g g 0.01 g g 0.01 g

Toplam 100.59 101.00  99.94 100.13 98.86 99.39 100.15 100.24  100.29 100.17 100.37 100.19 100.14  99.46 99.01

Si 0.02 0.05 - - 0.02 - - - - - - - - - -

Ti - - - - - - - - - - - - - - -

Al 0.96 1.02 1.02 1.55 1.53 1.54 1.54 1.52 1.53 1.53 1.52 1.53 1.52 1.53 1.53

Cr 0.93 0.84 0.89 0.40 0.39 0.41 0.41 0.43 0.43 0.42 0.43 0.42 0.43 0.42 0.42
Fe* 0.06 0.04 0.08 0.05 0.04 0.04 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 0.04
Fe** 0.40 0.40 0.39 0.23 0.24 0.24 0.23 0.23 0.24 0.24 0.24 0.24 0.24 0.24 0.24
Mn - - - - - - - - - - - - - - -

Ni - - - 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - 0.01 0.01 0.01 0.01

Mg 0.61 0.64 0.61 0.76 0.77 0.76 0.76 0.76 0.75 0.76 0.75 0.76 0.75 0.75 0.75

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mgt 0.60 0.62 0.61 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Cr# 0.49 0.45 0.47 0.21 0.20 0.21 0.21 0.22 0.22 0.22 0.22 0.22 0.22 0.21 0.21
Fe*'# 0.03 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

98



Ek Tablo 4’tin devami

Spl H19-3-13  H19-3-14 HI19-3-15 HI19-3-16 HI19-3-17 HI19-3-18 HI19-3-19 H19-3-20 H19-3-21 H19-3-22 H20-3-1 H20-3-2 H20-3-3 H20-3-4 H20-3-5
Sio,  0.05 0.07 0.04 1.44 0.07 0.05 0.06 0.03 0.04 005 0.03 0.07 0.07 0.03 0.07
TiO,  0.05 0.04 0.05 0.06 0.04 0.06 0.06 0.06 0.05 0.04 0.04 0.05 0.03 0.04 0.04
ALO; 4849  48.04 4826 4532 4823 4842 4847 4879 4892  50.04 4878 4821 4794 4787 4791

Cr,0; 1991 1953 1976 1780  19.09  18.68  19.19 1866 1835 1771 1923 1930  19.13  19.95  19.90
Fe,0,  1.94 2.51 2.14 291 2.46 2.61 1.82 2.57 221 210 175 1.64 1.89 2.12 2.25
FeO 1093 1057 1072 11.04 1034 1021  10.61 1056 1022 1035 11.61  11.19 1098  11.09  11.09
MnO  0.07 0.10 0.14 0.18 0.03 0.05 0.12 0.10 0.07 0.08 0.12 0.16 0.11 0.12 0.08
NiO 0.29 0.30 0.29 0.35 0.23 0.32 0.30 0.26 0.32 031 0.17 0.28 0.27 0.24 0.23
MgO 1873 1877 1867 17.19 1885 18.86  18.62  18.85 1888  19.07 18.15 1822 1823 1835  18.50
CaO g 0.01 g 2.26 0.02 0.01 g 0.01 g 001 ¢ g 0.01 g g
Na,0 g g 0.01 0.02 0.02 0.02 0.01 g 0.01 001  0.02 g g 0.02 0.01
K,O g 0.01 g g 0.01 0.01 g 0.01 0.01 g00 0.0l g g g g
Toplam 10043  99.95  100.07 9857 9938 9929 9926 9990  99.06  99.76 99.90  99.11  98.67  99.83  100.07

Si - - - 0.04 - - - - - . - - - ;

Al 1.53 1.53 1.53 1.47 1.54 1.54 1.55 1.55 1.56 1.58  1.55 1.55 1.54 1.53 1.52

Cr 0.42 0.42 0.42 0.39 0.41 0.40 0.41 0.40 0.39 037 041 0.42 0.41 0.43 0.42
Fe**  0.04 0.05 0.04 0.06 0.05 0.05 0.04 0.05 0.05 0.04 0.04 0.03 0.04 0.04 0.05
Fe** 025 0.24 0.24 0.25 0.23 0.23 0.24 0.24 0.23 023 026 0.25 0.25 0.25 0.25

Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 - 0.01 0.01 0.01 -

Mg 0.75 0.75 0.75 0.71 0.76 0.76 0.75 0.76 0.76 076 0.73 0.74 0.74 0.74 0.74

Ca - - - 0.07 - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00  3.00 3.00 3.00 3.00 3.00
Mg#  0.75 0.76 0.76 0.74 0.76 0.77 0.76 0.76 0.77 077 0.74 0.74 0.75 0.75 0.75

Cr# 0.22 0.21 0.22 0.21 0.21 0.21 0.21 0.20 0.20 019 021 0.21 0.21 0.22 0.22

Fe*'#  0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02  0.02 0.02 0.02 0.02 0.02

L8



Ek Tablo 4’tn devami

Spl H20-3-6 H20-3-7 H20-3-8 H20-3-9 H20-3-10 H20-3-11 H20-3-12 H20-3-13 H20-3-14 H20-3-15 H20-3-16 H20-3-17 H20-3-18 H20-3-19 H20-3-20
Si0,  0.04 0.05 0.06 0.05 0.07 0.05 0.07 0.06 0.06 0.06 0.07 0.06 0.06 0.03 0.06
TiO, 0.05 0.05 0.03 0.08 0.03 0.04 0.03 0.04 0.03 0.01 0.04 0.06 0.03 0.05 0.04
ALO; 4798  47.82  47.83 4791 4795 4841  47.84 4774 4795 4820 4829  48.00  48.12  48.18  48.16

Cr,0; 1991 1971 1981 2008 1977  20.07 1931 1954  19.66  19.49 19.67 19.60  19.69  19.66  19.87
Fe,0; 2.01 1.71 2.04 1.76 2.06 1.75 2.16 1.93 2.25 1.92 1.64 2.28 1.93 1.96 1.86
FeO 11.08 1098 1088 1098 1096  11.17 1077 1097 1075  10.90 1128 1073 11.10 1096  10.98
MnO  0.06 0.12 0.04 0.07 0.10 0.10 0.09 0.06 0.10 0.09 0.07 0.12 0.15 0.13 0.07
NiO  0.29 0.30 0.27 0.25 0.24 0.29 0.30 0.19 0.38 0.29 0.30 0.31 0.28 0.24 0.28
MgO 1842 1824 1850 1850 1846 1848 1842 1837 1853 1843 1828 1854 1838 1845  18.55
CaO  0.01 0.01 0.01 g 0.01 g 0.01 g 0.02 0.01 0.01 0.02 g 0.01 g
Na,0 0.0l 0.01 g g 0.01 0.02 0.01 g g 0.01 0.01 0.02 g 0.01 g
K0 g g 0.01 g g g g g g g g g g g g
Toplam 99.85  99.00 9948  99.68  99.66 10038 99.01  98.89  99.73  99.41 99.64  99.72  99.75  99.68  99.89

Al 153 1.54 1.53 1.53 1.53 1.53 1.54 1.53 1.53 1.54 1.54 1.53 1.53 1.54 1.53

Cr 043 0.42 0.42 0.43 0.42 0.43 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Fe"  0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.03 0.05 0.04 0.04 0.04
Fe** 025 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.24 0.25 0.26 0.24 0.25 0.25 0.25
Mn - - - - - - - - - - - - - - -

Ni  0.01 0.01 0.01 0.01 0.01 0.01 0.01 - 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mg 0.74 0.74 0.75 0.75 0.75 0.74 0.75 0.75 0.75 0.74 0.74 0.75 0.74 0.74 0.75

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mg#  0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.74 0.75 0.75 0.75 0.75
Cr# 022 0.22 0.22 0.22 0.22 0.22 0.21 0.22 0.22 0.21 0.21 0.22 0.22 0.21 0.22
Fe''#  0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

88



Ek Tablo 4’tn devami

Spl H20-3-21 H20-3-22 H20-3-23 H20-3-24  H21-3-1 H21-3-2 H21-3-3 H21-3-4 H21-3-5 H21-3-6 H21-3-7 H21-3-8 H21-3-9  H21-3-10 H21-3-11
SiO, 0.06 0.04 0.03 0.05 0.18 0.81 0.62 0.21 0.05 0.25 0.19 0.21 0.08 0.12 0.19
TiO, 0.03 0.03 0.04 0.04 0.02 0.04 0.04 0.04 0.08 0.06 0.04 0.03 0.03 0.02 0.02
AL O, 48.07 47.78 47.97 47.23 49.95 47.64 48.93 48.67 51.09 50.90 49.92 48.13 50.41 52.42 52.25
Cr,0; 19.62 19.57 19.70 20.18 18.02 18.48 17.80 17.89 18.18 17.92 18.07 17.87 17.90 17.40 17.73
Fe,0; 2.35 2.25 2.17 2.15 1.63 g 0.54 0.99 1.14 1.33 0.67 1.00 1.50 1.27 1.41
FeO 10.90 11.00 10.86 11.16 10.43 11.00 10.79 10.24 9.97 9.99 9.88 9.92 9.87 9.71 9.85
MnO 0.09 0.05 0.14 0.10 0.07 0.06 0.09 0.07 0.04 0.05 0.12 0.13 0.07 0.06 0.11
NiO 0.32 0.31 0.28 0.23 0.37 0.32 0.26 0.35 0.32 0.30 0.35 0.35 0.26 0.25 0.33
MgO 18.51 18.35 18.48 18.21 19.07 18.40 18.72 18.56 19.63 19.74 19.18 18.41 19.45 20.20 20.17
CaO g g 0.02 0.01 0.02 0.03 0.05 0.01 g 0.04 0.01 0.04 0.02 g 0.03
Na,O 0.02 g g g g 0.01 0.02 0.01 0.01 0.01 g 0.02 g g 0.01
K,O0 0.01 g g g 0.01 0.01 g g g g g g g g g

Toplam  99.98 99.37 99.69 99.36 99.77 96.79 97.86 97.03 100.52  100.58  98.40 96.11 99.61 101.44  102.10

Si - - - - - 0.02 0.02 0.01 - 0.01 0.01 0.01 - - -

Ti - - - - - - - - - - - - - - -

Al 1.53 1.53 1.53 1.52 1.58 1.55 1.57 1.58 1.59 1.58 1.59 1.57 1.59 1.61 1.60

Cr 0.42 0.42 0.42 0.43 0.38 0.40 0.38 0.39 0.38 0.37 0.39 0.39 0.38 0.36 0.36

Fe* 0.05 0.05 0.04 0.04 0.03 - 0.01 0.02 0.02 0.03 0.01 0.02 0.03 0.02 0.03

Fe* 0.25 0.25 0.25 0.25 0.23 0.25 0.25 0.24 0.22 0.22 0.22 0.23 0.22 0.21 0.21

Mn - - - - - - - - - - - - - - -

Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mg 0.75 0.74 0.75 0.74 0.76 0.76 0.76 0.76 0.77 0.78 0.77 0.76 0.77 0.78 0.78

Ca - - - - - - - - - - - - - - -

Na - - - - - - - - - - - - - - -

K - - - - - - - - - - - - - - -

Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Mgt 0.75 0.75 0.75 0.74 0.77 0.75 0.76 0.76 0.78 0.78 0.78 0.77 0.78 0.79 0.79
Cri# 0.21 0.22 0.22 0.22 0.19 0.21 0.20 0.20 0.19 0.19 0.20 0.20 0.19 0.18 0.19
Fe*'# 0.02 0.02 0.02 0.02 0.02 - 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
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Ek tablo 4’tin devami

Spl H21-3-12 H21-3-13 H21-3-14 H21-3-15 H21-3-16 H21-3-17 H21-3-18
SiO, 0.06 0.12 0.05 0.05 0.08 0.06 0.07
TiO, 0.06 0.05 0.01 0.04 0.04 0.02 0.04
ALO; 52.23 51.89 51.11 51.70 51.90 51.26 53.44
Cr,03 17.41 17.47 17.70 17.01 16.99 17.16 17.68
Fe,0; 1.63 1.20 1.19 1.64 1.56 1.70 1.26
FeO 9.52 9.75 9.92 9.64 9.55 9.50 9.68
MnO 0.10 0.11 0.09 0.10 0.13 0.07 0.09
NiO 0.37 0.33 0.28 0.34 0.29 0.35 0.28
MgO 20.20 19.92 19.47 19.80 19.94 19.75 20.60
CaO g g 0.01 0.01 g 0.03 0.01
Na,O 0.01 0.01 0.01 g 0.01 g g
K,O g g 0.01 g g 0.01 0.01

Toplam 101.57  100.85 99.84 100.33  100.48 99.91 103.16

Si - - - - - - -

Ti - - - - - - -

Al 1.60 1.61 1.60 1.61 1.61 1.60 1.61

Cr 0.36 0.36 0.37 0.35 0.35 0.36 0.36

Fe* 0.03 0.02 0.02 0.03 0.03 0.03 0.02

Fe** 0.21 0.21 0.22 0.21 0.21 0.21 0.21

Mn - - - - - - -

Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mg 0.78 0.78 0.77 0.78 0.78 0.78 0.79

Ca - - - - - - -

Na - - - - - - -

K - - - - - - -

Toplam  3.00 3.00 3.00 3.00 3.00 3.00 3.00

Mgt 0.79 0.78 0.78 0.79 0.79 0.79 0.79

Cr# 0.18 0.18 0.19 0.18 0.18 0.18 0.18
Fe*'# 0.02 0.01 0.01 0.02 0.02 0.02 0.01
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Ek Tablo 5. Harmancik yoresi ultramafik kayaglarina ait 6rnklerin ana oksit ve iz elment analiz sonuglar1 (AK: Ateste kayip, *: ICP-MS analizleri, -: Cihazin 6l¢iim sinirariin
altinda kalan degerler).

Ornek H1 H2 H3 HIO0A HI1A HI13 H15 Hl16 HI19 H20 H21 H22 H23 RE H1 H4
%Agirhk
Sio2 44.01 43.81 44.72 43.23 44.50 43.92 43.22 42.43 42.99 43.68 44.00 44.17 42.83 43.84 44.72
A203 0.75 1.95 0.94 1.58 2.13 0.94 1.07 0.85 1.78 1.84 2.17 2.02 1.99 0.76 1.86
Fe203(T) 7.98 9.13 9.24 8.88 8.85 8.35 8.18 8.68 8.98 8.96 8.69 8.09 8.44 8.06 9.59
MnO 0.11 0.12 0.13 0.12 0.12 0.12 0.11 0.11 0.12 0.10 0.12 0.11 0.12 0.10 0.10
MgO 46.14 42.12 44.39 44.08 41.82 44.89 45.77 46.51 43.75 4421 42.26 42.66 44.03 46.22 43.15
CaO 0.58 2.11 0.05 1.68 2.05 1.30 1.07 0.83 1.94 0.73 2.26 2.31 1.99 0.59 0.04
Na20 0.02 0.08 0.01 0.03 0.03 0.01 0.01 0.01 0.02 0.01 0.05 0.03 0.05 0.03 0.01
K20 0.04 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.04 0.05
TiO2 0.01 0.03 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.02
P205 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cr203 0.38 0.48 0.45 0.39 0.44 0.45 0.40 0.40 0.37 0.41 0.40 0.42 0.39 0.37 0.47

Toplam  100.04 99.89  100.02  100.05 100.02  100.04 99.90 99.90  100.02  100.03  100.03 99.90 99.93  100.03  100.01
AK 9.90 8.40 14.60 9.10 9.80 7.50 9.40 10.60 8.30 12.60 7.60 10.20 13.00 9.90 15.70

pn/gr
(ppm)
Ba 4 4 9 4 4 4 4 4 4 4 4 4 4 4 4
*Co 95 101 113 102 96 99 107 112 116 119 123 - - - -
Cr 1310 1636 1555 1324 1491 1528 1352 1374 1253 1413 1359 1432 1349 1279 1596
*Cu 8 42 21 22 27 31 8 14 32 23 32 - - - -
Nb 5 5 5 5 10 7 5 5 5 5 8 5 5 5 5
Ni 2272 2218 2440 2278 2134 2289 2317 2354 2366 2340 2384 2162 2193 2244 2535
Pb <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Sc 5 12 11 10 12 10 8 8 12 11 12 12 12 5 12
Sr 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
*V 27 59 51 49 59 39 40 37 61 57 76 - - - -
Y 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
*Zn 80 60 90 53 64 43 46 48 51 48 51 - - - -
Pb 0.755 0.250 0.262 0.901 0.316 0.315 0.050 - - - - - - - -
Th - 0.013 - - - - 0.008 0.034 - - - - - - -

U 0.000 0.028 0.045 0.013 0.009 0.005 0.000 0.028 0.027 0.033 0.035 - - - -
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Ek Tablo 5’in devami

Ornek H5 Hé6 H7 H8 H12 H14 H17A H18
%Agirhk

SiO, 44.18 43.92 44.79 44.23 42.94 4481 42.57 43.89

Al O3 221 1.02 0.95 1.35 1.61 1.16 0.89 1.44

Fe,0;3(T) 10.16 9.85 8.49 9.34 10.03 8.26 8.67 8.28

MnO 0.10 0.06 0.13 0.11 0.09 0.13 0.09 0.10

MgO 42.74 44.55 45.13 44.41 44.70 45.17 46.54 45.03

CaO 0.04 0.05 0.04 0.02 0.01 0.02 0.70 0.69

Na,O 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01

K;O 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.05

TiO, 0.05 0.01 0.01 0.02 0.01 0.01 0.01 0.01

P,0s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Cr,0; 0.47 0.51 0.41 0.46 0.56 0.39 0.36 0.37

Toplam 100.01 100.04 100.02 100.01 100.03  100.03 99.90 99.89

AK 15.90 14.10 15.10 14.60 14.70 14.50 10.60 13.40

p/gr
(ppm)

Ba 4 4 4 4 4 17 4 4

*Co - - - - - - - -

Cr 1600 1751 1410 1579 1932 1340 1240 1260

*Cu - - - - - - - -

Nb 6 5 5 5 5 5 5 5

Ni 2540 2684 2335 2330 3111 2398 2409 2459

Pb <1 <1 <1 <1 <1 <1 <1 <1

Sc 13 8 9 10 12 8 7 9

Sr 20 20 20 20 20 20 20 20

*V - - - - - - - -

Y 5 5 5 5 5 5 5 5

*7n
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Ek tablo 6. Harmancik yoresine ait harzburjit 6rneklerinin Nadir Toprak Element (NTE) analiz sonuglari (-: Cihazin 6l¢iim sinirlarinin

altinda kalan degerler)

Ornek H-1 H-2 H-3 H10A H11-A H-13 H-15 H-16 H-19 H-20 H-21
La - 0.016 0.011 0.004 0.018 0.001 0.019 0.020 0.011 0.060 0.019
Ce - - - - - - 0.040 0.053 0.011 0.034 -
Pr - 0.008 0.005 0.002 0.005 0.001 0.001 0.002 0.001 0.006 0.005
Nd - 0.043 0.016 0.005 0.019 0.001 0.004 0.007 0.009 0.039 0.035
Sm - 0.033 0.005 0.003 0.016 - - - 0.012 0.036 0.040
Eu - 0.011 0.000 0.001 0.006 - - - 0.006 0.016 0.019
Gd - 0.078 0.007 0.012 0.047 - - - 0.039 0.058 0.076
Tb - 0.017 0.002 0.004 0.011 - - - 0.011 0.014 -
Dy - 0.114 0.011 0.029 0.088 - - - 0.074 0.071 0.123
Ho - 0.027 0.002 0.008 0.021 - - - 0.019 0.018 0.029
Er - 0.089 0.011 0.028 0.072 - - - 0.065 0.064 0.104
Tm - 0.014 0.002 0.004 0.012 - - - 0.011 0.011 0.019
Yb - 0.091 0.016 0.035 0.086 - - - 0.072 0.076 0.120
Lu - 0.015 0.003 0.006 0.014 - - - 0.012 0.012 0.018
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