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ONSOZ/ Preface

VI. Uluslararas1 Katilimli Jeokimya Sempozyumu 14-17
Mayis 2014 tarihleri arasinda Mersin Universitesi Jeoloji
Miihendisligi Boliimii‘niin ev sahipliginde, TMMOB Jeoloji
Miihendisleri Odas1 Mersin 11 Temsilciligi isbirligi ile
diizenlenmistir. Sempozyumun amaci; jeokimya, maden
yataklar1 ve yakin bilim dallarinda ¢alisan akademisyen ve
uygulamacilar1  bir araya getirmek, bilgi birikimlerini
sempozyuma tagimalarmi saglamak, gilincel bilimsel ¢aligmalar1
paylasmak, bilgi aligverisinde bulunmak ve bilimsel tartisma
ortami yaratmaktir.

Modern hayatm siirdiiriilmesi ve teknolojik gelismelerin
devam etmesi i¢cin hammaddelerden elde edilen iiriinler yasamin
vazgecilmezleridir. Elementlerden meydana gelen maden
yataklari, jeokimyanm ana konusunu olusturmaktadir. Jeokimya;
elementlerin dogadaki davranislarmi  denetleyen faktorlerin
ortaya ¢ikarilmasi, madenlerin aranmasi, bulunmasi ve
isletilmesinde kullanilacak ydntemlerin belirlenmesinde dnemli
isleve sahiptir. Uzun yillar jeokimya calismalar1 farklh kurultay
ve sempozyumlarda degisik oturumlarda yer almistir. 2004
yilindan itibaren ise jeokimya sempozyumlar1 diizenlenmeye
baslanmustir.

Iki yilda bir gergeklestirilen Jeokimya Sempozyumunun
bu yil altincis1 gergeklesmektedir.

I. Jeokimya Sempozyumu 2004 yilinda Bursa’da Sayin Prof. Dr.
Yilmaz SAVASCIN m,

I1. Jeokimya Sempozyumu 2006 yilinda Bursa’da Saym Prof. Dr.
Kadir SARIIZ’in,

III. Jeokimya Sempozyumu 2008 yilinda Bursa’da Saymn. Prof.
Dr. Selguk TOKEL’in,

IV. Jeokimya Sempozyumu 2010 yilinda Elazig’da Sayin. Prof.
Dr. Ahmet SASMAZ’1n ve

V. Jeokimya Sempozyumu ise 2012 yilinda Denizli’de Sayin
Prof. Dr. Mehmet OZK UL ’un Diizenleme Kurulu Baskanliginda



gerceklesmistir. Ayrica Saym Prof Dr. Seref GUCER’in
sempozyumlarm diizenlenmesinde biiyik katkilari olmustur.

VI. Jeokimya Sempozyumu ise 14-17 Mayss 2014
tarihleri arasmda Mersin Universitesinde yapilmasi planlanmus
ve gerceklestirilmistir. Bu kitap, sempozyumda sunulan ¢agrili
konugmalar, bildiriler ve posterlerin tiirkge ve ingilizce dzetlerini
kapsamaktadr.

VI. Jeokimya Sempozyumunun; jeokimya, maden
yataklar1 ve diger ilgili alanlarda c¢aliganlara yararli olmasi
dileklerimle, Mersin Universitesi Rektorliigii’ne, diizenleme
kuruluna, bilim kuruluna, emegi gegen arastrmaci, gorevli ve
tim sponsorlara tesekkiir eder, saygilarim1 sunarim.

Diizenle me Kurulu Baskam
Yrd. Dog. Dr. Zeynep OZDEMIR
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DUNYADA VE TURKIYE’DE UYGULAMALI
JEOKIMYANIN TARTHCESI

History of Applied Geochemistry in the World and in Turkey

Miimin KOKSOY

Hacettepe Universitesi Jeoloji Miihendisligi Bélimii (Emekli Og.
Uyesi), Ankara (mimkoksoy@hotmail.com)

0Z: Dogada biitiin dogumlar sancilidir. Ancak dogan yavru gok
sevimli bir yaratiktir. Bilim diinyasinda da benzer olguya
rastlaniimaktadwr. Yenibir bilim dalinin dogusu anabilim dalinda
bazi sancilara sebep olabilmektedir. Ancak yeni bilim dali gelisip
yaygmlastikca  herkes  tarafindan  benimsenmekte — ve
sevilmektedir. Bu bildiride, 1950’li yillarin sonlarina dogru
uygulamali jeokimyanm ABD (6zelde USGS) ve Ingiltere
(6zelde Imperial College)’daki dogum sancilar1 6zet olarak;
Tirkiye’deki dogum sancisi ise ayrintili olarak anlatilmaktadir.
Tirkiye’de uygulamali jeokimyanin dogum yeri MTA Enstitiisti,
dogum yil1 ise 1963°diir. O yillarda Tirkiye’de faaliyet halinde
olan hi¢bir {iniversitede uygulamali jeokimya diye bir ders
bulunmamakta ve en eski tiniversitelerimizin kidemli hocalar1
bile yeni dogan bilim dalindan haberdar degillerdi MTA’daki
dogumu swrasinda ise temel jeokimyacilar ve kimyacilar
tarafindan engellenmeye calisilmistir. Uygulamal jeokimya
dersleri Tirkiye’de ilk defa 1967-1968 yillarmda ODTU ile
Hacettepe Universitesinde lisans ve lisansiistii dersler olarak
okutulmaya baslanmig ve daha sonraki yillarda hizla biitiin
liniversitelerimize yayilmistir.

Anahtar Kelimeler: Uygulamah jeokimya, Tarihge, Tirkiye,
ABD, Ingiltere



ABSTRACT: In nature all births are painful. However, the baby
IS a cute creature. A similar phenomenon is observed in the
world of science. The birth of a new branch of science may cause
some pains. However, as the new branch develops and becomes
widespread, it is appreciated and loved by everyone. In this
paper, the birth of Applied Geochemistryin the U.S. (in
particular USGS) and in the UK (in particular Imperial College)
towards the end of 1950’s is explained briefly; but its birth in
Turkey is explained in detail. The Turkish Applied Geochemistry
was born in MTA in 1963. In those years in Turkey, there was no
university offering a course in Applied Geochemistry, and even
senior teachers of the oldest universities were not aware of the
new-born science. At the beginning, both basic geochemists and
chemists in MTA were against the establishment of a
geochemical department in the Institution. Applied
Geochemistrybegan to be taught in the1967-1968 academic year
at METU and Hacettepe University as undergraduate and
graduate courses the first time in Turkey. In later years, it spread
rapidly to other universities.

Key Words: Applied Geochemistry, History, Turkey, USA, UK



ARKEEN ANORTOZIT PETROJENEZIi: GUNEYBATI
GRONLAND’DAKI TABAKALI FiISKENAESSET
SOKULUMUNDA ORNEK BiR CALISMA

Archean anorthosite petrogenesis: A case study on the
Fiskencesset layered intrusion, southwestern Greenland

Ali POLAT

Department of Earth and Environmental Sciences, University of
Windsor, Windsor, ON, N9B 3P4, Canada (polat@uwindsor.ca)

0Z: Kalsiyumca zengin plajioklasl anortozit kiimiilatlar1 ile
olivince zengin diinit kiimiilatlar1 arasinda degisen litolojik bir
bilesime sahip olan anortozitli sokulum kayaclari, mineralojik ve
litolojik 6zellikleri nedeniyle Diinya’nin erken jeolojik evriminin
anlagiimasinda 6nemli bir katki sagladiklar1 igin Arkeen kayag
birlikleri arasinda 6zel bir yere sahiptirler. Gilineybat1
Gronland’da yeralan Fiskenaesset karmasigi, anortozitli sokulum
kayaclarmm diinyada en 1iyi bilinen bir Ornegini temsil
etmektedir. Bir ¢cok deformasyon ve metamorfizma ge¢irmesine
ragmen Fiksenaesset karmasigi, cok iyi korunmus magmatik
tabaklanma yapilar1 ve olivin, piroksen, plajioklas, amfibol ve
kromit gibi magmatik mineralleri igermektedir. Petrografik
gozlemler kristallesme  swrasmm  olivin,  ortopiroksen,
hornblend/klinopiroksen  ve  plajioklas olduguna isaret
etmektedir. Hornblend hem  kiimiilat minerali olarak
kristallenmis hem de kiimiilat olusumu sonrasi artik eriyiklerin
sogumasiyla olusmustur. Ultramafik kiimiilatlardaki en belirgin
dokulardan birisi hornblend bilesimli artik eriyikler ile olivin
arasindaki kimyasal etkilesim sonucu olusan ortopiroksen ve
manyetitli vermikiiler (kurtcuk) dokusudur. Tiim kaya¢ ve
mineral iz element ve oksijen izotop analizleri, karmasigin ilksel
magmatik kimyasal bilesimini korudugunu gostermektedir. Tiim
ana litolojik birimlerde ve hornblend kristallerinde toryum ve
hafif nadir toprak elementlerine nazaran goriilen biiyik 6lgekli
negatif Nb anomalileri, karmasigi olusturan magmalarin ada-yay1
4



alt1 peridotit mantosundan tiiredigini ve bir yitim kusaginda
olustugunu gostermektedir. Benzer sekilde, anortozit ve agik
renkli gabro ic¢indeki plajioklaslarm %75 ile %99 arasinda
degisen anortit igermeleri de karmasigin suca zengin
magmalardan tiredigini gostermektedir. Anortozit, agik renkli
gabro, gabbro ve peridotitlerin Sm-Nd izotoplari, bu kayag
birliginin 2973428 milyon yil 6nce olustugunu ve ilksel [lng
degeri +3.3 olan tikenmis bir manto kaynagmdan tiiredigini
belirtmektedir. Kursun izotoplar1 da 2945+36 milyon yillik bir
yas vermektedir. Karmasigm tiim kayag oksijen izotop bilesimi
(5%0=+5.840.5%0; n=36) giiniimiiz mantosunun bilesimine
benzemektedir. Tiim kayaglardaki ortalama %0 degerleri
peridotitden  (8*80=+5.0%0), hornblendite  (5'30=+5.7%o),
gabroya (8'80=+5.8%0), piroksenite (8'80= +6.0%o), acik renkli
gabroya (8*80=+6.3%0) ve de anortozite (8'80=+6.3%o0) dogru bir
artis  gostermektedir.  Olivin  (8'80=+4.9%0), hornblend
(8*80=+5.7%o), klinopiroksen (88 0=+6.5%o) ve plajioklaslardaki
(6*80=+6.4%o) ortalama oksijen izotop bilesimi, bu minerallerin
magma  odalarindaki  ayrmimlasma  sonucu  olustugunu
gostermektedir.

Anahtar Kelimeler: Arkeen, Gronland, Anortozit, Oksijen
izotopu, [z element

ABSTRACT: Among many Archean rock associations,
anorthosite-bearing  layered  intrusions  have  unique
mineralogical and lithological characteristics in that they range
from calcic-plagioclase-dominated anorthosite cumulates to
olivine-dominated dunite cumulates, providing a unique
opportunity to study petrogenetic and geodynamic processes in
the early Earth. The Archean Fiskencesset Complex,
southwestern Greenland, is the best-known example of Archean
anorthosite-bearing layered intrusions in the world. Despite
multiple phases of deformation and metamorphism, the
Fiskencesset Complex contains well-preserved cumulate layers
consisting of igneous olivine, pyroxene, amphibole, plagioclase
and chromite. Petrographic observations indicate that the order
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of crystallization was olivine, orthopyroxene,
hornblende/clinopyroxene and plagioclase. Formation of
abundant orthopyroxene-magnetite symplectitic (vermicular)
intergrowths, mainly at the expense of olivine, is attributed to
chemical reactions between late stage, residual hydrous melts
and olivine. Whole-rock and mineral trace element and oxygen
isotope data indicate that the complex has preserved its primary
igneous chemistry. Large negative Nb anomalies, relative to Th
and LREE, in all major rock types and hornblendes suggest that
the magmas of the Fiskencesset Complex were derived from a
hydrous sub-arc mantle peridotite, consistent with the formation
of the complex in a supra-subduction zone geodynamic setting.
Similarly, large anorthite contents of plagioclase, ranging
between Anzs and Angg, in anorthosites and leucogabbros are
consistent with hydrous parental magmas. The anorthosites,
leucogabbros, gabbros and peridotites yield an Sm-Nd
regression age of 297328 Ma, with an average initial
ong=+3.3, consistent with a long-term depleted mantle source.
Regression of Pb isotope data yields an age of 2945+36 Ma. The
complex is characterized by a modern mantle-like whole-rock O-
isotope composition (6*80=+5.8+0.5%.; n=36). Average whole-
rock 60 values increase from peridotite (5*20=5.0%o), through
hornblendite (5*20=5.7%o), gabbro (0*20=+5.8%0), pyroxenite
(080=+6.0%0) and leucogabbro (52 0=+6.3%o), to anorthosite
(0'80=+6.3%0). Average 60 values in olivine (5**0=+4.9%o),
hornblende (50=+5.7%), clinopyroxene (6*0=+6.5%0) and
plagioclase (. 51802+6.4%o) are consistent with the fractionation
of these minerals in magma chamber(s).

Key Words: Archean, Greenland, Anorthosite, Oxygen isotope,
Trace element



BOR YATAKLARI: MiNERAL YATAKLARI ve
KiMYASI BAKIMINDAN Glj:_NEL"DlgélgRLENDiRME ve
GELECEK ONGORUSU

Borate Deposits: An Overview and Future Forecast With
Regard To Mineral Deposits And Chemistry

Cahit HELVACI

Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii,
Tnaztepe Yerleskesi, Buca/lzmir (cahit.helvaci@deu.edu.tr)

0Z: Gezegenimizi olusturan 92 elementten biri olarak, borun
tim ¢evremizde olmasi sasirtic1 degildir ve bu element toprak,
su, bitki ve hayvanlarda bulunabilir. Element halindeki bor
dogada serbest halde olmasa da, diger elementler ve oksijenle
birlesmesi sonucu meydana gelir ve genel olarak bu tuzlar
‘boratlar’ diye adlandmilir. 150'den fazla bor igeren mineral
tespit edilmis ve sodyum, kalsiyum ve magnezyum tuzlari en
yaygin olanidr. Kitasal ortamlarda dis kokenli ¢okelme ile
olusan dort ana metalojenik bor provensi, kiiresel dlcekte bilinir.
Bu bolgeler Anadolu (Tiirkiye), Kaliforniya (ABD), Orta Andlar
(Gliney Amerika) ve Tibet (Orta Asya) ’dir. Borat yataklarinin
kokeni genellikle, Senozoyik volkanizmasi, sicak su etkinligi,
kapali havzalar ve kurak iklimlerle ilgilidir. Boraks, borun en
onemli ticari kaynagidr, rezervleri Tiirkiye, ABD ve Arjantin’
bulunmakta ve bu bolgelerden ticareti saglanmaktadir.
Kolemanit, Ca borat iiretimi i¢in ana triindiir ve bu mineralin
meveut rezerleri Tirkiye ile smirhdir. Datolit ve szaibelyite
mineralleri Rusya ve Cin’de bulunmaktadir. Dort ana tinkal
(boraks) yataklar1 diinyada; Anadolu’da sadece (Kika)’da,
Kaliforniya’da sadece (Boron)’da, Andlar’da ise iki yerde
(Tincalayu ve Loma Blanca)’da bulunmaktadir. Bor
minerallerinin mineralojik bilesimi ve siralanig1 Kirka Bor ve
Loma Blanca kimyasal 0Ozellikleri bakimindan birbirleriyle
benzerlikler sunar; Ca / CaNa / Na / CaNa / Ca (kolemanit ve /
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veya inyonit // lleksit // tinkal // iileksit // kolemanit ve / veya
inyonit) seklindedir. Probertit ve hidroborasit igeren ve
icermeyen kolemanit yataklar1 Anadolu'da mevcuttur (6rnegin,
Emet). Diinyadaki ornekleri ise Oliim Vadisi, Kaliforniya
(Furnace Creek Fm.) ve Sijes (Arjantin)’dir. Kuvaterner yash
boratlar ise And’larda salarlarda, ABD-Tibet’de ise playa
gollerinde ve tuz tavalarinda mevcuttur. Bor ender bir element
(yerkabugunda ortalama igerigi 10 ppm) olmasina ragmen,
sradis1 konsantrasyonlari belirli yerlerde bulunabilir. Borat
yataklarmin olusumu, asagidaki gibi Ozetlenebilir: (1) demir
oksitler, silikatlar1 kapsayan ve intriiziflerle iligkili skarn
gruplar;; (2) denizel evaporit ¢okelleri tarafindan olugmus
magnezyum oksit grubu; (3) g6l sedimanlar1 (playa gol) ve
patlamali volkanik aktivite ile iligkili, sodyum ve kalsiyum bor
hidratlar1. Playa-gdl volkano-sedimanter ¢okeller i¢in, ekonomik
acidan borat yataklarinn olusumu asagidaki kosullarda
belirtilmistir: (1) playa-gol ortamu olusmasi; (2) playa-gol
konsantrasyonu, andezitik kaynakl riyolitik volkanikler, havza
icine dogrudan kil yagmuru ya da graben faylar1 boyunca
hidrotermal ¢dzelti tasinimi; (3) volkanizma alani yaninda sicak
su kaynaklari; (4) kurak, yari-kurak iklim kosullar1 ve (5) gol
suyunun pH araligi, 8.5 - 11 arasinda olmasidir. Borat, borik
oksit (B203) igeren bir bilesik olarak tanimlanir. Minerallerin
biiyiik bir kismi, borik oksit igerir, fakat diinya ¢apinda ticari
Onem tastyan ii¢c bor minerali; boraks, iileksit ve kolemanittir. Bu
tirtinler belirli lilkelerde bulunur.

Arazi jeologlar1 tarafindan borat aramalarinda tiim araglar
kullanilir ve sondaj yapilarak elverisli borat alanlar1 kesfedilir.
Son yillarda Tirkiye, diinya piyasasinda ABD ile rekabet
etmekte ve lider konumda bulunmaktadir. Tiirkiye, diinyanin en
biiyiik boraks, iileksit ve kolemanit rezervlerine sahiptir. Biitiin
iilkeler Tiirkiye’nin kolemanit ve iileksit rezervlerine bagimhdir.
Diinya’nin 6nemli ticari borat yataklari, agik ocak yontemiyle
isletilmektedir. Searles Golii'nden ¢ozeltiler ve muhtemelen Cin
kaynaklar1 da benzer sekilde, buharlastirma veya karbonlastirma
yontemleriyle elde edilir. Borik asit biitiin islemler sonucu elde
edilen son tiriindiir. Ayrintil1 mineraloji ve gelistirilmis kimyasal
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veriler, boratlarla iliskili mineraller (6rnegin, kil ve lityum
mineraller gibi), bireysel borat minerallerinin, nihai bor iiriinleri
ile ilgili bilgileri artiracak ve bu verilerle de bor minerallerini
kullanilarak ytiksek teknoloji i¢in ileriye yonelik caliymalar
olusturulacaktr. Bu tiir c¢alismalar, Tiirkiye bor mineral
endistrisi i¢in son derece Onemli olacaktr. Bor kullanmayan
gelismis modern endiistriler ve bor iiriinlerini kullanmayan insan
sayis1 ¢ok limitlidir. Borun bitki yasaminda oynadigi rolii goz
online alirsak, Diinya’da boru kullanmadan yasamayi hayal
etmek ¢ok zordur. Bu nedenle, borlar ve {irlinleri tiim diinyada
stirdiiriilebilir kalkinma i¢in en 6nemli konulardan biri olacaktir.

Anahtar Kelimeler: Bor mineralleri, Bor yataklari, Tirkiye'nin
bor rezervi

ABSTRACT: As one of the 92 elements that make up the planet,
it’s not surprising that boron is all around us - in soil and water,
plants and animals. Although the element boron does not exist by
itself in nature, it occurs in combination with oxygen and other
elements in salts, commonly called “borates”. Over 150 boron-
bearing minerals have been identified, the most common being
sodium, calcium, or magnesium salts. Four main metallogenic
borate provinces, with exogenous deposits of continental
environments, were recognized in global scale. They are
Anatolia (Turkey), California (USA), Central Andes (South
America) and Tibet (Central Asia). Generally, the origin of
borate deposits is related with Cenozoic volcanism, thermal
spring activity, closed basins and arid climate. Borax is the
major commercial source of boron, with major supplies coming
from Turkey, USA and Argentina. Colemanite, large-scale
production of main calcium borate, is restricted to Turkey.
Datolite and szaibelyite are confined to Russia and Chinese
sources. Four main tincal(BORAX) deposits are present in the
world: one in Anatolia (Kirka), another one in California
(Boron), and two in the Andes (Tincalayu and Loma Blanca).
Kirka, Boron and Loma Blanca have similarities in order to the
chemical and mineralogical composition of the borate minerals
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with sequences Ca/CaNa/Na/CaNa/Ca (colemanite and/or
inyoite//ulexite //tincal//ulexite //colemanite and/or inyoite).
Colemanite deposits with or without probertite and
hydroboracite are present in Anatolia (e.g., Emet), Death Valley,
Ca. (Furnace Creek Fm.), and Sijes (Argentina). Quaternary
borates are present in salars (Andes) and playa-lakes and salt
pans (USA-Tibet). Although boron is a rare element (average
content in the Earth’s crust is 10 ppm), extraordinary
concentrations can be found in certain places. The formation of
borate deposits can be summarized as follows; (1) a skarn group
associated with intrusives and consisting of silicates and iron
oxides; (2) a magnesium oxide group hosted by marine
evaporitic sediments; (3) a sodium— and calcium—borate
hydrates group associated with lacustrine (playa lake) sediments
and explosive volcanic activity. The following conditions are
essential for the formation of economically viable borate
deposits in playa-lake volcano-sedimentary sediments: (1)
formation of playa-lake environment; (2) concentration of boron
in the playa lake, sourced from andesitic to rhyolitic volcanics,
direct ash fall into the basin, or hydrothermal solutions along
graben faults; (3) thermal springs near the area of volcanism;
(4) arid to semi-arid climatic conditions; and (5) lake water with
a pH of between 85 and 11. A borate is defined as any
compound that contains or supplies boric oxide (B203). A large
number of minerals contain boric oxide, but the three that are
most important from a worldwide commercial standpoint are
borax, ulexite, and colemanite. These are produced in a limited
number of countries. Borate exploration consists of detailed
prospecting of favorable areas followed by drilling, and uses all
the tools available to the exploration geologist. In recent years,
Turkey has improvements to be leader and to compete with USA
in the world production. Turkey has largest borax, ulexite and
colemanite reserves in the world. All the countries are dependent
upon colemanite and ulexite reserves of Turkey. Most of the
world’s commercial borate deposits are mined by open pit
methods. Brines from Searles Lake, and presumably the Chinese
sources, are recovered by either controlled evaporation or
10



carbonation. Boric acid is one of the final products produced
from most of the processes. Detail mineralogical and advanced
chemical data on the individual borate minerals and associated
minerals ( such as clay and lithium minerals) will increase the
knowledge of borate end-products and their incomes as well as
creating new gateways to the high technology and research on
the borate minerals. These types studies will be extremely
important for the Turkish borate mineral industry. Very few
modern industries can get by without borates, and very few
people can get by without their products. When you consider the
role boron plays in plant life, and by extension, all life, it’s hard
to imagine our world without it. Therefore, borates and their
products could be one of the main topics for Sustainable
Development in whole world.

Key Words: Borate minerals, Borate deposits, Turkey's borate
reserves

11



HIDROTERMAL COZELTIiLER; KOKENLERI VE
ICERIKLERI

Hydrothermal Solutions and Their Origins and Contents
Ahmet SAGIROGLU

Firat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, 23119 Elazig (sagiroglu@firat.edu.tr)

0Z: Hidrotermal ¢ozeltiler birgok cevherlesme tiiriinde ( damar,
epitermal, pirometasomatik, porfiri, volkanojenik masif siilfid,
traverten ...) cevherlesmeyi olusturan temel islevdir.
Hidrotermal ¢6zelti tanimlar1 farklilik gosterse de giinlimiizde en
gecerli olan1 Glossary of Geology’de yapilan tanimdir:
“yeraltinda bulunan; magmatik, meteorik, raidoaktif bozunma ile
veya fay zonlarinda asagi dogru hareket eden meteorik suyun
jeotermik gradyan nedeniyle 1simnma ile olugsmus sicak su”. 1980
lerden 6nceki ¢alismalar hidrotermal ¢ozeltilerin ana bo limiiniin
magma farklilagsmasinin son evresinde gelistigini ve hidrotermal
cozeltilerin magmatik kokenli oldugunu savunmuslar ve her
hidrotermal cevherlesmenin cevresinde bir magmatik kiitle
aramiglardr. Gilincel ¢aligmalar ise hidrotermal ¢ozeltilerin ¢ok
farkl islevlerle gelistigini gostermektedir. Bu islevler; a)
magmatik farklilasma, b) magmatik kiitle tarafindan meteorik
suyun 1smmmasi, c¢) yeraltina sizan meteorik suyun jeotermik
gradyan nedeniyle 1sinmasi, d) deniz tabani volkanizmasi ile
deniz suyunun 1sitilmasi, e) radyoaktif bozunma ile sicak su
olusumu ve f) metemorfizma ile olusan sicak su. Hidrotermal
cozeltiler, ¢cozilii olarak bir¢cok iyon ve kompleks iyon tasirlar.
Ana bilesenler Na, K, Ca ve Cl dir. Ayrica; Br, F, NHs HS,
HCO3, SO4 ve metalik elementleri de 6nemli Olgiilerde tasirlar.
Coziili maddeler; cozeltinin bilesimi ve  fiziko kimyasal
kosullarmin (Eh, pH, T, P,...) degisimiyle hareket ettikleri
ortamlarda c¢okelerek cevherlesmeleri olustururlar. Magmatik
kokenli hidrotemal ¢ozeltilerin igeriklerinin  ¢ogunlugunun
magma farklilagmasindan tiredigi sdylenebilir. Meteorik veya
12



deniz suyu agirhikl hidrotermal ¢ézeltilerin ¢oziilii iceriklerinin
tamamen icinde hareket ettikleri kayaglardan kaynaklanmasi
gerekir. Bu nedenle, hidrotermal c¢ozeltinin iretebilecegi
cevherlesme tiirlerini ¢dzeltinin olas1 hareket yolundaki kayag
bilesimlerinden yola ¢ikarak tahmin etmek olasidwr. Hidrotermal
cozeltilere yiiksek miktarlarda metalik element saglayabilecek
zengin kaynaklar; a) ultrabazik magmatik kayaglar, b) bazik-
ortagc magmatik kayaclar, c) seyller, d) organik maddece zengin
kayaglardir.

Anahtar Kelimeler: Hidrotermal ¢6zeltiler, Hidrotermal
cOzeltilerin kokenleri

ABSTRACT: Hydrothermal solutions are the fundamental
agents for the formation of many mineralization types; vein,
epithermal, pyrometasomatic, porphyry, VMS, travertine....
Although definitions of “Hydrothermal Solutions” differ , the
definition recorded in Glossary of Geology as ““ underground hot
waters what are formed by magmatism, descending meteoric
waters, radioactivity, meteoric waters descending through fault
planes”, is the most commonly agreed on. The studies prior to
1980s, claimed that the main part of the hydrothermal solutions
were formed as final products of magmatic differentiation and
sought a magmatic body in the vicinity of every hydrothermal
mineralization. However, modern studies prove that the
hydrothermal solutions are the products of several processes.
These are: a) magmatic differentiation, b) magmatic body
heating descending meteoric waters, c) descending meteoric
waters heated due to geothermic gradient, d) sea water heated
by submarine volcanism, e) radioactivity, f) metamorphism.
Hydrothermal solutions carry many ions and complex ions as
solved contents. Major constituents are Na, K, Ca and CI. In
addition, Br, F, NH4, H,S, HCO;, SO, and cations of metallic
elements are also present at elevated amounts in hydrothermal
solutions. As hydrothermal solutions moved along the permeable
zones their Eh, pH, temperature, pressure and many other
physiochemical conditions change and the solution contents
13



precipitate along the path of the solution and create
mineralizations. The most of contents of the solution originate
from the magma in magmatic hydrothermal solutions. The solved
contents of the meteoric and sea water based hydrothermal
solutions should entirely originate from the wall rocks they
travel through. Therefore, it is possible to estimate the contents
and the nature of the hydrothermal mineralization on the basis of
the solution type and the lithologies it travel through. The
lithologies rich in metallic elements are; ultrabasic, basic and
intermediate magmatic rocks, shale, slate, schist, black schist
and organic matter rich lithologies.

Key Words: Hydrothermal solutions, Origins of hydrothermal
solutions
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YER BILIMLERINDE DIiLSEL ve BILIMSEL
USTUNKORULUKLER

Linguistic and Scientific Perfunctoriness in Eaerth Sciences
Miiniir Burhan SADIKLAR
KTU Jeoloji Miih. Bél., 61080 Trabzon (giray@ktu.edu.tr)

0Z: “Ustiinkoriiliikk, yapilan bir isin 6zenle yapilmamast,
ciddiye allnmamasi ve bastan savma, ‘ben yaptim, oldu”
mantigiyla yapimasidir”. Demek ki, dilsel wve bilimsel
davraniglarimizda yukaridaki tarife uyacak ornekler sergiledikee,
ortaya doktiigimiiz seyler, ustiinkoriiliklerimizdir. Madem Ki,
“Dil benim i¢in diigliniir”, dyleyse benim i¢in diisiinecek olan dil
dogru ve kabullenilmis ortak kavramlara sahip olmaldir. Yani
diislincelerin, tasarilarin ve buna bagh olarak firetilen bilgilerin
ortak varliga doniisebilmeleri i¢in, kullanilan sdzcik ve ciimlenin
kullanilan dilin kabullenilmis ve tariflenmis kurallarma uymas1
kaginilmazdir. Bizler bilimsel etkinliklerimizde, dilin bizim i¢in
diistinmesinden yararlaniyor ve bunun i¢in s6z dagarcigimiza
basvuruyoruz. Bunu yaparken bir kismimiz kabullenilmis ortak
kavramlara olabildigince bagh kaliyor, bazilarimiz bilerek ya da
bilmeyerek, anlam saptriyor ve geri kalanlarimiz ise olaym
farkma bile varmiyor! Duyulandan, sdyleneni; okunandan,
yazilan1 anlamak i¢in, konusan ya da yazanla dil birligi i¢inde
olmak her zaman yeterli olmayabilmektedir; kavram birligi
icinde de olmak gerekir. Kullanilan sozciikler kisiden kisiye
degisik anlam tasidikca, anlasmak zorlagir. Peki “s6zciik” nedir?
En basit ve kisa tarifiyle sézcikk, soyut ve somut varliklarin
semboliidiir. Yani, asil olan varlklar ve onlarin tasidiklar
ozelliklerdir. PORZIG (1950), “Das Wunder der Sprache/Dilin
Mucizesi” adli eserinde “uzmanlik dillerinin 6zelligi her seyden
once kelime hazinesindedir. Uzmanlk dilinde, ortak dilin
yapabildigi her seyi asan bir kesinlik ve en ufak ayrintilarin da
gozlenmesiyle, belirli bir alanin cisimleri, iligkileri ve olaylar1
ifade  edilir.  Hekimlerin,  hukuk¢ularin,  iktisat¢ilarin,
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(yerbilimcilerin) dilleri kendilerine hastir” der. Peki, biz
yerbilimciler neler yapmaktayiz? Ama buna girmeden Once bir
distiniiriin bilimciler i¢in kullandig1 bir ciimleyi hatirlayalim.
“Bilimcinin 6dmrii, Once kavramlar {iretip, sonrada onlarin
anlamlarm tariflemek ve tartigmakla gecer”. Biz yerbilimciler,
cogu kez “kendi yapar, kendi yikar” babindan, daha da fazlasim
yapmaktay1z: Once “Genel  Jeoloji”, “Mineraloji”,
“Sedimantoloji” ve  “Jeokimya” gibi ana  derslerde
ogrencilerimize bir¢ok temel kavramu Ogretiyor ve smavlarda
bunlarm tariflerini de istiyoruz.z Ama ardindan takip eden
derslerde, ya da diger bilimsel etkinliklerimizde o temel
kavramlar1 egip Dbikiiyor ve kabullenilmis anlamlarmna
uymuyoruz. Hem de Oylesine uymuyoruz ki, hidrotermal
cozeltilerle cevher tasiyor; arazide bazaltik, andezitik ve dasitik
lav ve onlarin “piroklastitleri” yerine “piroklastiklerine”; “yastik
bazaltlar” yerine “yastik lavlara”; arazinin bir bagka
kesimindeki  meseld  kumtaslarmda  “mineralizasyonlara”
rastliyoruz! Boylece “bazalt”, “andezit” ve “dasit” yerine onlarm
“lavlar1” lizerinde yiriiyor ve ayaklarimizm nasil olup ta
yanmadiklarina hayret bile etmiyoruz! Hidrotermal ¢dzeltilerle
“cevher” tasirken, hem tasityicinin hem de tasimanm temel
tariflerinden ¢ok uzaklardayiz! Yerkabugunun ulasabildigimiz
her iriiniinde varlik ve oranlarmni merak ettigimiz “Nadir Yer
Elementleri”ni “Nadir Toprak Elementleri”ne ceviriyor ve
boylece iistiinkoriiliiklerimiz topragmm boyunu asiyor! “Polimort”
bir element ya da bilesigin farklh irilinlerine “polimorf
mineral/ler” diyoruz! Ciinkii olaym basit bir “cok sekillilik”
degil, “cok iiriinliiliik” oldugunun farkinda degiliz! Yani C’nun,
Si0; ve CaCOz’in farkli mineralojik driinler verebilme
ozelliklerini grafite, elmasa; kuvarsa, kristobalite, tridimite;
kalsite ve aragonite yikliilyoruz hepsinden dnemlisi “mineral”
ya da “maden” suyu yerine “mineralli su” i¢iyoruz! Bunlar yer
bilimlerindeki dilsel ve bilimsel stiinkoriiliklerimize sadece
birkag ornektir.

Anahtar Kelimeler:  Ustiinkoriilik, Yastik bazaltlar,
Hidrotermal ¢ozeltiler, Mineralizasyon, Polimorfluk, Cok
tirtinliilik, Mineral suyu
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ABSTRACT: "Perfunctoriness is defined as lack of attention,
concern and elaboration in performing a task; perfunctory tasks
are performed superficially and unenthusiastically”. To wit, what
we unearth is our perfunctoriness as we perform our linguistic
and scientific activities in accordance with the statement above.
As long as "Language thinks for me"”, then the language that will
think for me should have accurate and accepted common
concepts. That is to say, the words and sentences used need to
comply with the accepted and defined rules of the language used
for thoughts, plans and hence the information produced may be
able to coexist. In our scientific activities, we are benefiting from
the fact that the language thinks for us, and we refer to our
vocabulary for this purpose. In doing so, a few of us remain loyal
to the accepted common concepts as possible as can be, some of
us distort the meaning intentionally or unintentionally, and the
rest of us do not even notice what's happening! Speaking the
same language with the speaker or writer may not always be
enough to understand what's said and what's written by listening
and reading only; one needs to share the same concepts as well.
It becomes difficult to understand each other as the meanings of
words used vary from person to person. What is "word" then? In
its simplest and shortest definition, a word symbolizes abstract
and concrete entities. So, what really matters are the entities and
their features. Porzig (1950) says in his book "Das Wunder der
Sprache/Miracle of Language” that "vocabulary is the foremost
feature of any jargon. Objects, relations and events of a
particular field are expressed in any jargon with a certainty that
exceeds anything in a common language by observing the tiniest
details. Medical doctors, lawyers, economists, (geologists) have
their own languages™. So, what we geologists do? But first, let's
recall a statement made by a thinker on scientists: " The life of a
scientist is spent formulating concepts first, and defining and
discussing their meaning then.” We geologists often do even
more by "taking down what we put up": First, we teach
numerous basic concepts to our students in main courses such as
"General Geology", "Mineralogy", "Sedimentology" and
"Geochemistry”, and ask for their descriptions in the tests. But,
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in subsequent courses or other scientific events, we bend and
twist those basic concepts and do not comply with the accepted
meanings. And, this failure to comply is so big that we transfer
ore through hydrothermal solutions; we discover basaltic,
andesitic and dacitic lavas and their "pyroclastites” instead of
"pyroclastics™ in the field; we found "pillow lavas" instead of
"pillow basalts"; and for instance, we come across
"mineralization™ in the sandstones in another part of the land!
Thus, we walk on "lavas" instead of "basalts”, "andesites” and
"dacites", and we even do not get surprised at our unburned feet!
We are far from the fundamental definitions of both the carrier
and the medium carried when we transfer "ore" through
hydrothermal solutions! We transform "Rare Earth Elements"”,
which we wonder about their presence and amount in every
product of earth's crust that we were able to reach, into "Rare
Ground Elements", and our perfunctoriness goes beyond
imagination! We call different products of a "polymorph"
element or compound as "polymorph mineral(s)"! Because we
are unaware of its mulkti-productive nature, different from simple
"polymorphism”! That is to say, we deem graphite, diamond,
quartz, cristobalite, tridymite, calcite and aragonite are
responsible for the different mineralogical products of C, SiO,
and CaCQOgs, and most of all we drink "mineral water", instead of
water with "minerals”! These are just a few examples of our
linguistic and scientific perfunctoriness in geology.

Key Words: Perfunctoriness, Pillow basalts, Hydrothermal

solutions, Mineralization, Polymorphism, Multiproductivity,
Mineral water
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TURKIYE'NIN POTANSIiYEL JEOPARK ALANLARI
Potantial Geopark Areas of Turkey
Yildinm GUNGOR

Istanbul Universitesi Miih. Fak. Jeo. Miih. Béliimii, Istanbul
(yildirimgungor@gmail.com)

OZ: Jeopark alani, basta jeolojik miras niteligindeki 6geler
olmak tizere tiim dogal ve kiiltlire] mirasin korunmaya alindigi,
bu yapilirken sosyo-ekonomik kalkkinmanin da amacglandig1 bir
kiiltire] diizenlemedir. Bilimsel agidan ise jeopark, seyrek
rastlanan ve estetik degeri yiksek jeolojik miras niteligindeki
yerleri kapsar. Bir jeopark jeolojik dneme sahip olusumlarin
disinda, bdlgedeki arkeolojik, ekolojik, etnografik ve tarihsel ya
da kiiltiirel agidan 6nemli yerleri de icerebilir, hatta icermelidir.
Jeopark jeolojik ve kiiltiire] mirasm doga egitimi yoluyla bilginin
genis kitlelere yayilmasmi saglar; genis halk kitlelerini yerbilim
ve ¢evre konularinda egitir, bdlgenin siirdiiriilebilir kalkinmasina
katkida bulunur ve jeolojik mirasmn korunarak gelecek kusaklara
aktarilmasmi saglar. Bununla birlikte, UNESCO’ya bagh
“Global Unesco Networks of Geoparks” programma kayith 92
adet jeopark (58 Avrupa, 22 Cin, 6 Japonya, 1 Brezilya, 1
kanada, 1 Uruguay, 1 Vietnam, 1 Avustralya ve 1 Malezya)
icinde {likkemizin yer almamasi son derece diisiindiiriiclidiir.
Ulkemizin jeolojik tarihinin zenginligi, neredeyse tiim kayac
gruplarmm  olugsmasmi  ve  yiizeylemesini  saglamistur.
Neotektonik donemdeki siddetli tektonik ve jeomorfolojik
siiregler, birgok alanda gorsel ve bilimsel agidan son derece
gelismis  jeopark Ozelligine sahip alanlarm  olusumunu
hizlandirmistir. Buna karsin, iilkemizde bu konuya bilimsel
yaklagimin eksikligi ve yontemli bir calismanin yapilmamasi, bu
dogal miras1 gelecek kusaklara aktarmak {izere koruma ve
yasama katma etkinliklerinin heniiz yerine getirilememesine yol
acmistir. Tiirkiye’de birgok jeolojik miras 6rnegi bulunmaktadir.
Bu jeolojik miras unsurlarmin biiyiik cogunlugu Jeopark olabilir.
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Uludag buzul golleri, Kestanbol antik siitun ocaklar1, Yedigoller,
Kizilcahamam, Erfelek Selaleleri, Kula volkanlari, Frig Vadisi,
Kapadokya, Karapmar (Konya), Narman vadisi, Nemrut
Kalderasi, Eldivan ofiyolit kompleksi, Tortum vadisi, Kagkar
daglari, buzullar1 ve buzul goélleri, Olimpos Cwrali, Pamukkale,
Agr1 ve Tendiirek Daglari, Aladaglar ve Levent Vadisi.

Anahtar Kelimeler: Jeolojik Miras, Jeopark, Jeosit, Jeoturizm,
Tirkiye

ABSTRACT: Geopark area is a cultural arrangements that aim
to protect all natural and cultural heritage, especially the items
in the geological heritage, in addition it aims the socio-economic
development. In respect of scientific perspective geopark
comprise the geological heritage places that is rare and have a
high quality and aesthetic value. A geopark may contain, in fact
should contain the archaeological, ecological, ethnographic and
historical or culturally important locations in the region beside
formations that have geological importance. Geopark provides
distribution of the information about geological and cultural
heritage through nature education to crowd, educate wide public
crowd about geology and the environment, contribute the
region’s sustainable development and provide the transportation
of geological heritage to the future generations by protecting it.
In addition, it is extremely engrossing that our country does not
take place in registered 92 geopark (58 units Europe, 22 China,
6 Japon, 1 Brazil, 1 Canada, 1 Uruguay, 1 Vietnam, 1
Australia, 1 Malaysia) linked to UNESCO "Global UNESCO
Network of Geoparks program. The richness of the geological
history of our country provide the formation and outcropping of
almost all the rock groups. The intense tectonic and
geomorphologic processes in the Neotectonic period has
accelerated the formation of the geopark fields that very highly
developed in terms of visual and scientific features. However, the
lack of scientific approachs to this issue in our country and the
lack of systematic study cause no fulfilment of adding protection
and life events to transfer this natural heritage for future
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generations yet. There are many examples of geological
heritages in Turkey. Most of these geological heritage can be
geopark. Most important of these geological heritages are
Uludag glacier lakes, Kestanbol granite pillar quary, Bolu
vedigoller, Kizilcahamam, Erfelek Waterfalls, Kula Volcanoes,
Phrygian Valley, Cappadocia, Karapmmar (Konya), Narman
Valley, Tortum valley Nemrut Caldera, Eldivan Ophiolite
Complex, Kackar Mountains,  glaciers and glacial lakes,
Olympos Cwali, Pamukkale, Ararat and Tendiirek Mountains,
Aladag Mountains and Levent Valley.

Key Words: Geological Heritage, Geopark, Geosite,
Geotourism, Turkey
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METALIK MADEN YATAKLARI

Metallic Mineral Deposits
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BATI ANADOLU’D AKI Au-Ag-BAZ-METAL
CEVHERLESMELERINDE SIVI BASINCI
DEGISIMLERININ ONEMI

The Importance of Fluid Pressure Fluctuations for Au-Ag-
Base-Metal Mineralization in Western Turkey

Giilcan BOZKAYA! ve David BANKS?

LPamulkkale Universitesi, Jeoloji Miihendisligi Boliimii, 20070
Denizli, Turkiye (gbozkaya@pau.edu.tr)

2School of Earth & Environment, University of Leeds,
Woodhouse Lane, Leeds, LS2 9JT, UK (D.Banks@Ieeds.ac.uk)

0Z: Bati Anadolu’daki epitermal maden yataklari ¢ok genis
homojenlesme sicakligi araliklarma sahip sivi kapanimlar
icermekte olup, bu durumu soguk meteorik sularmn karigim ile
acikklamak miimkiin gdzikmemektedir. Tuzluluk degisimleri
genellikle sabit sicakliklarda meydana gelmektedir. Cevher
damarlarindaki sivi-gaz (L-V), gazsivi (V-L) ve kaynama
topluluklar1 320-350 °C arasindaki homojenlesme sicakliklarinda
gbzlenmis olup, bu da minimum 2000 m derinlikteki hidrostatik
basing (jeolojik kanitlarla uyugsmamakta) veya 700 m derinlikteki
litostatik basing kosullartyla smirlidr. L-V kapanmmlar igin
homojenlesme sicakligi araliklar1 cogu yataklarda 250 °C ye
kadar diismektedir. Bu sicaklik, litostatik basincin hidrostatige
degiserek c¢oOzeltiden 1s1 kaybma neden oldugu durumlar da
beklenebilecek degerler ile aynidir. Cogu durumda kaynama esas
neden olmayip, basmcm litostatikten hidrostatik basinca diisiisii
az ¢ok L-V egrisi boyunca soguma olusturacak kadar kademeli
olmaldir. Bununla birlikte, basmmg azalimmm ani oldugu
yerlerde yalnizca ¢ok diisik yogunluklu gaz kapanmmlar igeren
(flashed sivilar) oOrnekler de bulunmaktadir. Bu durum
muhtemelen sadece basincm litostatikten yari-hidrostatige dogru
degisimi; ki bu da genellikle depremlerin neden oldugu tektonik
hareketler sonucunda meydana gelmekte olup, bu tiir
orneklerdeki kapanimlarda homojenlesme sicakligi 160 °C’ye
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kadar diismektedir. Cevher olusturucu cozeltilerde degisen
basing rejiminden kaynaklanan sicaklik kaybi c¢ozeltilerden
itibaren metallerin ¢okelimine neden olacaktir. Bununla birlikte,
cevherli c¢ozeltilerin buhar fazmma ani gecisi hemen hemen
sividaki tiim metallerin ¢okelmesine neden olabilecektir. Fiziko-
kimyasal degisimler, pH, fO2, sicaklik ve tuzluluk; ¢6zeltideki
silika ve metallerin ¢dziiniirliiglinii aniden azaltir ve ince taneli
amorf silikanin yiliksek konsantrasyona ulagmasina yol acar.
Kaynama zonlarindaki silika ve normal c¢okelmis ozsekilli
kuvarslarda yapilan LA-ICP-MS analizleri flashing’in cevher
konsantrasyonlarinda ne derece onemli oldugunu gostermistir.
Na, Al, Si, K, Ca, Ti, Mn, Fe, Cu, Zn, Ge, As, Mo, Ag, Cd, In,
Sn, Sb, Au, Pb elementleri analiz edilmistir. Tim metal
konsantrasyonlar1 amorf silikada artmakta olup, 6zellikle Au ve
Ag i¢in swasiyla 1-10 ppm ve 100-1000 ppm degerler
bulunmustur. Aw/Ag orani sabit olup, diger metallerin aksine
mikrondan kii¢ciik partikiiller seklinde olusmus g6zikkmektedir.
Silika ylizeyinin asir1 elektronegatifligi, silika bantlarinda sabit
dagilim gosteren Mn, Sb ve As gibi cok-degerlikli katyonlarmn bu
ylizeye c¢ekimi icin ideal bir ortam yaratmaktadir. Cevher
damarlarindaki farkli silika yapilar;; kaynama ve flashing’e
neden olan basmg¢ azalmast sonucu ¢okelmis yiksek
konsatrasyonlu metal zonlarinin belirlenmesinde indikator olarak
kullanilabilir. LA-ICPMS analizleri, cevher ¢okeliminde bu
stireglerin ne kadar etkin oldugunu dogrulamistir. Depremle
tetiklenen ani basing diismelerinin cevherlesme siire¢lerinin
ortaya konmasinda kilavuz olabilecegini 6nermekteyiz.

Anahtar Kelimeler: Siwvi kapanmmlar, LA-ICP-MS, Flashed
sivilar, Kaynama, Bat1 Anadolu

ABSRACT: Epithermal deposits in western Turkey contain fluid

inclusions with very large ranges of homogenization

temperatures that cannot be explained by mixing with cooler

meteoric fluids. Often salinity variations are at relatively

constant temperature. L-V, V-L and boiling assemblages, in the

ore veins, are observed to homogenize at temperatures c. 320-
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350 °C thereby constraining the minimum depths to ¢. 2000m at
hydrostatic pressure (which does not fit with the geological
evidence) or ¢.700m at lithostatic pressure. The range of
homogenization temperatures for L-V inclusions, that are not
obviously of a different generation, decrease to ¢.250 °C in most
deposits. This temperature is exactly what would occur if the
higher temperature, near lithostatic fluid, lost heat by adiabatic
expansion as the pressure regime changed to near hydrostatic at
the same depth of vein emplacement. In most instances boiling is
not a major occurrence; therefore the pressure decrease from
lithostatic to hydrostatic must have been gradual enough for
cooling to occur more or less along the L-V curve. However,
there are examples of where the pressure decrease was
catastrophic as there are examples of ‘flashed fluids” that are
present as inclusions that only contain a very low density
vapour. This is only likely to occur when the pressure goes from
lithostatic to sub-hydrostatic most likely due to movements
caused by earthquakes. In such samples inclusions homogenize
as low as c. 160 °C. Loss of temperature in the ore-fluid due to
changing the pressure regime will cause deposition of metals
from solution. However, instantaneous conversion of the orefluid
to vapour will result in almost total deposition of metals in the
fluid. The physico-chemical changes, pH, fO,, temperature and
salinity, drastically decrease the solubility of silica and metals in
solution resulting in high concentrations in fine grained
amorphous silica. Analysis by LA-ICPMS of silica from boiling
zones and from normally precipitated euhedral quartz shows
how effective flashing, as a process, was in concentrating the
ore-metals. The elements analysed were Na, Al, Si, K, Ca, Ti,
Mn, Fe, Cu, Zn, Ge, As, Mo, Ag, Cd, In, Sn, Sbh, Au, Pb.
Concentrations of all metals were significantly greater in the
amorphous quartz, especially Au and Ag where ppm or 10’s ppm
respectively were found and 100’s-1000’s of ppm for the base-
metals. The Au/Ag ratio is constant and unlike the other metals
measured; these appear to have formed as discrete sub-micron
sized particles. The extreme electronegativity of the silica
surface makes it ideal for attracting multi-valency cations as
25



shown by the constant distribution of elements such as Mn, Sb,
As in the silica bands. Different silica textures in the ore veins
can be used as indicators of zones where high concentrations of
metals were deposited as a consequence of pressure decrease
leading to fluid boiling or flashing. LA-ICPMS analyses confirm
the effectiveness of these processes in depositing ore-metals. We
suggest earthquake induced rapid pressure decrease was a key
aspect of the mineralizing process.

Key Words: Fluid inclusions, LA-ICP-MS, Flashed fluids,
Boiling, Western Turkey
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UNALDI/BITLIS APATITLI MANYETIT
OLUSUKLARININ Fe ve P,Os ICERIKLERINE GORE
ETKILESIMLERININ COKLU VARYANS ANALIZi
YONTEMI iLE INCELENMESI

Investigation of Interactions of the Apatite Bearing Magnetite
Ore Deposits of Unaldy, Bitlis Province with Multiple Analyzis
of Variance Method

Hiiseyin CELEBI

Viransehir Mahallesi, 34323. Sokak 11, 33190 Mersin
(huseyin.celebi@gmx.net)

OZ: Unald: diisiik icerikli (tendrlii) apatitli manyetit olusuklar1
olan Siiriim K&yii, Mese Swrt1 ve Okiiz Yatagi’'nin Fe ve P,0s
sondaj verilerini esas alan bu bildiride ¢oklu varyans analizi
yontemi ile olusuklarin benzerlikleri incelenmektedir. Arastirma
sonuglari, incelenen oluguklarin Fe ve P05 Olgiitlerine gore % 95
olasilikla  benzestikleri ve Fe ile P05 iceriklerinin
etkilesmediklerini  gostermistir. Olusuklarm Fe ve P05
degerlerinin normal dagildiklari, iki degisken arasinda anlamli
bir bagintinin ve yonelimin olmadig1 goriilmiistiir. Ancak cevher
merceklerinin ardalanmasindan kaynaklanan bir bosluk etkeni
gozlenmistir. Elde edilen sonuglar s6z konusu olusuklarin ayni
jeolojik islevlerin {iriinii olduklarin1 gostermektedir. Buna
dayanarak gelecektekiarama, inceleme ve isletme yontemleri bu
dogrultuda gelistirilebilir ve bu diisiik icerikli kaynaklarin iilke
ekonomisine kazandirilmasina yone lik aragtrmalar
yonlendirilebilir.

Anahtar kelimeler: Unaldi, Apatitli manyetit, Coklu varyans
analizi yontemi
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ABSTRACT: In this statement the similarities of Unald: low
content apatite-magnetite ore deposits Siriim Koyii, Mese Swrti
and Okiiz Yatag, based on their drilling data of Fe and P,Os
and using multiple variance analyzes, are examined. The
research results have shown that the studied formations,
according to their Fe and P,Os concentrations, are with 95%
probability similar and Fe and P,Os contents do not interact.
The Fe and P,Os values of ore deposits are normally distributed,
and is seen that a significant correlation between the two
variables not exists and there is no a trend. However, a hole
effect, caused by alternation of ore lenses with wall rock, was
observed. The results obtained indicate that the concerned ore
formations are the product of the same geological processes.
Based on this, future prospection, exploration and mining
operating methods have to develop in this perspective, and this
low content resources gain to the national economy can be
oriented the research intended.

Key Words: Unaldi, Apatite bearing magnetite, Multiple
analyzes of variance
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PINARBASI (BULAM-ADIYAMAN) APATITLI
MANYETIT YATAGINDA
KAROT VERIMININ Fe ve P,Os ANALiZ DEGERLERINE
ETKIiSi

The Influence of Core Recovery on the Fe and P,Os Analysis
Values of the
Apatite-Magnetite Ore Deposit Pinarbast (Bulam-Adiyaman)
Province

Hiiseyin CELEBI

Viransehir Mahallesi, 34323. Sokak 11, 33190 Mersin
(huseyin.celebi@gmx.net)

0Z: Bildiride Pmarbasi apatitli-manyetit yatagmm karot
veriminin Fe ve P;0s degerlerine etkisi arastirilmaktadir. Bu
amagla yatagin cevher kesen 9 sondajinin % 36,10 ile % 52,00
arasinda degisen karot verimi ilgili sondajlarm ortalama analiz
degerleri  ile  bagmti  analizi  yontemi  uygulanarak
karsilastirilmistr. Inceleme sonuglari karot verimi ile Fe analiz
degerleri arasinda uyumlu ve anlaml bir bagmti oldugunu, ancak
P2Os analiz degerleri ile bir bagmti olmadigint gostermistir.
Kirik ve catlakli yan kaya¢ ve cevherin neden olabilecegi bu
sonug, Fe degerlerinin diisik karot verimi (<%85) nedeniyle
disik hesaplanmis olabilecegi olasiligini giiglendirmektedir. Bu
nedenle gercek degerlerinden farkhh olabilecek Fe analiz
degerlerinin duyarlilik analiziyle irdelenmesi ve gelecekte
yapilacak sondajlarda karot koruyucu yontemlerin uygulanmasi
onerilmektedir.

Anahtar kelimeler: Pmarbasi, Bulam, Apatitli manyetit, Karot
verimi

ABSTRACT: In these proceeding the influence of drilling core
recovery on Fe and P,Os analysis values of the Pinarbast
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apatite-magnetite ore deposit was investigated. For this purpose
the between 36.10 to 52.00% varying sinful 9 holes core
recoveries of the deposit were the respective mean of the holes
kept under application of correlation analysis compared. The
investigation results show that between drilling core recoveries
and Fe contents a positive and significant correlation is noted
during the P,0Os content is no relationship. Cracked and fissured
wall rocks and ores may have caused this result, Fe values, low
core recovery (<85%) can be calculated due to the high
likelihood is strengthening. Therefore, analysis values may differ
from the actual Fe values with sensitivity analysis examining and
for future core drilling the implementation of preventive methods
IS recommended.

Key Words: Pmarbasi, Bulam, Apatite bearing magnetite, Core
recovery
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KEBAN/ELAZIG SIMLI KURSUN YATAGI
MANGANEZLi DEMiR CEVHERLERININ MiNERAL
BIiRLIKTELiGi ve ELEMENTLER ARASI iLISKiLERi

Mineral Assemblage and its Interelement Relations of
Mangenese Iron Ores from Silver Bearing Lead Deposit
Keban, Elazig Province

Hiiseyin CELEBI

Viransehir Mahallesi, 34323. Sokak 11, 33190 Mersin
(huseyin.celebi@gmx.net)

0Z: Bu arastrmada Keban simli kursun yatagi manganezli
demir cevherlerinin taramali elektron mikroskopu
goriintiilerindeki mineral dagilimm ve iligkileri ile nokta
(microprobe) analizlerindeki elementlerin yari1 nitel sonuglari
jeokimyasal agidan incelenmektedir. Taranan cevher 6rneklerinin
karbonat (kalsit, dolomit), oksit (hematit, piroliizit), hidroksit
(limonit, manganit), siilfat (barit) ana fazlari ile daha az bulunan
silikat (kil, kuars, feldspat), kloritlerle bitiimliilerin bir arada
bulunduklar1 saptanmustir. Bu fazlarm en yaygin elementlerinin
litofil (Ca, Mg, Ba, Al, K, Si ve C) elementler oldugu, bunlar1
siderofil (Fe ve Mn) ve kalkofil (S) elementlerin takip ettigi
goriilmiistiir. Bunlarin elementler aras1 bagintilar1 oksid-hidroksit
minerallerinin (Fe ve Mn) uyumlu, ancak yan kayac1 olusturan
kirectaglar1 (Ca ve Mg) ile uyumsuz olduklarmi gostermistir. Bu
bagintilar manganez ile demir cevherlerinin Dbirlikte wve
kiregtaslarindan sonra gelistiklerini kanitlamaktadr. Bu islevler
srasinda barit en son gang minerali olarak zenginlesmistir.
Bunlarin yaninda denizel ortama isaret eden yogun ve diizenli
klor, diizensiz karbon, kil minerallerine bagh olabilecek
alliminyum ve potasyum ile silisyum dagilimlar1 gdzlenmistir.
Anahtar Kelimeler: Keban, Manganezli demir cevheri, Elektron
mikroskop goriintiileri
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ABSTRACT: In this study, the scanning electron microscope
images of mineral distributions, and their relationships of
manganese iron ore from silver bearing lead deposit Keban are
analyzed and microprobe results of semi-quantitative element
concentrations geochemical studied. In scanned ore samples are
as main phase carbonate (calcite and dolomite), oxide (hematite,
pyrolusite), hydroxide (limonite, manganite) and sulfate (barite)
with less abundant silicate (clay, quartz, feldspar), chloride and
bituminous combinations were determined. It was observed that
the most common element of these mineral phases are lithophile
elements (Ca, Mg, Ba, Al, K and Si). Them follow the siderophile
(Fe and Mn) and chalcophile (S) elements. Their interelement
relations show that the oxide-hydroxide minerals (i. e., Fe and
Mn) are compatible, but they are incompatible with the rock
forming limestone (i. e. Ca and Mg). This correlation proves that
the manganese and iron ores are together and after limestone
developed. During these processes is barite as gangue mineral
latest enriched. Besides these, intensive and regular chlorine,
irregular carbon that point to the marine environment;
aluminum, potassium and silicium distributions were observed
which can be bonded to the clay minerals.

Key Words: Keban, Manganese iron ore, Electron microscope
images
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AVNIK/BINGOL QPATiTIii MANYETiT YATAGININ Fe
ve P,Os DEGERLERININ JEOISTATISTIKSEL
DAGILIMI VE iSLETMECIiLK ACISINDAN ONEM i

Geostatistical Evaluation of Fe and P,Os Values of Apatite-
Magnetite Ore Deposit Avnik, Bingol Province and its
Impotance in Terms of Mining Operation

Hiiseyin CELEBI

Viransehir ~ Mahallesi, 34323. Sokak 11, 33190 Mersin
(huseyin.celebi@gmx.net)

OZ: Bu calismada Avnik apatitli manyetit yatagi Fe ve P,Os
sondaj ortalama degerlerinin siklik dagilmlari, oransallik etkeni
ve yonsel degisimleri incelenmektedir. Arastirma sonuglari, Fe
ile P;Os analiz degerleri arasinda anlamli bir bagntinin
bulunmadigmi, Fe degerlerinin bir normal siklik dagilimi
sunduklarint  gostermistir. Buna karsin P,Os degerlerinin
dagilminda bimodal siklik dagilimi ve oransallik etkeni
saptanmustir. Bu bulgular sondajlarm P,Os standart sapma-
ortalama deger oranlarinin yaklasik sabit olduguna isaret
etmektedir. Bu 6zellikler yaninda i¢irimler, derinlikle artan bir
yonelime, cevher merceklerinin ardalanmasindan kaynaklanan
bir bosluk etkenine ve KB-GD yoniinde bir geometrik
yonsemeye sahiptir. Bu, yatagin isletilmesi sirasinda sabit bir Fe
ortalama tendriine karsin degisken bir P,Os ortalama tendrii
anlamma gelir. Bu Ol¢litler ayn1 zamanda Fe rezerv hesaplama
yontemlerini de belirlemektedir. Buna gére Fe rezerv
hesaplamalar1 i¢in ordinary kriging gibi ekonomik jeoistatistiksel
rezerv hesaplama yOnteminin uygulanmasmi yeterli kilarken,
P20Os rezerv hesaplamalar1 i¢cin daha kapsamli bir yOntem,
ornegin, universal kriging uygulanmas1 gerekmektedir.

Anahtar Kelimeler: Avnik, Apatitli manyetit, Jeoistatistik
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ABSTRACT: In this study the frequency distributions,
proportional effect and trends of the drilling average values of
Fe and P,Os from apatite bearing magnetite ore deposit Avnik
are analyzed. The survey results show that a significant
correlation between the Fe and P,0s values not exists. The Fe
values have a normal frequency distribution, whereas a bimodal
frequency distribution and proportional effect of P,Os values
were determined. These results indicate the presence of a about
constant rate of standard deviation-average values of P,Os in
drillings. Besides these features, the analysis values have a trend
with depth, a hole effect because of interbedded ore lenses-wall
rock and a geometric anisotropy in NW-SE direction. That refers
to a constant average grade of Fe despite a variable average
grade of P,0s during the mining operation of ore deposit. These
criteria are also set at the same time reserve estimation methods.
Accordingly, for Fe reserve estimation, such as the economic
geostatistical method, the application of the ordinary kriging, is
sufficient, while for P,Os reserve calculation a more
comprehensive method, for example the application of universal
krigin, needs.

Key Words: Avnik, Apatite bearing magnetite, Geostatistic
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TUNCELI (DOGU ANADOLU) KROMITLERININ
JEOKIMYASI UZERINE iLK VERILER

Preliminary Data on the Geochemistry of the Chromites from
Tunceli (Eastern-Anatolia)

Okay CIMEN'?2, Ayten OZTUFEK Ci-ONAL?, Fatma
TOKSOY-KOKSAL!, Alican AKTAG? ve Ali ONAL?

LOrta Dogu Teknik Universitesi Jeoloji Miihendisligi Béliimii,
Ankara (cokay@metu.edu.tr)
2 Tunceli Universitesi Jeoloji Miihendisligi Bolimii, Tunceli

OZ: Tirkiye’nin ofiyolit ve ofiyolitik melanjlarmda &nemli
kromit cevherlesmeleri bulunmaktadr (Bursa, Adana, Elazig,
Van, Tunceli vb). Ozellikle Tunceli kromitleri (Ovacik ve
Pilimiir ofiyolitikk melanjlar1) bu lokasyonlarm en az
bilinenlerindendir. Bu c¢alismada major, iz ve platin grubu
elementlerin (PGE) igerikleri tizerine ilk jeokimyasal veriler
sunulmaktadir. Ornekleme i¢in Ovack ve Piiliimiir ofiyolitik
melanjlar1 boyunca batidan doguya dogru alt1 adet kromit ocagi
se¢ilmistir. Ornekler jeokimyasal olarak ICP-OES, ICP-MS ve
notron aktivasyon metotlar1 kullanilarak analiz edimistir.
Ortalama Cr,03; ve XPGE igerikleri swrasiyla %14,84 ve 92
pbb’dir. Ir grubu (Ir, Os, Ru) elementler Pd grubu (Pd, Rh, Pt)
elementlere kiyasla Onemli zenginlesmeler gostermektedir.
Bunun yaninda kromit cevherlerinde iz element olarak yiksek
Co, Ni ve V degerleri gozlenmektedir. Ovacik ve Piiliimiir
ofiyolitik melanjlarindaki analiz edilen kromitlerin Cr,O3 ve
YPGE icerikleri diger kromit igeren ofiyolitik melanjlara kiyasla
daha disiiktir. Pd/Ir <1 oranlar1 tst mantodaki artan kismi
ergimenin varhgma isaret etmektedir. Kromit ve PGE
minerallerinde yapilacak olan mineral kimyas1 analizleri Tunceli
kromitlerinin detayl mineralojik ve jeokimyasal
karakteristiklerini anlamaya yardimciolacaktir.
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Anahtar Kelimeler: Kromit, Platin grubu elementler, Ovacik ve
Piiliimiir ofiyolitik melanjlar1

ABSTRACT: Significant chromite mineralizations exist in
ophiolites and ophiolitic mélanges of Turkey (Bursa, Adana,
Elazig, Van, Tunceli etc.). Particularly, Tunceli chromites
(Ovacik and Piiliimiir ophiolitic mélanges) are less-Known
members of these locations. In this study preliminary
geochemical data from these chromites are presented to give the
first insights into their major, trace and platinium group
elements (PGE) contents. The six chromite pits were selected for
sampling along the Ovacik and Piiliimiir ophiolitic mélanges
from west to east. Samples are geochemically analysed by ICP-
OES, ICP-MS and neutron activation (PGE) methods. The
average content of CroO3 and XPGE are % 14,84 and 92 ppb,
respectively. Ir group (Ir, Os, Ru) elements show considerable
enrichments compared to Pd group elements (Pd, Rh, Pt). Beside
these, the higher Co, Ni and V values are observed as trace
elements in the chromite ores. The Cr,03 and XPGE contents of
the analyzed chromites from Ovacik and Piiliimiir ophiolitic
melanges are lower compared to other chromite-bearing
ophiolitic mélanges. Pd/Ir <I ratios of samples indicate the
presence of increasing partial melting degree in upper mantle.
The mineral chemistry analysis performed on chromite and PGE
minerals will help to understand the detail mineralogical and
geochemical characteristics of the Tunceli chromites.

Key Words: Chromite, Platinium group elements, Ovacik and
Piiliimiir ophiolitic melanges
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SUCULLU (YALVAC - ISPARTA) BOLGESINDEKI
LATERITiK OLUSUMLARININ ELEMENT
ICERIKLERI

Element Contents of Lateritic Occurrences in the Siiciillii
Region, Yalvag-lsparta

Betiil COSKUN ONAL' ve Oya CENGiZ?

YFwrat Universitesi Jeoloji Miihendisligi Boliimii, Elazig
gcbetul86@gmail.corp)
Stileyman Demirel Univ. Jeoloji Miih. Béliimii, Ciintir, Isparta

OZ: incelenen laterit olusumu, Siiciilli (Yalvag-Isparta)
bolgesinde KB-GD dogrultulu, 15-20km uzanimh ve 30-40m
kalinlikta yer alr. Lateritler; sahada bordomsu, kahverengimsi,
sarims1 ve boz renklerde, yer yer kil mineralleri ile arakatkil, yer
yer de doleritlerle arakatkili ya da karigsmis olarak go6zlenir.
Stratigrafik seride alttan iiste dogru; Paleozoik yash Sultandede
Formasyonu (kiregtasi, dolomit, kalksist ve sistler), acisal
uyumsuz Jura yash Hacialabaz Formasyonu (dolomit ve
kirectagr) ve geng c¢okeller bulunur. Ayrica, Sultandede ve
Hacialabaz Formasyonlarmi kesen dolerit dayklar1 ve iizerlerinde
gelisen lateritler mevcuttur. Lateritlerin  mineral birligini;
kaolenit, simektit, hematit, limonit, kalsit, anatas, bohmit,
diaspor, gotit, feldspat, tridimit, kristobalit, kuvars, mika ve
amfibol olusturur. Lateritlerin ana oksit bilesimleri; %15.92-50
AbLO3, %7.68-37.31 Fe,O3 ve %7.52-40.56 SiO, arasmndaki
degerlere sahiptir. Bu degerler lateritlerin, genellikle demirce
zengin Killi boksit, yer yer boksit, demirce zengin boksit ve
silisce zengin boksit smifina uygunlugunu gosterir. MgO, CaO,
Na,0, KO ve TiO; srrasiyla, %0.17-7.36, %0.81-5.13, %0.02-
1.04, %0.03-3.05 ve %2.05-4.36 arasinda izlenir. Bu degerler,
lateritlerin sodyumca fakir, potasyumca zengin oldugunu verir.
Ayrica, sahadaki lateritlerin titanyum igerigi de yiiksek degerlere
sahiptir. Calisma kapsaminda ele alinan numunelerin iz element
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konsantrasyonlar1 genel bir laterit olusumunda ki standart
degerler ile karsilastirildiginda, sahadaki lateritlerin Ni (82ppm),
Ba (125ppm), Sr (98ppm), Ga (33ppm), Y (30ppm) ve Zr
(220ppm) icerikleri standart degerlerin altinda iken, Co
(42,4ppm) ve V (347,6ppm) icerikleri standart degerlerin biraz
istlindedir. Bu durum, bazi elementlerin (Co ve V) c¢evre
kayaglardan laterit olusumlar1 icerisine go¢ ettigini, bazi
elementlerin (N1, Ba, Sr, Ga, Y ve Zr) de laterit olusumlarindan
cevre kayaglara uzaklastigi seklinde yorumlanabilir.

Anahtar Kelimeler: Yalvag-Isparta, Lateritler, Mineral ve
element icerikleri, Cevre kayaglar

ABSTRACT: The laterite occurrence is located at NW-SE
trending, 15-20km direction, and 30-40m thick in the Siiciillii
region of Yalvag, Isparta. The laterites have a claret red,
brownish, and yellowish colour in the field. They are observed as
being locally intercalated with clay minerals, locally intercalated
or mixed with dolerites in the field studies. The stratigraphic
sequence in the field from bottom to top is Paleozoic Sultandede
formation (dolomites, limestone, calcschist and schists),
unconformably Jurassic Hacwaalabaz formation (dolomites and
limestones) and younger sediments. In addition, there are
laterites developing on them and dolerite dykes cutting
Sultandede and Hacialabaz formations. The mineral assemblage
of the laterites contains kaolenite, smectite, hematite, limonite,
calcite, anatase, boehmite, diaspore, goethite, feldspar,
tridymite, cristobalite, quartz, mica, and amphibole. The major-
oxide compositions of the laterites have values between 15.92-
50% Al,O3, 7.68-37.31% Fe;05 and 7.52-40.56% SiO,. They are
suitable for the class of often iron-rich clayey bauxite, locally
bauxite, iron-rich bauxite and silica rich bauxite. MgO, CaO,
Na,O, K,0 and TiO; values range between 0.17-7.36%, 0.81-
5.13%, 0.02-1.04%, 0.03-3.05%, and 2.05-4.36%, respectively.
The values indicate that the laterites are poor in sodium and rich
in potassium. Also, the titanium contents of laterite samples have
high values. When the concentrations of trace element of the
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investigated samples are compared with background values of
laterites, the Co (42,4ppm) and V (347,6ppm) contents of the
laterites are above the standard values, whereas the Ni (82ppm),
Ba (125ppm), Sr (98ppm), Ga (33ppm), Y (30ppm) and Zr
(220ppm) contents of the laterites are below the standard values.
It may be inferred that Co and V are migrated from the
surrounding rocks to laterite formations and that the Ni, Ba, Sr,
Ga, Y, and Zr elements are also transported from laterites into
surrounding rocks.

Key Words: Yalvag-Isparta, Laterites, Mineral and element
contents, the surrounding rocks
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ZEYBEK (TASKOPRU-KASTAMONU) MASIF SULFIT
CEVHERLESMESIi: ON BULGULAR

Zeybek (Tagkoprii—Kastamonu) Massive Sulfide
Mineralization: Preliminary Findings

Kurtulus GUNAY?, Cahit DONMEZ?, Yahya CIFTCI?,
Serdar KESKIN?, Aydin Olcay COLAKOGLU? Hayrullah
YILDIZ?, Serkan OZKUMUS? ve Nail YILDIRIM?

YMTA Marmara Bolge Miidiirhigii, KOCAELI
(kurtulusgunay@gmail.com)

2MTA Genel Miid., Maden Etiit ve Arama Dairesi., ANKARA
3MTA Orta Anadolu IV. Bélge Miidiirliigii, MALATYA

OZ: Orta Pontidler, giineyde Izmir-Ankara-Erzincan sutur zonu,
kuzeyde Karadeniz arasinda uzanan Pontid orojenik kusagmm
merkez kismmi olusturur. Daha batidaki Istanbul Zonu,
Ordovisyen-Karbonifer yash pasif kita kenar1 ¢okellerini temsil
eden sedimanter kayaglar ve lizerine uyumsuz olarak gelen
Triyas ve daha geng¢ kayaglardan meydana gelir. Orta Pontidleri
de icine alan Sakarya zonu ise, Permo-Triyas yash yitim-eklenir
kompleksi ile onun iizerine uyumsuz olarak gelen Jura ve daha
geng sedimanter Ortii kayalariyla temsil edilir. Yitim-eklenir
kompleksi’nin bazaltik kayaglary, ensimatik adayay1 birimleri ve
bu yay ile iliskili metasedimanter kayaclar, Kastamonu
kuzeyinde onemli bir masif siilfitler ile iliskili bakir provensi
olusturmaya adaydir. Kastamonu ilinin Tagkoprii ilgesine bagh
bulunan Zeybek koyiinliin yakin g¢evresinde onceki donemde
yiriitiilen tahkik jeokimya caligmalar1 sonucunda Cu anomalileri
belirlenmigtir. Bu alan jeolojik olarak bazaltik andezit, dasit ve
riyolit gibi ensimatik adayayi volkanitleri ile bunlarla tektonik
iliskili klorit-epidot sist ve Kuvars-klorit sist olarak tanimlanan
yesil gistler ve arjilitik siyah sistlerden olusur. Bu metamorfik
kayaglar ayn1 zamanda Zeybek bakir cevherlesmesinin yan
kayaglarint olusturur. Volkanik kayaclar ve metasedimanter
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kayaclardan olusan bu istifin tamami Cangaldag Kompleksi
olarak tanimlanmaktadir. Allokton olarak bdlgeye yerlesen bu
kompleks bakr cevherlesmelerini barmdrmakla beraber,
magmatik ve metamorfik istif halinde olup yaklaskk KD-GB
dogrultulu, KB’ya egimli bir yapisal konum sergiler. Bolgede
yogun tektonik faaliyetlerin etkisiyle kivrim-kirik yapilar
oldukca yaygm olup, cevherlesmeyi kontrol etmektedir. Bakir
cevherlesmeleri, daha cok arjilitik siyah sist, yesil sist gibi
denizel sedimanter kayaclar ile olasitoleyitik karakterde ada yay1
volkanitleri (metabazit) igerisinde bulunur. Bu cevherlesmeler
bolgesel metamorfizmadan etkilenmislerdir. Cevher parajenezi
pirit, daha az pirotin, kalkopirit, fahlerz ve sfalerittir. Kuvars,
kalsit, albit, serisit ve klorit gang mineralleri olarak
cevherlesmeye eslik eder. Cevherlesmelerin  etrafindaki
alterasyonlar, sistik birimler i¢inde ve sistozite diizlemlerine
paralel yerlesmis okside silisli-pirit laminasyonlar1 ile yiiksek
oranda yikanma zonlarini temsil eden limonitli ve hematitli
kesimlerden olusur. Alterasyon kimyalarmna gore okside silisli-
pirit laminasyonlarmm %1 ’e yaklasan Cu icerigine sahip oldugu,
buna karsin limonitli ve hematitli kesimlerin baz metal i¢erigi
yoniinden fakir oldugu anlagilmistir. Cevherlesme sinjenetik
karaktere sahip olup, cevher ve gang mineralleri metamorfizma
ve deformasyon sonucu mineralojik ve dokusal degisimlere
ugramistir. Tane boyu irilesmesi, yonlenme, kataklazma ve
stiniimlii deformasyon gibi dokusal degisimlerin yani sira piritten
doniisen pirotinlerin  varligi, ana mineralojik degisimler
arasindadir. Ayrica siilfit govdelerinin bdlgesel foliasyon ve
cizgisellige paralellik sundugu da izlenmistir. Cevherlesmenin
mineral birlikteligi, alterasyonlar, mineralojik-dokusal degisimler
ve jeotektonik konumu itibariyle Zeybek bakir cevherlegsmesinin
Handnii bakir cevherlesmesiyle ayni ozellikleri sergiledigi ve
silisiklastik-mafik volkanitlerle iliskili yataklara (Kieslager?)
benzedigi  goriilmiistir. Bu cevherlesmeler gdz Oniine
alindiginda, Orta Pontidlerde yeni bir Kiaslager tipi VMS
metolojenik kusaginin 6nerilebilecegi ortaya ¢ikmaktadir.
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Anahtar Kelimeler: Orta Pontidle, Kastamonu, VMS, Bakir,
Zeybek, Kieslager(?)

ABSTRACT: Central Pontides located in the central part of
Pontide Orogenic Belt and bordered by lzmir-Ankara-Erzincan
Suture from the south and Black Sea, from the north. Istanbul
Zone, compromises the western geotectonic unit, consists of
sedimentary rocks representing Ordovician to Carboniferous age
passive margin succession and discordantly overlying units of
Triassic and younger cover rocks. The Sakarya Zone includes the
Central Pontides and consists of Permo-Triassic age subduction-
accretion complex units and cover sedimentary units in Jurassic
and younger in age. The basaltic rocks of the subduction related
accretion complex, ensimatic island-arc units and related
metasedimentary units, elongated east to west in the northern
part of Kastamonu village, have a high potential for including
“Copper Metallogenic Province”. Cu anomalies were outlined
by prior detail geochemical prospection studies around Zeybek
Village, Taskoprii, Kastamonu. Geologically, this region consists
of basaltic andesites, dacites and riolites of the ensimatic island-
arc volcanics and tectonically related meta-sedimentary units
such as green schist and organic material-rich black shale.
These metamorphic rocks are also the wall-rock of the Zeybek
Copper Mineralization. Whole this volcanic and metamorphic
succession is called as Cangaldag Complex and is a allochthon
unit elongated in NE to SW direction, slightly dipping to the NW.
In order to the regional tectonics, this unit is intensely folded and
faulted and these structures are also controls the copper
mineralization in the region. Copper mineralization occurs
within the deep marine sedimentary rock units such as argillitic-
black schist and green schist in addition to the metabasites,
toleitic island-arc volcanics. These mineralizations are affected
by the regional metamorphism in the region. The paragenesis
consists of pyrite and less abundant of pyrrothine, chalcopyrite,
fahlerz and sphalerite, including also the gangue minerals of
quartz, calcite, albite, cerucite, and chlorite. Alteration zones
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were developed around the copper mineralizations within the
metamorphic rocks and they are formed as oxidized silisic-
pyritic laminations between the foliation planes and limonite and
hematite mineralizations, representing the leaching zones.
Although these high-leaching zones are poor in terms of base
metal mineralization, up to 1.0 % Cu was detected in oxidizing
silicic pyrite laminations. Copper mineralization is syn-genetic
in character; furthermore, both the ore and gangue minerals are
exhibiting mineralogical and textural transformations after the
metamorphism and regional tectonics. Increasing of grain-sizes,
orientation of grains, chataclasism, and ductile deformation are
the textural observations in addition to the mineralogical
observation such as the existence of the pyrrothine ore mineral,
transformed from the primary pyrite. Besides, sulphide ore-
bodies are also oriented according to the regional foliation and
lineation. In the light of the primarily findings on paragenesis,
alteration pattern, mineralogical and textural transformations
and locating in the same geotectonic environment with Hanénii
copper deposit, Zeybek copper mineralization is representing the
same characteristics of silisiclastic-volcanic related ore deposits
(Kieslager?). Considering these ore deposits, a new Kieslager-
Type VMS metallogenic belt could be suggested in the Central
Pontides.

Key Words: Central Pontides, Kastamonu, VMS, Copper,
Zeybek, Kieslager(?)
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VMS CEVHERLESMELERINDE SIVI KAPANIM VE
IZOTOP JEOKIM YASI (ADIYAMAN-GD TURKIYE)

Fluid inclusions and Isotope Geochemistry on the VMS
Mineralization (Adiyaman-SE Turkey)

Semiha ILHAN', Mustafa AKYILDIZ*, Nail YILDIRIM?,
Cahit DONMEZ' ve Burcu GOREN?

Nigde Universitesi, Jeoloji Miihendisligi Bolimii, NIGDE
(semihailhan@nigde.edu.tr)

2Cu/mrova Universitesi, Jeoloji Miihendisligi Boliimii, ADANA,
3Tiirkive MTA Orta Anadolu 4. Bélge Miidiirligii, MALAT YA,
A*MTA Maden Etiit ve Arama Dairesi, ANKARA

0Z: Kuzeyde Toros, giineyde ise Arap platformlari ile smirlanan
Neotetis’in  gliney kolunun Geg¢ Kretase-Miyosen zaman
araliginda kapanmasi sirasinda gelisen Giineydogu Anadolu
Orojenik Kusag icerisinde yer alan Kogali Karmasigi’nda Cu-
Fe-Zn siilfid cevherlesmelerine rastlanimaktadir. Kogali
Karmasiginda gozlenen cevherlesmeler, pargalanmis ve tektonik
olarak dilimlenmis bir ofiyolit blogunda bulunan levha dayk
karmas1g1 ve yastk lavlar icerisinde agsal, sagmimli ve masif
halde pirit-kalkopirit seklinde goriiliir. Pirit ve kalkopirit diginda
pirotin, bornit, idait, dijenit, spekiilarit, kalkozin, kovellin,
fahlerz ve sfalerit; gang olarak da kuvars ve kalsit mineralleri
bulunmaktadwr. Cevherlesmede ki siilfiiriin kaynagi o 34g izotop
analizleri (%o 0,03 — %o 7,6) sonucunda magmatik kokenli
olduklar1 belirlenmistir. Kuvarslarda 6lgiilen sivi kapanimlarda,
homojenlesme sicakliklar1 115 °C ila 428 °C arasinda degismekte
olup tuzluluk miktarlar1 da % 3.4-20.7 NaCl (ort. % 11.9 NaCl)
esdegeri arasindadir. Sivi  kapanim ¢aligmalari; cevher
olusumunun iki ayr1 evrede gergeklestigini, ilk evrede
cevherlesme ortaminda etkili olan ¢dzeltinin tuzlulugun ve
sicakhgmin yiiksek, ikinci evrede ise tuzlulugun ve sicakhigin
nispeten daha diisiik oldugu belirlenmistir. Bu degiskenligin
ortama eklenen deniz suyunun girisiyle aciklanabilir. Arazi,
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petrografi, jeokimya ve sivi kapanim ¢aligmalar1 sonucunda, Kogali
Karmasiginda gozlenen Cu-Fe-Zn cevherlesmelerinin olusum
itibariyle “Kibris-tipi” bir yatak olarak smiflandrilabilecegi
belirlenmistir.

Anahtar Kelimeler: Kibris Tipi VMS, Kogali Karmasig1, Sivi
kapanim, Adiyaman

ABSTRACT: The Cu-Zn-Au sulphide mineralizations developed
within The Kocgali Complex, which belong to the Southeast
Anatolian Orogenic Belt that developed as a result of the closure of
the southern branch of the Neotethtan Ocean during Late
Cretaceous-Miocene time period between Taurid Platform to the
north and Arabian Platform to the south. These mineralizations
have similar features with Cyprus-type VMS deposits. The
mineralizations within the Koc¢ali Complex are observed as
massive,  disseminated and stockwork  pyrite-chalcopyrite
mineralizations in the sheeted dike complex and pillow lavas belong
to fragmented and tectonically sliced ophiolite block. The mineral
paragenesis consist of pyrrhotite, bornite, idaite, digenite,
specularite, chalcocite, covellite, fahlerz and sphalerite other than
pyrite and chalcopyrite. The gang minerals are quartz and calcite.
The orgin of the sulphur in the mineralizations has a magmatic
affinity according to the & **S isotope analyses(%o 0,03 — %o 7,6).
The fluid inclusion studies on quartz phases indicate that the
homoginazation temperatures vary between 115°C and 428 °C,
whereas the salinity ratios vary between % 3.4-20.7 NaCl (average
% 11.9 NacCl). According to the fluid inclusion studies, the
mineralizations were formed in two phases, where the first phase
formed by a solution with high temperature and high salinity and
the second phase formed by a solution with relatively low
temperature and low salinity. The latter condition can be explained
by sea water involment into the environment. The field,
petrographical and fluid inclusion evidences show that the Cu-Fe-
Zn mineralizations within the Kog¢ali Complex are related to
Cyprus-type massive sulphide deposits.

Key Words: Cyprus-type VMS, Kogali Complex, Fluid inclusion,
Adiyaman

45



SILIFKE- ANAMUR (MERSIN ) ARASINDA
YUZEYLENEN PALEOZOIK YASLI SISTLERIN
MINERALOJISI, JEOKIM YASI VE EKONOMIK

POTANSIYELI

Mineralogy, Geochemistry and Economic Potential of
Paleozoic shale outcrops between Silifke-Anamur (Mersin)

Volkan KARASUY, Erkan DEMIR? ve Fevzi ONER®

' Mersin Univ., Fen Bil. Ens. (volkankarasu24@gmail.com)
2T, MMOB Jeoloji Miihendisleri Odast Mersin Subesi
3 Mersin Universitesi, Miih. Fak., Jeoloji Miihendisligi Boliimii

OZET: Mersin- Antalya aras1 yol yapim ¢ahsmalar1 esnasinda
ozellikle Silifke- Anamur arasinda siyah, siyahimst gri, mavimsi
gri, yesilimsi, sarims1, krmizi ve mor renkli ince yapraklanma
gosteren farkl kalinhklarda sistler ortaya ¢ikmugstir. Caligmanin
ilk asamasinda sistlerin mineralojik ve jeokimyasal bilesimleri
belirlenmistir. Araziden alinan o6rnekler Muskovit, Illit, Klorit,
(az miktarda Smektit grubu kil mineralleri), kuvars, feldspat,
kalsit ve dolomit minerallerinden olugmaktadwr. Ayrica siyah
renkli seyller Onemli miktarda organik madde igerirler.
Orneklerin mineralojisi ayn1 zamanda onlarin kimyasal icerigini
yansitmaktadir. Bolgede yiizeylenen seylerin  ekonomik
potansiyelini ortaya koymak i¢in degisik karisimlar olusturularak
bir takim deneyler yapilmustir. Ik bulgular malzemenin ¢ok iyi
tugla ve kiremit hammaddesi olacagini gostermistir. Avrupa’da
son yillarda insaat sektoriinde mikkemmel 1s1 ve ses yalitimi
ozelliklerinden dolay1 artan bir miktarda Liapor kullanilmaktadir.
Bu ¢evreci {iriinin hammaddesini de kilce zengin kayaclar
olusturur. Sistlerin Liapor iiretimi i¢in uygun olup olmadigna
yonelik ¢calismalar ve deneyler devam etmektedir.

Anahtar Kelimeler: Hammadde potansiyeli, Liapor, Silifke,

Sist
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ABSTRACT: During Mersin- Antalya highway construction
works, especially in the sections between Silitke and Anamur is
on many points are exposed rocks with black, blackish gray,
bluish gray, also greenish, yellowish, red and violet color, which
have a closely spaced foliation in the millimeter range. In the
first phase of the study the mineralogical and geochemical
composition of the shale is determined. They are composed of
muscovite, lllit, chlorite, (small amount of smectite group clay
minerals), quartz, feldspar, calcite and dolomite minerals. In
addition especially the black shale contains significant amounts
of organic matter. To demonstrate the economic potential of
Shale outcropping in the region experiments were performed by
forming a number of different mixtures of samples. The first data
show that these materials would be a very good raw materials
brick and tile production. In recent years, the construction sector
in Europe use increasing amounts of Liapor due to its excellent
heat and sound insulation properties. For this environmentally
friendly product clay-rich rocks were used as raw material. If
shale are suitable for producing or not Liapor studies and
experiments have been carried out.

Key Words: Economic potential, Liapor, Silifke, Shale
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KOZBUDAKLAR SEELIT SKARN PLUTONUNUN
PETROGRAFIK ve JEOKIM YASAL OZELLIKLERI
(BURSA, BATI ANADOLU) ve DUNYADAKI SKARN

PLUTONLARI ile KARSILASTIRILMASI

Petrographic and Geochemical Properties of the Kozbudaklar
Scheelite Skarn Pluton (Bursa, Western Anatolia) and
Comparison with World Skarn Plutons

Ayse ORHAN?, Halim MUTLU? ve Mehmet DEMIiRBILEK®

! Nevsehir Haci Bektas Veli Univ., Jeoloji Miih. Boliimii,
(ayse.orhan@nevsehir.edu.tr)

2 Ankara Universitesi, Jeoloji Miihendisligi Boliimii

3 Dumlupinar Universitesi, Jeoloji Miihendisligi Bolimii

OZET: W-skarm ile iliskili pliitonlarin mineralojisi, dokusu ve
kimyasal karakteristikleri lizerinde yapimis caliymalarda, bu
kayaclarin biiyik ¢ogunlugunun I-tipi granit 6zelligi sundugu
belirlenmesine  karsin kaynak malzemeleri tam olarak
tanimlanamamustir. Cu-skarn ile iligkili pliitonlar metaluminyum
Sn-skarn ile iliskili pliittonlar peraliiminyum karakter sergilerken
W-skarn pliitonlar1 metaluminyum ile peraluminyum arasinda
genis bir dagilim sunmaktadir. W-ile iligkili plitonlar, felsik
karakteri ile Sn-skarn plitonlar1 ile benzerlik sunmasina karsin
mineralojik, dokusal ve kimyasal 6zellikleri (major, iz ve izotop
kompozisyonu) ile Cu-skarn pliitonlar1 ile uyumludur. W-skarn
plitonlar1 genellikle faneritikk orta-iri taneli, porfirik ve
mikrografik dokular sergiler ve pegmatit damarlar sik¢a gozlenir.
Cu-skarn pliitonlarinda ise porfirik doku yaygin iken mikrografik
doku ve pegmatitler nadir gdzlenir. Dalma-batma olaylar
ortaminda ¢esitli siireclerle olusmus ve kitasal materyal
tarafindan etkilenmis Cu- ve W-skarn pliitonlar1 arasmdaki fark;
W-skarn pliitonlarmin bolimlii kristallenme tarihg¢esinin genis
olmasi (amfiboliin bulunmayis1 ve muskovitin gézlenmesi) ve
kristallenme derinliginin Cu-skarn pliitonlarma gére daha fazla
olmasidr. Kuzeybati Anadolu'da post tektonik (Alpin orojenezi)
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olaylara bagh olarak gelisen intriizyonlarla iliskili Fe, Cu, Pb-Zn
ve W tipi skarn yataklar1 yaygindir. Bu pliitonlardan birisi olan
Eosen yasli Topuk Pliitonu ile Mesozoyik yasl Indnii Mermeri
arasindaki dokanakta Kozbudaklar Koyl civarinda skarn zonlari
gelismistir. Bolgedeki skarn kusagi boyunca endo- ve ekzoskarn
zonlar1 olugsmustur. Endoskarn zonu baghca plajiyoklaz ve
piroksen minerallerinden olusur ve az oranda pirotin, pirit,
kalkopirit ve manyetit gibi cevher mineralleri barindirir. Kalsik
karakterdeki ekzoskarn zonunda piroksen, piroksen-granat,
granat ve granat-piroksen olarak dort mineral fasiyesi
tanimlanmistr. Bu fasiyeslerde seelite az oranlarda pirotin, pirit,
kalkopirit, manyetit, markazit, kovellin ve hematit gibi cevher
mineralleri eslik eder. Kozbudaklar skarnindaki kalk-silika
mineral kompozisyonlar1 W-skarnlarma benzer 6zelliktedir.
Topuk Pliitonu faneritik orta-kaba taneli holokristalin dokuda
olup granodiyorit bilesimine sahiptir. Pliiton, ince taneli
yuvarlagimsi/elipsoidal  sekilli monzodiyorit/monzogabro
bilesimli mafik mineral enklavlart (MME) icerir. Topuk
Plitonunun, ince taneli porfirik dokulu granodiyorit, granit
bilesimli aplit ve kenar fasiyeslerde ise kuvars damarlari
tarafindan sik¢a kesildigi ve ksenolit parcalar1 icerdigi gdzlenir.
Pliiton ve pliitonu kesen porfirik dokulu damar kayaglar1 ana
bilesen olarak kuvars, plajiyoklaz, K.Feldspat (ortoklaz,
mikroklin), amfibol ve biyotit minerallerinden olusur. Aplit
damarlar1 ise kuvars, plajiyoklaz, K. Feldispat ve biyotit
minerallerinden olusmaktadir. Topuk Plitonu, kalk-alkalin,
metaliiminyum karakterli ve I-tipi pliiton 6zelligi sunar. Iz
element icerikleri intriizyonun manto kdkenli oldugunu ve kitasal
kabukla etkilesime girmis volkanik-yay veya ¢arpisma sonrasi
bir ortamda olustuguna isaret eder. Topuk Pliitonunun
mineralojik ve jeokimyasal 6zellikleri Cu-skarn granitoyidleri ile
uyumludur. Bunun yaninda, hornblent-barometresi ile
hesaplanmis kristallenme basinci (4 kbar) ve derinlik (12 kbar)
degerleri ise W-skarn pliitonlarmi destekler niteliktedir.

Anahtar  Kelimeler:  Skarn, Seelit  mineralizasyonu,
Kozbudaklar, Topuk Pliitonu, Bat1 Anadolu.
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ABSTARCT: Studies on mineralogical, textural and chemical
characteristics of granitoids associated with the W-skarn
indicate that most of these rocks are I-type granite with peculiar
source region. Plutons associated with Cu-skarn exhibit
metaluminous character and those associated with Sn-skarn
exhibit peraluminous character whilst W-skarn plutons show a
wide range between metaluminous and peraluminous types.
Although W-skarn plutons with  felsic character show
similarities to Sn-skarn plutons, their mineralogical, textural and
chemical characteristics (major, trace and isotope compositions)
are consistent with Cu-skarn plutons. Plutons related to the W-
skarn are generally phaneritic medium-coarse grained,
porphyritic and micrographic textured and often contain
pegmatite dyke. Although porphyritic texture is common in Cu-
skarn plutons micrographic texture and pegmatites are rare. The
difference between Cu- and W-skarn plutons, which are formed
by various processes in the subduction zone and interacted with
crustal materials, is that W-skarn plutons have a wide range of
fractional crystallization history (absence of amphibole and
presence of muscovite) and a relatively deep crystallization
environment with respect to Cu-skarn plutons. In Northwest
Anatolia there are several Fe-, Cu-, Pb-Zn and W- skarn
deposits associated with post-tectonic (Alpine orogeny) intrusion
activity. Skarn zone in the Kozbudaklar village occurring at the
contact between Eocene Topuk Pluton and Mesozoic Inénii
Marble is the result of this plutonism. Both endo- and exoskarn
zones are developed along the skarn zone. The endoskarn zone is
composed mainly of plagioclase and pyroxene and contains little
amount of ore minerals such as pyrrhotite, pyrite, chalcopyrite
and magnetite. The exoskarn zone in calcic character is defined
by four different mineral facies, namely pyroxene, pyroxene-
garnet, garnet and garnet-pyroxene facies. In these mineral
facies, scheelite is accompanied by trace amount of several ore
minerals which include pyrrhotite, pyrite, chalcopyrite,
magnetite, marcasite, covelline and hematite. Calc-silikate
mineral compositions in Kozbudaklar skarns are similar to those
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of W-skarn deposit. The Topuk Pluton is phaneritic medium-
coarse grained, holocrystalline texture and has granodiorite
composition.  The  Pluton  contains  fine  grained,
spheroid/ellipsoid shaped mafic microgranular enclaves (MME)
in monzodiorite/monzogabbro composition. The Pluton which
contains xenoliths is frequently cut by fine-grained porphyritic
granodiorite, granite aplite and quartz veins at the margins. The
Pluton and porphyritic vein rocks are composed mainly of
quartz, plagioclase, K.feldspar (orthoclase, microcline),
amphibole and biotite minerals. Aplite veins consist mainly of
quartz, plagioclase, K.feldspar and biotite minerals. Topuk
Pluton exhibits calc-alcaline, metaluminous and I-type
character. Trace element contents indicate that the pluton is
originated from mantle and formed in a post-collision
environment or a volcanic-arc interacted with continental crust.
The mineralogical and geochemical properties of Topuk Pluton
are consistent with the Cu-skarn granitoids. Besides, pressure (4
kbars) and depth (12 kbars) estimated based on the hornblende-
barometer are in support of W-skarn pluton.

Key Words: Skarn, scheelite mineralization, Kozbudaklar, Topuk
Pluton, Western Anatolia.
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BUYUKMAHAL MANGANEZ CEVHERLESMESININ
JEOKIMYASI VE MINERALOJiSI (YOZGAT, TURKIYE)

Mineralogy and Geochemistry of Biiyitkmahal Manganese
Mineralization, Yozgat, Turkey

Nursel OKSUZ! ve Neslihan OKUYUCU?

Bozok Universitesi Jeoloji Miihendisligi Boliimii, Yozgat
gnursel.o_ksuz@gmail.com)
Bozok Universitesi Fen Bilimleri Enstitiisii, Yozgat

OZ: Alpin ofiyolitlere bagli olarak gelisen Artova Ofiyolitik
Kompleksi (AOK), Yozgat’m KB-KD’sunda uzanmaktadir.
Calismaya konu olan Biiyiikmahal manganez cevherlesmesi de Ust
Kretase yerlesimli Artova Ofiyolitik Kompleksi (AOK) icerisindeki
radyolaritler ile iligkilidir. Olduk¢a kivrimli ve kirikli olan
radyolarit birimi ile birlikte gozlenen manganez cevherleri de
kirikli, catlakll ve diizensiz sekilde gozlenmektedir. Cevherlesme
bantli ve mercek seklinde bir yap1 sunmaktadir. Cevher parajenezi
pirolusit ve manyetitten olugsmaktadir. Gang minerali ise kuvars ve
kalsittir. Parajenez, iisten aydinlatmali mikroskop g¢aligmalarinin
yaninda, XRD, Raman spektroskopisi ve microprob c¢aligmalari ile
de desteklenmistir. Bunun yaninda cevher minerallerine ait ana
oksit, eser element ve Nadir Toprak Element (NTE) analizleri
yapilmis, ¢ikan sonuglar ve c¢izilen diyagramlar ile jeokimyasal
yorumlamalarda bulunulmustur. NTE’ lerin kondrite gére normalize
edilerek ¢izilen spider diyagraminda ¢ok kuvvetli negatif Ce ve Eu
anomalileri belirlenmistir. Negatif Ce anomalisi tipik denizalti
hidrotermal cevherlesmeleri ifade ederken ayni zamanda da
cozeltinin sicakligina baglh olarak hidrotermal kaynaga yakinligi ve
ortamin redoks sartlarmi da gostermektedir. Negatif Eu anomalisi
ise cevherlesmedeki kita kabugundan kirlenmeye ve/veya sediman
dehidratasyonu yoluyla sediman katkis1 olduguna isaret eden
onemli bir kriterdir. Tim bu sonuglara goére, Biiyiikmahal
cevherlesmesi, Alpin Ofiyolitik sistemde gelisen sinjenetik bir
olusum  olarak  degerlendirilse = de  jeokimyasal  veriler
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cevherlesmenin yalnizca hidrotermal ya da hidrojenetik bir olusum
olarak degil her iki sistemden de etkilendigini gostermektedir.
Anahtar Kelimeler: Manganez, Piroluzit, Hidrotermal,
Hidrojenetik, Biiyilkmahal (Yozgat-Tiirkiye)

ABSTRACT: The Artova Ophiolite Complex (AOC) is exposed
along the northwestern and northeastern margins of Yozgat area in
Turkey. The Mn-deposit in the Biiyiikmahal area is part of this
ophiolite complex and hosted by a radiolarite. Manganese ores,
which is generally observed together with folded and fractured
radiolarian units, shows a folded, fractured and irregular structure.
The mineralization observed as banded and lenticular forms.
Pyrolusite and magnetite are the main minerals of the manganese
ore in the Biiytikmahal. The gang minerals in the mineralization are
composed only of quartz and calcite. Paragenesis of mineralization
are determined with an ore microscopy. To support these data at
the same time, an XRD analysis, Raman spectroscopy and this
mineral’s chemical properties were evaluated according to
microprobe analysis. Thegeochemical characteristics of the
Biiyiikmahal mineralization is studied by means of major oxide,
trace and rare earth element (REE) contents and the origin of
mineralization is discussed. The resulting data was evaluated with
various descriptive diagrams. In chondrite normalized REE
graphics samples are characterized by highly negative and positive
Ce anomalies. The negative Ce anomaly is typical submarine
hydrothermal deposits. However, the Ce anomaly depends on the
temperature of the fluid, the proximity to the hydrothermal source,
and redox conditions. Eu also shows strong negative anomaly in all
samples, indicating contamination from the continental crust and/or
sediment contribution via dehydration. According to all these
results, Biiyiikmahal mineralization is considered as a syngenetic in
the Alpine ophiolite system but also the geochemical data indicate
that Biiyiikmahal mineralization is not originated from a pure
hydrothermal or pure hydrogenous source but from a system
consisting of both sources.

Key Words: Manganese, Pyrolusite, Hydrothermal, Hydrogenous,
Biiyiikmahal (Yozgat-Turkey)
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YESILBAGLAR-KABAN (OLUR-ERZURUM)
ALTERASYONLARININ MINERALOJIK VE
JEOKIMYASAL OZELLIKLERI

Mineralogical and Geochemical Features of Alteration in
Yesilbaglar-Kaban (Olur-Erzurum)

Giizide ONAL!, Mustafa AKYILDIZ}, Serkan OZKUM US?,
Mehmet ASLANS? ve ismet CENGIiZ*

Y Cukurova Universitesi Jeoloji Miihendisligi Boliimii, Adana,
gguzideonal@gmail.com)

MTA Genel Miid. Maden Etiit ve Arama Daire Bagsk., Ankara,
3 MTA Orta Anadolu IV. Bélge Miidiirligii, Malatya
4 Demir Export A.S, Ankara

0Z: Cahsma alani, Dogu Pontidler’de yer alan Olur-Tortum
tektonik zonu igerisinde bulunmaktadir. Bolgede temeli; Erken-
Orta Jura yash andezitik-bazaltik lavlar ve piroklastiklerden
olusan Oltugayr Volkanitleri ve dasitik lav ve piroklastiklerin
hakim oldugu Kaban Dasiti olusturmaktadir. Bu birimlerin
iizerine uyumsuz olarak Ge¢ Jura yash tlrbiditik karakterli
Olurdere formasyonu gelmekte ve iist seviyelerde Erken Kretase
yash pelajik-yar1 pelajik kiregtaglar1 ile temsil edilen Sogukgam
Formasyonu ile son bulmaktadir. Tiim bu birimler Erken Eosen
yasl Coskunlar Dasiti tarafindan kesilmektedir. Alterasyonlar,
Coskunlar Dasiti’'nin  Oltugay1r Volkanitleri ve Sogukg¢am
Formasyonu’'na  sokulum  yaptig1t  yerlerde olugsmustur.
Yesilbaglar bolgesinde gozlenen alterasyon; bazalt-andezit
karakterli Oltu Cay1 volkaniklerini kesen Coskunlar Dasiti ile
olusan dokanak zonunda yogunlagmaktadir. Kaban alterasyonu
ise; Coskunlar Dasitinin  Kaban Dasiti ve Soguk¢am
Formasyonunu kestigi  zonlarda gdzlenmektedir. Bolgede
gozlenen alterasyonlarda killesme, silislesme, limonitlesme,
hematitlesme ve piritlesme oldukga karakteristiktir. Ayrica
alterasyon i¢cinde agsal kuvars damar ya da damarciklar1 ve
ikincil jips olusumlar1 izlenmektedir. Bolgede gozlenen
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alterasyon zonlar1 fillik, arjillik, ileri arjillik ve propilitik
zonlardir. Alterasyon zonlarmdan derlenen ornekler iizerinde
yapilan FT-IR (Fourier Transform Infrared Spectroscopy) analiz
sonuclarma gore alterasyonlarda; kuvars, barit, kil mineralleri ve
karbonat ~ mineralleri  saptanmugtur. XRD  (X-Ismlar1
Difraktometre) analizlerinden elde edilen veriler FT-IR analiz
sonuclar1 ile uyumluluk sunmaktadir. Yesilbaglar ve Kaban
alterasyonunda cevher mineralleri olarak pirit, kalkopirit, pirotin,
sfalerit ve galen; gang olarak da kuvars ve kalsit mineralleri
bulunmaktadr. Secilen pirit, kalkopirit, pirotin, sfalerit ve galen
ornekleri lizerinde yapilan mineral kimyas1 analizleri (EPMA) ile
orneklerin  element igerikleri belirlenmistir.  Yesilbaglar
alterasyonundaki pirit mineraline ait Co/Ni>1 olmasi,
alterasyonun hidrotermal kokenli olduguna isaret etmektedir.
Kaban alterasyonundaki piritlerin de benzer Co/Ni degerler
vermesi, Yesilbaglar ile aynm1 kdokene sahip oldugunu
diisiindiirmektedir. Cevherlesmedeki siilfirin  kaynagi 83*S
izotop analiz degerleri ile tespit edilmeye c¢ahsilmis olup,
magmatik ve deniz suyu katkisina igaret etmektedir. Yesilbaglar
ve Kaban alterasyonlarmin cevher ve alterasyon 0Ozelikleri,
bolgede bir porfiri Cu cevherlesmesi olabilecegini isaret
etmektedir.

Anahtar Kelimeler: Dogu Pontidler, Alterasyon zonlari, Dastit,
FT-IR, XRD, Mikroprob.

ABSTRACT: The study area is located in Olur-Tortum tectonic
zone of the Eastern Pontides. The basement in the study area is
represented by Early-Mid Jurassic Oltugayr volcanics (andesitic
to basaltic lava and pyroclastics) and Kaban Dacites (dacitic
lava and pyroclastics). Both units are unconformably overlain by
Late Jurassic turbiditic Olurdere Formation that is, in turn,
overlain by Early Cretaceous hemi-pelagic to pelagic limestones
of Soguk¢am Formation. All these units were intruded by Early
Eocene Coskunlar Dacite. Alteration occured along the zones
where the Coskunlar Dacite intruded the Oltugayr Volcanics and
the Soguk¢cam Formation. The alterations in Yesilbaglar area
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were localised along the boundary between the intrusive
Coskunlar Dacite and the basaltic-andesitic Oltugay1 Volcanics.
Whereas the alterations in Kaban area were localised at the
contact zones between the Coskunlar Dacite and the Kaban
Dacite or Soguk¢cam Formation. Silicification, argillization,
limonitization and hematization are the main characteristic
alterations observed. Moreover, stockwork quartz veins-veinlets
and secondary gypsium occurences are also observed. Alteration
zones are defined as phyllic, argillic, advanced argillic and
propylitic. Quartz, baryte, clay and carbonate minerals were
identified on the collected samples from alteration zones by FT-
IR (Fourier Transform Infrared Spectroscopy) analysis. The
XRD (X-Ray Difraction) analysis on the same samples yielded
consistent results. Main ore minerals in the Yesilbaglar and
Kaban alterations are pyrite, chalcopyrite, pyrrhotite, sphalerite
and galena. Calcite and quartz are the gangue minerals in the
alteration zones. Chemical contents of the selected pyrite,
chalcopyrite, pyrrhotite, sphalerite and galena minerals were
analysed by microprobe (EPMA). The pyrites from the
Yesilbaglar alteration zone yielded Co/Ni>1, suggesting
hydrothermal origin. The pyrites from the Kaban alteration zone
have similar results (Co/Ni) compared to Yesilbaglar area, again
suggesting hydrothermal origin. Magmatic and seawater
contribution for sulphur source have been defined by ¢%S
isotope analysis. All the evidence suggest a porphyry Cu-
mineralization formed in Yesilbaglar and Kaban alteration
areas.

Key Words: Eastern Pontides, Alteration zones, Dacite, FT-IR,
XRD, Microprobe.
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TOROS KUSAGI PB-ZN CEVHER OLUSUMLARININ
MEKAN KAYACLARININ JEOKiIM YASI VE
MINERALOJISI

Geochemistry and Mineralogy of Hostrocks of Taurides’ Pb-Zn
Mineralizations

Ahmet Can OZBEK' ve Emin CiFTCi'

YTU Maden Fakiiltesi, Jeoloji Bélimii, 34469 Maslak — Istanbul
(eciftci@itu.edu.tr)

0Z: Alp-Himalaya Dag Kusagi’nda bulunan Anadolu’yu
olusturan ana tektonik birimlerden olan Toros kusagi 6nemli
sayida degisik rezerv ve tendre sahip farkli tipte maden yatagi ve
zuhurunu barmdmrmaktadir. Toroslar ¢aligilan yataklara gore 4 alt
bolgeye ayrilabilir: (I) Bati Toroslar; (II) Bolkarlar; (III)
Aldaglar-Bati Zamanti ve (IV) Dogu Zamanti. Karbonat-
yankaya¢h kursun ve ¢inko cevher olusumlar1 genellikle
epjenetik yerlesimler olup, bir cok drnekte olugumlar1 yapisal
kontrollii olarak kabiil edilebilir. Bu olusumlar esas olarak siilfiir
kalintilar1 igceren oksitler — karbonatlar seklindedir. Biitiin kusak
boyunca calisalan yataklar i¢in cevher mineralojisi oldukga basit
ve benzerdir: Galen-sfalerit-seriizit-smitzonit-Fe oksihidroksitler.
Yataklarm ¢ogunda galen yegane siilfiir mineralidir.

Ancak gang mineralojisi bolgeden bolgeye dnemli farklhiliklar
sunar. Kusagin bati1 boliimiinde, florit ve barit yaygm olarak
bulunmaktadr. Bolkarlarda ise plumbojarosit, kuvars ve daha az
olarak kalsit ve dolomit bulunmaktadir. Aladaglar-Bat1 Zamanti
boliimiinde ise kalsit ve dolomit baskin halde gozlenmektedir.
Dogu Zamanti cevher yatak ve zuhurlarinda, kuvars yerel olarak
Oonem arzetse de kalsit ve kuvars yagin olarak bulunmaktadir.
Mekan kayaglar ¢ogunlukla kirectasi olmakla beraber, dolomitler
kalksist ve mermerler bazi yataklarda 6nemlidir. Maden yataklar1
gecmiste ve giiniimiize kursun ve ¢inko i¢in isletilmistir. Ancak;
barit, bakmr, glimiis, altin ve galyum bazi yerlerde Gnem
arzetmektedir.
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Anahtar Kelimeler: Toros kusagi, Pb-Zn cevher yatagi,
jeokimya, mineraloji

ABSTRACT: Taurides being one of the major tectonic units
constituting the Anatolia within the Alpine-Himalian Orogenic
Belt is host to great number of various types of ore
mineralizations with different size and content. The Taurides
could be subdivided into 4 districts with regards to subject
deposits: (1) Western Taurides, (I11) Bolkarlar, (111) Aladaglar-
West Zamanti, and (IV) East Zamanti. Carbonate-hosted lead
and zinc mineralizations are basically epigenetic emplacements
and their formations can be considered as structurally controlled
in many occurrences. These occur essentially as oxides-
carbonates with relics of sulfides. Ore mineralogy throughout
the belt for the subject deposits is fairly simple and comparable:
galena-sphalerite — cerussite — smithsonite - Fe-oxihydroxides.
In most of the deposits, galena is the only sulfide mineral
survived. However gangue mineralogy shows considerable
differences from distrcit to district. In western part of the belt,
fluorite and barite are common. In Bolkarlar, plumbojarosite
and quartz with subordinate calcite and dolomite dominate. In
Aladaglar-West Zamanti, calcite and dolomite are widespread.
In East Zamanti, although quartz locally become significant,
dolomite and calcite are prevalent. Hostrocks are mostly
limestones, however dolomites, calcschists and marbles are aslo
important in some deposits. These deposits are and were mined
for lead and zinc, however, barite, copper, silver, gold, gallium
are significant in some of the districs.

Key Words: Taurides, Pb-Zn ore mineralizations, Geochemistry,
Mineralogy
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DOGU KARADENiZ BOLGESINDE BULUNAN
MURGUL BAKIR YATAGI OLUSUMUNA ISIK
TUTACAK OLAN JiPS OLUSUMLARI

Gypsum Occurrences Indicating the Genetical Conditions of
the Copper Deposit of Murgul in the Eastern Pontide
Metallogenic Belt, NE Turkey

Nevzat OZGUR?, Tugba Arife CALISKAN?, Alisait COL' ve
Onur AYDIN?®

LSiileyman Demirel Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Boliimii, Isparta (nevzatozgur@sdu.edu.tr)
2Marmara Arastirma Merkezi, Cevre ve Temiz Uretim Ens.,
Gebze- Kocaeli

SEti Bakir A. S., Murgul, Artvin

0Z: Dogu Karadeniz Bolgesi metalojenik kusagmm KD
kesiminde yer alan Murgul Cu yatag1 Ust Kretase yash ve belirli
bir zaman i¢in kitasal kosullar altinda olan ada yay1 volkanizmasi
ile iligkili olup bir subvolkanik-hidrotermal olusuma dahil edilir.
Murgul Cu yatagi birinci volkanik evrenin iist kisminda olugmus
olup Senoniyen yash yaklasik 250 m kalmligi olan dasitik
kayaglara baghdir. Bu seviyenin st kisminda denizel
sedimentlerden olusan yaklasik 10 m kalinliginda yogun erozyon
ve alterasyona ugramis bir ince tabaka bulunmaktadr. Burada
mineralizasyonlu litolojik birim (tif + piroklastit) 200-500 m
kalimhginda olan cevhersiz  dasitik lavlar tarafindan
ortiilmektedir. Ayrica, Murgul Cu yatagini olusturan Anayatak
ve Cakmakkaya cevherlesmesinin olusumunun, yorede bulunan
atmosferik kosullar altinda kisa zaman araliginda meydana gelen
stiperjen alterasyon ve erozyon olaylarindan 6nce tamamlanmis
olmas1 gerekmektedir. Burada belirtilen bu kisa zaman araligmi
lokal belirleyici olarak adlandirilan sedimantasyona ugramis
piroklastikler ve sedimentler temsil etmektedir. Bunlar yorede
hakim olmus karasal ortam kosullar1 i¢in 6nemli bir 6geyi
olusturmaktadwr. Burada jips olusumlar1 atmosfer kosullar1 ile
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baglantii olan ortamda siilfit minerallerinin oksitlenmesiyle
iligkin olabilir. Ayrica 6zellikle Cakmakkaya agik ocaginda
cevherlesme yan kayaci olan dasitik piroklastikler ile dasit lavlar
arasinda bulunan tiif-kumtasr-kirectasi seviyesinde bulunan ve
yatagin daha ¢ok karasal kosullar altinda olustuguna isaret eden
kaolinlesme ve burada olusan jips formasyonlarinin kdkeni daha
detayl olarak a¢iklanmustir.

Anahtar Kelimeler: Dogu Karadeniz Bolgesi, Murgul, Kitasal
kosullar, subvolkanik-hidrotermal, Jips olusumlar1

ABSTRACT: The Cu deposit of Murgul located in the NE part of
the Eastern Pontide metallogenic belt is assigned to a
subvolcanic formation connected with an Upper Cretaceous
island arc volcanism developed under temporarily subaerial
conditions. The Murgul deposit is linked to the upper part of the
first volcanic cycle and is associated with a 250m-thick dacitic
pyroclastics of Senonian age, the upper contact of which is
marked by a 10 m thin layer of marine sediments and is
characterized by intense erosion and weathering. The
mineralized dacitic pyroclastics are overlain by 200- to 500-m-
thick and barren felsic lava flows. Moreover, the formation of the
Anayatak and Cakmakkaya orebodies of the Murgul Cu deposit
must have been completed before the superjene alteration and
erosion took place in a short time under atmospheric conditions.
The pyroclastic materials and sediments with a thickness up to
10 m, which contain ore minerals and can be considered as
marker bed, represent the short time interval. Here, gypsum
formations can be generated in connection with oxidation of
sulfide minerals under atmospheric conditions. Moreover,
gypsum lenses in tuff-sandsone-limestone formation between
pyroclastic host rocks and dacitic lava flows have been
investigated by isotope geochemical methods.

Key Words: East Pontide Metallogeny, Murgul, Subaeriel
conditions, Subvolcanic-hydrothermal, Gypsum formations
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DENIiZLI (BATI ANADOLU-TURKIYE)
KROMITITLERININ PETROGRAFIiSI VE JEOKIMYASI

Petrography and Geochemistry of Denizli (Western Anatolia-
Turkey) Chromitites

Yahya OZPINAR?, Serkan KAHRIMAN® ve Bans SEMiZ!

YPamukkale Universitesi, Jeoloji Miihendisligi Béliimii, Denizli,
(yozpinar@pau.edu.tr)

0Z: Cahsma alanlari, Denizli il merkezi giineyinde yer alan
Karaismailler ~ (Kozlar-Acipayam) giineyi ve Beyagag
glineyindeki krom ocaklar1 bolgelerini kapsamaktadir. Bu
calismada, kromitit Orneklerinin mineralojik ve jeokimyasal
ozellikleri  belirlenerek  jenezinin  ortaya  koyulmasi
amaglanmigtir. Ayrica kromit kiitlelerinin i¢cinde bulunduklar1
manto kayaglarmin petrografik ozellikleri ve podiform
kromitlerinin PGE potansiyelleri de tespit edilmistir. incelenen
alanlardaki ofiyolitik seri, baslica tektonitler ve bunlar1 kesen
damar kayaglar1 olmak iizere iki ana bilesenden olusur ve eksik
dizi karakterli bir ofiyolitik toplulugunu temsil eder. Tektonitler,
harzburjit, diinitik zonlar ve diinitik kilifli kromit kiitleleri ile
temsil edilmektedir. Tektonitler, dolerit ve piroksenit dayklari ile
kesilmis olup, bazi dolerit dayklarinin az ¢ok rodenjitlestigi
gozlenmektedir. Harzburjit ve  diinitlerin  mikroskobik
incelenmesinde taneli dokuda olduklar1 gdzlenmis ve mineralojik
olarak olivin, ortopiroksen, az olarak klinopiroksen ve aksesuar
mineral olarak da Cr-spinel icerdikleri belirlenmistir. Sekonder
mineral olarak ise talk, Kklorit ve serpantin mineralleri
saptanmistir. Kromit kiitlelerindeki cevherlesmeler, masif,
dissemine ve nodiiler tiptedir. Kromit kiitleleri farkli kalinliktaki
yaygin serpantinlesme gosteren diinitik kilif ile ¢evrilmistir.
Diinitik kihf yan kayac (harzburjit) ile geg¢islidir. Kromitit
ormeklerinin mikroskobik incelemelerinde, kromit taneleri
ozsekilli ve 6zsekilsiz olarak izlenmistir. Kataklazmaya maruz
kalmig kromit tanelerinin catlaklarinda eser miktarda manyetit
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gorlilmiistlir. Catlaklar c¢ogunlukla klorit ile doldurulmustur.
Taneler arasinda ve kromit kristallerinin ¢atlaklarinda saptanan
hezlevotit, averoit ve milleritin 2p — 40 p boyutlarmda olduklari
belirlenmistir. Gang minerali olarak, olivin ve ortopiroksen
kalntilar1  igeren serpantin, talk ve klorit mineralleri
belirlenmistir. Incelenen alanlardaki kromititlerdeki Cr-spinel
tanelerinin - magneziokromit serisine ait olduklar1 tespit
edilmistir. Cr-spinel drneklerinde; Cr# = [Cr/(Cr+Al)] 0.616 -
0.855, Mg# = [Mg/(Mg + Fe)] 0566 - 0.740 ve Fe# =
[Fe*?/Mg/Fe*?] 0.259 - 0.430 arasinda degismektedir. Cr-
spinellerde toplam YPGE icerikleri 311-959 ppb arasinda
degismektedir. Kromitit 6rneklerinden krom spinellerin kimyasal
bilesimleri tipik podiform kromit 6zelligi gosterir. Caligma
alanlar1 kromititlerinin disik AlLO3(% 8.3-20.1) ve TiO;
(9%0.05-0.26) degerleri, yiksek Cr# degerleri ve ayrica
FeO/MgO (0.71 - 1.36) oranlar1 boninitik bir karakterde
oldugunu gostermektedir. Kromititlerin supra-subduction ile
iligkili bir tektonik ortamda olusabilecegini gostermektedir.

Anahtar Kelimeler: Ofiyolitik kromitit, Petrografi, Jeokimya,
Denizli, Tiirkiye

ABSTRACT: Investigated areas cover chromite quarry areas in
south of Karaismailler (Kozlar-Acipayam) and south of Beyagag¢
located in south of Denizli city centrum. In this study,
determining mineralogical and geochemical properties of
chromitite samples, put down to the fact those geneses of
chromitites are aimed. In addition petrographical properties of
mantle rocks including chromite masses and PGE potentials of
podiform chromitites have been determinated. Ophiolitic series
located investigated areas are essentially formed two main
components which are tectonites and vein rocks cutting
tectonites and these are represent incomplete ophiolitic series.
Tectonites are represented with harzburgite and diinitic zones
and chromite ore bodies jacketed with dunitic zones. Tectonites
are cut with dolerite and pyroxenite dikes. The dolerite dikes are
more or less seen to having been exposed to rodingitization.
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According to microscopic examinations, harzburgite and dunites
were observed to be within granular textures. As mineralogical
is olivine, orthopyroxene, clinopyroxene in small quantities and
as accessory mineral chrome spinels include were determinated.
As secondary minerals, talc, chlorite and serpentinite minerals
were determinated. The mineralizations of chromite masses are
massive, disseminated and nodular types. The chromite ore
bodies are generally surrounded by dunitic envelopes within
different thickness which show widespread serpentinization.
According to microscopic investigations chromitite samples were
seen as euhedral and anhedral grains. In the cracks of the
samples exposed to a cataclasm have been seen as accessory
magnetite. Cracks have mostly been filled with chlorite.
Intergranular of chromite grains and in the cracks of chromite
grains, millerite, heazlewoodite and awaruite are found
abundantly. Dimensions of these minerals have been
determinated to be between 2u and 40 u. As gangue minerals
serpentine, chlorite and talc minerals including remains of
olivine and orthopyroxene have been determinated. The Cr-
spinel grains of investigated areas chromitites were
determinated the belonging to magnesiochromite series. In the
Cr-spinel samples Cr# = [Cr/(Cr+Al)] 0.616 - 0.855, Mg# =
[Mg/(Mg + Fe)] 0.566 - 0.740 and Fe# = [Fe**/Mg/Fe*?]
0.259-0.430 vary between. In the Cr-spinel > PGE contents vary
between 311-959 ppb. The chemical compositions of Cr-spinel
from chromitite samples show typical podiform chromitite
properties. FeO/MgO (0.71-1.31) ratios and high Cr# values,
low TiO; (0.05-0.26%) values and low Al,O3 (8.3-20.1%) values
of the chromitites of investigated areas indicate to be boninitic in
character. It is appeared to having been formed in a tectonic
environment related with supra-subduction zone.

Key Words: Ophiolitic chromitite, Petrography and
geochemistry, Denizli, Tiirkiye
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GOKCEADA’NIN (CANAKKALE) CEVRESINDEKI
(TOPLUCA, KUYUCAK, DAMLAR, DAR, AKSU,
KARGALI, MUTLU DERE) DERE SEDIMENTLERINDE
Au, As, Cu, Pb, Zn ve Mo JEOKIM YASI

Stream-Sediment Geochemistry of Au, As, Cu, Pb, Zn and Mo
In Gokgeada Island (Topluca, Kuyucak, Damlar, Dar, Aksu,
Kargali, Mutlu Dere)

Ramazan SARI*, Sahset KUCUKEFE?, Serkan OZKUM US?,
Ozgiir 0ZERKAN? ve Sabriye METIN?

"Maden Tetkik ve Arama Genel Miidiirliigii, Kuzeybati Anadolu
Bolge Miidiirliigii, Balikesir

’Maden Tetkik ve Arama Genel Miidiirligii, Maden Etiit ve
Arama Dairesi, Ankara

0Z: Gokgeada (Imbroz), Gelibolu yarimadasmin 18 km kadar
batisinda, yaklasik 289 km?’lik yiiz 6l¢iimii ile yurdumuzun en
biliylik adasidr. Gokgeada’nin genelinde akarsu drenaj sistemi
genellikle 1smsal olup, giineydogu kesiminde ise diizensizdir.
Gerek Biga Yarimadas: ve gerekse Gokceada, Tersiyer yash
plutonik/subvolkanik ve volkanik faaliyetlerin yogun olarak
gozlendigi bir bolgedir. Dogal olarak bolge, bu magmatizma ile
iligkili cevherlesmelerin yogun olarak gozlendigi bir metalojenik
provens olarak degerlendirilmektedir. Bu sistemin en KB ucunda
yer alan Canakkale’ye baglh Gokgeada’da, ¢ok kii¢ilik bir alanda
ylizeyleyen Mesozoyik yash temel {izerine, yaygimn olarak Eosen-
Oligosen yash kirintili istifler gelir. Bu krntili seri, Oligosen
yaslt orta¢ bilesimli diyorit/diyorit porfir, andezit ve piroklastik
kayaclar ile Orta Miyosen yashh andezit, bazaltkk andezit
bilesimli lav ve piroklastikler tarafindan ortiilmektedir. Her iki
istif grubunun da genel yayilim dogrultusu KD-GB’dir ve
kirintili istif, adanin KB’sinda, volkanik istif ise agwlikl olarak
GD kesiminde yer alir. Gokceada’da 2008 yilinda Nisan-
Haziran aylar1 icerisinde yiiriitilen genel jeokimyasal
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prospeksiyon calismalar1 kapsaminda (Topluca, Kuyucak,
Damlar, Dar, Aksu, Kargali ve Mutlu Dere) 75 adet dere
sedimani Ornegi lzerinde MTA Genel Midirligii Maden
Analizleri ve Teknoloji Dairesi Bagkanligi laboratuvarlarinda
AAS yontemiyle Au, As, Cu, Pb, Zn ve Mo analizleri
yapilmigtr.  Analizi  yapilan  elementlerin  istatistiksel
degerlendirmesinde, deteksiyon limitinin altinda kalan
degerlerde; Au<40 ppb i¢in 10 ppb, Ag<l ppm i¢in 0,5 ppm,
Sb<10 ppm i¢in 5 ppm, As<20 ppm i¢cin 10 ppm, Cu<5 ppm i¢in
3 ppm, Pb<10 ppm i¢in 5 ppm ve Mo<S ppm icin 3 ppm
degerleri esas alimmistir. Zn elementi hi¢ bir 6rnekte dedeksiyon
limitinin (10 ppm) altinda kalmamustir. Orneklerin Au, Ag, Sb ve
Mo i¢eriklerinin, bolgesel sedimanter ve magmatic kayag
ortalamalari civarinda oldugu; Cu elementi esik degerinin, kabuk
ortalamasmin biraz altinda kaldigi; As-Pb-Zn elementleri esik
degerlerinin ise, bolgesel sedimanter ve magmatic kayag
ortalamasinin {izerinde oldugu; Cu-Pb-Zn ve Pb-Zn elementleri
arasinda  kuvvetli  sayilabilecek  pozitif = korelasyonlar
saptanmigtir. Calismalar sonucunda Gokgeada’da 1 anomali
sahasinin Au agisindan, 5 anomali sahasnin As agisindan, 5
anomali sahasmin Cu agisindan, 2 anomali sahasmin Pb
acisindan, 7 anomali sahasmnin Zn a¢isindan ve 1 anomali
sahasmin Mo agisindan 6nemli olabilecegi ortaya konmustur.

Anahtar Kelimeler: Canakkale, Gok¢eada, Jeoloji, Jeokimya,
Porfiri

ABSTRACT: Gokgeada (Imbroz), has an area of approximately
289 km?, is the largest island of Turkey. It is located 18 km west
of Gelibolu Peninsula. The drainage system in Gokgeada is
generally radially but, in the southeastern part of the island, is
irregular. Both Biga Peninsula and Gokgeada are the regions in
which extensive Tertiary magmatism occurred. Thus, the region
is considered as a metallogenic province due to the existence of
ore deposits related to Tertiary magmatism. Gokgeada located at
the NW end of the system is dominated by Eocene-Oligocene
clastic sequences overlying the Mesozoic basement rocks.
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Eocene-Oligocene clastic units were cross-cut and subsequently
overlain by Oligocene and Middle Miocene diorite/diorite-
porphyry, andesite, basaltic andesite and pyroclastic rocks. The
spreading direction of both units is NE-SW and clastic sequence
is located at the NW of the island while volcanic sequence mostly
located at the SE of the island. Au, As, Cu, Pb, Zn and Mo
analyses were carried out on the 75 stream sediment samples by
AAS method at the Laboratories of General Directorate of
Mineral Research and Exploration (MTA) within the scope of
general geochemical prospecting studies at Gékgeada (Topluca,
Kuyucak, Damlar, Dar, Aksu, Kargali ve Mutlu Dere) between
April and June of 2008. The statistical assessment of analysed
elements demonstrates the following values are taken as a base
for the values below the detection limit: Au<40 ppb for 10 ppb,
Ag<1 ppm for 0,5 ppm, Sb<10 ppm for 5 ppm, As<20 ppm for
10 ppm, Cu<5 ppm for 3 ppm, Pb<10 ppm for 5 ppm and Mo<5
ppm for 3 ppm. Zn is never below the detection limit (10 ppm) at
any samples. Au, Ag, Sb and Mo contents of the samples are
approximately at the background values of the sedimentary and
magmatic rocks of the region; the threshold value of Cu is
slightly below the average crustal levels; threshold value of As-
Pb-Zn is above the regional average sedimentary and magmatic
rock levels; and the strong positive correlation between Cu - Pb
- Zn and Pb-Zn is determined. As a result of geochemical
studies, 1 anomaly area for Au, 5 anomaly areas for As, 5
anomaly areas for Cu, 2 anomaly areas for Pb, 7 anomaly areas
for Zn and 1 anomaly area for Mo were determined in
Gokcgeada.

Key Words: Canakkale, Gokgeada, Geology, Geochemistry,
Porphyry
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INEGOL, KELES (BURSA) VE DOMANIC (KUTAHYA)
YORESI POLIMETALIK CEVHERLESMELERININ
GENEL OZELLIKLERi

The General Features of inegb'l, Keles (Bursa) and Domanic¢
(Kiitahya) polymetallic Mineralizations

Hiiseyin SENDIR", Kadir SARIIZ', Duru ARAL", Hiiseyin
KOCATURK' ve Ozlem TOYGAR®

L Eskisehir Osmangazi Universitesi Jeoloji Miih. Béliimii,

(hsendir@ogu.edu.tr)

0Z: Calisma alan1 inegdl (Bursa) ve Domani¢ (Kiitahya) ilgeleri
arasinda yer almaktadr. Calisma alanmin temelini Paleozoyik
yasl Devlez Metabazitleri olusturmaktadir. Amfibolit, glokofan-
lavsonit sist, hornblend-klorit sist, albit-klorit gist, muskovit sist
kayaclarindan olugsmaktadwr. Bu birim lizerine acgisal
uyumsuzlukla  Paleozoyik yash  Geyiktepe = Mermerleri
gelmektedir. Birim, masif, yer yer kirikli goriiniimlii, orta kaln
tabakali, beyazims1 renkli bir yapidadr. Sahada en genis yayilim
gosteren birim ise Domani¢ Granodiyoriti olup diger birimleri
kesmektedir. Porfirik wve holokristalin doku karakterleri
sunmaktadir. Egemen kaya birimlerini; tonalit, tonalit porfir,
granodiyorit, granodiyorit porfir, granit, diyorit, diyorit porfirler
olusturmaktadwr. Bolgede 1ili ufakli birgok cevherlesme goze
carpmaktadr. Bunlardan biri Arapdede cevherlesmesidir. Baslica
cevher mineralleri, galenit, kalkopirit, pirit, sfalerit, altin, rutil
mineralleridir.  Cevherlesmedeki  ortalama  Cu-Pb-Zn-Au
degerleri sirastyla 1090 ppm, 5198 ppm, 8711 ppm ve 14.4 ppb
seklindedir. Hayriye cevherlesmesinde, cevherlesmeye eslik
eden kayaclar mermer, granodiyorit, kalksist, kuvars sist
kayaglaridir. Baslica cevher mineralleri, galenit, manyetit, pirit,
kalkopirit, sfalerittir. Cevherlesmedeki ortalama Cu-Pb-Zn-Au
degerleri sirasiyla 1738 ppm, 6534 ppm, 6895 ppm ve 133 ppb
Au seklinde saptanmustir. Iclaliye cevherlesmesinde ise
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cevherlesmeye eslikk eden kayaglarm granodiyorit, mermer,
kalksist kayaclarindan olustugu belirlenmistir. Sfalerit, galenit ve
kalkopirit baslica cevher mineralleridir. Cevherlesmedeki
ortalhma Pb-Zn degerleri 363 ppm ve 479 ppm olarak
saptanmistir.  Cevherlesmeler c¢ogunlukla skarn zonlarda
yogunlagmaktadir.

Anahtar Kelimeler: Inegdl, Jeokimya, Mineralizasyon,
Polimetal

ABSTRACT: The study area is located at between Inegél
(Bursa) and Domani¢ (Kiitahya) districts. The Paleozoic
metamorphics which are composed of amphibolite, glaucophane-
lawsonite schist, hornblende-chlorite schist, albite-chlorite
schist, muscovite schist is the oldest unit of the study area. This
units are overlain unconformably by the Paleozoic Geyiktepe
Marbles. This unit is massive, locally fractured, medium-thick
bedded, whistish colored structured. Domani¢ granodiorite
intrusives are widely distributed and cut other rock series.
Magmatic units present porphyric and holocrystalline textures.
Granodioritic intrusions are represented by tonalite, tonalite
porphyr, granodiorite, granodiorite porphyr, granite, diorite,
diorite porphyries. There ara many mineralization in the area.
One of these Arapdede mineralization. Main ore minerals are
galenite, chalcopyrite, pyrite, sphalerite, gold and rutile. The
average value of Cu-Pb-Zn-Au are in order 1090 ppm, 5198
ppm, 8711 ppm and 14.4 ppb in mineralization. Hayriye
mineralization accompanying rocks are marble, granodiorite,
calcschist and quartz schist. Main ore minerals are galenite,
magnetite, pyrite, chalcopyrite and sphalerite. The average value
of Cu-Pb-Zn-Au are in order 1738 ppm, 6534 ppm, 6895 ppm
and 133 ppb in mineralization. Iclaliye mineralization
accompanying rocks are granodiorite, marble, calcschist.
Sphalerite, galenite and chalcopyrite are main minerals. The
average value of Cu-Pb-Zn are in order 363 ppm, 479 ppm.
Mineralizations are concentrated mostly in skarn zones.

Key Words: fnegé'l, Jeokimya, Mineralization, Polymetallic
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KAYMAZ (ESKiSEHIR) ALTIN YATAGININ
JEOKIMYASI

Geochemistry of Kaymaz (Eskisehir) Gold Deposit

Ozlem TOYGAR!, Mehmet DEMIRBILEK?, Hiiseyin
SENDIiR!ve Halim MUTLU?

L Eskisehir Osmangazi Universitesi, Jeoloji Miih.

Boliimii, Eskisehir (toygaro@ogu.edu.tr)

2Dumlupmar Universitesi, Jeoloji Miih. Boliimii, Kiitahya

3 dnkara Universitesi, Jeoloji Miihendisligi Boliimii, Ankara

0Z: Kaymaz (Eskisehir) bolgesindeki litoloji Tavsanh Zonu’na
ait metamorfik birimler, ofiyolitik kayag¢lar ve bu birimleri kesen
Eosen yash Kaymaz granit ile temsil edilir. Altin yataginin
bulundugu alanda Korpmar, Isaret ve Topkaya tepelerde
gozlenen silisifiye serpantinitler altin cevherinin ana kayacini
olusturmaktadwr. Hidrotermal akiskanlarm etkisi ile bu
birimlerdeki SiO, konsantrasyonu %96’ya kadar ¢ikmakta ancak
Ca0O ve MgO bilesimleri ise olduk¢a disiiktiir (%0,18 CaO-
%0,08 MgO). Bundan dolay1 kayaglar, silisce zengin listvenit
olarak tanimlanmiglardir. Yogun alterasyon sonucu ana kayagta
breslesme, bosluklu kuvars dokular1 ve yerel olarak kuvars
damarlar1 olusmustur. Hematit ve gotit yogun baslica demir oksit
mineralleridir. Altinin yan kayaci olan granitte ise arjillik
alterasyonun etkileri gozlenir. Granitin listvenit ile olan
dokanagma dogru artig gosteren alterasyon yan kayacm orijinal
dokusunun kaybolmasina sebep olmustur. Kaolinit hem yan hem
de ana kayagta baslica bozuma {iriinii olarak yer alir. Yatagin
stilfit minerali icerigi ise olduk¢a az olup, en fazla gdzlenen siilfit
minerali pirittir. Topkaya Tepeden alnan yiizey Orneklerinde
ortalama 2,16 ppm Au ve 3,23 ppm Ag tespit edilmistir. Bu
metallerin  Isaret Tepe ve Korpmar Tepede kaydedilen
konsantrasyonlar1 ise sirasiyla 0,19 ppm Au-1,11 ppm Ag ve
0,07 ppm Au-2,68 ppm Ag seklindedir. Cevher zonu ornekleri,
cevher icermeyen ve diisiik SiO» bilesimli 6rneklere gore Au ve
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Ag dismda As ve Ba elementleri agisindan da zenginlesme
gosterirler. Ancak Cu, Pb ve Zn i¢cin zenginlesme derecesi daha
diisiiktiir. Isaret ve Korpmar Tepelerde Co, Cr ve Ni
konsantrasyonlar1 Topkaya Tepeye gore daha fazladir. Bu fic
bolgedeki cevherli zon nadir toprak elementleri ag¢isindan
incelendiginde, altin igeriginin yiksek oldugu Topkaya Tepe
orneklerindeki NTE konsantrasyonlar1 daha diisiik bulunmustur.
Kaymaz altin yatagi cevherli zonu boyunca iz ve nadir toprak
elementlerinin alansal olarak degisim gdstermesi, akiskan-kayag
etkilesiminin farkli derecede gergeklesmesi ile a¢iklanmaktadir.
Cevher icermeyen Ornekler ile yapilan karsilagtirmalardan elde
edilen sonuglar bu goriisii destekler niteliktedir.

Anahtar Kelimeler: Kaymaz-Eskischir altin yatagi, Jeokimya

ABSTRACT: The lithology in the Kaymaz (Eskisehir) region is
represented by metamorphic rocks of the Tavsanli zone, ophiolite
rocks and Eocene aged Kaymaz granite which cuts all the older
units. In the area of gold deposit, silicified serpantinite exposing
on Kérpinar, Isaret and Topkaya hills comprises the bed rock
gold mineralization. As a result of hydrothermal alteration SiO;
concentration in these rocks was increased up to 96% but CaO
and MgO contents are quite lower (0,18% CaO- 0,08% MgO).
Therefore rocks are defined as silica-rich listwaenite. Due to
intense alteration, brecciation, vuggy quartz texture and local
quartz veins are formed. Hematite and goethite are the main
iron-oxide minerals. Argillic alteration is common in the wall
rock granite. Alteration which increases to the contact between
granite and listwaenite resulted in wall rock to lose its original
texture. Kaolinite occurs as the main alteration product in both
bedrock and wall rock. Sulfide mineral content of deposit is quite
low and pyrite is the most dominant sulfide mineral. In surface
samples collected from the Topkaya hill the average Au and Ag
concentrations are 216 and 3.23 ppm, respectively.
Concentrations of these metals recorded at Isaret and Kérpmnar
hills are 0.19 ppm Au-1.11 ppm Ag and 0.07 ppm Au-2.68 ppm
Ag. Ore samples are represented by As and Ba enrichments
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when compared to gold-free and low-SiO, samples. However
their Cu, Pb and Zn enrichment levels are low. Co, Cr and Ni
concentrations at Isaret and Korpmar hills are much higher than
those at Topkaya. Rare earth element contents in ore-bearing
Topkaya samples are found low. Due to different rate of fluid
rock interaction, concentrations of trace and rare earth elements
show local changes through the Kaymaz ore zone which is also
supported by results of comparison with gold-free samples.

Key Words: Kaymaz-Eskisehir gold deposit, Geochemistry
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POZANTI-KARSANTI OFi YOLITINDEKiI KROMIT
CEVHERI ICERISINDEKI PLATIN GRUBU ELEMENT
(PGE), Au, Ag, Cu, Co ve Ni ELEMENTLERININ
JEOKIMYASAL ACIDAN ARASTIRILMASI

Geochemical Investigation of PGE, Au, Ag, Cu, Co and Ni
Elements in Chromite Ore within Pozanti-Karsanti Ophiolite

Ali TUMUKLU

Nigde Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi
Boliimii, 5100 Nigde (alitum@nidgde.edu.tr)

0OZ: Cahsma konusu ile Pozanti-Karsant1 Ofiyoliti bati
kesiminde yer alan kromit cevherlerinin Platin Grubu Element
(PGE), Au, Ag, Cu, Co, ve Ni elementlerinin jeokimyasal agidan
incelenmesi amaglanmistir. Bu kapsamda inceleme alaninda
bulunan masif, sa¢mmml, nodiiler ve banth kromit tip
cevherlerinin ICP-MS yontemi ile PGE, Au, Ag, Cu, Co, ve Ni
elementlerinin analizleri gergeklestirilmistir. Analiz sonuglarina
gore; PGE (ppb) Os:13-24, 1r:26.6-60.8, Ru:39-68, Rh:5.3-10.1,
Pt:<5, Pd6-11 (Pd iki analiz sonucunda <2), Au (ppb):0.5-0.55
(Au iki analizde <0.5), Ag: 3-17, Cu (ppm): 1,72-16,2, Co
(ppm): 6,6-30 ve Ni (ppm): 6,81-1910 olarak tespit edilmistir.
Analizi yapilan farkli (sagmimli, nodiiler, masif ve bantlr) kromit
orneklerinin PGE, Ni, Au, Ag ve Cu element degerleri ile CI
kondritlere gbre normalize edilmis degerleri kullanilarak
ortimcek diyagramlar1 olusturulmustur. PGE’lerin tamami CI
kondritlere gore fakirlesmislerdir. PGE‘ler ilksel manto’ya gore
normalize edilmis degerlerinde ise Os, Ir, Ru ve Rh bakiminda
zenginlestikleri ve Pt, Pd degerleri bakimindan fakirlestikleri
goriilmektedir. Cevherdeki Ag miktarinda belirgin bir sekilde
fakirlesme goriilmektedir. Cevher igerisindeki Ni ve Cu
degerlerinin CI kondritlere gore fakirlesmis ve ilksel mantoya
gore zenginlesmislerdir
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Anahtar Kelimeler: Ofiyolit, Pozanti-Karsanti, Kromit, PGE,
Au, Ag, Cu, Co, Ni

ABSTRACT: The subject of the study consists of the
geochemical investigation of the platinum group elements
(PGE), Au, Ag, Cu, Co, and Ni in chromite ores located in the
western part of the Pozanti-Karsanti ophiolite. In this context,
PGE, Au, Ag, Cu, Co, and Ni element analysis of massive,
disseminated, nodular and banded chromite ores located in the
study area were carried out with the ICP-MS method. According
to the results, PGE (ppb) Os: 13-24, 1r:26.6-60.8, Ru:39-68,
Rh:5.3-10.1, Pt: <5, Pd :6-11 (Pd in two analyzes <2), Au (ppb):
0.5-0.55 (Au in two analysis <0.5), Ag 3-17, Cu (ppm): 1.72-
16.2, Co (ppm): 6.6-30 and Ni (ppm ): 6.81-1910 were
determined. Spider diagrams were created for the PGE, Ni, Au,
Ag and Cu element values and values normalized to CI chondrite
from analysis conducted on (disseminated, nodular, massive and
banded) chromite samples. As a results, all PGE values were
depleted according to CI chondrite. In addition, it is observed
that PGE values normalized to primitive mantle are enriched by
Os, Ir, Ru and Rh and depleted in Pt and Pd values. Ag values in
ore bodies were depleted according to values normalized to ClI
chondrite and primitive mantle. Ni and Cu values in ore bodies
were depleted according to CI chondrites and enriched
according to primitive mantle.

Key Words: Ophiolite, Pozanti-Karsanti, Chromitite, PGE, Au,
Ag, Cu, Co, Ni
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KARBONAT KAYACLARIN AYRISMA,
METASOMATIZM, BASKALASIM, COZUNME-
YENIiDEN COKELMEYE BAGLI MiNERALOJIK,
JEOKIMYASAL VE FiZiKO-MEKANIK DEGiSiMi

Geochemical, Mineralogical and Physico-Mechanical
Deteriorations of Carbonate Rocks Due to Weathering,
Metasomatism, Metamorphism and Dissolution-
Reprecipitation

Orhan YAVUZ., Emin CIFTCI}, Erkan BOZKURTOGLU!

YITU Maden F. akiiltesi, Jeoloji Boliimii, 34469 Maslak — Istanbul
(eciftci@itu.edu.tr)

0Z: Mikritik kirectasi, dolomit ve traverten ile bunlarin tiirevleri
arasinda olan yeniden kristallenmis (mermer), ayrismis (az ve
cok) ve yeni-olusmus (mega yeni-kalsit kristalleri) tiirleri
mukayeseli olarak kristallilik dereceleri, kristal boyutlari,
jeokimyasal ve mineralojik bilesim ve fiziko-mekanik
Ozelliklerindeki degisimleri (kotiilesme) Ozelinde ¢ahisilmistir.
Bagkalasim  ve  ayrismanin  etkileri  deneysel olarak
degerlendirilmistir. Ayrismanin bir ¢ok kayacin fiziko-mekanik
Ozelliklerini olumsuz yonde etkilemesine ragmen, karbonat
kayaclarm herhangi ©Onemli bir diizeyde etkilenmedikleri
gollmistir. Ancak; ozellikle fiziksel Ozellikler, yogunluk ve
gozeneklilik ile kimyasal bilesimde kétiilesme (ideal bilesimden
farkli bilesime sahip olmak) goriilmektedir. Kiregtaslarinin
mermere yeniden kristalize olmasi yogunluk, gbézeneklilik, ve
kristal boyutu ile kristallilik derecesini iyilestirirken, kimyasal
bilesim olarak bir degisimi dogurmamistir. Yeni olugsmus >
cm’den biiyiik boyutlu kalsit kristalleri kimyasal olarak iyilesme
gosterirken (saf CaCOg3’e yakin), fiziko-mekanik 6zelliklerinde
ise ya kotiilesme gozlenmis yada 6zelliklerde bir degisim tespit
edilmemistir.
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Anahtar Kelimeler: Karbonat kayag, Fiziko-mekanik,
Mineraloji, Jeokimya

ABSTRACT: Representatives of three major carbonate groups,
micritic limestone, dolomite, and travertine and their secondary
derivatives including recrystallized- (marble), weathered- (slight
and advance) and neoformed (mega neo-calcite crystals)
varieties were comparatively studied with regards to their degree
of crystallinity, crystal sizes, geochemical and mineralogical
composition, and physico-mechanical properties. Effects of
metamorphism and weathering were experimentally assessed.
Despite adverse effects of weathering on the physico-mechanical
properties of many rocks, carbonate rocks appear not to be
affected at any significant level. However the physical
properties, density and porosity in particular and chemical
composition showed deterioration (deviation from the ideal
chemical composition). Re-crystallization of limestones to
marbles improved many qualities and properties including
density, porosity, and crystal size along with degree of
crystallinity but not their chemical composition. Neoformed
calcite crystals greater than cm size showed significant
improvement in chemical composition (near pure CaCOs3) but
not in other physico- mechanical properties.

Key Words: Carbonate rocks, Physico-mechanical, Mineralogy,
Geochemistry
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Petrology
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PERTEK (TUN CELI) DOGUS UNDAKI
VOLKANITLERIN JEOLOJISi VE JEOKIMYASI

Geology and Geochemistry of the Volcanics from the Eastern
Part of Pertek (Tunceli)

Alican AKTAG" ve Ayten OZTUFEKCi-ONAL'

YTunceli Universitesi Jeoloji Miihendisligi Bolimii, Tunceli
(alicanaktag@gmail.com)

OZ: Calisma sahasi Pertek dogusunda yer almaktadir ve Solhan
Volkanitleri’nin bir pargas1 niteligindedir. Calismanin asil
konusunu olusturan lav akmtilarmm, petrografik ve jeokimyasal
degerlendirmeler sonucunda, tiimii ile bazaltlardan olustuklar1
belirlenmistir. Bazaltlar, plajiyoklaz, olivin, klinopiroksen ve
nefelin gibi ana mineraller ile opak ve ikincil kalsit ve serpantin
minerallerinden olusmaktadwlar. Bazaltlarin cogunlugu alkalen,
daha az1 subalkalen karakterdedir. Subalkalen Ornekler ise
kalkalkalen-toleyitik gecis 6zelligi gostermektedirler. Timii ile
ayn1 koken Ozellikleri gosteren alkalen ve subalkalen bazaltlarin,
spinel lerzolitik bir kaynaktan yaklasik 9%5-35 arasinda bir kismi
ergime ile olustuklar1 diigiiniilmektedir. Volkanitlerin levha ici
bazalt Ozelliginde oldugu jeotektonik smiflama diagramlari
kullanilarak ortaya ¢ikaridmistir. S6z konusu volkanitler Dogu
Anadolu Sikigsma Bolgesi icerisinde yer almaktadir. Bu bolgede
dogrultu atiml1 faylar 6nemli miktarda deformasyonu iizerinde
toplamistr. Bu faylarm denetiminde, bdlgede lokal gerilme
alanlar1 olusmustur. Calisilan volanitlerin bu lokal gerilme
alanlar1 icerisinde yer alan derin kirik sistemleri boyunca,
muhtemelen Ust Miyosen-Pliyosen araliginda, yiizeye ¢iktiklari
diistiniilmek tedir.

Anahtar Kelimeler: Levha i¢i bazalt, Petrografi, Jeokimya,
Tunceli.
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ABSTRACT: The study area, a part of the Solhan Volcanics, is
located in the eastern part of Pertek. The lava flows, which are
the main subject of this study, in basaltic composition based on
the petrographical and geochemical studies. The essential
minerals of the basalts are plagioclase, olivine, clinopyroxene
and nepheline. Beside these, opaque and secondary minerals
such as calcite and serpentine are observed in minor amount.
Although the most of basalts show alkaline character, small
amount of them plots into sub-alkaline area. The sub-alkaline
samples demonstrate transition from tholeiitic to calc-alkaline
suite. It is thought that, the alkaline and sub-alkaline basalts,
which have same origin, were generated by approximately %5-
35 of the partial melting of a spinel lherzolithic source. Within
plate basalt character was determined for the volcanic rocks by
using geotectonic discrimination diagrams. The studied volcanic
rocks are located in East Anatolian Compressional Region
where strike slip faults caused substantially deformation. The
local tension regions occurred under the control of these faults.
The studied volcanic rocks, highly possible, came to the surface
along the deep fracture systems in the local tension regions
during the late Miocene-Pliocene.

Key Words: Within plate basalt, Petrography, Geochemistry,
Tunceli.
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KINIK KOYU (KUTAHYA) CEVRESINDEKI
OFIYOLITIK KAYACLARIN PETROLOJISi VE
JEOKIMYASI

Petrology and Geochemistry of Ophiolitic Rocks around Kimk
Village (Kiitahya)

irem ARAT?, Giirsel YANIK?, Yasar KiBiCI', Nurdane
ILBEYLI? ve Cafer OZKUL!

L Dumbupinar Universitesi Miih. Fak. Jeoloji Miih. Béliimii,
Kutahya (irem.arat@dpu.edu.tr)

2Akdeniz Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Béliimii, Antalya

OZ: Kiitahya iline bagh Kink kdyii ve yakin gevresini kapsayan
calisma alami, giineyde Torid-Anatolid kusagi ile kuzeyde Izmir-
Ankara-Erzincan siitur zonu arasinda yer almaktadwr. Bu
calismada Kmik ofiyoliti igerisinde yer alan kayaglarin
mineralojik, petrografik ve jeokimyasal dzellikleri incelenerek;
bolgenin  jeodinamik  evrimine  katkida  bulunulmasi
amaclanmistir. Inceleme alanindaki litoloji dort gruba ayrilmis
olup; bunlar ofiyolitik melanj, ofiyolitlere ait peridotit, gabro,
diyabaz dayklaridr. Ofiyolitik melanj; Cokkdy ve Beke
formasyonlar1 iizerine bindirmeyle yerlesmislerdir. O fiyolitik
melanjmn ana kayaglar1 serpantinitler, bazik kayacglar ve pelajik
cokellerdir. Ofiyolitin tabanini olusturan peridotitler arazide
kirikli ¢atlakl yapil serpantinitler olarak tanimlanmustir. Gabro;
Kmik koyili dogusunda genis yayilim gosteren tabakali bir istif
seklinde gorilmektedir. Diyabaz dayklar1 ise; gabrolar
kesmektedir ve kismen hidrotermal alterasyona ugramislardir.
Ultrabazik  kayaglarda; serpantinlesme, listvenitlesme,
lateritlesme, bazik kayaglarda uralitlesme, kloritlesme,
epidotlasma ve karbonatlagsma gibi hidrotermal ayrigma olaylar1
yaygin olarak gbzlenmektedir. Kayaglarin jeokimyasal 6zellikleri
g6z Oniline alindiginda; ultramafik ve mafik kayaglar, ayni
kokenli subalkalin toleyitik magmanm ayrimlagsma tiriinleridir.
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Bukayaglar N-tipi MORB’a gore baz1 LIL elementlerce (Rb, Ba,
K, Sr) zenginlesmis buna karsin bazi1 HFS elementlerce (Ti, Nb,
Y) de tiiketilmislerdir. Ozellikle Th ve LIL elementlerin pozitif
ve Nb’un negatif anomalileri dalma-batma zonu bilesenini
gostermektedir. Tektonomagmatik ayrim diyagramlart bu
kayaclarin yay ardi (back-arc) bir evrede okyanus i¢i dalma-
batma zonu (Suprasubduction) iizerinde olustugunu ifade
etmektedir.

Anahtar Kelimeler: Kimik, Kiitahya, Ofiyolit, Ultrabazik
kayaglar, Bazik kayaclar, Jeodinamik evrim

ABSTRACT: The study area, Kmnik Village of Kiitahya province
and its surrounding is located in an area between Tauride-
Anatolide Zone at south and Izmir-Ankara-Erzincan Suture Zone
at north. The aim of this study is to contribute to the geodynamic
evolution by examining mineralogical, petrographical and
geochemical characteristics of the Kinik ophiolitic rocks. In the
study area lithology is divided into four groups; these are
ophiolitic melange, peridotite belonging to the ophiolite, gabbro,
diabase dykes. Ophiolitic melange thrusted on the Cokkoy and
Beke formations. The main rocks of the ophiolitic melange are
serpantinites, basic rocks, pelagic sediments. Peridotites forming
the base of the ophiolite were described as serpentinites with
fracture joint. Gabbros showing widespread east of Kinik are
have been observed as a bedded sequence. Diabase dykes
truncate the gabbros, and partly underwent to hydrothermal
alteration. In  the ultrabasic rocks serpentinization,
listvenitization and laterization have been observed whereas, in
the basic rocks, uralitization, chloritization, epidotization and
carbonatization have been observed as hydtrothermal alteration
types. Considering the geochemical aspects of the rocks,
ultramafic and mafic rocks are product of same origin
subalkaline tholeiitic magma differentiation. These rocks
enriched with respect to LIL elements (Rb, Ba, K and Sr)
comparing to N-type MORB. In contrast they were depleted by
some HFS elements (Nb, Ti, Y). Especially positive anomally of
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the Th and LIL elements, and negative anomaly of Nb indicate a
component of subduction zone. Tectonomagmatic discrimination
diagrams suggest that these rocks developed on the
suprasubduction zone in a back arc stage.

Key Words: Kinik, Kiitahya, Ophiolite, Ultrabasic rocks, Basic
rocks, Geodynamic evolution
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SAKARYA ZONU’NUN DOGUSUNDA YUZEYLENEN
JURA VOLKANIZM ASININ MINERALOJISI,
JEOKIMYASI VE iZOTOP OZELLIiKLERI
(KD TURKIYE)

Mineralogical, Geochemical and Isotopical Properties of
Jurassic Volcanic Rocks of Eastern Part of the Sakarya Zone,
NE Turkey

Tiilay BAK' ve Ciineyt SEN'

'Karadeniz Teknik Universitesi Miih. Fak. Jeoloji Miih. Béliimii,
Trabzon (tulaybak @ktu.edu.tr)

0Z: Bu calismada Sakarya Zonu’nun dogusunda Trabzon-
Gilimishane- Erzurum- Artvin civarinda yiizeylenen Jura yash
volkanik kayaclar mineralojik, jeokimyasal ve izotopik olarak
incelenmistir. Stratigrafik olarak s6z konusu volkanik kayaglar
incelenen tiim lokasyonlarda kalin tabakali bir kiregtasi istifinin
(Dogger-Malm - Alt Kretase (?) kiregtaslar) altinda
bulunmaktadr.  Mikrolitik, — mikrolitik-porfirik,  vesikiiler
dokularin goriildiigii bu volkanik kayaglarda plajiyoklaslar (Angs
ila Angy arasinda) fenokristalleri olustururken, plajiyoklas
mikrolitleri, piroksen ve Fe-Ti oksit mikrokristalleri matriksi
olusturan birincil minerallerdir. Ayrica matrikste ikincil olarak
epidot, Kkalsit, klorit, zeolit, prehnit, pumpelyit, silis ve Fe-Ti
oksit mineralleri bulunur. Volkanik kayaglar toleyitik-
kalkalkalen gec¢isli olup, ¢ogunlukla bazalt ve bazaltik andezit
bilesiminde olup Artvin giineyinde bunlara ilaveten dasit-
riyolitler de gdzlenir. Ornekler hafif nadir toprak elementlerce ve
biiyiik iyon ¢apl elementlerce zenginlesmis, yiiksek alan enerjili
elementlerce fakirlesmis olarak gorilir. Kondrit normalize
edilmis nadir toprak element igerikleri (La/Lu)y 1,8 ila 10,5
arasinda degismekte olup, hafif nadir toprak elementlerinde
tabandan tavana dogru zenginlesme gozlenmektedir. Iz
elementler n-MORB’a gore normallestirildiklerinde tipik yay
bazaltlarma benzer yOnseme gosterirler. Radyojenik izotop
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oranlar1 ise ***NdA*Nd= 0.512447(12)-0.512491(12); 8"Sr/*%Sr=
0.704618(11)-0.707947(13); 206pp/2pph= 18.488(0.001)-
18.913(0.002);  2°'Pb/*Pb= 15.590(0.001)-15.630(0.001);
208pp/2%ph= 38.141(0.001)-38.868(0.002) olarak belirlenmistir.
Mineralojik, jeokimyasal ve izotopik wveriler bir arada
yorumlandiginda, Sakarya Zonu’nun dogusunda yiizeylenen Jura
volkanitlerinin yitim ile iligkili sivilarin metasomatizmaya
ugrattigt bir manto kamasmin bdlimsel ergimesi sonucu
olustugu ve daha sonra yer kabugunun farkl derinliklerindeki
magma odalarinda diferansiyasyona ugradigi, ayni zamanda
farkl fazlardaki magmalarla karistigi ve icerisinde hareket ettigi
kabugu da asimile ederek yiizeye ulastig1 sdylenebilir.

Anahtar Kelimeler: Jura, Volkanizma, Jeokimya, Sakarya
Zonu, [zotop

ABSRACT: Jurassic volcanic rocks of eastern part of Sakarya
Zone (Trabzon, Giimiishane, Bayburt, Erzurum and Artvin, NE
Turkey) are investigated in detail in terms of mineralogically,
geochemically and isotopically. In all location studied, the
investigated volcanic rocks are overlained by the thick bedded
limestones of Dogger-Malm-Lower Cretaceous (?) in aged. The
volcanic rocks show microlithic, microlithic porphyric and
vesicular texture and consist of plagioclase (Angs-Angp)
phenocrystals besides to plagioclase microliths, pyroxene and
Fe-Ti oxide microcrystals. Epidote, chlorite, calcite, zeolite,
prehnit, pumpellite, silica and Fe-Ti oxides are found in these
volcanic as secondary minerals. The investigated volcanic rocks
from a transitional series between tholeiitic and calc-alkaline
and it’s dominated by basalts, basaltic andesite and andesite.
Geochemically, they are enriched in LILE and LREE contents
and depleted in HFSE (La/Lu)y= 1.8-10.5 compared to mid-
ocean ridge basalts. They have radiogenic ratios of
I8NdA*Nd=0.512447 (12)-0.512491 (12); 8'Sr/*®Sr=0.704618
§11)-o.707947 (13); 2%°pb/?**Ph=18.488 (0.001)-8.913 (0.002);
07pp/2*Ph=15.590 (0.001)-15.630 (0.001); °®Pb/**Pb=38.141
(0.001)-8.868 (0.002). Mineralogical, geochemical and isotopic
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indicate that the Jurassic volcanic rocks of eastern part of the
Sakarya Zone were derived the mantle that was metasomatised
by subduction related fluids and further underwent a degree of
fractional crystallization and magma mixing in magma chambers
of different crustal levels and assimilates the host rocks before
being extruded at the surface.

Key Words: Jurassic, Volcanism, Geochemistry, Sakarya Zone,
Isotop
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ALPIN TiP PERIDOTITLERDE KROM SPINEL
KRISTAL KiMYASI VE PETROJENETIK ONEMINE BiR
ORNEK (KD TURKIYE)

An example of mineral chemistry and petrogenetic significance
of chromian spinel chemistry in Alpine type peridotites
(NE Turkey)

Ozgiir BILICI', Hasan KOLAYLI?, Ekrem KALKAN* ve
Tugba BiLiCi'

Ytatiirk Universitesi, Oltu Yer Bilimleri Fakiiltesi, Jeoloji Miih.
Boliimii, 25400, Erzurum (ozgurbilici@atauni.edu.tr)
2Karedeniz Teknik Universitesi, Miihendislik Fakiiltesi, Jeoloji
Miihendisligi Boliimii, 61040 (hkolayli@ktu.edu.tr)

OZ: Alp orojenik kusag: icerisinde yer alan Dogu Pontid giiney
zonundaki ultramafitler igerisinde harzburjit, diinit, kromitit ile
bunlara eslik eden piroksenitler yiizeylenir. Krom spineller,
mafik ve Ozellikle de ultramafik kayaglarm gelisiminin
anlagilmasinda ¢ok Onemli bir gostergedir. Spinel kristal
kimyas1, mantodaki kismi ergime derecesi ve manto ergiyiginin
gelisimi  hakkinda Onemli bilgiler verir. Ultramafit ile
kromititlerdeki krom spinel ana element dagilimlar1 incelenmis,
harzburjit-diinit-kromitit birlikteliginin petrotektonik 6nemleri
vurgulanmistir. Harzburjit, diinit ve kromitit igerisindeki krom
spinel Cr,03 icerikleri srrasiyla, 15.59-42.04%, 52.61-55.22% ve
50.54-58.88% arasinda degismektedir. Kayaclardaki krom
spinellerin TiO; igerikleri 0.40’tan disiik olmakla birlikte, TiO»
(%) ve Cr# degerleri harzburjitlerden diinit ve kromititlere dogru
artis gosterir. Bu durum peridotitlerin sadece ilksel kismi bir
ergime triinli olmalarindan ziyade, yitim ile iliskili ve boninitik
bir magmanin etkilesim iiriinii olabileceklerini gdstermektedir.
Anahtar Kelimeler: Krom spinel, harzburjit, diinit, Alpin tip
peridotit, Dogu Pontid
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ABSRACT: In the southern zone of the eastern Pontide, located
in the Alpine orogenic belt, harzburgite, dunite and chromitite
accompanying pyroxenites are exposed. Chromian spinels are
very important indicator in understanding of development of
mafic and especially ultramafic rocks. Spinel crystal chemistry
gives important information about degree of partial melting in
the mantle and development of mantle melts. Major element
distrubition of chromian spinels in ultramafics and chromitites
has been examined and petrotectonic importance of harzburgite-
dunite-chromitite units were emphasized. Cr,O3 concentration of
chromian spinels in harzburgite, dunite and chromitite varies
between 15.59-42.04%, 52.61-55.22%  and 50.54-58.88%,
respectively. Although, TiO; contents of chromian spinels of the
rocks are less than 0,40 %, the percentage of TiO, and Cr#’s
increase from harzburgite to dunite and chromitites. This
stiuation shows that the peridotites are not only a products of
primer stage of partial melting, but also developing of
subduction related boninitic magma interaction.

Key Words: Chromian spinel, hazburgite, dunite, Alpine type
peridotite, Eastern Pontides
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OLTUTASPNIN (ERZURUM) ORTAMSAL OLUSUMU
VE PETROGRAFIK OZELLIKLERI

Environmental occurences and petrographic properties of
Oltutast (Erzurum)

Ozgiir BILICI', Ekrem KALKAN?, Hasan KOLAYLI? ve
Tugba BiLiCi'

Y Atatiirk Universitesi, Oltu Yer Bilimleri Fakiiltesi, Jeoloji Miih.
Boliimii, 25400, Evzurum (ozgurbilici@atauni.edu.tr)
’Karedeniz Teknik Universitesi, Miihendislik Fakiiltesi, Jeoloji
Miihendisligi Bé liimii, 61040

0Z: Oltutasy, diinyada bulunan yar1 kiymetli dogal taslara en iyi
orneklerden biridir. Erzurum ili Oltu ilgesi kuzeydogusunda
Dutlu K6yt civarinda ve 18. Yiizyildan beri ¢ikarilip islenmekte
olan Oltutas1, 6zellikle tespih ve siis esyasi olarak diinya ¢apinda
iinliidiir. Fiziksel olarak ilk ¢ikarildiginda ¢ok yumusak olmasina
ragmen hava ile temas edince sertlesen bir 6zellige sahiptir. Bu
ozelligi ile benzerlerinden ayrilmaktadir. Islenmesi kolay ve
kullandik¢a parlayan Oltutasi, genellikle siyah, nadiren de
kahverengi renklidir. Oltutasy, Jura-Kretase yaslh, cakiltasi ve
volkanik arakatkili kumtastsilttasi ardalanmasmndan olusan
birimler icerisinde mercekler halinde yer almaktadir. Petrografik
incelemelerde Oltutasi’nin  kahverengi c¢izgi rengine sahip
oldugu, recine, fusunit ve semifusunit igeren organik karbondan
olustugu ve ayrica eser oranda pirit ve hematit gibi demirli
mineraller icerdigi gézlenmistir. XRD analiz sonuglarna gore
organik karbonun baskm oldugu, siderit ve pirit minerallerin
varhgr tespit edilmistir. Oltutas1 genellikle yatay mercekler
halinde linyit ile birlikte lokal olarak bulunur. Bu durum, eski bir
kabarmanm ve tagmmmanm sedimantasyonu swrasinda agac ve
kopal parcalarmin konsantrasyonunu kontrol eden faktor
oldugunu gosterir. Oltutasi, re¢ine orani zengin ve reginesiz
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agaclarin durgun su sedimanlari icerisinde lagiin ve kiy1 bataklik
ortamlarina taginarak depolanmasiyla olugmus olabilir.

Anahtar Kelimeler: Oltutasi, Pirit, Siderit, Organik karbon,
Regine, Erzurum

ABSRACT: Oltutas: is one of the best examples of semi-precious
stone to be found in the world. It is exracted from Dutlu villiage
vicinity in northestern Oltu (Erzurum) precessed since 18th
century and very famous with its rosary and other ornaments.
Physically, although Oltutasi is soft when first exploited,
becomes harder as it is carved by contacting with air. It is
distinguished by this feature. Oltutast has usually black color
and exceptionally brown color which is easy to be processed and
get glossy as long as it is used. The Oltutas: is found as lenses
within Jurassic-Cretaceous units consisted of sandstone-siltstone
alternation including pebble layers and volcanic interlayers.
Petrographic studies show that Oltutasi has brown line color
and consists of organic (amorphous) carbon matter including
resin, fusinite and semifusunite particles and also trace amounts
of pyrite and hematite minerals are observed. According to XRD
analysis results, dominant organic carbon matter associated with
very small amounts of pyrite and siderite were determined.
Oltutasi lenses are usually found with lignites as local
concentrations in particular horizons. This implies that the
factor controlling the concentration of wood and copal
fragments operates during sedimentation-combination of paleo-
relief and transport. The woods of resin-rich trees, resin-free
trees and resin may be transported and deposited in quiet water
sediments that formed the bottom of the lagoonal and coastal
swamp environments.

Key Words: Oltutasi, Pyrite, Siderite, Organic carbon, Resin,
Erzurum
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FILLOSILIKAT JEOKIM YASI iLE KLASTIK-
METAKLASTIK KAYACLARDA KOKEN, DiYAJENEZ-
METAMORFiZMA DERECESi VE TEKTONIK ORTAM
ARASINDAKI ILISKILER: TURKIYE’DEN ORNEKLER

Relationships among Phyllosilicate Geochemistry and Origin,
Diagenetic-Metamorphic Grade and Tectonic Setting in the
Clastic-Metaclastic Rocks: Examples from Turkey

Omer BOZKAYA', Hiiseyin YALCIN?, Paul A,
SCHROEDER?® ve Doug CROWE?®

L Pamuldcale Universitesi Miih. Fak. Jeoloji Miih. Bél, Denizli
obozkaya@pau.edu.tr)

Cumhuriyet Universitesi Miih. Fak. Jeoloji Miih. Béliimii, Sivas
The University of Georgia (UGA), Department of Geology,
Athens, GA 30602-2501, USA

0Z: Bu calismada, Tiirkiye’nin farkli tektonik birliklerini
(Toridler, Istanbul-Zonguldak Birligi, Giineydogu Anadolu
Otoktonu, Karakaya Karmasigl) temsil eden Paleozoyik-Alt
Mesozoyik yash klastik-metaklastik kayaglardaki fillosilikatlarin
mineral kimyasindan itibaren koken, diyajenez/'metamorfizma
derecesi ve basing-sicaklk (P/T) evrimi arasmdaki iligkilerin
incelenmesi amaglanmistrr. Bu amag ¢ercevesinde optik (OM) ve
taramali elektron mikroskop (SEM) ile X-migmlart kirinimi
incelemeleri sonucu klorit-mika istifleri (CMS) igeren ¢ok
sayidaki kayactan se¢ilen 35 ornekteki fillosilikat minerallerinde
(bashca illit/muskovit ve klorit, az sayida pirofillit, paragonit,
NaK mika—PM ve karigik tabakalilar—I-S, C-S, I-C) toplam 1500
adet Enerji Yayilimu Spektrometresi-EDS ve  Elektron
Mikroprob—EMP  analizleri  gerceklestirilmisti. OM  ve
parlatilmis karbon kaplamali kaya¢ kesitlerinin geri sa¢mimli
elektron (SEM-BSE) goriintiileri; matriks ve CMS yOnelimlerini
de iceren bazi dokusal 6zelliklerin agilmali (extensional) ve
skkismali  (convergent) basenlere gore farkli oldugunu
gostermistir. Acilmali basenleri isaret eden indeks ve/veya
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ayirtman konumdaki paragonit, PM, pirofillit ve dikit mineralleri
biitiiniiyle otijenikten ziyade, matriksteki CMS igerisinde klorit
{001} diizlemleri arasinda 1-20 um kalinhgmda bant ve/veya
seviyeler bigiminde diyajenetik alterasyon {iriinii olarak
gozlenmektedir. CMS’deki kloritleri diyajenetik Orneklerde
brunsvigit ve diyabantit, ankimetamorfik 6rneklerde ripidolit ve
brunsvigit, epimetamorfik orneklerde ise agirlikli ripidolit daha
az da brunsvigit, turingit ve samozitkk bilesim sunmaktadur.
Diyajenezden epimetamorfizmaya dogru tetrahedral Al ve
oktahedral Fet+Mg artmakta, buna karsin oktahedral Al
azalmaktadr. Otjjenik kloritlerde Al azalmakta, fakat AlY
artmaktadir. Acilmali basenleri temsil eden kloritlerin Fe
(Fe/Fe+tMg > 0.5), sikigsmali basenlerdekilerin ise Mg igerigi
daha yiksek (Fe/FetMg < 0.6) olup, smasiyla felsik ve
metabazik kokenleri igaret etmektedir. Fe icerigi en yiiksek
Kloritler paragonit, PM, pirofillit ve dikit iceren a¢ilmali basene
0zgii 6rneklerde, Mg icerigi en yilkksek ve Mn ile Cr da iceren
kloritler ise sikigmali basene 0Ozgii Karakaya Karmasigi
orneklerinde saptanmuistir. Muskovitler diyajenezden
epimetamorfizmaya dogru azalan Si ve artan Na+K degerleri ile
karakteristikk ideal muskovite dogru bilesimsel degisim
sergilemektedir. A¢ilmali baseni temsil eden beyaz mikalar,
paragonit-NaK mika-muskovit; sikismali baseni temsil edenler
ise muskovit-fenjit arasinda degisen bilesime sahiptir. Mineral
kimyas1 incelemeleri; koken, diayejenez/metamorfizma derecesi
ve tektonik konum gostergesi agisindan klorit kimyasmin
mikalara gére daha belirleyici parametre, ayrica CMS yerine
fillosilikat istifi (PSS) teriminin kullanilmasinin daha uygun
olacagmi gostermistir.

Anahtar Kelimeler: Klorit ve beyaz mika kimyasi, Tirkiye
tektonik birlikleri
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ABSTRACT: In this study, it has been aimed to investigate the
relationships among origin, diagenetic/metamorphic grade and
pressure/temperature (P/T) evolution from mineral chemistry of
phyllosilicates in Paleozoic-Lower Mesozoic aged clastic-
metaclastic rocks representing different tectonic units of Turkey
(Taurides, Istanbul-Zonguldak Terrane, Southeast Anatolian
Autochthon, Karakaya Complex). In scope of this goal, Energy
Dispersive Spectroscopy (EDS) and Electron Microprobe (EMP)
analyses (total 1500 points) were performed on the phyllosilicate
minerals (mainly illite/muscovite, paragonite, NaK mica—PM,
chlorite, mixed-layers—I-S, C-S, I-C) from chlorite-mica stacks
(CMS)-bearing 35 samples which are selected from numerous
rocks on the basis of their optical (OM) and scanning electron
(SEM) microscopies, and X-ray diffraction (XRD) investigations.
The OM and back scattered-electron (SEM-BSE) images of
polished carbon-coated rock sections show that some textural
properties including matrix and CMS orientations are different
for extensional and convergent basins. Paragonite, PM,
pyrophyllite and dickite which are index and/or distinctive
minerals for extensional basins were observed as 1-20 um thick
bands and/or layers within the CMS as diagenetic alteration
origin rather than completely authigenetic origin in the matrix.
Chlorites in CMS display brunsvigite and diabantite composition
in diagenetic samples, ripidolite and brunsvigite in
anchimetamorphic samples, mostly ripidolite partly brunsvigite,
thuringite and chamosite in epimetamorphic samples. From
diagenesis to epimetamorphism, tetrahedral Al and octahedral
Fe+Mg increase, whereas octahedral Al decreases. In
authigenetic chlorites, Al'Y decrease, but AI"! increase. Chlorites
representing extensional basins have high Fe content
(Fe/Fe+Mg > 0.5), while convergent ones have higher Mg
content (Fe/Fe+Mg < 0.6), indicating felsic and metabasic
origins, respectively. Chlorites with the highest Fe content were
determined in extensional basin-related samples containing
paragonite, PM, pyrophyllite and dickite minerals, however
chlorites with the highest Mg content containing also Mn and Cr
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were detected in Karakaya Complex samples with convergent
conditions. Muscovites exhibit compositional variations that are
characterized by decreasing Si and increasing Na+K values
from diagenesis to epimetamorphism. White micas have
compositions ranging from paragonite to NaK mica and
muscovite for extensional basin and from muscovite to phengite
for convergent basin. Mineral chemsistry investigations signify
that chlorite chemistry is more decisive parameter than those of
micas with regard to origin, diagenesis/metamorphism degree
and tectonic setting monitoring, and the use of phyllosilicate
stack (PSS) term instead of CMS also would be more
appropriate.

Key Words: Chlorite and white mica chemistry, Tectonic units of
Turkey
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HEKIMHAN (MALATYA) BOLGESI OFIYOLITIiK
KAYACLARINDAKI KUMULATLARIN PETROGRAFISI
VE JEOKIM YASI

The Petrography and Geochemistry of Cumulates from
Ophiolitic Rocks in Hekimhan (Malatya) Region

Murat CAMUZCUOGLU?, Utku BAGCL, Jiirgen
KOEPKE? ve Paul Eric WOLFF?

YMersin Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi
Boliimii, Mersin (mcamuzcuoglu@mersin.edu.tr.)

?Institute for Mineralogy, Univ. of Hannover, Callinstrasse 3, D-
30167 Hannover, Germany

OZ: Dogu Toroslarda bolgesel olarak 6nemli olan Kuluncak
(Malatya) ofiyoliti, manto tektonitleri, ultramafik- mafik
kiimiilatlar, izotrop  gabrolar, levha dayk kompleksi,
plajiyogranit, volkanik kompleks ve pelajik 6rtii sedimanlarindan
olusmaktadir. Kuluncak ofiyolit istifine ait mafik kiimiilat
kayaclar1 en iyi olarak Hekimhan bolgesinde gdzlenmektedir.
Mafik kimiilatlar magmatik bantlasma-laminalanma ve
kivrimlanma gibi kiimiilat yapilar1 sunmaktadirlar. Petrografik
olarak mafik kiimiilatlar olivinli gabro ve gabro ile temsil
edilmekte, ortokiimiilat ve mezokiimiilat doku gostermektedirler.
Olivinli gabrolar ana mineral faz1 olarak plajiyoklaz (% 40-55),
klinopiroksen (% 21-50) ve olivin (% 10-25) ile, gabrolar ise
plajiyoklaz (% 65—70) ve klinopiroksen (% 25-30) ile temsil
edilmektedirler. Serpantin ve aktinolit ikincil faz olarak bu
kayacglarda bulunmaktadir. Kiimiilat kaya¢larm tiim kayag ana ve
iz element jeokimyasi, Kuluncak ofiyolitini olusturan ilksel
magmanin modern ada yayr tektonik ortamlarda gozlenen
ofiyolitlerle bilesimsel olarak benzerlik sunduklarina isaret
etmektedir. Kiimiilat kayaglar icindeki minerallerin kristallenme
stras1 olivin (Fog3 7-86.9)xkrom spinel, klinopiroksen (Ens101-55.43,
Fs42-1429, WO35,84413,2), pIaJ iyoklaz (An73,4,93,57) Ve ortopiroksen
(Enve.s1-8351, FS15.68-21.47, W00 73-185)’den olugmaktadir. Kiimiiliis
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ve  postkliimiilis  minerallerde  6nemli bir zonlanma
gozlenmemektedir. Mafik kiimiilatlar icerisinde yiiksek anortit
icerikli plajiyoklazlarm (An7zs-9367) varhgr okyanusal kabuk
geligimi srasindaki sulu ortami isaret etmektedir. Magnezyumca
zengin olivin (Mg#s3.36-8675), Klinopiroksen (Mg#74.96-9209) Ve
ortopiroksen (Mg#77558433) okyanus i¢ci dalma-batma zonu
tistiinde olusan ofiyolitlerin 6zelliklerini yansitmaktadir. Tiim bu
veriler ofiyolitin I¢ Toros okyanusunun Geg¢ Kretase’de
kapanmas1 esnasmda okyanus i¢i dalma-batma zonu {izerinde
olustugunu belirtmektedir.

Anahtar Kelimeler: Ofiyolit, Kiimiilat, Petrografi, Jeokimya,
Mineral kimyasi1

ABSTRACT: The regionally important Kuluncak (Malatya)
Ophiolite in the Eastern Tauride—are composed of mantle
tectonites, ultramafic-mafic cumulates, isotropic gabbros, a
sheeted dike complex, plagiogranite, extrusives and pelagic
cover sediments. The best exposure of the mafic cumulate rocks
of the Kuluncak ophiolite are located in the Hekimhan region.
Mafic cumulate rocks are characterized by igneous layering-
lamination, isoclinal folding. Petrographically mafic cumulates
are represented by olivine gabbro and gabbro, displaying
orthocumulate and mesocumulate textures. The olivine gabbros
are represented by plagioclase (40—55 %), clinopyroxene
(21—50 %) and olivine (10—25 %) and gabbros are represented
by plagioclase (65—70 %) and clinopyroxene (25—30 %) as the
main mineral phases. Serpentine and actinolite are the
secondary phases in these rocks. The whole rock major and trace
element geochemistry of the mafic cumulate rocks indicate that
the primary magma generating the Kuluncak ophiolite is
compositionally similar to those observed in modern island arc
tectonic settings. The crystallization order for the cumulate rocks
is olivine (FO0g3.7-86.9)tchromian spinel, clinopyroxene (ENgigi-
5543, FSa21420, WOssga4s2), plagioclase (An7zs367) and
orthopyroxene (En76,31,83,51, FSi56821.47, WOQ,73,1,85). The cumulus
and postcumulus minerals do not show significant zoning. The
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presence of anorthite-rich plagioclases (Anzs.4 g367) in the mafic
cumulate rocks indicates hydrous conditions at the time of
oceanic crust generation. Highly magnesian olivine (Mg#e3.36-
g6.75), clinopyroxene (Mg#74.96-9209), Oorthopyroxene (Mg#;755-
g4.33) and their coexistency in the cumulate gabbroic rocks are
indicative of suprasubduction zone environment. All the
evidences suggest that the ophiolite were formed in a
suprasubduction zone tectonic setting during the closure of the
Inner Tauride during the Late Cretaceous.

Key Words: Ophiolite, Cumulate, Petrography, Geochemistry,
Mineral chemistry
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HATUNSARAY (KONYA) CiVARINDAKI
IGNIMBIRITLERIN I:ETROGRAFiK VE
JEOKIMYASAL OZELLIKLERI

Geochemical anPetrographic Characteristics of The
Ignimbrites in Hatunsaray (Konya) Region

Hacer CANBAS! ve Halil BAS?

Yksaray Universitesi Jeoloji Miihendisligi Bolimii, AKSARAY
(hcanbas@aksaray.edu.tr)
2 Selcuk Universitesi Jeoloji Miihendisligi Boliimii, KONYA

OZ: Bu calismada Konya ilinin 40 km giiney batisinda
ylizeyleyen ignimbiritlerin  mineralojik, petrografikk ve
jeokimyasal karakteristiklerinin ortaya konulmas1 amaglanmustur.
Bolgede alttan liste dogru yer alan Bulumya, Detse ve Sadiklar
ignimbiriti olarak adlandirilan kayaclar, temeli olusturan Dilek¢i
formasyonu iizerinde uyumsuz olarak yer almaktadir. Inceleme
alanindaki ignimbritlerden Bulumya ignimbiritleri gri renkli, az
kaynagmig, pomza icerigi fazla, az kristalli olarak gdzlenirken,
Detse ignimbiritleri ise sar1 renkli, iyi boylanmaly, i pomza
taneli, lapilli tiif niteliginde gézlenmektedir. Bolgedeki Sadiklar
ignimbiritleri de sar1 renkli, cogunlukla homojen, az kaynasmis
olarak yiizeylemektedir. Birbirleriyle yanal ve diisey gecis
sergileyen ignimbritler petrografik olarak plajiyoklaz, kuvars,
biyotit, amfibol ve opak mineral birlikteliginden olusmaktadir.
Ince kesitlerde hipohyalin, subhedral ve vitrofirik doku 6zelligi
gosteren Bulumya ignimbiritleri Kristal-litik-vitrik tiif, kristal-
vitrik tiif olarak adlandirilirken, Detse ignimbiritleri ise,
hipohyalin ve vitrofirik dokusal 6zellikte olup kristal- litik-vitrik
tiif olarak adlandirilmistr. Onceki cahgmalara gore yapilan bu
smiflamalarda Sadiklar ignimbiriti de hipohyalin, vitrofirik ve
subhedral dokusal 6zellikte ve kristal-vitrik tif olarak ifade
edilmistir. Ignimbiritlerden elde edilen jeokimyasal analiz
sonuclarma gore ¢izilen Harker tipi degisim diyagramlarinda
ignimbiritlerin, olusum siirecinde kabuksal Kirlenmenin etkili
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oldugu bir fraksiyonel kristallesme silireci goze carpmaktadir.
Jeokimyasal adlama diyagramlarinda ignimbiritler andezit,
trakiandezit (Bulumya ignimbiriti) ve riyolit, riyodasit, dasit
(Detse ve Sadiklar ignimbiriti) alaninda dagilim sunmaktadirlar.
Yapilan petrolojik ve jeokimyasal caligmalar sonucunda,
bolgede yer alan ignimbiritler, Sub-alkali karakterli, kalkalkalen
yonelimli bir magmadan itibaren fraksiyonel kristallenme
stirecinde olusan {irlinler olarak ortaya ¢ikmustir.

Anahtar  kelimeler:  Jeokimya, Petrografi Ignimbirit,
Hatunsaray, Konya

ABSTRACT: Its aimed to clarify ignimbrite outcropping,
mineralogical, petrographic and geochemical characteristics of
the region located in the 40 km southwest of Konya. The rocks
named Bulumya, Detse and Sadiklar ignimbrites are located
towards bottom to the top and they are loceted on the Dilekgi
formation unconformably. Ignimbrites in the area were
macroscopically Bulumya ignimbrite was gray colored, less
cohesive, more pumice contented, less cyrstalised grained, Detse
ignimbrite was yellow colored, well sorted, coarse-grained
pumice, lapilli tuff in nature; Sadiklar ignimbrite was observed
in the field yellow colored, mostly homogeneous, less cohesive.
Ignimbrites exhibitlateral and vertical transitions among each
other. The mineral contentis plagioclase, quartz, Dbiotite,
amphibole and opaque minerals. Bulumya ignimbrite indicate
hipohyalin, subhedraland vitrophyric textural properties. Its
named as crystal-lithic-vitric tuff and crystal-vitric tuff
according Carozzi, (1993) classification. Detse ignimbrite
indicate hipohyalin, vitrophyric textural properties and classified
as crystal-vitric tuff. Sadiklar ignimbrite indicate hipohyalin,
vitrophyric and subhedral textural properties and classified as
crystal-vitric tuff. According to the result sof geochemical
analyses drawn by Harker-type variation diagrams indicate to be
effective fractional crystallization of crustal contamination.
According to the rocks classification diagram; Bulumya
ignimbriteis located in the andesite, trachyandesite part, Detse
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and Sadiklar ignimbrites are in the rhyolitic, rhyodacite, dacite
part. Petrological and geochemical studies of the ignimbrite is
characterized subalkaline and calc-alkaline. They have emerged
as fractional crystallization of the product formed in the process.

Key Words:  Geochemistry,  Petrography,  Ignimbrite,
Hatunsaray, Konya
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KIZILDAG (Hatay) OFiYOLITINDE YERALAN LEVHA
DAYKLARININ ARAZI iLISKILERI VE TEKTONIK
ONEMIi

Field Relations and Tectonic Implications of Sheeted Dykes in
Kizildag (Hatay) Ophiolite

Ayten CAPUTCU? ve Osman PARLAK?

 Mersin Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Bo liimii, Mersin (aytencaputcu@mersin.edu.tr)
2Cukurova Universitesi Miihendislik-Mimarlik Fakiiltesi Jeoloji
Miihendisligi Boliimii, Balcali, Adana

0Z: Okyanus ortas1 sirtlarda deniz tabam yayilmasmm en
onemli kanit1 olarak gosterilen levha dayklar1 Kizildag (Hatay)
ofiyolitinde ¢ok 1yi korunmus yiizlekler sunmaktadirlar. Kizildag
(Hatay) ofiyoliti tabandan tavana dogru tektonitler, ultramafik-
mafik kiimiilatlar, izotrop gabro, levha dayklari, volkanikler ve
arakatkili sedimanlardan olusan olduk¢a iyi korunmus bir
okyanusal litosfer kalintis1 sunmaktadwr. Kizildag (Hatay)
ofiyoliti Ge¢ Kretase’de okyanus i¢i yitim zonu {izerinde
olusmustur. Levha dayklarinin en iyi gozlendigi Samandag-
Cevlik (Hatay) bolgesinde Akdeniz sahili boyunca oniki farkl
lokasyonda ayrintili  olarak ¢alisiimis ve levha dayk
kompleksinin icyapist ve kesme-kesilme iligkileri ortaya
konmustur. Levha dayklarmndaki tekil dayklarm kalnliklar1 0.5
cm ile 100 cm arasmnda degismekte olup, aralarmda gabro
mercekleri icermektedirler. Dayklarin dogrultu ve egimleri ilk
sekiz lokasyonda genel olarak K75-85B/60-75KD ve lokal
olarak K85D/75KB’dir. Son dort lokasyonda ise yonelimler
neotektonik etkilerle degisimler sunmaktadirlar (K69-77B/78GB
ve K35-60D/65-80GD). Dayklar petrografik olarak diyabaz,
mikrodiyorit ve kuvarsh mikrodiyoritler ile temsil edilirken,
gabro mercekleri ise gabro ve diyoritler ile temsil edilmektedir.
Levha dayklarinda ¢ farkli dayk gelisimi kesme-kesilme
iligkilerine gore tespit edilmistir. Levha dayklarinda gozlenen
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soguma kenarlar1 genel olarak kuzey yonlii olmakla birlikte,
giiney yonli ve kuzey-giiney yonlii soguma kenarlar1 da
gorlilmektedir. Tim bu veriler, Ge¢ Kretase’de Neotetis’te
kompleks bir rift geometrisinin ve farkli magma gelisimlerinin
oldugunu isaret etmektedir.

Anahtar Kelimeler: Kizildag, Ofiyolit, Levha dayki, Soguma
kenar1

ABSRACT: Kizildag (Hatay) ophiolite presents well-preserved
sheeted dykes that are interpreted as the best evidence of sea-
floor spreading in mid-ocean ridges. The Kizildag (Hatay)
ophiolite is characterized by complete oceanic lithospheric
remnants, from bottom to top, tectonites, ultramafic-mafic
cumulates, isotropic gabbro, sheeted dykes, volcanics and
associated sediments. It formed in a suprasubduction zone
setting during the late Cretaceous. Detailed field study was
carried out at twelve stations on the sheeted dyke complex along
Mediterranean coastline in Cevlik-Samandag (Hatay) region in
order to better understand internal structure and cross-cutting
relations. Individual dykes in the sheeted dyke complex range in
thickness from 0.5 cm to 100 cm and includes number of
gabbroic screens. The orientations of the sheeted dykes in first
eight stations are generally N75-85W/60-75NE and locally
N85E/75NW. For the last four stations they display N69-
77TW/78SW and N35-60E/65-80SE due to local neotectonic
effects. The dykes are petrographically represented by diabase,
microdiorite and quartz microdiorite whereas the gabbroic
screens are represented by gabro and diorite. Three different
dyke generations are observed on the basis of the cross-cutting
relations. Chilling margin statistics in the sheeted dykes show
mainly north-faced chilled margins althought south-faced and
north/south-faced chilled margins are also seen. All the evidence
suggest complex spreading geometries and different magma
generations contemporaneously occured in the Southern
Neotethys during the late Cretaceous.

Key Words: Kizildag, Ophiolite, Sheeted dyke, Chilling margin
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GUNYUZU, SiVRIHISAR, KAYMAZ, TOPKAYA VE
YURUKKARACAOREN YORELERINDEKI (TAVSANLI
ZONU, KB ANADOLU) ERKEN-ORTA EOSEN YASLI
GRANITOYID SOKULUMLARININ MINERAL VE TUM
KAYAC JEOKIMYASI

Mineral and Whole Rock Geochemistry of Early-Middle
Eocene Granitic Intrusives in Giinyiizii, Sivrihisar, Kaymaz,
Topkaya and Yiiriikkaracaoren Areas (Tavsanlt Zone, NW
Anatolia)

Mehmet DEMIRBILEK', Halim MUTLU?, Kadir SARIIZ’
ve Yasar KiBici!

lDumlupmar Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih.
Boliimii, 43100 Kiitahya (mehmet.demirbilek@dpu.edu.tr)

2 Ankara Universitesi, Miih. Fak., Jeoloji Miih. Béliimii, Ankara
3Eskisehir Osmangazi Univ., Jeoloji Miih. Bélimii, Eskisehir

0Z: KB Anadolu’da Erken-Orta Eosen magmatizmasi, BKB-
DGD yoniinde uzanan ve carpigsma sonrasi ortami temsil eden,
bilesimi kalk-alkalenden alkaline degisen ¢esitli granitoyidlerle
temsil edilir. KB’ya dogru genclesen granitoyidler Palezoyik
yasli metamorfik temel kayacglar1 kesmekte ve Senozoyik
sedimanter kayaclarla  ortiilmektedir. Erken-Orta Eosen
granitoyidleri, es yashh mafik ve felskk magmalarm heterojen
karisim (magma mingling) {rlnlerini temsil eden mafik
mikrograniiler anklavlar ve homojen karisim (magma mixing)
iiriinleri olan baz1 6zel dokular1 igermekte ve 6zellikle Giinyiizii
yoresinde felsik ve mafik dayklarla kesilmektedir. Genellikle
granit, granodiyorit, monzonit/kuvars monzonit ve Kkuvars
monzodiyorit bilesimlerindeki granitoyidler, benzer mineralojik
ozelliklere sahip olup, plajiyoklaz, K-feldispat (mikroklin,
ortoklaz), kuvars, amfibol, biyotit, muskovit, klinopiroksen,
epidot, klorit, sfen, manyetit ve ilmenit icermektedir. Mineral
kimyas1 sonuglarina gore, plajiyoklazlar albit-labrador (Abzg.gs)
araliginda bilesim sergilerken, en 6nemli mafik minerallerden
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olan amfiboller (Mg/Mg+Fe*®=0.41-0.74) kalsik olup,
magnezyo-hornblend,  demirli  ¢ermakit ve  ¢ermakit
bilesimlidirler. K-feldspatlar, ortoklaz ve mikroklin (Orgs.g)
bilesimindedir. Baz1 pliitonlarin plajiyoklazlarinda tespit edilen
ters, normal ve salimimli (Ans-17.23) zonlanmalarin geligimi
homojen karisim (magma mixing) ve/veya asimilasyon-
fraksiyonlagma siireglerinin etkileri olarak degerlendirilmistir.
Fe’ce (Mg#:0.40-0.56) ve Mg’ca (Mg#:0.51-0.61) zengin olan
biyotitler kalk-alkalen orojenik kayaglara 6zgii biyotit bilesimi
ile temsil edilirler. Sivrihisar monzinitinde tespit edilen
klinopiroksenlerin ~ bilesimi  diyopsit-ojit  (W0:43.88-49.82,
En:35.29-41.01, Fs:10.47-18.09) arasinda degisim sunar. Al-
hornblend jeobarometre hesaplamalarma gore Topkaya
granodiyoriti i¢in 0.3-4.3 kbar, diger granitoyidler i¢in 2.9-7.4
kbar basing degerleri tespit edilmistir. Bu degerlerden elde edilen
tahmini yerlesme derinlikleri Topkaya granodiyoriti igin 4-11 km
iken diger granitoyidler i¢in ise 9-23 km olarak hesaplanmugtir.
Amfibol-plajiyoklaz jeotermometresi ile tahmin edilen sicaklik
ve basing araliklar1 600-850°C ve 1.2-7.3 kbar’dr. Bu basing
degerlerine karsilik gelen (1 kb = ~ 3.3 km) yerlesme
derinlikleri, Topkaya granodiyoriti haric (7-11 km, s1g
yerlesimli), 11-22 km arasindadir. Elde edilen sicaklik ve basing
degerlerinin  birbirlerine yakm olmasi, felskk ve mafik
magmalarin benzer fiziksel kosullar altinda etkilesim yaptiklarini
gostermektedir.

Anahtar Kelimeler: Tavsanli zonu, Mineral kimyasi,
Jjeotermometre, Jeobarometre, KB Anadolu

ABSTRACT: In NW Anatolia early-middle Eocene magmatism
is represented by WNW-ESE extending various post-collisional
plutons with compositions ranging from calc-alkaline to alkaline.
Granitoids that become younger towards NW cut the Paleozoic
basement rocks and are overlain by the Cenozoic sedimentary
rocks. Early-middle Eocene granitoids that are cut in Giinyiizii
by felsic and mafic dykes contain heterogeneous (magma
mingling: mafic microgranular enclaves) and homogeneous
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(magma mixing) products of mixing of cogenetic mafic and felsic
magmas and show some unique textures. Granitoids with
compositions mostly of granodiorite, monzonite/quartz
monzonite and quartz monzodiorite are represented by similar
mineral assemblages which include plagioclase, K-feldspar
(microcline, orthoclase), quartz, amphibole, biotite, muscovite,
clinopyroxene, epidote, chlorite, sphene, magnetite and ilmenite.
Results of mineral chemistry analysis indicate that plagioclases
are in albite-labrador composition (Abggs) and amphiboles
(Mg/Mg+Fe*?=0.41-0.74) are of calcic type with compositions
of magnesiohornblende, iron-chermakite and chermacite. K-
feldspar samples are in orthoclase and microcline compositions
(Orgs.g9). Reverse, normal and oscillated zones (Anzs-7-23) in
plagioclases in some plutons are thought to be due to
homogeneous mixing (magma mixing), assimilation and
fractionation. Fe- (Mg#:0.40-0.56) and Mg-rich (Mg#:0.51-0.61)
biotites are represented by biotite compositions typical to calc-
alkaline orogenic rocks. Compositions of pyroxenes in the
Sivrihisar monzonite are diopsite-augite (Wo0:43.88-49.82,
En:35.29-41.01, Fs:10.47-18.09). The pressure values estimated
by Al-hornblende geobarometer are 0.3-4.3 kbar for the Topkaya
granodiorite and 2.9-7.4 kbar for other granitoids. Emplacement
depths corresponding to such pressure values are 4-11 km for
the Topkaya granodiorite and 9-23 km for the other granitoids.
Temperature and pressure ranges estimated by amphibole-
plagioclase geothermometer are 600-850°C and 1.2-7.3 Kkbar.
Emplacement depths calculated from the pressure data (1 kb = ~
3.3 km), except for the Topkaya granodiorite (7-11 km, shallow
emplacement), are between 11 and 22 km. Closeness of
temperature and pressure values might indicate that felsic and
mafic magmas are interacted under similar physical conditions.

Key Words: Tavsanli Zone, Mineral chemistry, Geothermometry,
Geobarometry, NW Anatolia
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TUNCBILEK HAVZASINDAKI (KUTAHYA) MIYOSEN
VOLKANIK KAYALARININ PETROLOJISI
Petrology of the Miocene Volcanic Rocks in the Tuncgbilek
Basin (Kiitahya)

E. Yalcin ERSOY? ve Cahit HELVACI?
YDokuz Eyliil Universitesi, Miih. Fak., Jeoloji Miih. Bol., Izmir

OZ: Tuncbilek havzasi Bati1 Anadolu'da yaklasik KD-GB gidisli
havzalardan birisi olup, ofiyolit ve ofiyolitik melanj
birimlerinden olusan temel kayalar1 {izerinde ¢okelmis Neojen
yasl volkano-sedimanter istifler icerir. Havza istifini tabanda
Beke Formasyonu'na ait ¢akiltaglar1 ile baslaylp ekonomik
komiir yataklar1 igeren Tungbilek Formasyonu ile devam eder.
Bu birimler dasit ve riyolit bilesimli Okukdag1 volkanikleri ile
giriklilik sumar. Tiim bu birimler aliivyal ve golsel ortamlari
simgeleyen ve Karakdy volkaniklerine ait bazaltik volkanikler ile
ardalanan Cokkdy ve Emet formasyonlarma ait sedimanter
birimler ile tizerlenir. Oklukdag1 volkanikleri dasitik ve riyolitik
bilesimli domlar, dayklar ve lavlar ile bunlarla iligkili piroklastik
kayaclardan olusur. Oklukdagi volkanikleri biyotit, amfibol,
plajiyoklas ve kuvars fenokristalleri igerir ve jeokimyasal olarak
yiiksek potasyumlu kalk-alkali karakterler sunar. Sr ve Nd izotop
bilesimleri srayla 0,708-0,709 ve 0,5123-0,5124 arasindadr. Bu
kayacglar bolgedeki diger erken Miyosen yash dasitik-riyolitik
volkanik birimler ile (6rn. Akdag, Egreltidag ve Sevingler
volkanikleri) hem stratigrafik hem de jeokimyasal olarak
denestirilebilir. Karakdy volkanikleri olivin, Kklinopiroksen ve
plajiyoklas mineralleri icerir ve K-trakibazalt ve sosonit
bilesimlerine sahip olup zayif alkali veya kalk-alkali karaktere
sahiptir. Sr ve Nd izotop bilesimleri 0,705-0,707 ve 0,5125-
0,5127 arasmdadir. Bu birimler stratigrafik olarak bdlgedeki orta
Miyosen yash mafik-alkali (ultrapotasik) wvolkanikler ile
denestirilebilse de jeokimyasal olarak farkli 6zellikler sunar. Ana
ve iz element bilesimleri ile izotop oranlari, Tungbilek
havzasindaki  volkanik  kayaglarm  hem  ayrimlagmal
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kristalizasyon hem de c¢ok az oranda kabuksal kirlenme
stireglerine maruz kaldiklarmi gosterir.
Anahtar Kelimeler: Tungbilek havzasi, Neojen volkanizmasi,
Bat1 Anadolu
ABSTRACT: The Tungbilek basin, one of the NE-SW-trending
basins in western Anatolia, contains Neogene volcano-
sedimentary successions deposited on a basement consisting of
ophiolitic and ophiolitic melange units. The basin fill starts with
conglomerates of the Beke Formation and continues upward into
coal-bearing Tungbilek Formation. These units are interfingered
with daciti and rhyolitic volcanic rocks of the Oklukdag
volcanics. All these units are overlain by sedimentaru units of the
Cokkéy and Emet formations, which represent alluvial and
fluvial environments and interlayered with basaltic volcanic
rocks of the Karakéy volcanics. The Oklukdagi volcanics are
composed of dacitic and rhyolitic dome, dyke and lava flows, and
related pyroclastic units. These volcanic rocks contains biotite,
amphibole, plagioclase and quartz, and posses high-potassic
calc-alkaline geochemical character. Their Sr and Nd isotopic
ratios are, in turn, between 0,708-0,709 and 0,5123-0,5124.
These rocks, on the basis of both stratigraphic and geochemical
base, can be correlated with the other early Miocene dacitic-
rhyolitic volcanic units in the region (e.g., Akdag, Egreltidag,
Sevingler volcanics). The Karakoy volcanics contain olivine,
clinopyroxene and plagioclase, and classified as K-trachybasalt
and shoshonite with mildly alkaline or calc-alkaline character.
Their Sr and Nd isotopic ratios vary in a range of 0,705-0,707
and 0,5125-0,5127, respectively. These units can although be
correlated with the middle Miocene mafic-alkaline
(ultrapotassic) volcanic units in the region, they show distinct
geochemical features. On the basis of major and trace element
compositions, as well as isotopic ratios, it is deduced that the
volcanic units in the Tungbilek basin were subjected to both
fractional crystallization and lesser amounts of crustal
assimilation processes.
Key Words: Tungbilek basin, Neogene volcanism, Nestern
Anatolia
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SARICAKAYA GRANITOYIDI iCERISINDE YER ALAN
PEGMATITLERIN PETROKIMYASAL
KARAKTERISTIKLERIi

Petrochemical Characteristics of the Pegmatites Within the
Saricakaya Granitoids

Bahattin GULLU?, Yusuf Kagan KADIOGLU? ®, Cumhur
Ozcan KILIC?, Hacer CANBAS?, Kiymet DENiZ? ve Tamer
KORALAY*

YAksaray Univ. Miih. Fak. Jeoloji Miih. Bol.
(bgullu@aksaray.edu.tr)

2 Ankara Universitesi Miih. Fak. Jeoloji Miih. Bél. Ankara

3 Ankara Universitesi Yer Bilimleri Arasturma ve Uygulama
Merkezi (YEBIM) Ankara

*Pamukkale Universitesi Miih. Fak. Jeoloji Miih. Bol. Denizli

OZ: Saricakaya Granitoidi Eskisehir ilinin kuzeydogusundaki
Saricakaya (Eskisehir) yerlesim yeri ile batida Sogiit (Bilecik)
arasinda yer almaktadwr. Granitoid kiitlesi Saricakaya civarmda
yaklasik 150 km?’lik bir alan1 kaplamaktadr ve K20D’dan K40B
araliginda degisen yonlere sahip felskk ve mafik dayklar
tarafindan kesilmektedir. Saricakaya Granitoidi holokristalin
tanesel ve porfiritik dokuya sahip olup, igerisinde gabro,
diyoritik-gabro, diyorit ve kuvars diyorit kompozisyonlarina
sahip, boyutlar1 1 ile 40 cm arasinda degisen mafik
mikrogranular anklavlar icermektedir. Ayrica Saricakaya
granitoyidi icerisinde mercekler halinde birkag metre ¢apmnda
pegmatitler ylizeylemektedir. Saricakaya granitoyidinin ana
karakteristigini olusturan pegmatitler igerisinde kuvars ve K-
feldispat minerallerinin  boyutlar1t 0.5- 5 cm arasinda
degismektedir. Ana kaya ile keskin dokanakli olarak gdzlenen
pegmatitlerde yersel olarak demiroksitlesme ve serizitlesme-
killesme tiirii alterasyonlar géze carpmaktadir. Bu pegmatitik
dayklar granit ve alkali feldispat granit bilesime sahip olup
porfirik doku oOzelligi gostermektedirler. Pegmatitlerin ana
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bilesenini, plajiyoklaz (albit-oligoklaz), ortoklaz, kuvars, biyotit,
granat, muskovit ve yer yer epidotlar olusturmaktadir.
Pegmatitler icerisinde gézlenen granatlar Spessartin ve grossular
bilesim sunmaktadir. Pegmatitlerin A/NK oran1 0.9-1.3, AICNK
oranlart 0.9-1.2 arasinda degismekte olup peralkalin karakteri
yansitmaktadir.  Yapilan jeokimyasal degerlendirmelerde
ORG’ye normalize edilen spider diyagramlarda yogun kabuk
etkisinin  gozlendigi pegmatitler Saricakaya granitoidini
olusturan subalkali ozellikteki kalkalkalen bir magmanin
pnomatolitik-hidrotermal evredeki kabuk kokenli iiriinlerini
temsil ettigi diistiniilmektedir.

Anahtar Kelimeler: Pegmatit, Saricakaya (Eskisehir),
Pnomatolitik-hidrotermal evre, Anklav

ABSTRACT: Saricakaya Granitoid is located between
Saricakaya district in the northeast of Eskisehir City and Sogiit
County in the west of Bilecik City. Saricakaya Granitoid covers
an area of 150 km? near the vicinity of Saricakaya and has been
intruded by felsic and mafic dykes which have various directions
ranging from N20E to N40W. Saricakaya Granitoid have
granular holocrystalline and porphyritic textures and also
contains mafic microgranular enclaves which have sizes ranging
from 1 cm to 40 cm and they are gabbro, dioritic gabbro, diorite
and quartz-diorite in composition. In Saricakaya Granitoid,
pegmatites are exposed as lenses which have diameters as
several meters. Pegmatites form the main characteristics of
Saricakaya Granitoid. Sizes of quartz and K-feldspar minerals in
pegmatites varies between 0,5 and 5 centimeters. Pegmatites
have sharp contact with the host rock and local alterations such
as ironoxide formation and serisitic type clay formation are seen
within the pegmatites. Pegmatitic dykes show porphyritic texture
and they are granite and alkali feldspar granite in composition.
Main mineralogical composition of pegmatites is plagioclase
(albite-oligoclase), orthoclase, quartz, biotite, garnet, muscovite
and lesser amounts of epidote. Garnets in pegmatites are
grossular and spessartine in composition. The A/NK ratio and
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A/CNK ratio of pegmatites are respectively ranging from 0.9-1,3
and 0.9-1.2; which figure out peralkaline character. Obtained
geochemical data show that the pegmatites crustal origined
products formed in pneumatolitic-hydrothermal phase of the
subalkali character calc-alkaline magma which forms the
Saricakaya Granitoid.

Key Words: Pegmatite, Saricakaya (Eskisehir), Pneumatolitic-
hydrothermal phase, Enclave
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GEC PALEOZOIK YASLI SOGUT PLUTONUNUN
PETROJENEZI (BILECIK-ESKISEHIR): PALEOZOIK
GRANITLERIN KOKENI iCiN IMPLIKASYONLAR

Petrogenesis of the Late Paleozoic-aged Sogiit Pluton (Bilecik-
Eskisehir): Implications for the Origin of the Paleozoic
Granites

Nurdane ILBEYLI', Mehmet DEMIRBILEK” ve Yasar
KiBiCi®

L dkdeniz Universitesi Miih. Fak. Jeoloji Miih., Bo liimii
(ilbeyli@akdeniz.edu.tr)

2Dumlupinar Universitesi Miih. Fak. Jeoloji Miih., Bolimii
 Dumlupinar Universitesi Miih. Fak. Jeoloji Miih. Boliimii

0Z: Bu calismanm konusunu Orta Sakarya Zonu igerisinde yer
alan ve Eskisehir-Bilecik civarmda genis alanda ylizeyleyen Geg
Paleozoik yash Sogiit pliitonu olusturmaktadr. Inceleme alanmin
en yash birimleri Paleozoik yash metamorfikler ile bunlari kesen
Geg Paleozoik yash plutonik kayaglardir. Pluton mafik magmatik
anklav ve ksenolit icermekte olup; pegmatit, aplit ve silis
damarlar tarafindan farkli dogrultularda kesilmektedir. Plutonda
arenalagsmalar ¢cok yaygindir. Plutonik kayaglar kuvars diyorit,
granodiyorit ve granit bilesimine sahiptir. Kuvars diyorit-
granodiyoritik kayaglar koyu gri-yesilimsi renkli ve orta
tanelidir. Granitler ise gri-pembemsi renkli ve orta-iri tanelidir.
Mafik magmatik anklavlar ise gabroik bilesime sahip olup koyu
yesil-siyah renkte ve ince tanelidir. Tiim kayacg tiirleri benzer
mineralojik bilesime sahip olup plajiyoklas, alkali feldispat,
kuvars, biyotit ve amfibol ana mineral iken zirkon, apatit ve opak
mineraller ise aksesorik minerallerdir. Kayaglarda bozunma
tiirleri serizitlesme, killesme ve kloritlesmedir. Kayaclar genelde
I-tipi, metaluminous, kalk-alkalendir. Kayaglarn mantoya gore
normallestirilmis ¢oklu element oriimcek diyagraminda LIL
elementlerinin  HFS  elementlerine  gbre  zenginlestigi
goriilmektedir. Kayacglar kondrite gore normallestirilmis nadir
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toprak elementleri diyagramimnda LREEce zenginlesme desenleri
sunarlar. Tektonomagmatik ayrmm diyagramlari, bu kayaglarm
volkanik yay ortam kosullarinda olustuklarmi gosterir. Bu
kayaclarin jeokimyasal dzellikleri alt kabugun kismi ergimesi ile
olabilecegini gostermektedir.

Anahtar Kelimeler: Paleozoik, Orta Sakarya zonu, Eskisehir-
Bilecik, So giit p liitonu, Granit

ABSTRACT: The subject of this study is Late Paleozoic-aged
Sogiit pluton which is located within the Central Sakarya Zone
and exposed in a wide area between Eskisehir and Bilecik. The
oldest units of the study area are the Paleozoic metamorphics
and Late Paleozoic plutonic rocks cutting the former. The Sogiit
pluton comprises mafic magmatic enclaves and xenoliths; also it
is cut by pegmatite, aplite and silicic dykes. An arenatization is
common throughout the pluton. The plutonic rocks are quartz
diorite, granodiorite and granite in composition. The quartz
diorite-granodioritic rocks are dark gray-greenish in color and
medium-grained. The granites are gray-pinkish colored and
medium- to coarse-grained. Mafic magmatic enclaves are
gabbroic in composition and dark green-black in color and are
fine-grained. All rock types have similar mineralogical
composition. They have plagioclase, alkali feldspar, quartz,
biotite and amphibole as main minerals and zircon, apatite and
opaque minerals as accessory minerals. Sericitization,
argillitization and chloritization are found as alteration types.
The rocks are I-type, metaluminous and calc-alkaline. In the
primitive mantle-normalized trace element diagrams, the
plutonic rocks are enriched in LILE relative to HFSE. In the
chondrite-normalized REE pattern, all rocks are enriched in
LREE compared to HREE. In the tectonomagmatic diagrams the
rocks plot within the VAG area. The geochemical characteristics
of the rocks show that they could have originated from partial
melting of lower crustal sources.

Key Words: Paleozoic, Central Sakarya zone, Eskisehir-Bilecik,
Sogiit pluton, Granite
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BELEN (MIHALICCIK-ESKISEHIR) YORESINDEKI
METAMORFITLERIN JEOKIM YASAL OZELLIKLERI

Geochemical Characteristics of Metamorphic Rocks in Belen
(Mihali¢aik-Eskisehir) Region

Abdiilaziz KARAGOZ! ve Giirsel KANSUN?

YMersin Universitesi Miih. Fak. Jeoloji Miih. Béliimii, Mersin
gazizkrgz@mersin.edu.tr)
Selcuk Universitesi Miih. Fak. Jeoloji Miihendisligi Boliimii

OZ: Calisma alani, Orta Sakarya masifinde bulunan Beypazari-
Cayrrhan havzasinin giineyinde, Mihaliggik ilgesinin dogu ve
kuzeydogusunda bulunur. Calisma alaninin en yash birimini;
Paleozoyik yasl glokofanl yesilsist, yesilsist, mikasist, feldispat
mikasist, muskovitsist, glokofansist, kalksist ve kristalize
kirectaglarindan olusan Belen metamorfitleri olusturur. Bu
birimin {izerinde bindirmeli olarak Ust Kretase- Paleosen
yerlesim yash serpantinlesmis ultramafik kayaglar yer alr.
Kavak ofiyoliti tizerine Senozoyik yash birimler uyumsuz olarak
gelirler. Orta Miyosen yashh Coraklar formasyonu kumtasi-
camurtasi-kiregtagi ardalanmasindan olusur. Bu birim {izerine
cakiltasr-kumtasr-camurtast ardalanmasindan olusan Pliyosen
yashh Kirmizitepe formasyonu uyumsuz olarak gelir. Tim bu
birimlerin iizerini Kuvaterner yash Aliivyon agisal uyumsuzlukla
orter. Belen metamorfitleri icerisinde yer alan mikasist, feldispat-
mikasist ve muskovitsistler “seyl ve vake” kokenlidir. Bu
metapelitler asidik bilesimli volkanik yay granitlerinden
malzeme almig olup asidik adayayr kokeni sunarlar. Bu
metasedimanter  kayaglar muhtemelen  kitasal adayay1
bolgelerinde depolanmistir. Bir yesilsist ve bir glokofanh
yesilsist “notr” bilesimli, diger tiim metamagmatitler “mafik-
ultramafik” bilesimli magmatik kayaclarla iliskilidir. Iki yesilsist
ornegi “andezit”, diger metamagmatitler “bazalt”
karakterindedir. Bunun yanisira  yesilsistler bazalt ve
andezit/dasit bilesimindedir. Tiim metamagmatik kayaclar sub-
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alkalin ve alkali bazalt karekterindeki magma tipine sahiptir.
Inceleme alanindaki biitiin metamagmatik kayaclar dalma-batma
zonunda olusmus sub-alkalin bir magmatizmayla iliskilidir.
Yesilsistler, glokofanh yesilsistler ve glokofansistler aktif kita
kenarmda gelisen kitasal adayayr volkanizmasiyla olugsmus sub-
alkalin kayaglar karekteri gosterirler.

Anahtar Kelimeler: Belen metamorfitleri, Metamagmatik ve
metasedimanter kayaclar

ABSTRACT: The study area is located in the east and northeast
of Mihaligcik town where south of the Beypazari-Cayirhan basin
on the Middle Sakarya Massive. Paleozoic aged Belen
metamorphites consisting of glaucophaneschist, calcschist,
muscoviteschist, micaschist, greenschist, green schist with
glaucophane and recrystallized limestones form the oldest unit of
the study area. Kavak ophiolites in age of Upper Cretaceous-
Paleocene consist of serpentinized ultramafic rocks and have
thrusted on the Belen metamorphics. Cenozoic units
uncomformably overlay all above units. The Middle-Miocene
aged Coraklar formation consists of interbedded of sandstone-
mudstone-limestone. Pliocene aged Kwmizitepe formation
consisting of interbedded of gravelstone-sandstone-mudstone are
uncomformably on top of this unit -alternation. All units are
uncomformably overlaid by Quaternary aged alluvions.
Protoliths of the micaschist, feldspar-micaschist and
muscoviteschist of the Belen metamorphites can be classified as
“shale and vake” source rocks. These metapelitic rocks include
the materials from volcanic arc granites and are the origin of
asidic island arc. These metasedimentary rocks possibly
deposited in the continental arc areas. Meta-magmatic rocks
mainly were derived from mafic and ultramafic rocks, but
partially little from intermediate igneous rocks. Protoliths of
metamagmatic rocks are mainly basaltic and partially andesitic.
All meta-magmatic rocks show subalkaline and alkaline basalt
character. All metamagmatic rocks in the study area are
associated with sub-alkaline magmatism formed at subduction
112



zones. Geochemical analysis of the metamorphics such as
greenschist, greenschist with glaucophane and glaucophane-
schist indicate the igneous origin for these rocks. Geochemistry
of these metaigneous rocks reveals the subalkaline charater of
these rocks. This data imply that the igneous rocks were formed
by the continental arc magmatism on the active continental
margin.

Key Words: Belen metamorphites, Metamagmatic and
metasedimentary rocks
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KAMAN-KIRSEHIR CiVARINDAKI METAMORFIK
KAYALAR, BOLGENIN TEMEL KAYALARI MIDIR?

Are the Metamorphics rocks constitue the basement of Kaman
Area?: Kirsehir, Kaman, Tiirkiye

Cumhur Ozcan KILIC! ve Yusuf Kagan KADIOGLU?

YUnkara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi
Béliimii, 06100, Ankara (cokilic@eng.ankara.edu.tr)

Y2 Ankara Universitesi Yerbilimleri Uygulama ve Arastirma
Merkezi, Ankara

0Z: Orta Anadolu Kristalen Karmasigi (OAKK), temelde
metamorfik kayalar, bunlar1 {lizerleyen ofiyolitik birimler, bu
birimlere sokulum yapan felsik ve mafik intriizif kayaglar ile en
istte bu birimleri orten sedimanter kayalardan olugmaktadir.
OAKK igerisindeki metamorfik kayalar, Kaman civarinda yiizlek
vermektedir. Kaman civarmdaki metamorfik kayalar genel
olarak baslica migmatit, hornfels, gnays, biyotit sist, amfibol sist,
kuvarsit ve amfibolit mercekleri seklinde yer alir. Bu birimler
GD’dan KB’ya dogru yesilsist ve amfibolit fasiyeslerinde
metamorfizmaya ugradiklar1 literatiirlerden anlasilmaktadir.
Kaman metamorfikleri, granit, granodiyorit, kuvars monzonit ve
monzonit bilesimindeki sokulum kayalar1 ile sicak dokanak
iliskisi sergilemektedir. Yapilan ¢aligmalar sonucunda, Kaman
civarmnda yer alan metamorfik kayalarin genellikle pelitik kokene
sahip olduklar1 ve carpisma ile iligkili gelisen levha igi
magmatizma sonucu olusan magmatik kayalar tarafindan kontak
metamorfizmaya  ugratildiklar1  anlasgilmaktadir.  Sokulum
dokanaklarinda migmatit, sillimanit sist-gnays, hornfels ve
mermer bilesimdeki metamorfik kayalar olusmustur. Dokanak
zonlarinda pargasit, almandin ve mikroklin minerallerinin
varligma bagh olarak etkilesime ugradiklari mikroskobik ve
Konfokal raman spektroskobik c¢alismalardan anlasilmaktadir.
Boylece, literatirde her ne kadar bolgedeki metamorfikleri
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Kisehir temel kaya metamorfikleri seklinde anlatilsa da, yapilan
saha, mineraloji petrografi ve jeokimyasal c¢aligmalar, bu
metamorfik kayalarm bdlgenin temel metamorfik kayalarmi
olusturmadiklar1 bunlar bélgenin dinamik magmatizmasma bagh
yiiksek sicaklik ve sokulumdan kaynaklanan basinca bagh olarak
olusan metamorfik {riinleri olduklar1 anlasimaktadwr. Bu
metamorfik Urilinler, pelitik kaya kokenli, yiiksek sicaklik, orta
yiksek basing sonucu olusan ve farkli mineralojik bilesim
sergileyen kontak metasomatik metamorfik bilesimdeki
kayalardir. Metamorfik kayalardaki mineral bilesim farklihig1 ise,
ilksel sedimanter kayalardaki mineral bilesimine bagh olarak

degistigi spektroskobik ¢aligmalardan anlasilmaktadir.

Anahtar Kelimeler: Kisehir, Kaman, Metamorfik kayalar,
Kontak metamorfizma

ABSTRACT: Central Anatolian Crystalline Complex (CACC)
consist of the metamorphic rocks in the basement, ophiolitic
units overlay the basement, mafic and felsic intrusive rocks
intruded all these units and the sedimentary rocks cover the
whole units. Metamorphic rocks of CACC exposed in the vicinity
of Kaman, Kirsehir. Metamorphic rocks near Kaman mainly
consist of migmatites, hornfels, gneiss, biotite schist, amphibole
schist, quartzite with the amphibolite lenses. These units have
gone under greenschist and amphibolite facies metamorphism
through SE to NW due to literature studies. Kaman
Metamorphics are cut by intrusive rocks such as granite,
granodiorite, quartz monzonite and monzonite. As the result of
the studies, metamorphic rocks around Kaman area are
generally have pelitic protoliths and they have gone under
contact metamorphism by the magmatic rocks which are formed
as the result of collision related intra-plate magmatism. In
intrusion contacts, metamorphic rocks such as migmatite,
sillimanite schist-gneiss, hornfels and marble are formed. At
contact zones, presence of pargasite, almandine and microcline
minerals show the interaction between magmatic and contact
metamorphic units. Thus the metamorphic rocks stated to be the
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basement metamorphic rocks of the Kirsehir area in literature,
obtained mineralogical, petrographical and geochemical data
show that these metamorphic rocks don not constitue the
basement rocks of the area and they are the metamorphics rocks
formed Dby the high temperature due to dynamothermal
metamorphism and pressure due to intrusion. These rocks which
have pelitic protoliths, formed by high temperature-medium
pressure and have different mineralogical composition are
contact metasomatic metamorphic rocks. The difference in
mineralogical composition of the metamorphic sequences
determined by the spectroscopic studies can be a consequent of
different mineralogical composition of the sedimentary
protoliths.

Key Words: Kirsehir, Kaman, Metamorphic rocks, Contact
metamorphism
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BIR ONERI: DUNIT, HARZBURJIT VE LERZOLITLER
ICIN V-Ni/Co AYIRIM DiYAGRAMI

A Suggestion: V-Ni/Co discrimination diagram for dunite,
harzburgite and Iherzolites

Hasan KOLAYLI' ve Ozgiir BILICi?

'Karedeniz Teknik Univ., Miih. Fak., Jeoloji Miih. Béliimii
ghkolayli@ktu.edu.tr)

Atatiirk Universitesi, Oltu Yer Bilimleri Fak. Jeoloji
Miihendisligi Béliimii, Erzurum

OZ: Serpantinitlerin ilksel kayag tiirlerinin belirlenmesinde ve
serpantinlesmis diinit, harzburjit ve lerzolitlerin
siniflandirilmasinda ¢ogu zaman problem yasanmaktadr. Bu tip
peridotitik kayaglarin polarizan mikroskoptaki petrografik
analizleri son derece zor bazen de imkansizdir. Bu nedenle tiim
kaya¢ kimyasal analizlerinden faydalanilarak aymrmm yapilmigtur.
Ayrimda, serpantinlesme sirasinda nispeten hareketsiz olan V,
Ni ve Co elementleri kullanilmistir. Lerzolitlerin kismi ergimesi
srrasinda vanadyum ve kobaltin genellikle kristal fazi, nikelin ise
ergiyik fazi tercih eder. Bu durum olusan harzburjit ve diinit eser
element kimyasima yansimaktadw. Diinit, harzburjit ve
lerzolitlere ait literatiirden derlenen 500 den fazla tiim kayag
analizindeki V, Ni ve Co degerleri grafik iizerine aktarimigtir.
Olusturulan V-N1/Co diyagrammda dunit, harzburjit ve lerzolit
farkhi alanlarda yigisim gostermistir (Sekil.1). Elde edilen bu
sonug serpantinitlerin ilksel kayag tiiriiniin belirlenmesinde ve
peridotitlerin (dinit, harzburjit ve lerzolitlerin)
siniflandirilmasinda eser elementlere dayali bir Oneri olarak
sunulmustur.

Anahtar Kelimeler: Serpantinit, Diinit, Harzburjit, Lerzolit,
siiflandirma, V-Ni/Co diyagram
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ABSRACT: Determination of primary rock types of serpentinites
and classification of serpentinized dunite, harzburgite and
Iherzolite are very hard. Petrographic analysses of this
peridotitic rocks under polarisan microscope are generally hard
or imposible. Therefore, whole rock analysses are used for
determination. Because of immobile elements character during
serpentinization, V, Ni and Co are used in classification. While V
and Co generally concentrated in crystal phases, Ni
concentrated in liquid phases during the partial melting of
Iherzolites. More than 500 dunite, harzburgite and Iherzolite
whole rock chemical analyses are collected from literatures. V,
Ni, and Co values are ploted on V-Ni/Co diagram. Dunite,
harzburgite and Iherzolite are concentrated different parts on
this diagram (Fig.1). This result is a suggestion on determination
of primary rock types of serpentinites and classification of
peridotites on the basis of minor elements.

Key Words: Serpentinite, Dunite, Harzburgite, Lherzolite,
Classification, V-Ni/Co diagram
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BUYUK YAYLA OBSIiDiYENLERI’NIN MINERAL
ICERIKLERI VE MINERAL KiM YALARI
(IKiZDERE-RIiZE)

Mineralogy and Mineral Chemistry of Biiyiik Yayla Obsidians
(Ikizdere/Rize)

M. Burhan SADIKLAR? ve Ayla HANEDAN-NAR?

L KTU, Jeoloji Miih. Bol., 61080 Trabzon (giray@ktu.edu.tr)
2 MTA Genel Miidiirligii, Ankara

0Z: Biiyikk Yayla Obsidiyenleri (BYO) Rize’ye bagh ikizdere
Iice Merkezi’nin DKD’sunda 1860 ildA 2700 m yiikseltileri
arasmda yiizeylenirler. Sahaya, Ikizdere’den itibaren, biri ilge
merkezinin hemen kuzeyinden digeri ise gilineyinden baglayan,
yaklagik 20 - 25 km uzunlugunda ve toprak zeminden olusan, iki
ayr1 dag yoluyla ulasilir. Obsidiyenler, tabandaki en yash birim
olan bazaltlar1 kesen granitoidik kayaglar1 agisal uyumsuzlukla
orten riyolitler (felzitler) lizerinde uyumlu bir 6rtii halindedirler.
Riyolit ve obsidiyenler kendi aralarinda sik¢a ardalanma
gosterirler. En diisik obsidiyen kodu Biiyik Sulata Sirtrnin
eteklerinde yaklagik 1860 m civarinda, en yiiksegi ise 2700 m ile
Sehitlik Tepe’dekidir. Tabakali akma yapilarinin hakim oldugu
obsidiyenlerde tabaka kalnliklar1t mm ilda dm 6lgeginde degisim
gosterir; metreye yaklasan kalinliklara seyrek de olsa rastlanir.
Ciplak gozle algilanabilen obsidiyen renkleri som siyah,
kahvemsi-kizil ve bresli kesimlerde matriksinki morumsu
kizildir; sarimsr-kahve renklere seyrek de olsa rastlanir. Kizil
banth siyah ve siyah banth kizil obsidiyenler de dikkat ¢ekecek
kadar yaygindir. Renkler farkli olsa da kristalli faz igerikleri
acisindan niteliksel farklhiliklar gozlenmez; fark, igerilen mineral
oranindadir. Mineraller olusum zamanlar1 agisindan hem kalinti
hem de otojen iligki gosterirler. Ana mineral fazlar1 feldspat,
kuvars, biyotit, piroksen, spinel (magnetit, ilmenit, ulvospinel) ve
hematitten olusur. Tali ve aksesuar fazlar olarak apatit, zirkon,
kalkopirit, pirit, pirotin ve ¢ok nadir olarak anhidrit de s6z
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konusudur. Feldspat, kuvars, piroksen, biyotit, Fe-Ti-oksitlere
hem kalnt1 hem de yeni olusumlar olarak, zirkona ise hemen
hemen tamamen kalint1 faz olarak rastlanir. Kalinti minerallerin
boyutlar1 yenilerine oranla ¢ok daha biiyiiktir. Mevcut kristalli
fazlardan yapilan mikrokimyasal analiz sonuglarma gore:
Feldspatlardan plajiyoklaslarin biiyik bolimii oligoklas, geri
kalanlar1 ise andezin bilesiminde olup, K-feldspatlar Na-albitten
sanidine kadar degismektedirler. Biyotitlerde bilesim flogopit-
anit u¢ iyeleri arasindadr. Piroksenler daha ¢ok diyopsit ve ojit
bilesimi gosterirler. Opak minerallerin ¢ok biiyilkk bir kesimini
olugturan Fe-Ti-oksitler magnetit, ilmenit ve ulvospinel
ozelliktedir; Ti-igerikli hematitler de mevcuttr. Fe-Ti-oksitlerin
bliyllkk c¢ogunlugu ulvospinel-magnetit ug¢ iiyeleri arasinda
dagiim gosterirler. Ilmenit-hematit ug iiyeleri arasmdakiler ise
ilmenit ucuna, ¢ok azi ise rutil ucuna daha yakindir. Fe-Ti-
oksitler mikroskopik diizeyde hem homojen hem de ayrilimli
olarak gdzlemlenirler. Bu durum, obsidiyen magmasinin ¢ikigina
ve dolayssiyla obsidiyenlerin olusumununa 151k tutar. Bunu
anlamak i¢in Fe- Ti-oksitlerde termik islemler gerceklestirilmis;
sonuclar dogal olanlarla oOrtiismiistir. BYO’lerde heterojen
atmosferik alterasyon gdzlenmektedir; bunun nedeni obsidiyen
icinde mineralli fazlarin bantlar olusturmasidir. Kristalli fazca
zengin olan bantlar fakir olan bantlara gére daha hizli
asmmaktadir. “°Ar/Ar % yontemiyle yapilan yaslandirma
sonuglarma gore BYO’nin yaslar1 1.7 £ 0,28 ila 2,00 = 0,24 my
arasinda degismektedir.

Anahtar Kelimeler: Biiyik Yayla, Obsidiyen, Heterojen
ayrigma, Termik islemler.

ABSRACT: The Biiyiik Yayla Obsidians (BYO) are located at
the ENE of the Ikizdere city centre of the Rize province, between
the lowest altitude of 1860 at Biiyiik Sulata Sirtlari and the
highest location of about 2700 m at the Sehitlik Tepe (Hill). The
study area can be reached by two different mountain roads from
the Ikizdere city center; one of them starts at the north of the
Ikizdere and the other one is at the south. The study areas is far
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from the Ikizdere centre about 20-25 km, depend on the roads
chosen. The basement of the study area consists of basaltic rocks
and cut by Ikizdere granitoides. This granitoides are
unconformably overlain by felsitic rocks (rhyolites). Obsidians
are the latest product of the magmatic activity in the area and
overlie  conformably felsitic  rocks.  Rhyolites-obsidian
alternations are not uncommon. The thickness of the layers
varies on the scale of mm to dm in the flow banded structure
dominated obsidians; layer thickness, approaching meter scale
also rarely encountered. Biiyiik Yayla Obsidians are found as
massive black and brownish red in colour. Livid red colour
matrix observed in the brecciated sections. In some cases,
yellowish to brawn coloured obsidians are also observed. Red
banded black and black banded red colour obsidians are also
remarkably common. Despite different colours, no qualitative
differences were determined in terms of crystalline mineral
phases. The only differences observed were the mineral ratios.
Minerals show both residual and autogenic relationship in terms
of formation time. The main mineral phases consist of feldspar,
quartz, biotite, pyroxene, spinel (magnetite, ilmenite, ulvospinel)
and hematite. Apatite, zircon, chalcopyrite, pyrite and pyrotite
are observed as minor and accessory phases with very rare
anhydrite. Feldspars, quartz, pyroxene, biotite and Fe-Ti oxide
were observed both as a residual and autogenic origin, whereas
zircon grains were residual. The size of residual minerals is
much bigger than the autogenics. According to the mineral
chemistry analyses, performed on crystalline phases: The
majority of the plagioclase are oligoclase in composition, and
remaining percentage is andesine. K-feldspar varies from albite
to sanidine. Biotite composition varies between phlogopite and
annite endmember. Pyroxenes show mostly diopside and augite
in composition. Fe-Ti oxides, consisting of very large part of the
opaque phases, are characterized by magnetite, ilmenite and
ulvospinel. Ti-bearing hematite is also observed. The majority of
the Fe-Ti-oxides have the composition ranging between
ulvospinel and magnetite endmember. Fe-Ti-oxides of which the
composition ranging between ilmenite and hematite endmembers
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are found to be close to the ilmenite endmember, and some of
them to the rutile composition. Both homogene and exsolution
textures were observed in Fe-Ti-oxides in macroscopic scale.
These textures contribute to understanding of magma eruption
and obsidian formation processes. Thermal treatment has been
carried out on the Fe-Ti-oxides and result found to be consistent
with natural formations. Heterogeneous atmospheric alteration
was observed in the BYO'’s, due to the mineral rich banded
layers. The mineral rich bands are eroded faster than the

mineral poor layers. The age of BYO's are calculated between
1.7 + 0,28 ma and 2.00 + 0,24 Ma on the basis of “°Ar/°Ar age
determinations.

Key Words: Biiyiik Yayla, Obsidiane, Heterogeneous alteration,
Termal processes.
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ANKARA MELANJINDAKI DENiZALTI TEPESI VE
OKYANUSAL PLATO VOLKANOSTRATIGRAFISININ
JEOLOJIiSIi, JEOKIM YASI VE JEOKRONOLOJISI

Geology, Geochemistry and Geochronology of the
volcanostratigraphy of Seamount and Oceanic Plateau in the
Ankara Mélange

Ender SARIFAKIOGLU', Mustafa SEVIN' ve Yildinm
DILEK?

"Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri
Dairesi, 06520 Ankara (esarifakioglu@mta.gov.tr)
“Department of Geology & Env. Earth Science, Miami
University, Oxford, OH 45056, USA

0Z: 2007°dan beri, MTA Genel Miidiirliigii (Ankara), Jeoloji
Etiitleri Dairesinin projesi kapsaminda Ankara Mé¢lanji’nda
yaptigimiz ¢aligmalarla denizalti tepesi ve okyanusal platolara ait
tektonik dilimlerin ayrintili jeolojisi ve petrojenezi ilk defa
verilmistir. Eski bir yitim-eklenir prizmay1 yansitan Ankara
M¢élanji’nda serpantinit, ¢amurtasi ve volkanik malzemeden
olusan matriks icerisinde ofiyolite ait kaya bloklar1 bulundugu
gibi denizalti tepesine ve okyanusal platoya ait kaya bloklar1 da
mevcuttur. Ayrica, ¢ok az miktarda yitim zonunda olusmus
metamorfik kaya bloklar1 gozlenir. Denizalt1 tepesine ait
volkanik, piroklastik, neritik kirectasy, moloz akintis1 ve
volkaniklastik kayalar gézlenmistir. Denizalt1 volkanitleri OIB-
karakterli jeokimyasal 0zellikler sunmaktadir. Denizalt1 tepesi
volkanitlerini olusturan manto diyapirlerinin ¢ogunlukla alkalen
nadiren toleyitik karakterli olduklar1 anlasilmistr. Yastik-masif
bazaltik kayalarin tiizerini bir sapka gibi lizerleyen neritik
kirectaslarindan elde edilen paleontolojik verilerden Orta-Ust
Triyas, Ust Triyas, Ust Jura-Alt Kretase tespit edilirken volkanik
kayalara ait bir ornekten yapilan “°ArP°Ar radyometrik yas
analizinden 99.6+1.8Ma bulunmustur. Okyanusal platoya ait
kayalar olarak volkanik, piroklastik, volkanik bres ve
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hyaloklastitler gdzlenmistir. Bazen, okyanusal plato yastik
lavlarin arasinda pembe renkli karbonatlarin bulunmasi, okyanus
tabaninda tam pekigsmemis pelajik kirectaglarinin lizerinde aktigi
isaret etmektedir. Alkalen karakterli okyanusal plato bazaltlar: P-
MORB karakteri sunmaktadir. Okyanusal plato bazaltlarmin
jeokimyasal  Ozelliklerinden  derinlerden gelen  manto
diyapirlerinin OIB-karakterli magmalara nazaran LILE, Nb, Ta
ve LREE bakimimdan bir miktar tiiketilmis oldugu anlagilmstur.
Okyanusal plato bazaltlarmdan *°ArP°Ar radyometrik yas
bulgusu  96.6+1.8Ma’dr.  Izmir-Ankara-Erzincan  Kenet
Zonu'nun merkezi kesiminde bulunan Ankara Mélanj1 ile ilgili
jeokronolojik veriler, Neotetis okyanusunun kuzey kolunun en
azindan Orta-Ust Triyas’ta var oldugunu ve iizerinde birden fazla
denizalt1 volkanizmasmin gerceklestigini gosterir. 180Ma yash
SSZ-ofiyolit dilimlerinden okyanus i¢i yitimin erken Alt Jura’da
basladig1 anlagimistir. Dalan okyanusal litosferin kuzey yonli
yitimi ve hendegin giineye go¢ili, Kirsehir Masifi’'ne dogru daha
gen¢ okyanusal kayalarin goriilmesine neden olmustur. Sakarya
Kitas1 ile Kwrsehir Masifinin arasinda yeralan gerek okyanusal
litosfer tizerinde olusan ve gerekse okyanus-i¢i yitim zonunda
olusan bazik-ultrabazik kaya birimleri, Liitesiyen’e kadar
okyanus-i¢i yitim-eklenir prizma karakterli Ankara Mélanji’nda
biraraya gelmistir.

Anahtar Kelimeler: Ankara M¢lanji, Denizalt1 tepesi,
Okyanusal plato, Ofiyolit, Neotetis’in kuzey kolu.

ABSRACT: We firstly present detail geology and petrogenesis
of the seamount and oceanic plateau thrust sheets in the projects
of the Geological Research Department of MTA General
Directorate since 2007. The Ankara Mélange representing an
ancient subduction-accretion prism consists mainly of the blocks
of ophiolitic rocks, and less seamount and oceanic plateau
within serpentinite, mudstone and volcanic material. Also,a few
blocks of metamorphic rocks formed in subduction channel are
observed within the ophiolitic mélange. The semount units are
composed of the volcanic, pyroclastic, volkaniclastic rocks,
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debris flows and nertic limestones. Seamount volcanics display
OIB-like geochemical features. The mantle diapires of seamounts
have mainly alkaline characteristics and rarely tholeiitic
characteristics. The limestones overlying seamounts give ages of
Middle-Upper Triassic, Late Triassic, Upper Jurassic-Lower
Cretaceous from paleontological data. Also, a volcanic sample
yields 99.6+7.8Ma from “°Ar/°Ar age dating. The oceanic
plateaus include volcanic, pyroclstic rocks, volcanic breccia and
hyloclastites. It is understood from carbonates amongs locally
pillows that the lavas had flowed onto unconsolidated pink
colored pelagic limestones. The alkaline ocanic plateau
volcanics have P-MORB-like characteristics. According to the
geochemical features of the oceanic plateau basalts, the mantle
diapires forming ocanic plateau volcanics contain a little
depleted LILE, Nb, Ta and LREE contents relative to OIB-like
magmas. The volcanic sample from alkaline ocanic plateaus
yields 96.6+1.8Ma. from *°Arf*°Ar age dating. ~ According to
geochronological data from the Ankara Mélang it may be
suggested that the northern branch of Neotethys was present in
Middle-Late Triassivc at least, and there was more than one
submarine volcanisms. The SSZ-type ophiolitic thrust sheetes in
age of 180Ma indicate that the intra-oceanic subduction started
in early Lower Jurassic. The northern trending subducted
oceanic crust and the migrated trench to south caused to observe
younger oceanic rocks toward the Kirsehir Massif. Both the
basic-ultrabasic rocks formed within intra-oceanic subduction
zone and the oceanic rocks formed onto oceanic litosphere
between Sakarya Continent and Kwrsehir Massif accociated with
together in the Ankara Mélange with intra-oceanic subduction-
accretion prism to Lutetian.

Key Words: Ankara Mélange, Seamount, Oceanic plateau,
Ophiolite, The northern branch of Neotethys
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GEDiZ HAVZASINDAKI (KUTAHYA-BATI ANADOLU)
VOLKANIK KAYACLARIN JEOKIM YASAL
OZELLIKLERI

Geochemical properties of the volcanic rocks in Gediz basin
(Kiitahya-Western Anatolia)

Bans SEMiZ', Yahya OZPINAR?, Yalgin ERSOY? ve Cahit
HELVACI?

Y Pamukkale Universitesi. Miih. Fak., Jeoloji Miih. Boliimii,
Denizli (bsemiz@pau.edu.tr)

2) Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih.
Boliimii, 35100, Lmir.

0Z: Bu ¢alisma, Gediz (Kiitahya) bolgesinde yiizeylenen erken-
orta Miyosen yash volkanik kayaclarin jeolojisi, petrografisi ve
petrokimyasma yonelik olarak gerceklestirilmistir. Bu kapsamda,
stratigrafik dikme kesitlere dayali olarak Neojen yash kayaclarla
volkanitlerin iligkileri belirlenmig, yayilimlar1 saptanmus,
mineraloji ve petrografileri ortaya konulmusgtur. Ayrica volkanik
birimlerden elde edilen yeni Ar/Ar radyometrik yaslar ve
jeokimyasal analizler kullanilarak  bdlgedeki  Miyosen
volkanizmasmin petrolojik evrimi yorumlanmistir. Bu bolgedeki
volkanik birimler; (1) erken Miyosen yash riyolit bilesimli
Akdag volkanitleri ve bunlarla iliskili piroklastik kayaclar, (2)
orta Miyosen yash andezitik/trakiandezitik bilesimli Giiziingiilii
volkanitleri ve (3) sosonitik-ultrapotasik bilesimli mafik kayaclar
ile temsil edilir. Akdag volkanitlerine ait riyolitler porfirik,
hyalopilitik, vitrofirik ve yer yer de glomeroporfirik dokulu olup,
fenokristal olarak kuvars, sanidin, plajiyoklas (andezin), biyotit,
ve aksesuar mineral olarak da manyetit, ilmenit, apatit, zirkon
icerirler. Akdag volkanitlerine ait yiliksek potasyumlu
riyolitlerden 18.078 Milyon yillik Ar/Ar radyometrik yas elde
edilmistir. Gilziingili ~ volanitleri  andezit/trakiandezit
bilesimlerindedir. Petrografik incelemeleri sonucunda 6rneklerin
hyalopilitik, vitrofirik ve mikrolitik dokuya sahip olduklar1 ve
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fenokristal olarak plajiyoklas (labrador-bitovnit), klinopiroksen
(ojit) ve ortopiroksen (enstatit), amfibol (pargasit) ve yer yer de
mika (Mg’lu biyotit) icerdikleri belirlenmistir. Cogunlugu
volkanik camdan olusan hamur igerisinde mikrolitler halinde bol
plajiyoklas ve yer yerde ojit ve opak mineraller (manyetit)
gozlenmektedir. Yiiksek potasyumlu Giiziingiilii volkanitleri orta
Miyosen yash olup (14.26 My) Akdag volkanitlerine benzer
izotop bilesimleri sunarlar. Bolgedeki orta Miyosen mafik
volkanizmasinin {riinleri olan sosonitik ve ultrapotasik volkanik
birimlerin ~ mikroskobik  incelemelerinde  mikrolitik  ve
hipokristalin dokulu olduklar1 ve fenokristal olarak klinopiroksen
(diyopsitik ojit), plajiyoklas (labrador), az oranda mika
(flogopit), iddingsitlesmis olivin ve opak mineraller (ilmenit ve
manyetit) icerdikleri tespit edilmistir. Sonug olarak, jeokimyasal
ozellikleri temelinde, bdlgede erken Miyosen’de riyolitik bir
volkanizmanin ileri derecede ayrimlagmis ve kabuksal katki
iceren magmalardan tiiredigi goriilmektedir. Orta Miyosen’de (1)
kalk-alkali, yiksek-K’lu felsik ve (2) alkali bilesimli mafik
volkanizmadan olusan bimodal volkanik aktivite meydana
gelmistir. Bubazaltlarin yiiksek MgO igerikleri, Mg# degerlerine
ve 87Sr/®Sr bilesimlerine gore ileri derecede metasomatizmaya
ugramis mantodan tiiredikleri diisiiniilmektedir. Petrolojik veriler
Gediz bolgesindeki mafik ve felsik volkanizmanmn farkh iki
kokene (kabuk ve manto) sahip oldugunu gostermektedir.

Anahtar Kelimeler: Bimodal, Petrografi, Bazalt, Gediz

ABSTRACT: This study was carried out geological,
petrographical and petrochemical investigation of early-middle
Miocene volcanic rocks outcropping in Gediz (Kiitahya) area. In
this context, relations of the volcanics and Neogene aged rocks
based on stratigraphic cross-sections are determined and
established spreads and exhibited to mineralogy and
petrographical properties. Besides, this study focuses on
petrological evolution of the Miocene volcanism in the region
based on new Ar/Ar radiometric age data and geochemical
analyses of volcanic units. Volcanic units in this area are
characterized by, (1) early Miocene aged Akdag volcanics
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consisted of mainly rhyolite and associated pyroclastic rocks (2)
middle  Miocene  aged  Giiziingiilii  volcanics  with
andesitic/trachyandesitic compositions and (3) mafic rocks with
shoshonitic-ultrapotassic compositions. Rhyolites associated
with Akdag volcanics have porphyric, hyalopolitic, vitrophyric
and partly glomeroporphyric textures. They contain phenocrysts
of quartz, sanidine, plagioclase (andesine), biotite and
magnetite, ilmenite, apatite and zircon as accessory mineral.
Ar/Ar radiometric date as 18.078 Million age from high-K
rhyolite of Akdag volcanics were obtained. Giiziingiilii volcanics
are andesite/trachyandesite compositions. As a result of
petrographical investigations, samples have a hyalopolitic,
vitrophyric and microlitic textures and defined as phenocrystal
of plagioclase (labrador-bitownite), clinopyroxene (augite) and
ortopyroxene (enstatite), amphibole (pargasite) and rarely mica
(mg-biotite). Groundmass consists mostly of volcanic glass and
microlites, which is abundant plagioclase and rarely augite and
opaque minerals (magnetite). High potassic Giiziingiilii volcanic
is middle Miocene (14 Ma) aged and shows similar isotopic
composition with Akdag volcanics. In the mineralogical
investigation of the shoshonitic and ultrapotassic volcanic rocks
associated with middle Miocene mafic volcanism products in the
area, they have a microlitic and hypocrystaline textures and
contain of clinopyroxene (diopsitic augite), plagioclase
(labrador), slight mica (phlogopite), iddingsite and opaque
minerals (ilmenite and magnetite). As a result, on the basis of
geochemical features in the area, in early Miocene, a rhyolitic
volcanism derived from magmas including crustal contribution
and advanced differentiation. In the middle Miocene, bimodal
volcanic activity composed from (1) a calk-alkaline, high-
potassic felsic units and (2) mafic volcanism with alkali
composition. According to high MgO contents, Mg# values and
87Sr/%Sr compositions, these basalts indicate that derived from
advanced metasomatized mantle. Petrological data in the Gediz
area show that mafic and felsic volcanism has different origin
(crust and mantle).

Key Words: Bimodal, Petrography, Basalt, Gediz
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KUZEYBATI ANADOLU I-TiPi GRANITOYID
KUSAGINDAKi ANKLAVLARIN PETROJENETIK
ANLAMI

Petrogenetic implications of enclaves within the I-type
granitoid belt of northwest Turkey

Sibel TATAR ERKUL!, Namk AYSAL?, Fuat ERKUL? ve
Sabah YILMAZ SAHIN*

YAkdeniz  Universitesi ~ Jeoloji ~ Miih. ~ Bél.  Antalya
gs;atar@alfdeniz.edu.tr) '

Istanbul Universitesi Jeoloji Miihendisligi Boliimii, Istanbul

3 Akdeniz Universitesi Teknik Bil. Meslek Yiiksekokulu, Antalya
*Istanbul Universitesi Jeoloji Miihendisligi Boliimii, Istanbul

0Z: Ege Bolgesi Oligosen—Miyosen’de gelisen  yogun
magmatizmaya maruz kalmig ve c¢esitli biyiikliklerde ve
bilesimlerde granitoyidik kiitleler olusmustur. Farkli tektonik
birlikler igerisine yerlesen ve Miyosen’de en genis yayilima sahip
granitoyidik kayaclarin jeokronolojik, yapisal ve petrolojik
ozellikleri ortaya konulmustur. Ancak, granitoyidlerin icerisinde bol
miktarda bulunan mafik mikrograniiler anklavlarm petrolojik ve
petrojenetik 6zellikleri aydinlatilmamistr. Bu ¢alisma ile Miyosen
yaslh granitoyidler igerisindeki anklavlarin petrografik, jeokimyasal
ve Sr-Nd izotopik bilesimleri birbirleri ile karsilastirilmig ve
bolgesel Olcekte benzerlikleri ve farklhiliklar1 ortaya konulmaya
calisilmistr. Ege Bolgesi'nde yiizeyleyen kalk-alkali, metalumino,
I-tipi granitoyidlerin tamaminda bol miktarda ksenolitik ve mafik
bilesimli mikrograniiler dokulu anklavlar bulunmaktadwr. Mafik
mikrograniiler anklavlar, bulundugu tasiyic1 kayaclar ile keskin
sinrrlara  ve soguma kenarlarma sahipti. Mezokratik ve
melanokratik, yuvarlagimsi, elipsoidal, ovoidal, uzamis bigimli,
ince-orta kristalli anklavlar, granodiyoritik, kuvars monzonitik,
monzonitik, monzodiyoritik ve subalkali-kalkalkali, yiiksek K’lu
bilesim sergiler. Tanesel/porfiritik doku gosteren anklavlarda,
normal/ters zonlanmis ve lata bigimli gelismis plajiyoklazlar ve
antirapakivi mantolanmas1 gibi 6zel dokular da yaygmdr. MgO’ya
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gore degisim diyagramlarinda, Fe,O3, TiO,, CaO, MnO, Sr artan
MgO igerigine gore artmakta, SiO, ALO3, Na,O ve K;0O, Rb, Y, Ba
ise azalmaktadwr. Kondrite goére normalize edilmis degisim
diyagramlarinda anklavlar iki farkl tiirde davranis sergiler. Bazilar1
hafif nadir toprak elementlerince zenginlesme goriiliirken,
bazilarinda ise zenginlesme miktar1 az olup, yataya daha yakin bir
gidis sunarlar. Bu kayaglarin ¥ Sr/*®Sr degerleri 0.707165-0.712179,
SNdM*Nd  degerleri ise  0.512184-0.512452 arasindadir  ve
kabuktan biiyiikk Olciide etkilenmistir. Anklavlarin, petrografik,
jeokimyasal, mineral kimyasi ve izotop kimyas1 Ozellikleri
bakimindan ana tasiyict kayaglar ile biiylik benzerlikler sundugu
goriilmektedir. Ancak anklavlar diisik SiO», yliiksek MgO, Mg# ve
yiiksek Fe O3 icerigiile farklilik sergilemektedir. Elde edilen veriler,
dilimin geriye hareketi swrasinda astenosferin 1s1 kaynagi olarak
yiikselmesi sonucu olusan manto kokenli mafik magmanin Bati
Anadolu’daki anklavlarin kaynagmi isaret etmektedir. Ozellikle,
Miyosen’de goézlenen es yash mafik volkanik birimler, ultrapotasik
kayaclar, mafik dayklar ve sin-pliitonik dayklar manto kokenini
desteklemektedir. Ancak, kabuktan tiireyen ve mafik magma ile es
zamanh geligmis felsik magma ile kimyasal, termal ve mekanik
olarak etkilesmistir ve meydana gelen homojenlesme nedeni ile
tasiyiciana kayag ile bilesimsel ve izotopik olarak dengelenmistir.

Anahtar Kelimeler: Mafik mikrograniiler anklav, Ana ve eser
element jeokimyasi, Sr-Nd izotopu, Termal mekanik ve kimyasal
degisim

ABSTRACT: Aegean region was dominated by intense magmatism
during Oligocene to Miocene and granitoid bodies occurred in
variable size and composition. Largely exposed Miocene granitoids
that intruded into various tectonic units were defined by
geochronological, structural and petrologic constraints. However,
abundant mafic microgranular enclaves within those granitoids
have not yet been fully investigated in terms of petrological and
petrogenetic characteristics. In this study, enclaves within the
Miocene granitoid plutons were correlated with each other using
petrographic, geochemical and Sr-Nd isotopic features and
attempted to reveal their similarities and differences on a regional
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scale. Calc-alkaline, metaluminous, I-type granitoids include
abundant xenoliths and mafic microgranular enclaves. Mafic
microgranular enclaves have chilled margins and display sharp
contact with their host rocks. Mesocratic and melanocratic,
circular, ovoidal, elongated and fine- to medium-grained enclaves
have granodiorite, quartz monzonite, monzonite and monzodiorite
compositions and display subalkaline/calc-alkaline and high-K
character. Normal/reverse zoned and lath-shaped plagioclases and
antirapakivi mantling are common textures in
equigranular/pophyritic enclaves. In variation diagrams, MgO
content increases with high Fe,03, TiO,, CaO, MnO and Sr values
while SiO,, Al,O3, Na,O ve K,0, Rb, Y and Ba decrease. Chondrite-
normalized spidergrams of enclaves reveal two contrasting
patterns. One is relatively enriched in rare earth element content
and the other is slightly enriched and displays relatively flat
pattern. ¥Sr/®Sr and **Nd/***Nd contents of enclaves are
0.707165-0.712179 and 0.512184-0.512452, respectively and imply
considerable amount of crustal input. Petrographic, geochemical,
mineral chemical and isotopic compositions of enclaves have close
similarities to those of their host rocks. However, enclaves differ
with their low SiO, and high MgO, Mg # and high Fe,O3 contents.
Available data point out that the source of enclaves in western
Turkey might be associated with mantle-derived mafic magma that
was formed by upwelling asthenosphere as heat source during slab
roll-back. In particular, the presence of co-eval mafic volcanic
units, ultrapotassic rocks, mafic/syn-plutonic dykes support the
mantle origin. On the other hand, crustally derived felsic magma
coeval with mafic magma have been chemically, thermally and
mechanically exchanged with each other and resulting
homogenization led to compositional and isotopic equilibration of
mafic and felsic magmas.

Key Words: Mafic microgranular enclaves, major and trace

element geochemistry, Sr-Nd isotopes, thermal-mechanic and
chemical equilibration
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ISTRANCA MASIFi MAFIK INTRUZIF KAYACLARI
ICINDEKI ORBIKULER GABROLARIN KOKENI, KB
TURKIYE

Nature of Orbicular Gabbro within the Mafic Intrusive Rocks
of Strandja Massif, NW Turkey

Ezgi ULUSOY! ve Yusuf Kagan KADIOGLU?

Y\MTA Genel Miidiirliigii, Jeoloji Etiitleri Dairesi
(egulusoy@gmail.com)
2 Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Bé liimii

OZ: Istranca Masifine ait birimler, genel olarak Paleozoyik yash
metamorfikler, felsik ve mafik intriizif kayalarla kesilmektedir.
Bu intriizif kayalarin dokanaklarinda; hornfels, metakumtagi ve
kalksilikatikfels gibi kontak metasomatik etkiler tasiyan kayalar
gelismistir. Masifin KD boliimlerinde ylizlek veren geng
kiitlelerden biri olan Demirkdy intriizif kiitlesi baslica granit,
granodiyorit, diyorit ve gabro bilesimindeki kayalardan
olusmaktadir. Demirkdy intriizif kiitlesi, taze mostralara sahip
olup genel olarak ince — iri kristallidir. Bunlar; boyutlar1 1 cm ile
30 cm arasinda degisen, koseli — eliptik sekilli; diyorit, kuvars
diyorit bilesiminde mafik mikrograniiler anklavlar (MMA)
icermektedir. Demirkdy kiitlesindeki mafik intriizif kayalar
granodiyorit ile dokanakta diyorit kompozisyonunda olup
merkeze dogru gabroya gecis gostermektedir. El Orneginde
diyoritlerin; eliptikk sekilli, gabroyik mafik mikrograniiler
anklavlar icerdigi gézlenmistir. Gabroyik anklavlar, farkli tane
boylarinda olup tekrarlanan, orbikiiler halkalardan olugmaktadir.
Orbikiiler anklavlar, 1cm ile 15 cm aras1 degisen boyutlardadir.
Yuvarlagimsi, eliptik sekilli orbikiiler anklavlar el 6rneginde ve
mikroskobik olarak magmatik dokulu olup iri ve ince taneli
kristallerin  tekrarlanmasiyla meydana gelmis konsantrik
halkalardan olugmaktadir. Ana bilesimini olivin, piroksen,
amfibol, plajiyoklaz ve opak mineraller olusturmaktadir.
Orbikiillerin ¢ekirdegi subofitik dokulu ve iri taneli kristallerden
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olusmaktadir. Cevreleyen orbikiiler halkalar da subofitik dokulu
olup daha ince taneli kristallerden meydana gelmektedir ancak
¢ekirdege oranla olivin igerigi daha fazladir. Konfokal Raman
Spektroskopisi incelemeleriyle; piroksen grubu minerallerinin
ojit bilesiminden diyopsit bilesimine kadar degistigi ve olivin
minerallerinin ise genel olarak fayalit bilesiminde oldugu
belirlenmigtir. Mafik intriizif kayalar i¢inde gdzlenen orbikiiler
mafik magmatik anklavlarin mineralojik, petrografik ve
jeokimyasal 6zellikleri; tiim intriizif kiitle i¢inde olusan mafik
magmalarin Uiriinii olarak gelistigini ve ilksel magma kiitlesi ile
etkilesimi sonucu orbikiiler sekilli mafik magmatik anklavlar

seklinde olustugu ortaya konulmustur.

Anahtar Kelimeler: Istranca Masifi, Demirkdy Intriizif Kiitlesi
(DIK), Mafik magmatik anklavlar (MMA), Orbikiiler kayalar,
Petroloji

ABSRACT: Strandja Massifs’ units, especially Paleozoic
metamorphic rocks are intruded by felsic and mafic intrusive
rocks. The felsic and mafic intrusive rocks have a contact
metasomatic effects at the border of sedimentary rocks resulting
in the formation hornfels, metasandstone and calcsilicaticfels in
the composition. Demirkoy is one of the youngest intrusive body
which crops out at NE of the massif and mainly composed of
granite, granodiorite, diorite and gabbro in composition. The
intrusive body of the Demirkdy has a fresh out crop and mainly
has fine to coarse crystalline texture and they have angular to
elliptical shaped mafic microgranular enclaves (MME). The
MEE are ranging in size from 1cm up to 30 cm in the
composition of diorite and quartz diorite. The mafic intrusive
rocks of Demirkoy body are in the composition of diorite at the
contact with felsic intrusive and change to gabbro in
composition at inner part of the body. The diorite has elliptical
gabbroic mafic microgranular enclaves in the hand specimen.
The gabbroic enclaves have orbicular recycle shape with
different grain sizes. These orbicular enclaves are changing from
1 cm up to 15 cm in size. They are rounded — elliptical shape,
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consist of repeated concentric circles showing magmatic textures
in hand specimen and under the microscope. They are mainly
composed of olivine, pyroxene, amphibole, plagioclases and
opaque minerals. Orbicular rings occupy repeating coarse grain
minerals and fine grain crystals: Core of orbicular cycle have
subofitic texture and composed of coarse grain crystals.
Surrounded rings have subofitic texture with fine texture and
rich in olive with comparation to the core part. The confocal
Raman spectroscopy reveal that the pyroxene are ranging in
composition from augite to diopside and the olivine are
generally in the composition of fayalite. The mineralogical,
petrographical and geochemical features indicate that the
orbicular mafic magmatic enclaves within the mafic intrusive
rocks are the products of injection of a mafic magmas to the
whole body of the intrusion and cause to acting with parent
magma body resulting the orbicular shaped mafic magmatic
enclaves within the body.

Key Words: Strandja Massif, Demirkdy Intrusive Body (DIB),
Mafic magmatic enclaves (MME), Orbicular rocks, Petrology
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METAOFIYOLITLERDE YAKUT KRISTALLERININ
RAMAN KARAKTERISTIKLERI VE KOKENT:
MALATYA DOGANSEHIR, DOGU ANADOLU, TURKIYE

Nature and Raman Characteristics of Ruby Crystals in
Metaophiolites: Malatya Dogansehir, East Anatolia, Turkey

Tugba VELIOGLU' ve Yusuf Kagan KADIOGLU?

*MTA Genel Miidiirliigii, Ankara (tugba.velioglu@mta.gov r)
2 Ankara Universitesi Miih. Fatk. Jeoloji Miih. Boliimii, Ankara

0Z: Metaofiyolit, sehrin giiney kismmda, D-B ydniinde ortaya
cikan, Malatya Dogansehir’in ana litolojilerinden biridir.
Metaofiyolit, baslica harzburjit, dunit, gabro, eklojit ile
metabazik ve metaultrabazik kayaglardan olusmaktadir.
Metagabro ve piroksenit, taze mostralar sergiler ve calisma
konusunu olustururlar. Bunlar, iri kristalin dokulu olup yesilden
koyu yesil siyaha dogru bir renk aralig1 sergiler ve el 6rneginde
pembemsi renkteki yakutun varligiyla birlikte piroksen, tremolit
ve aktinolitten olusur. 0.2 mm’den 15mm’ye kadar degisen
boyutlardaki  yakut kristallerinin  segregasyonu, baslica
metamorfizmaya  ugramig  gabro  ve  piroksenitlerde
yogunlagsmaktadir. Yakut kristalleri, bolgedeki koyu yesil
metagabrolarin igerisinde pembeden kan kwrmizisma kadar
degisen renklerdedir ve belirgin bir ikizlenme ve klivaja
sahiptirler. Mikroskopta yapilan ¢caligmalar, yakut kristallerinin
yart Ozsekilli oldugunu ve ¢ogunlukla piroksen ve tremolit
mineralleri igerisinde toplandigini ortaya koymaktadir. Bu
kristallerin mikro konkofal raman spektrometre analizleri,
kristallerin ilmenit kapanimlari ile birlikte korundum ve yakuttan
baret olduklarin1 gostermektedir. Jeoloji, petrografi ve raman
karakteristik ozellikleri, yakut ve korundum Kkristallerinin
bolgedeki ofiyolitlerdeki anortitge zengin, spinel igeren gabronun
metamorfizmasi sonrasinda olusmus olabilecegini
gostermektedir. Anortit ile uvarovitin metamorfizma altindaki
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reaksiyonlari, bolgede Al’ca zengin degerli tas olusumlarina
neden olabilmektedir.

Anahtar Kelimeler: Yakut, Korundum, Raman spektrometresi,
Siis tag1, Metaofiyolit

ABSTRACT: Metaophiolite is one of the main lithology of
Malatya Dogangsehir which exposed to the southern branch of
the city at the direction of E-W. The metaophiolite mainly
composed of harzburgite, dunite, gabbro, eclogite and metabasic
and metaultrabasic rocks related to these ophiolite. Metagabbro
and pyroxinite exhibit fresh outcrops and form the subject of the
study. These are greenish to dark greenish black in color and
they have coarse crystalline textures and are composed of
pyroxene, tremolite, actinolite with the presence of pinkish color
of ruby crystals in hand specimen. The segregation of ruby
crystals are mainly concentrated at the metamorphosed gabbro
and pyroxinte in the size of 0.2 mm up to 15mm. The ruby
crystals have a clear twinning and cleavages with pink to blood-
red color within the dark green crystals of metagabbro in the
region. The microscopically studies reveal that the ruby crystals
are subhedral in shape and mostly accumulated within the
pyroxene and tremolite minerals. The micro confocal raman
spectrometry analysis of these crystals show that they are
composed of corundum and ruby with the ilmenite inclusion. The
geology, petrography and raman characteristic features reveal
that the ruby and corundum crystals might be formed after the
metamorphisim of anorthite rich with spinel bearing gabbro of
the ophiolite in the region. The reactions of the anorthite with the
uvrovite under the metamorphisim may cause to form Al rich
gem stone in the region.

Key Words: Ruby, Corundum, Raman spectroscopy, Gem stone,
Metaophiolite
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ISTRANCA ZONU’NDA GEC PREKAMBRIYEN-ERKEN
PALEOZOYIK YASLI KADOMIYEN
METAGRANITLERININ PETROJENEZI, KB
PONTIDLER, TURKIYE

Petrogenesis of Late Precambrian -Early Paleozoic Cadomian
Metagranites in Istranca Zone, NW Pontides, Turkey

Sabah YILMAZ SAHIN', Namik AYSAL' ve Yildirim
GUNGOR*

Ystanbul Universitesi, Jeoloji Miih. Bol. (sabahys@istanbul.edu.tr)

0Z: Gec Prekambriyen-Erken  Paleozoyik  esnasinda
Gondwana’nin kuzey kenar1 boyunca, Kadomiyen orojenezinin
magmatik evriminin ortaya konmasi amaglanan bu c¢aligmada,
Istranca Zonundaki meta-intriizif kaya¢larinda (Catalca ve
Ihsaniye metagranitleri), yeni Zirkon U-Pb yas tayini ve tiim
kaya¢c kimyasal analizleri yapilmistir. Istranca Zonu,
metamorfik temele biiyiik granit kiitlelerinin sokulum yaptig1 ve
Paleozoyik — Mesozoyik bir ortii ile Ortiildiigii birimlerden
olusmaktadir. Istranca zonunun metamorfik kayaclari,
Bulgaristan’dan Istranca Daglarmma Kuzeybat1 Tiirkiye’ye dogru
uzanir ve Catalca bdlgesinde Istanbula ulasir. Catalca ve
Ihsaniye metagranitleri, subalkalin, yiiksek-K’lu kalkalkalin ve
peralimino 6zelliktedirler. 1z element jeokimyasina gore
normalize diyagramlarinda biiyiik iyon yaricapli elementlerden
(LIL), kalciligr yiiksek elementlere (HFS) ve hafif nadir toprak
elementlerden (LREE) agir nadir toprak elementlere (HREE)
artis gozlenmektedir. Negatif Eu anomaly her ki metagranitin
kayaglarinda da gozlernir. Tektonik aymrtman diyagramlarinda
her iki birime ait 6rnekler dalma-batma ile ilgili alanlarda yer
almaktadr. Catalca metagranitinin SHRIMP-II U-Pb zirkon
yaslari 534.5 + 4.7 My-546.0 = 3.9 My iken, Ihsaniye
Metagranitinin -~ LA-ICP-MS  U-Pb  zirkon yas1 ise
5355+ 3.6 My’drr. Elde edilen bu yeni yaslar, jeokimyasal
verilerle karsilastirildiginda Istranca Zonu i¢in yeni bir
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jeodinamik yaklagim sunacaktr ve bu metagranitler ile Tiirkiye
ve Alp-Himalaya orojenik kusagindaki Ust Ediakaran—Alt
Kambriyen yash granitoyidler karsilastirilarak yorumlanacaktur.
Anahtar Kelimeler: Istranca Zonu, Kadomiyen Orojenezi,
Metagranit, U-Pb Zirkon yaslandirma, Petrojenez

ABSTRACT: The existence of Cadomian arc magmatism in
Istranca Zone within the Western part of the Pontides was
determined according to new zircon U-Pb dating and whole-
rock geochemical analysis of the Catalca and Ihsaniye
metagranites. Magmatic evolution of the Late Precambrian—
Early Paleozoic metagranites in Istrandja Zone related to the
Cadomian orogeny along the northern Gondwana margin. The
Istranca zone is composed of metamorphic basement intruded by
large granitic bodies and overlain by a Paleozoic—Mesozoic
meta-sedimentary cover. The metamorphic rocks of the Istranca
zone extend from Bulgaria, Istranca Mountains to NW Turkey
and reach the area near Istanbul (Catalca region). The Catalca
and Ihsaniye metagranites have a subalkaline, high-K calc-
alkaline and peraluminous character. Trace element
geochemistry displays decreasing normalized concentrations
from large-ion lithophile (LIL) elements to high field strength
(HFSE) elements and from light (LREE) to heavy rare earth
elements (HREE). A negative Eu anomaly is both types of
metagranites. On tectonic discrimination diagrams, the samples
from both metagranites plot in the subduction-related fields. The
SHRIMP-I1 U-Pb zircon ages of the Catalca metagranite range
from 534.5 + 4.7 Ma to 546.0 = 3.9 Ma and LA-ICP-MS U-Pb
zircon dating yields 535.5 £ 3.6 Ma age for the Ihsaniye
metagranite. The new ages together with the geochemical
constraints allow a new geodynamic interpretation for the
Istranca zone and we compare these metagranites with other
Upper Ediacaran to Lower Cambrian granitoids of Turkey and
Alpine—Himalayan orogenic belt. We deduce an origin of these
elements from the northern Gondwana-Land margin.

Key Words: Istranca Zone, Cadomian Orogen, Metagranite, U-
Pb Zircon Dating, Petrogenesis
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SEDIM AN JEOKIiM YASI

Sediment Geochemistry
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HAZAR GOLU (ELAZIG) DOGU KESIMINE AiT
SEDIMANLARIN KiL MINERALOJISI VE JEOKIMYASI

Clay mineralogy and geochemistry of sediments from eastern
lake Hazar (ELAZIG)

Dicle BAL AKKOCA', Kiirsad Kadir ERIS",
Muhammed OZER?, Dursun ACAR! ve Umut Bans
ULGEN?

YFirat Miihendislik Fakiiltesi, Jeoloji Miih., (dbal@firat.edu.tr)
z.fstanbul Teknik Universitesi, Maden Fakiiltesi, EMCOL, 3449,
Istanbul-Tiirkiye

0Z: Hazar Golii Elazig’m 25 km giineydogusunda Dogu
Anadolu Fay Zon’u boyunca kuzeydogu yoniinde uzanan kapal
bir gdldiir. Dag aras1 havza karakteri gosteren goliin cevre
kayaclarmni Paleozoyik-Mesozoyik yaslh Piitiirge Metamorfitleri,
Ust Jura-Alt Kretase yasli Guleman O fiyoliti, Kretase-Senoniyen
yash Elazig Magmatitleri, Maastrihtiyen-Alt Eosen yash Hazar
Grubu, Orta Eosen yash Maden Karmasigi, Kuvaterner yash
Palu Formasyonu ve Pliyo-Kuvaterner yash alitvyonlar olusturur.
Bu calismada Hazar Goli'nde (Elazig) 78 m su derinliginden
alman HZI11- P09 piston karotuna ait 6rneklerin tiim kayag
mineralojisi, kil mineralojisi ve tiim kaya¢ jeokimyasi
incelenilmisgtir. Boylece gol ¢evresinde Geg¢ Pliyosen-Holosen
esnasinda cesitli iklim ve ayrisma sartlari altindaki klastik
malzeme girdisi ortaya ¢ikarilmistir. Piston karot ¢okelleri 3.7 m
uzunlukta olup sedimentolojik analizleri ve *C yas tayini karot
sedimanlarmin son 30 ka BP zaman periyodunda iki depolanma
birimini igerdigini gostermektedir. Karot sedimanlarinin siyah,
koyu gri, agik griye degisen kil, siltli-kil ve silt seviyeleri baslica
litolojik karakteri olugmaktadir. Sedimanlarin tane boyunun 76-
78. cm, 130-136. cm, 235-238. cm, 259. cm, 323-327. cm, 338.
cm kesimlerde nisbi olarak yikseldigi goriilmiistiir. Ornekler
srastyla KibMika>Feldispat>Kalsit>Kuvars>Dolomit tiimkayac
minerallerinden olugsmaktadir. Kuvars, feldispat, kalsit ve
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mikanin arttig1r yerlerde dolomit ve kilin genel olarak azaldigi
goriilmiistiir. Orneklerin kil mineralleri sirastyla klorit> illit > S-
C’tir. Dolomitce zengin seviyelerde S-C artisi, illit ve klorit
azalis1 s6z konusudur. 1llit, klorit ise kuvars, feldispat ve mika ile
artmaktadir. Sedimanlarim PAAS’a gore Nb, Cr, Ni Sc
elementlerinin yiiksek olmas1 Hazar G61’ii sedimanlarinin bazik
karakterli olmasmma baghdwr. Nadir toprak elementlerinin
kondrite normalize diyagrami adayayi ve yay gerisi toleyitik
mafik kayaclara uymaktadir. Ayni sekilde, sedimanlarin La/Lu,
La/Sc, Th/Sc, La/Co, Cr/Th oranlar1 da G61sedimanlarinin mafik
karakterli oldugunu gosterir.

Anahtar Kelimeler: Hazar Golii, Kil mineralojisi, Tiim kayag
jeokimyasi, PAAS

ABSTRACT: Lake Hazar is a terminal lake and situated at 25
km SE of Elazig city along the East Anatolian Fault Zone
(EAFZ) with an NE-trending elongated-shape. It displays intra
montane basin characteristics, which is surrounded by
Paleozoic-Mesozoic Piitiirge Metamorphites, Upper Jurassic-
Cretaceous  Guleman  Ophiolites,  Cretaceous  Elazig
Magmatites, Maastrichtian-Lower Eocene Hazar Group, Middle
Eocene Maden Complex, Quaternary Palu Formation and Plio-
Quaternary alluviums. In this study, we performed whole rocks,
clay mineralogy and whole rock geochemistry of a piston core
HZ11-PO9 that was recovered from 78 m water depth in Lake
Hazar. In this way, we have investigated the main source rocks
around the lake, which presumably gave clastic inputs under
various climatic and weathering conditions during the Late
Pleistocene to Holocene. The sedimentological analysis of 3.7 m
long piston core together with *C ages indicate that the core
sediment comprises two depositional units covering the time
period of the last 30 ka BP. The main lithologic characteristics
of the core sediments are clayey, silty-clayey and silty levels
which have blackish, dark gray, light gray in colour. The grain
size is relatively higher at the 76-78. cm, 130-136. cm, 235-238.
cm, 259. cm, 323-327. cm, 338. cm levels of core. The whole
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rock minerals are clay>micaeous>feldspar>calcite>quartz>
dolomite. Dolomite and clays are generally lower where the
quartz, feldspar, calcite and micaeous are higher amounts. The
clay minerals are chlorite>illite>S-C in respectively. lllite and
chlorite are lower, S-C is higher amount where the dolomite is
higher in core. Illite, chlorite increase with quartz, feldspar and
miceaous amounts. Nb, Cr, Ni, Sc elements are higher relative
the PAAS because of mafic character of lake Hazar sediments.
Chondrite normalized diagram of rare earth elements is
compatible with island arc and back arc basin tholeitic mafic
rocks. Ratios of La/Lu, La/Sc, Th/Sc, La/Co, Cr/Th also show
that lake sediments are mafic character.

Key Words: Lake Hazar, Clay mineralogy, Whole rock
geochemistry, PAAS
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DIKILI KANALI-CANDARLI KORFEZI (KD EGE
DENiZi) GUNCEL COKELLERI ve JEOKIMYASI

Recent Sediments and Geochemistry of Dikili Canal-Candarh
Bay ( NE Aegean Sea)

Mustafa ERYILMAZ" ve Fulya YUCESOY ERYILMAZ!

Mersin Universitesi, Miih. Fak. Jeoloji Miihendisligi Bé liimii,
Ciftlikkoy Kampusu, MERSIN (meryilmaz(@ mersin.edu.tr)

0Z: Bu calismanm amaci Dikili Kanali giincel ¢okellerinin
ozelliklerini ve bu ¢okellerin depolanmasina etki eden faktorlerin
belirlenmesidir. Dikili Kanali 38° 56'-39° 22' N and 26° 21' — 26°
56'E koordinatlar arasinda yer alir. Calisma bolgesinden, 5 ile
180 metre arasindaki su derinligine sahip istasyonlardan,
orange-peel tipi graplar ile 184 adet yiizey c¢okel Ornegi
almmustr. Orneklerde standart metotlar uygulanarak tane boyu
smiflamasi1 yapilmistir. Bélgenin 1:100.000 6lgekli cokel dagilim
haritas1 hazirlanmistir. Ayrica bu 6rneklerden bolgeyi karakterize
edecek sekilde 35 tanesi secilerek bunlarda CaCOg, organik
karbon ve agr metal 6lgiimleri (Cu, Zn, Ni, Co, Mn ve Fe)
yapilmis, bolgedeki dagilimmm goriilmesi i¢in haritalanmgtur.
Yiizey ¢okellerinde, g¢aligilan 6rneklerin derinlige bagl olarak,
tane boyu, organik karbon ve karbonat ve metallerin birbirleri ile
iligkisi saptanmustir.

Anahtar kelimeler: Dikili Kanali, Giincel ¢okel, CaCOg,
Organik karbon ve agir metal

ABSTRACT: The main purpose of this study is to determine the
characteristics of recent sediments of Dikili Canal and to
determine the factors effective of deposition of these sediments.
Dikili Canal lies between 38° 56' - 39° 22' N and 26° 21' - 26°
56'E coordinates. 184 surface sediment samples were taken from
the study area. The depth of sampling stations differs between 5
to 180 meters. Orange-peel type grabs were used for surface
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sediment sampling. Grain size analysis of the samples were
carried out with standard methods. 1:100.000 scaled sediment
distribution map is generated. 35 of the samples resembling the
study area were chosen for CaCOs, organic carbon and heavy
metal measurements (Cu, Zn, Ni, Co, Mn and Fe). Relation of
depth with grain size, organic carbon and carbonat, and metal
values are determined. Also relation of metals with each other is
established. Results were mapped to see the distribution in the
region.

Key Words: Dikili Canal, Recent sediment, CaCOs, Organic
carbon ve heavy metal.
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MIYOSEN YASLI DERIN DENiZ SEDIMANLARININ
JEOIgiMYASAL OZELLIKLERININ KAYNAK KAYA
OZELLIKLERIYLE iLISKILENDIRILMESI

Association of the Geochemical Properties of Miocene Deep-
Sea Sediments and Their Source Rock Characteristics

Murat GULY, Kemal GURBUZ?, Mehmet Ali KURT? ve
Ozgiir KALELIOGLU*

YMugla Sitki Kogman Universitesi, Jeoloji Miih. Bol. Kétekli-
Mugla (muratgul@mu.edu.tr).

2 Cukurova Universitesi, Jeoloji Miihendisligi Béliimii, Adana.
3 Mersin Universitesi, Ileri Teknoloji Egitim, Ar ve Uyg. Merk,
4 Mersin Valiligi, Cevre ve Sehircilik 1 Miidiirliigii, Mersin.

0Z: Sedimanter kayaglarm kimyasal bilesimleri, kayaci
olusturan  bilesenlerin  mineralojik  bilesenine  baghdir.
Dolayisiyla sedimanter kayaglarin kimyasal bilesim analizleri
birincil koken kayacin belirlenmesine imkan tanimaktadir.
Koken kaya¢ belirleme calismalarinda, modal analiz (nokta
sayimi), arazi gozlemleri (tane tiirlerinin tespiti vb.), uzaktan
algilama teknikleri ve jeokimyasal analizler kullanilmaktadir. Bu
caliyma kapsammda Miyosen yaslh kirmtili ¢okellerden 11 adet
orta-kaba taneli kumtas1 ve 17 adet kiltas1 6rneginin, XRF
yontemiyle elde edilen ana ve iz element analiz sonuglari
incelenmistir. Incelemeye konu olan derin deniz sedimanlar:
Kahraman Maras ilinin kuzeyinde yer alan 6n iilke havzasinda
¢okelmistir. Oniilke havzasinm olusumuna neden olan plakalarin
smrinda meydana gelen karmasik tektonik olaylar havza
gelisimini, kaynak kaya dagilimimi ve sediman hareket yollarini
kontrol etmektedir. Jeokimyasal analizlerde elde edilen yiiksek
Cr, Sc, Zn, Zr, Hf, Y, Sm, Eu, Gd, Dy, Ho, Er, Yb ve Cu
elementleri yaninda yiksek SiO2, ALOs, Fe;03, MgO, TiOo,
P20s ve MnO icerikleri Ozellikle ofiyolit tiirii kayaglardan
beslenmis birimlerde gelismistir. Bunun yaninda yiksek Sr ve
CaO igerigine sahip birimlerin kiregtaglarindan beslenmeyi
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karakterize ettigi goriilmiistiir. Jeokimya sonuglarmin kumtaglari
lizerinde yapilan modal analiz sonuglari ve konglomeralar
iizerinde yapilan nokta saymmi sonuglari ile uyumlu sonuglar
verdigi gozlenmistir. Elde edilen sonuglarin karbonatlarm
bozunmasi sonucu olusan hidroksil minerallerinin ve mafik-
ultramafik kayaclarin bozunmasi sonucu olusan demiroksit
minerallerinin belirlenmesinde kullanilan uzaktan algilama
(Landsat TM 5/7-5/1-4) goriintii sonuglar1 ile de uyumlu oldugu
gozlenmistir.

Anahtar Kelimeler: Kahraman Maras, On iilke havzasi, Derin
deniz sedimanlari, Miyosen, XRF.

ABSTRACT: The chemical composition of the sedimentary rock
is depending on the mineralogical components of them. Thus, the
chemical component analyses of the sedimentary rock led to
determine the primary source rock. A modal analysis (point
counting), field observations (determining the clast type etc.),
remote sensing and geochemical analysis can be used in the
provenance studies. Major and rare element analysis of the 11
medium-coarse grained sandstone and 17 claystone samples
were performed with using the XRF techniques under the scope
of this study. An investigated deep sea sediments deposited in the
foreland basin located in north of the K. Marag Administrative
Province. The complex tectonic events that were responsible
from the foreland basin formation controlled the source rock
distribution and sediment transportation paths. Beside the high
concentration of the Cr, Sc, Zn, Zr, Hf, Y, Sm, Eu, Gd, Dy, Ho,
Er, Yb and Cu elements, high concentrations of the SiO;, Al,Os,
Fe,0O3, MgO, TiO,, P,Os and MnO contents of the sediments
point out that feeding from the ophiolite and related rocks.
However, the high Sr element and CaO concentrations indicate
that the feeding from the limestone. The results of the
geochemical analysis are concordant with the modal analysis
results from sandstone and point counting results from the
conglomerate. Moreover, the geochemical results are
concordant with the remote sensing (Landsat TM 5/7-5/1-4)
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image results, which is used for determining the hydroxyl
minerals evolved as a result of the alteration of the carbonate
rocks and iron oxide minerals formed as a result of the

weathering of the mafic-ultramafic rocks.

Key Words: Kahraman Maras, Foreland basin, Deep sea
sediment, Miocene, XRF
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GUNCEL KI1YI SEDIMANLARININ (GOKOVA GRABENI
KUZEYD OGUSU) JEOKIMYASAL OZELLIKLERINE
BAGLI KAYNAK KAYA YORUMLAMALARI

Interpretation of the Source Rock of the Recent Beach
Sediments (Northeast of the Gékova Graben) Based on the
Geochemical Properties

Murat GUL! ve Ozlem YILMAZ'

"Mugla Sitki Kocman Universitesi, Jeoloji Miih. Bol., Kétekli-
Mugla (muratgul@mu.edu.tr).

OZ: Bu cahisma, Gokova Grabeni’nin (Mugla, GB Tiirkiye)
kuzeydogu kesimlerinde yer alan kiy1 sedimanlarmmdan alinmis
18 adet gevsek kiy1 sediman 6rnegi ve 4 adet sert yalitasina (biri
giincel) ait 6rnegin XRF analizi sonuglarmna bagh kaynak kaya
aragtirmalarint icermektedir. Gevsek kiy1 sedimanlar1 genellikle
yuvarlak, kotii boylanmal ¢akil, kumlu ¢akil ve daha az oranda
iyi-orta boylanmali kum boyu sedimanlardan olugmaktadir.
Inceleme alanmnm batisinda farkli seviyelerde gelismis yalitaslari
olusumlar1  kotii boylanmali konglomeralardan meydana
gelmektedir. Caligma alani kuzeyinde baglica Jura-Kretase yash
kirectag1t igeren Likya Napi bindirme dilimleri, dilimlerin
iizerinde Miyosen ve sonrasi donemde gelismis konglomera,
kumtagi, kiltagi, marn, linyit ve az miktarda kirectasi
gdzlenmistir. Inceleme alam dogusunda ise daha cok Likya
Naplar1 ofiyolit dilimleri gdzlenmistir. Caligma alaninda ana
bilesen olarak SiO; ve CaO tespit edilmistir. Bu iki bilesen
arasinda ters oranti vardir. SiO, oranmnin yiksek oldugu
bolimlerde Fe,03, AbO3, KO ve TiO, oranlar1 da yiiksek
degerler vermektedir. Inceleme alaninin  batismda  ve
dogusundaki genis k1y1 ¢cokellerinde SiO; yiiksek oranlarda iken,
kayalik orta boliimde CaO oram yiksek degerler vermistir. CaO
daha ¢ok kiregtaglarindan beslenmeyi gosterirken, geri kalan
bolgeler ofiyolit ve yash kirintili ¢okellerden beslenmeyi isaret
etmektedir. Ancak birbirine yakin boliimlerde yapilan
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omeklemelerin  analizleri, genel egilimin diginda beslenim
karakterinin olusabilecegini gostermektedir. Bunun bolgede, Likya
Naplarmin kiregtaglarinin yaninda kiigiik ofiyolit dilimleri ile
Miyosen ve sonras1 donemde gelismis kirmtili ¢okellerini (kiregtast,
ofiyolit ve ¢esitli metamorfik kayac¢ parcalar1 icermekte) kapsayan
karmasik beslenmeden kaynaklandigi tespit edilmistir.

Anahtar Kelimeler: Giincel kiy1 sedimanlari, Kaynak kaya,
Provenans, XRF, Gokova Grabeni.

ABSTRACT: This study comprises the provenance studies based on
the XRF analysis results of the 18 loose beach sediments and 4 hard
beachrocks (one is recent), which were collected from the beaches
located northeas? of the Gokova Graben (Mugla, SW Turkey). The
loose beach sediments generally include rounded, poorly sorted
gravel, sandy gravel and lesser extent well-moderately rounded
sands. The beachrocks are made up of poorly sorted conglomerates
and located in the western side of the study area within different
levels. The Lycian thrust sheet including mainly Jurassic-
Cretaceous limestone and the Miocene to younger conglomerate,
sandstone, claystone, marl, lignite and lesser extent limestone on
top of the thrust sheet are found in northern part of the study area.
The Lycian thrust sheets including ophiolite rocks are observed in
eastern part of the study area. The SiO, and CaO are the main
components of the study area. These two components have an
inverse proportional relation. The Fe,03, Al,O3, K;O and TiO; are
in high ratios, where the SiO; is in high ratios. The SiO; is high in
the vast beach sediments located in west and east end of the study
area, while the CaO is high in the rocky middle part. The CaO
points out the feeding from the limestone, while rest of the regions
fed from the ophiolite and older silisiclastic sediments. However,
the analysis of the close samples may indicate the different feeding
to the contrary of general trend. This is sourced from the complex
feeding system of the study area including the small ophiolite thrust
sheets in addition to the main limestone thrust sheets and Miocene
to younger clastics (including limestone, ophiolite and various
metamorphic rock fragments).

Key Words: Recent beach sediments, Source rock, Provenance,
XRF, Gokova Graben.
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KAVAKKOY(SEYDISEHIR-KONYA) CiVARINDAKI
TRAVERTENLERIN JEOKIM YASI

Geochemistry of Travertines around Kavakkoy (Seydisehir-
Konya)

Seda KARAISAOGLU! ve Hiikkmii ORHAN'

1Selg:uk Universitesi Miih. Fak. Jeoloji Miih. Bol., Konya
(seda@selcuk.edu.tr)

0Z: Konya ilinin 90 km GB’ nda Kavakkdy civarinda KB-GD
uzanimh Seydisehir fay zonu ile iligkili ve yaslar1 517.823 +
917.61, 361.966 + 5034 ve 39.483 +928 arasinda degisen 4
traverten olusumu yer almaktadir. Sutlar seklinde gelisen bu
travertenler metakumtasi, seyl ve fillit ardalanmasindan olusan
Ge¢  Kambriyen-Erken  Ordovisiyen  yash  Seydisehir
formasyonunun iizerine uyumsuz olarak gelmektedir. Kavakkoy
civarmdaki travertenlerde 6 farkh fasiyes tanimlanmigtr. Bunlar;
kristalin kabuk fasiyesi, sal fasiyesi, sivanmis gaz kabarcigi
fasiyesi, pizolit traverten fasiyesi, litoklast traverten fasiyesi ve
cali traverten fasiyesidir. Ayrica inceleme alaninda biri 39C°,
digeri 19 C® olan su c¢ikilarmda giincel travertenler
olugsmaktadir. Bu c¢aligmada giincel traverten olusumlarindan
alman 6rneklerin kimyasal analiz sonuglari ile yash traverten
orneklerinin  kimyasal analiz sonuglar1 karsilagtrilmis ve
yorumlanmustir.  Gerek giincel travertenler gerekse yash
travertenler saf Kkalsitten olusmaktadir. Yash traverten
orneklerinde CaO (%) oran1 44.92-55.86 arasinda degisirken,
soguk su cikislarinda olusan giincel Orneklerde 54.44-54.61,
sicak su c¢ikislarinda olusan gilincel Orneklerde 52.6-54.63
arasinda degismektedir. Benzer sekilde MgO(%) igerigi yash
travertenlerde 9% 0.17-0.98 arasinda degisirken, giincel traverten
orneklerinde % 0.30-0.50 mol arasmda degismektedir.
Travertenlerdeki NTE ile ALO3, Fe;03, SiO, arasinda pozitif
korelasyon gozlenirken, MgO ve CaO arasinda negatif iligki
gozlenmistir. Bu durum incelenen 6rneklerdeki NTE igeriginin
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travertenlerdeki silikat icerikleri ile iliskili oldugunu
gostermektedir. Travertenlerin iz element icerikleri, giincel ve
yash travertenlerde belirgin farkliliklar gosterir. Yash traverten
orneklerinin iz element icerikleri, genelde sicak su traverteni ile
soguk su travertenleri degerlerinin arasindadir. Sr, Ba, As, Zr, Y,
Zn, Rb icerikleri ile % CaO igerikleri kullanilarak yapilan
diyagramlarda yash travertenlere ait fasiyeslerin kendi arasinda
kiimelenmelerinin yant swra veriler iki bdlgede belirgin
gruplanmalar olusturmustur. Bu gruplanmalarm, traverten
olusturan sularm sicakhklarma bagh olarak gelistikleri
diigtiniilmektedir. Ancak bu yorumun genellestirilmesi i¢cin farkli
bolgelerde ve farkli sicakliklardaki traverten olusumlarinin analiz
sonuglarina ihtiya¢ vardir.

Anahtar Kelimeler: Iz elementler, Kavakkdy, Kuvaterner,
Traverten, Tufa

ABSTRACT: At the Kavakkoy region, there are four Quaternary
(between 517.823 + 917.61 and 39.483 £928) travertine mounds
which are roughly aligned along the Seydisehir fault zone
extending NW-SE. They lie disconformably upon the Seydisehir
formation comprising Upper Cambrian-Lower Ordovician
interbedded metasandstone -shale and phyllite. In these
travertines, Six different facies were identified; Crystalline crust
travertine facies, Paper-thin raft travertine facies, Coated bubble
travertine facies, Pisoid travertine facies, Litoclast travertine
facies and Shrub travertine facies. There are also two sites of
recent travertine deposition taking place around the output of an
artificial artesian well (230 meter deep) and a spring, which are
2 km apart from each other. The temperatures of water from the
well and spring are about 39 °C and 19 °C respectfully. In this
study, chemical analyses results of the samples taken from the
recent travertine formations were compared with the old
travertine samples. Both recent anda old travertines are
composed of pure calcite. CaO (%) content of the old travertines
ranges between 44.92 and 55.86, while the CaO content of
recent samples of from the cold and hot water are 54.44-54.61
151



and 52.6-54.63 respectfully. Similarly MgO content of old
travertines changes between %0.17 and 0.98, while recent
travertines between %0.30 and 0.50. The trace element contents
of recent hot and cold water travertine differs significantly. The
trace element contents of the old travertine are generally in the
range of trace element contents of the recent cold and hot water
travertines. There are positive correlation between Al,03,Fe, O3,
SiO, and REE contents, Whereas there are negative correlation
between REE and MgO, CaO content. On the diagrams drawn by
using CaO versus rare earth element content (Sr, Ba, As, Zr, Y,
Zn, Rb), beside the clustering among the differnt facies old
travertines, data were clustered at two separate places. These
groupings are interpreted as being related to the temperatures of
travertine formation water. But this interpretation needs more
data from different setting.

Key Words: Trace elements, Kavakkoy, Quaternary, Travertine,
Tufa
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KANGAL (SIVAS) KALBURCAYIRI LINYIT
HAVZASINDAKI KOMURLERIN iZ ELEMENT
ICERIKLERININ YATAY VE DUSEY YONDE
INCELENMESI

Assessment of the REEs and Trace Elements in the Horizonal
and Vertical Directions in the Kangal (Sivas) Kalburcayir
Basin Coal Seam

Kevser KARAMAZI! ve Leyla KALENDER?

YFwrat Universitesi, Jeoloji Miihendisligi Béliimii, 23119 Elazig
(leylakalender@firat.edu.tr)

0Z: Bu calisma, Kangal-Sivas Kalburgayir1 linyit havzasindaki
komiirlerin yatay ve diisey yonde iz element ve NTE (nadir
toprak elementleri) bakimindan incelenmesini kapsamaktadir.
Caliyma alaninda, yashidan gence dogru Alt Kretase yash
Siimbiil Formasyonu, Ust Karatese yash Pmarbas1 ofiyolitleri,
Neojen Yash Kalburgayir1 Formasyonu, Alt Pliyosen yash Bicir
Formasyonu  ve Pliyo-Kuvaterner ~ yash  aliivyonlar
yluzeylemektedir. Tektonizmanin etkisi, Kalburgayirr’nin
kuzeyinde bulunan yaklagik K-G dogrultulu fayla goriilmektedir.
Ayrica Neojen ¢okellerde, KB-GD uzanimli senklinaller ve bu
formasyonlarm yatay veya yataya yakin egimlerine bagh olarak
kiicikk ondiilasyonlar bulunmaktadir. inceleme alanindan 40 adet
yatay, 10 adet diisey 6rnek alinmustir. Ornekler, ACME-Kanada
Analitik Laboratuvarlarmda ICP-OES (Inductively Coupled
Plasma-Optic Emmission Spectrometry) yontemi ile analiz
edilmistir. Calisma konusunu olusturan komiirlerden alinan
orneklerin, diinya linyit ortalamalarina gore, yiiksek oranda NTE
icerdigi saptanmustir. Ozellikle yatay drnek noktalarinin diisey
omek noktalarma gore 2.77 kat daha fazla NTE icerdigi tespit
edilmistir. Yatay ve diisey 0rnekler HNTE (Hafif Nadir Toprak
Elementleri) (La, Ce, Nd) ve ONTE (Orta Nadir Toprak
Elementleri) (Sm, Gd, Tb, Dy) oranla daha fazla zenginlestigi
gozlenmektedir. Ayrica alman kdmiir 6rneklerindeki iz element
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icerikleri, yatay komiir ornekleri Mo, Zn, Se, Cs, we Cr
bakindan, diisey komiir 6rnekleri ise Mo, Ni, Sr, Cs, Cr ve Al
bakimindan ve daha zengin oldugu, yatay ve diisey komiir
orneklerinin her ikisinde de U’un zenginlestigi gozlenmistir.
Sonug olarak, ¢calisma alaninda yatay komiir ornekleri ile diisey
komiir Orneklerinin iz element bakimmdan zenginlesmis
olmasmin sebebinin, kOmirlerin olgunlagsma derecesine;
metallerin yatay yonde daha fazla zenginlesmesinin ise, anoksitik
kosullar altinda kil mineralleri tarafindan absorbsiyon ya da iyon
degisimine bagh oldugu soylenebilir. Yiksek Ni ve Cr
degerlerinin, Pmarbasi ofiyolitlerinden kaynaklandigi, yikksek U
ve V degerlerinin diisik Eh ile nétr ya da alkali pH kosullarina
baglh olarak hizla ¢okeldigi sdylenebilir. Yiksek Aldegerinin ise
Kalburgayir1 Formasyonuna ait killi kiregtasindan kaynaklandigi
distiniilmektedir. Bu ¢alisma, ayn1 zamanda radyoaktif U ve
Cs’un kanserojen etkiye sahip olmas1 nedeniyle, toprak, hava ve
su yoluyla insan saghgmi ve c¢evreyi olumsuz ydnde
etkileyebilecegine isaret etmektedir.

Anahtar Kelimeler: NTE, iz element, Kémiir, Kalburgayri,
Sivas

ABSTRACT: The purpose of this study is to examine both
horizontally and vertically lignite coal’s trace elements and
Rare-Earth Elements (REE) content within the lignite field in
Kangal (Sivas) Kalbur¢ayiri. In this area,; ranging from older to
younger, Siimbiil Formation (Lower Cretaceous), Pinarbagsi
ophiolites (Upper Cretaceous), Formations of Kalbur¢aywr: and
Bicir (Lower Pliocene) and alluvium (Pliyo-Kuvaterner) are
exposed. The N-S trending fault, located in north of
Kalbur¢ayir:, shows that this area is tectonically active.
Additionally, Neocene formations include NW-SE trending
synclines and small ondulations, which are up to horizontal or
approximately horizontal layers of these formations. 40
horizontal and 10 vertical coal samples were collected then these
samples were analyzed by ICP-OES (inductively Coupled
Plasma-Optic Emission Spectrometry) in ACME-Canada
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analytical laboratories. Compared to world average
concentration, our analyses show significantly higher amounts of
REE. Moreover, horizontal coal samples include 2.77 times as
much REE concentration than vertical coal samples. Low Rare
Earth Elements (LREE) in the coal in the studying area is more
enriched than Moderate Rare Earth Elements (MREE). Based on
trace element content of coal samples in the studying area,
horizontal coal samples are enriched by Mo, Zn, Se, Cs and Cr,
beside vertical coal samples are enriched by Mo, Ni, Sr, Cs, Cr
and Al. Furthermore, it is observed that both horizontal and
vertical coal samples are enriched by U. Consequently, the fact
that the lateral- and vertical- directed lignites samples are rich
in trace elements is due to the maturation degree of the coals;
the fact that the lateral samples are richer in metal contents is
due to the ion exchange with the fine clay layers or absorption
from those under anoxic conditions. High Ni and Cr values
might be originated from the Pmmarbag: Ophiolits located to the
southeast of the study area; high U and V values must be related
to reduction and they must be deposited in neutral and alkaline
pH conditions. High Al content is thought to be originated from
the clayey limestones of the Kalbur¢ayiri Formation. It should be
taken into consideration that Kalburcayiwr: lignites contain high
radioactive U and Cs, these are carcinogen substances and may
have negative effect on the human health and environment via
earth, water and air.

Key Words: REE, Trace Elements, Coal, Kalbur¢ayir
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UST TRiYAS KASIMLAR FORMASYONU BITUMLU
SiYAH SEYLLERIN iZ ELEMENT DAGILIMI ve UST
KITASAL KABUK iZ ELEMENTLERI iLE
KORELASYONU; BATI TOROSLAR, TURKIYE

Trace Element Distribution of Upper Triassic Kasimlar
Formation Black Shale and Correlation with Upper
Continental Crusts Trace Element Values; Western Taurids,
Turkey

Mustafa KUSCU?, H. Rifat 0ZSOY?, Orhan OZCELIK? ve
Mehmet ALTUNSOY?

LSiileyman Demirel Univ. Miih. Fak. Jeoloji Miih. B6l., Isparta
(mustafakuscu@sdu.edu.tr)
2 Akdeniz Universitesi Miih. Fak. Jeoloji Miih. Boliimii, Antalya

0Z: Egirdir-Yenisarbademli ve Siitgiiler (Isparta) ilgeleri
arasinda yer alan inceleme alaninda Karacahisar otoktonu ve
Kasmmlar formasyonu bulunmaktadir. Kasimlar formasyonu
baslica kumtas1 ve seylden olusur. Bunlar icerisinde bol algli
bresik yapili kiregtast mercekleri bulunur. Birimin yasi
Karniyen-Noriyen’dir (Geg¢ Triyas) (Bozcu, 1996). Kasimlar
formasyonu siyah seylerinin toplam organik karbon miktarlarmin
ortalamas1 % 0.59 dur. Siyah seyllerdeki organik malzemeler ise
baslica odunsu malzemelerden olusmakla beraber c¢ok az
miktarda otsu ve amorf malzeme igermektedir. Kasimlar
formasyonuna ait ortalama iz element miktarlar: Gist kita kabugu
iz elementleri (UC) ile karsilastirildiginda, Kasimlar formasyonu
siyah seyllerinin As, Zn, Nb, V ve Cu elementlerinde ¢ok az bir
zenginlesme gorildiigi, bunun yani sira diger elementlerde UC
degerlerine benzerlik bulundugu belirlenmistir. Kasimlar
formasyonu siyah seyllerinin REE miktarlarmin ortalamalar1 UC
degerleri ile karsilastirildiginda tiim REE, LREE ve HREE
degerlerinin UC degerlerine gore zenginlesme gosterdigi
belirlenmistir. Ayrica siyah seyllerin REE igerikleri PAAS ve
UC ye gore normalize edilmis ve ortammn redoks kosullari
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incelenmistir. Kasimlar formasyonu seylerinin depolanma ortami
REE kapsami temelinde oksik ve anoksik kosullarla temsil edilir.
Hafif negatif Ce (Ce/Ce* en diisik 0,94) ve Eu (EWEU* en fazla
3,88) anomalileri ve Ce/Ce* ve EwEu* oranlar1 diisik oksik ve
anoksik ortamlara igaret etmektedir.

Anahtar Kelimeler: Kasmmlar formasyonu, Siyah seyl, Iz
elementler, Nadir toprak elementleri

ABSRACT: Upper Triassic Kasimlar formation and the
Karacahisar autochthonous spread among the town of Egirdir,
Yenisarbademli and Stit¢iiler (Isparta) (Bozcu, 1996). The
Kasimlar formation is mainly formed by sandstone and shales.
These lithological units contain abundantly alg-bearing and
brecciated limestone lens. The age of the formation is Carnian-
Norian (Late Triassic) age (Bozcu, 1996). The average of the
total organic carbon of the black shale of the Kasimlar formation
is an amount of 0.59 %. The organic matter of the black shale is
composed of predominantly woody material with a minor
contribution plant and amorphous material. The comparison of
the trace elements of the Kasimlar formation with the trace
elements of the upper continental crust indicates very little
enrichment of the values of As, Zn, Nb, V and Cu elements of the
Kasimlar formation black shales as well as similar UC values
are determined in the other elements. The comparison of the
REE amounts of black shales of the Kasimlar formation with the
mean values of the UC indicates enrichments in the REE, LREE
and HREE values. Besides, the REE contents of the black shales
were normalized according to PAAS and UC values and redox
conditions of the environment were examined. Our data show
slightly negative Ce anomalies (Ce/Ce*, the lowest as 0.94) and
negative Eu anomalies (Eu/Eu*, the highest as 3.88). The
Ce/Ce* and Eu/Eu* values recorded in the depositional
environment indicate low oxygenated and anaerobic conditions.

Key Words: Kasimlar formation, Black shale, Trace element,
Rare earth element
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HAMAMBOGAZI (BANAZ, USAK)
TRAVERTENLERININ ELEMENT, DURAYLI KARBON-
OKSIJEN iZOTOP JEOKIM YASI VE U-TH
JEOKRONOLOJiSI

Element, Stable Carbon and Oxygen Isotope Geochemistry and
U-Th Geochronology of The Hamambogazi Travertines,
Banaz, Usak

Mehmet OZKUL?, Ali GOKGOZ:, Sandor KELE?, Mehmet
Oruc BAYKARA!, Chuan-Chou SHEN?, Yu-Wei CHANG?,
Ali KAYA!, Mete HANCER?, Cihan ARATMAN?, Taylan
AKIN?, Zeynep CANSU*

'pamukkale Universitesi Miih. Fak. Jeoloji Miih. Boliimii, Denizli
gmozkul@pau.edu.tr)

Hungarian Academy of Sciences, Research Centre for Astronomy
and Earth Sciences, Institute for Geol. and Geochemical Research,
Budadrsi ut45, H-1112 Budapest, Hungary
3High-precision Mass Spectrometry and Environment Change
Laboratory (HISPEC), Department of Geosciences, National
Taiwan University, Taipei 10617 Taiwan
*Istanbul Universitesi Miihendislik Fak. Jeoloji Miih. Béliimii,
34850 Avcilar, Istanbul

0Z: Hamambogazi jeotermal sahasi Usak Ilinin 40 km
kuzeydogusunda, KD-GB gidisli tektonik bir hat {izerinde yer alrr.
Sahada 4 jeotermal sondaj kuyusu ve ¢ok sayida termal kaynak
vardir. Giincel travertenler 2 kuyu ve kaynaklardan bosalan ve
sicakliklar1  42.3-69.3°C  arasinda degisen Na-Ca-HCO;3-SO,
tipindeki termal sulardan ¢okelmektedir. HB-2 kuyusundan bosalan
termal suyun kuyu agzindaki sicakligi 67.8°C ve pH degeri 6.58
olarak Olgiilmistiir. Bu sicaklik ve pH degerleri akis asagidaki en
son noktada swrasiyla 36.3°C ve 8.16 olur. XRD analizlerine gore,
travertenler cogunlukla kalsitten olusur. Ancak kuyu agzma yakin
traverten kabuklar1,% 18 ile % 85 arasinda aragonit i¢erir. Kalsit ve
aragonit diginda %5 kadar kuvars, %2-5 mika, %1-2 klorit ve/veya
kaolinit gibi tali mineraller tayin edilmistir. Travertenlerde 1977
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ppm As, 2053 ppm Si, 6392 ppm Mg, 1750 ppm Fe, 1969 ppm Sr
kaydedilmistir. 25 6rnegin durayli karbon izotoplar1 3.3 ile 9.0 %o
(V-PDB) arasinda, oksijen izotoplari ise -12.4 ile -1.7%o0 (V-PDB)
arasinda degismektedir. Yaslandwrilan 5 adet 6rnegin U-Th yaslari
10.662+57 ka ile 61.535£326 ka arasimdadr. Yiiksek 3"°C
degerlerine gore, Ge¢ Kuvaterner’de, traverten olusumlari
Menderes  Masifi'ne  ait  mermerlerin  termometamorfik
dekarbonasyonu ile aciga ¢ikan derin dolasimli ve izotopik olarak
agr CO; yiiklii termal sular tarafindan ¢okeltilmistir.

Anahtar kelimeler: Geochemistry, Hamambogazi, Thermal water,
Travertine, Usak

ABSTRACT: The Hamambogazi geothermal area situated at the
NE-SW trending tectonic line 40 km northeast of Usak. In the area,
there are 4 geothermal wells and many thermal springs. The
current travertines are precipitated from the thermal waters that
are Na-Ca-HCOS3-SO4 type, with temperatures of 42.3 to 69.3°C,
discharging from the 2 wells and springs. At the well orifice,
temperature and pH values of the thermal waters discharging from
the HB-2 were measured as 67.8°C and 6.58, respectively. At the
final point downstream, these values decrase to 36.3°C and 8.16.
Travertines are composed mostly of calcite based on the XRD
analyses. However, travertine crusts close to the well orifice
include aragonite that ranges from 18 to 85% in ratio. Apart from
calcite and aragonite, quartz (5%), mica (2-5%), clorite (%1-2) and
secondary mineral such as kaolinite have been designated. In the
travertines, As (1977 ppm), Si (2053 ppm), Mg (6392 ppm), Fe
(1750 ppm), Sr (1969 ppm) have been recorded. The stable isotope
values of 25 travertine samples are +3.3 to 9.0 %o (V-PDB) for
carbon (6°C) and -12.4 to -1.7%o (V-PDB) for oxygen (5*°0). The
U-Th ages of 5 samples range between 10.662+57 and 61.535+326
ka. Depending on the high stable carbon isotopes values, travertine
occurrences have been resulted from the thermal waters that are
rich in deep sourced heavy CO, released during
thermometamorphic decarbonation of carbonate bedrocks during
the late Quaternary.

Key Words: Geochemistry, Hamambogazi, Thermal water,
Travertine, Usak
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KIRLILIK INDEKSLERI KULLANILARAK GULEMAN
(ELAZIG) KROM YATAKLARI VE KOCALI
(ADIYAMAN) BAKIR CEVHERLESMELERI

CIVARINDAKI DERE SEDIMENTLERINDEKiI METAL

ICERiGININ DEGERLENDIRILMESI, TURKIiYE

Assessment of Metal Content in Stream Sediments of Guleman
(Elazig) Chromite Deposit and Kogali (Adiyaman) Copper
Mineralization Area, Using Pollution Indices, Turkey

Adile POLAT" ve Leyla KALENDER!

YFwrat Universitesi, Jeoloji Miihendisligi Bolimii, 23119 Elazig
(leylakalender@firat.edu.tr)

0Z: Bu ¢alisma kapsaminda, Tiirkiye’nin giiney ve dogusunda
yer alan ki farkh cevherlesme ve tarim alanlari civarindaki dere
sedimentlerindeki element konsantrasyonu ve kirlilik diizeyleri
belirlenmistir.  Ortalama  konsantrasyonlara  gére  dere
sedimentlerindeki cevherlesme kaynakl toksik agir metallerin
birkmesi ve tasmmasmim, hem litolojik hem de antropojenik
etkiler tarafindan kontrol edildigi ortaya konmustur. Kogali Cu
mineralizasyonu civarindaki dere sedimentlerindeki Mo, Co, Mn,
Th, Pb, Zn, Ag, Ti, Ni, As, Au and Ce’nin, hesaplanan
zenginlesme (EF > 6) ve jeoakiimiilasyon faktor (Igeo)
degerleri, yiiksek konsantrasyonun polimetalik cevherlesme ve
yerel litolojikk temel degerlere baglh oldugunu gostermistir.
Guleman Cr yatagi civarmdaki dere sedimentlerindeki Pb, Cu,
Zn, Ba, Tl, Se, Cs, Rb, Liand Mn kirlilik faktor degerleri (CF>1)
bu elementlerin temel degerlerden yiksek oldugunu ve Maden
Karmasigi’na (Orta Eosen) ait litolojik birimlerden kaynaklanmis
olabilecegini gostermektedir. Kromun zenginlesme faktor degeri,
kromun orta Kirlilik diizeyinde oldugunu gosterdi. Ancak,
kromun, bolgedeki temel degerlere gore orta kirlilik diizeyinde
iken, yerkabugu ortalama ultramafikk kaya¢ degerine gore,
yiksek  zenginlesme  faktor degerine  sahip  oldugu
anlagilmaktadir. Bu c¢alisma, element zenginlesme, jeo-
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akiimiilasyon ve kirlilik faktor degerleri, belirlemede yerel
litolojinin temel deger olarak alinmasi durumunda, tam olarak
anlagilamayacagini gostermektedir. Inceleme konusunu olusturan
ki farklh bolge Kocali ve Guleman yerlesim yerleri igerisinde
bulunmaktadr. Bu nedenle, bu calismada belirlenen kirlilik
indeks degerleri dikkate alinarak bolgede farkl disiplinler arasi
calymalar yapilmasi insan sagligi ve jeokimya arasindaki
iligkilerin degerlendirilmesi gerekmektedir.

Anahtar Kelimeler: Kirlilik faktorii, Zenginlesme faktori,
Jeoakiimiilasyon indeks, Kogali (Adiyaman)- Guleman (Elazig)
dere sedimenti

ABSTRACT: In this study, total concentration of elements in the
stream sediments of mine drainage source of two different
mineralizations and surrounding agricultural fields in the south
and eastern part of the Turkey were determined to evaluate the
level of contamination. The average concentration shows that
mineralizing originated toxic heavy metals in the stream
sediments have a controlling influence on accumulation and
transportation of both lithologically and anthropogenically.
Metal enrichment and geoaccumulation factors values of Mo,
Co, Mn, Th, Pb, Zn, Ag, Ti, Ni, As, Au, Rb and Ce (>6) indicated
that the stream sediments around of the massive sulfide Kogali
Cu mineralization area show metal enrichment due to both local
lithologically and polimetallic mineralizations. However, the
stream sediments in the Guleman Cr deposit area metal
contaminant factor values of Pb, Cu, Zn, Ba, Tl, Se, Cs, Rb, Li
and Mn (>1) indicated that these values are higher than
background values due to Maden Coplex (Middle Eocene), in
addition to enrichment factor of Cr is moderate contamination
due to high Cr concentration in host rock (Guleman Ophiolites -
Upper Cretaceous) but not according to average of ultramafic
rock Cr concentration. This study show that both local host rock
back ground values and average of earth rocks values should be
used for estimate of the elements enrichment via variety
equations such as the enrichment factor, geoaccumulation and
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contamination factor values. There are two settlement places in
the study area which are Kog¢ali and Guleman townships. That is
why these regions should be evaluated of relationships between
human health and geochemistry, further multidisciplinary studies
according to pollution indices values in this study.

Key Words: Contamination factor, enrichment factor,

geoaccumulation index, Kog¢ali (Adivaman) and Guleman
(Elazig) stream sediments.
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SIVAS-ULAS CEVRESINDEKI EOSEN YASLI
VOLKANIK-VOLKANOSEDIMANTER BiRIMLERDE
KORENSITLERIN JEOKIM YASI

Geochemistry of Corrensites in the Volcanic-
Volcanosedimentary Units of Eocene age
from Sivas-Ulas Arround

Sema TETIKER' ve Hiiseyin YALCIN?®

'Batman  Universitesi, Jeoloji Miih. Bolimii, Batman
gsema.tetiker@batman.edu.tr)
Cumbhuriyet Universitesi, Jeoloji Miih. Boliimii, Sivas

0Z: 1inceleme alani; Sivas-Ulas yoresindeki Eosen yash
volkanik-volkanosedimanter kayaglardan olusan iki iiyeye sahip
Kalekdy formasyonunu kapsamaktadir. Bu ¢aligmada optik ve
taramali elektron mikroskopi (SEM), X-1smnlar1 kirmimi (XRD)
ve indiktif eslesmis plazma-kiitle spektrometresi (ICP-MS) ile
elde edilen veriler tartigilmigtir. Bu birimin Karacalar iiyesini
piroklastik (tiiflii kiltas1, kristal kil tiif) ve volkanik (bazalt,
andezit) temsil etmekte ve bu kayac¢larda volkanojenik (feldispat,
piroksen, amfibol), doniistim (illit, klorit, diizenli karisik tabakali
klorit-smektit/C-S/korensit) ve diyajenetik / kimyasal (kalsit,
dolomit, kuvars, analsim) mineraller bulunmaktadir. Yapali tiyesi
epiklastik (seyl, silttasi, kumtasi, karbonathh kumtasi ve silttagi)
ve karbonat (kiregtas1) kayaclarmdan olugsmakta ve volkanojenik
(feldispat), donilisiim (korensit, illit, klorit) ve diyajenetik /
kimyasal (kalsit, dolomit, kuvars) mineraller igermektedir.
Korensit minerallerinde XRD verilerinden itibaren hesaplanan
klorit ve/veya smektit tabakalarmin igerigi % 30-47 (ortalama %
37) arasinda degimektedir. Korensitlerde tetrahedral Si-Al (0.16-
0.92) ve oktahedral Al-Fe-Mg (0.33-0.90) siibstitiisyonlar1
oldukca yaygindir. Yapraklar arasinda bolluk sirasmna gbre Na,
K, Ca ve P katonlar1 yer almaktadr (0.42-0.90). Toplam
oktahedral katyon miktar1 3.10-3.67 (ortalama 3.42) arasinda
bulunmaktadr. Tiim bu degerler korensit yapisinda dioktahedral
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tabakalarm bulundugunu gostermektedir. Korensitlerde bu
bilesimsel araliklarin genis olmasi; klorit ve/veya smektit
tabakalarinin yilizdesi ve oktahedral tabakalarm bilesimi ile
iliskilidir. Buna gore ortalama korensit formiilii asagida
sunulmustur:

(Sk.37Al 63)(N 20.16Ca0.28Ko0.13
P0.03)(Al.s7Fe0 1M1 68 Tho.0sMng.01)O10(OH)s

Korensit minerallerinin  kondrit-normalize degerlerine gore
toplam iz element derisimlerinde yaklagik 1000 kat zenginlesme,
50 kat fakirlesme gozlenmektedir. Ortalama iz element
derisimlerine gore; gecis metallerinden Ni, V ve Zn; granitoyid
elementlerinden W; karisik davranish elementlerden As ve Ge;
kalicihgr diisiik elementlerden Ba, Rb, Ga wve Sr; kalicihigi
yiiksek elementlerden Nb ve Zr pozitif anomali sergilemektedir.
Toplam nadir toprak element (REE) konsantrasyonu tiifli
kiltaslarmdan tiireyen korensitlerde en ¢ok, seylden tiireyenlerde
ise en azdwr. Korensit minerallerinin kondrit-normalize REE
icerikleri negatif anaomaliye sahip Eu elementi haric artis
gostermektedir. Kayagtan kayaca tane boyuna bagh olarak
degismekle birlikte, korensitler hafif REE’den agir REE’e dogru
178-7 kat zenginlesmeye sahiptir. Korensit minerallerinin
olusumunda iri taneli kayaglarda detritik kokenden ziyade
volkanikk cam ve/veya mafik minerallerin donisim
mekanizmasinin; buna karsin ince taneli kayaglarda
neoformasyon mekanizmasmmin daha fazla etkin oldugu
diistiniilmektedir.

Anahtar Kelimeler: Sivas Havzasi, Volkanik, Piroklastik, Kil,
XRD, Jeokimya
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ABSTRACT: The study area covers the Kalekéy formation with
two members of Eocene age which is formed of volcanic-
volcanosedimentary rocks. In this study the findings obtained
from optical and scanning electron microscopies (SEM), X-rays
diffraction (XRD) and inductively coupled plasma-mass
spectrometer (ICP-MS) are discussed. The Karacalar member of
this unit is represented by pyroclastic (tuffaceous siltstone,
crystal ash tuff) and volcanic (basalt, andesite) rocks, and
volcanogenic (feldspar, pyroxene, amphibole), transformation
(illite, chlorite, regular mixed-layered chlorite-smectite/C-
S/corrensite) and diagenetic/chemical (calcite, dolomite, quartz,
analcime) minerals are present in these rocks. The Yapali
member is made up of epiclastic (shale, siltstone, sandstone,
carbonaceous sandstone and siltstone) and carbonate
(limestone) and include volcanogenic (feldspar), transformation
(corrensite, illite, chlorite) and diagenetic/chemical (calcite,
dolomite, quartz) minerals. The contents of chlorite and/or
smectite layers in the corrensite minerals range from 30 to 47 %
(mean 37 %) calculated from XRD data. Tetrahedral Si-Al (0.16-
0.92) and octahedral Al-Fe-Mg (0.33-0.90) substitutions are
quite common in the corrensites. In order of abundance Na, K,
Ca and P cations (0.42-0.90) occupy in the interlayers. Total
amount of octahedral cations exist between 3.10 and 3.67 (mean
3.42). All these values show the presence of dioctahedral layers
in the structure of corrensite. These compositional ranges are
wide in the corrensites that is related to both the percentage of
chlorite and/or smectite layers and the composition of octahedral
layers. Accordingly, the average formula of corrensite is as
follows:
(Siz.37Alp 63)(Nao 16Ca0 28Ko.13
Po.03)(Alo.s7Fe0 1M 68Ti0.05Mng 01)O10(OH)s
According to the chondrite-normalized values of corrensite
minerals, about 1000-fold enrichment and 50-fold depletion are
observed in the concentrations of total trace elements. Ni, V and
Zn of transition metals, W of granitoids elements, As and Ga of
miscellaneous elements, Ba, Rb, S and Sr of low field strength
elements and Nb and Zr of high field strength elements; exhibit
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positive anomalies based on the average concentrations of trace
elements. Chondrite-normalized REE contents of corrensite
minerals increase excluding Eu with negative anomaly.
Corrensites have 178-7-fold enrichment from light REE towards
heavy REE although they vary from rock to rock depending on
grain size. The transformation mechanism of volcanic glass
and/or mafic minerals rather than detrital origin in the coarse-
grained rocks are thought to be more effective, whereas
neoformation mechanism in the fine-grained rocks.

Key Words: Sivas Basin, Volcanic, Pyroclastic, Clay, XRD,
Geochemistry
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BALYA Pb-Zn ASIDIK DRENAJ SAHASINDA
MIKROBIYAL Fe DONGUSU ve JEOKIM YASAL
SONUCLARI

Microbial Fe Cycling and Their Geochemical Consequences in
Acidic Dranaige Associated with Pb-Zn Mine Tailings at
Balikesir, Balya, Turkey

Nurgiil BALCT, Serra GUL', Erol SARI?, Nevin
KARAGULER®, M. Seref SONMEZ"

Listanbul Teknik Univ. Jeoloji Miih. Bél., Istanbul
(ncelik@itu.edu.tr)

2 [stanbul Universitesi Deniz Bilimleri ve f§. Ens., Vefa, Istanbul,
3[stanbul Teknik Univ. Mol. Biyoloji ve Genetik Bol., Istanbul
*Istanbul Teknik Univ. Malzeme ve Metalurji Miih. Bé1., Istanbul

0Z: Yerkabugunda en bol bulunan dordiincii element Fe, bilinen
tiim organizmalar i¢cin gerekli bir elementtir. Giincel birgok farkl
jeokimyasal ortamda mikroorganizmalar Fe dOngiisiine
katimaktadwr. Bu ortamlarin en tipik 6rnegi, yiiksek Eh, diisiik
pH’Ii ve mikrobiyal Fe oksidasyonunun kimyasal eslenigine
oranla daha hizli gerceklestigi asit maden sahalaridir (AMS).
Yiiksek metal igerikli, diisiik pH’ 1 (pH<3) AMS’nin gelismesine
neden olan jeomikrobiyolojik proseslerin basinda Fe dongiisii
gelmektedir. AMS’larmin iyilestirilerek ekolojik sisteme olan
zararinin en aza indirilmesi dncelikle piritin ve Fe’in oksidasyon
mekanizmas1 ve herbir asamasimi direkt ve indirekt kontrol eden
mikrobiyal faaliyetlerin anlasilmasina baghdr. Bu amagla,
Tiirkiye’nin en biiylik ve en eski maden atik alan1 Balya Pb-Zn
sahas1 model olarak secilmistir. Balya Pb-Zn atk sahasinda
mikrobiyolojik, jeokimyasal ve jeomikrobiyolojik caligmalar
yiriitiilerek AMD’1 olusumunu denetleyen mikrobiyal Fe
dongiisii multidisipliner bir yaklagimla bu ¢alisma kapsaminda
ilk defa arastirimistir. Balya atik sahasmm mikrobiyal
toplulugunu belirlemek i¢in steril teknikler kullanilarak, atik
sahas1 icerisinde farkli biylklikteki asidik maden drenaji
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goletlerinden (AS1-AS3) toplam 3 adet, atklarin Maden
deresine ulastigt 4 farkli noktadan toplam 4 adet sediman
ormeklemesi gerceklestirilmistir. Sediman 6rneklerinin yani sira
asidik golet ile dere tiizerinde su Ornekleme c¢aligmalari1 da
yurlitilmistir. Cabgsma alanindaki atiklarin  jeokimyasal
karakterizasyonu i¢in, sahada ki atikklardan toplam 5 adet
ornekleme yapimistir. Analiz edilen tiim sediman 6rneklerinde
y-Proteobacteria ve B-Proteobacteria grubu agrlikh, daha az
oranda ise Firmicutes ve o-Proteobacteria grubuna ait
mikroorganizmalar tespit edilmistir. Atklarm igerisinde ve
yakinlarinda gelisen gdletlerden toplanan ASS1, ASS2 ve ASS3
sediman orneklerinde, siilfiir ve Fe oksidasyonunda etkili tiirler
tespit edilmistir. S6z konusu Orneklerde, S ve Fe
oksidasyonunda etkili Acidithiobacillus spp. cinsine ait 12 farkh
tiir saptanmigtr. Bunlar arasinda en 6nemlileri, AMD o lusumuna
neden oldugu bilinen ve bu tiir sahalarda yaygin olarak bulunan
Acidithiobacillus ferrooxidans tiiriine sirasiyla % 95, 96, 93
oraninda benzerlik gosteren Acidithiobacillus ferrooxidans strain
S1, Acidithiobacillus  ferrooxidans  strain  SY3  ve
Acidithiobacillus ferrooxidans strain N16 tiirleridir. 25 klon
iizerinde yapilan ¢aligma sonucunda asidik sediman 6rneklerinde
Fe oksidasyonunda ve indirgenmesinde etkili tiirler tespit
edilmistir. Fe(I) oksitleyici olarak Acidithiobacillus spp. cinsine
bagh A. ferrooxidans tiirii ile Leptothrix spp. cinsine bagh
Leptothrix sp. ve Leptothrix sp.S1.1 tiirleri ve Acidovorax sp.
G8B1, Ferrovum myxofaciens tespit edilmistir. Fe(IIl)’iin
indirgenmesinden sorumlu {i¢ farkli cinse bagl toplam 3 farkli
bakteri tiirli tespit edilmistir. Bunlar Ferribacterium limneticum,
Rhodoferax ferrireducens T118 ve Geobacter sp. tirleridir. Atik
sahasinda ve cevresinde tespit edilen Fe(Il) oksidasyonu ile
Fe(lll) indirgenmesinden sorumlu biir tirler sahada aktif ve
dinamik bir Fe dongisiiniin varligmni gostermektedir. Ayrica,
sahada tespit edilen As,Cu ve Pb igeren Fe’li ikincil mineraller,
metallerin tagmminda ve depolanmasmda mikrobiyal Fe
dongiisiiniin 6nemli oldugunu gostermektedir.
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Anahtar Kelimeler: Jeomikrobiyoloji, Balya Pb-Zn, Maden
at1g1, Mikroorganizma, A. ferrooxidans

ABSTRACT: Iron, fourth most abundant element in the crust, is
essential to nearly all known organims. Microbial organims are
involved in iron cycling in various environments past and
present. One classical example is acid mine drainage in which
biological Fe oxidation at high Eh and low pH is several orders
of magnitute faster than chemical reactions. Fe cycling is the
major geomicrobiological processes causing development of
Acid mine drainage sites (AMD) with low pH and high metal
concentrations. Remediation of AMD sites for preventing
ecological risks involve understanding of molecular oxidaiton
mechanims of pyrite and Fe the steps that are directly or
indirectly mediated by microrganims. In order to investigate
microbial Fe cycling Balya Pb-Zn mine sites, the largest and
oldest tailing site in Turkey, is chosen as a model site. For the
first time microbiological, geochemical and geomicrobio logical
approaches were used to examine microbial Fe cycling in the
field site. For determination of microbiological communities 3
sediman samples (ASS1, ASS2 ve ASS3) from acidic water ponds
around the talings and 4 sediman samples from Maden Creek
were asepitacly collected. In addition to sediman sampling water
samples were also collected for microbiological analysis.
Tailings were also sampled (n=5) for geochemical
characterization. As the clones of 25, y-Proteobacteria and p-
Proteobacteria are dominant group,  Firmicutes ve O-
Proteobacteria are less common. Twenty five percent of the
sequences obtained are related to sequences from uncultured,
newly described organisms or recently associated with acid mine
drainage. As expected owing to the water chemistry, the
sequences recovered are mainly related to bacteria involved in
the geochemical Fe and S cycles. 12 different species belong to
Acidithiobacillus spp genus were determined in the ASS1, ASS2
ve ASS3 sediman samples. The most important species
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determined in the sediman samples showed % 95, 96, 93
similarity to Acidithiobacillus ferrooxidans are Acidithiobacillus
ferrooxidans strain S1, Acidithiobacillus ferrooxidans strain SY3
and Acidithiobacillus ferrooxidans strain N16, respectively. As
the clones of 25, the species governing Fe oxidation and
reduction were determined. As Fe oxidizer, A. ferrooxidans
species from Acidithiobacillus spp genus, Leptothrix sp. and
Leptothrix sp.S1.1 species from Leptothrix spp. genus,
Acidovorax sp. G8B1, Ferrovum myxofaciens species were
determined in the acidic sedimans. Three different Fe(lll)
reducing bacteria species from three different genus were
determined. These are Ferribacterium limneticum, Rhodoferax
ferrireducens T118 and Geobacter sp. Fe (llI) oxidizer and
Fe(l1l) reducing bacteria determined in the tailings site indicate
active and dinamic Fe cycles mediated by microorganims. Also,
secondary Fe minerals with As, Cu, and Pb obtained from the
site suggest that microbial Fe cycling regulate mobility and
deposition of metals in the tailings area.

Key Words: Geomicrobiology, Balya Pb-Zn, Mine Tailings,
Microorganims, A.ferrooxidans
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MEZITLI DERESIi BOYUNCA BiYOJEOKIMYASAL
ANOMALILERIN INCELENMESIi, MERSIN

An Investigation of Biogeochemical Anomalies along the
Mezitli Stream, Mersin

Ali BOZDOGAN", Derya OZ', Zeynep OZDEMIR', Erkan
DEMIR? ve Ziibeyde HATIPOGLU BAGCI*

Wersin Universitesi Miih. Fak. Jeoloji Miih. Boliimii, Mersin
(zozdemir@mersin.edu.tr)
2Jeoloji Miihendisleri Odasi Il T emsilciligi, Yenisehir, Mersin

0OZ: Son yillarda biyojeokimyasal yontemler maden
aramalarinda yaygmn olarak kullanimaktadir. Bu c¢alismada,
Mezitli Deresi (Mersin) boyunca dogal olarak yetisen Platanus
orientalis (dogu ¢inar1) ve Phragmites australis (kamis) bitki
tirlerinde biyojeokimyasal anomalilerin saptanmasl
amaglanmistir. Mezitli (Mersin) Bolgesinde 8 istasyondan aliman
P. australis ve P. orientalis bitkilerinin yaprak ve dal 6rnekleri
ile bu istasyonlardan alinan toprak ve dere suyu orneklerinde Ki
Li, B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo,
Cd, Sn, Cs, Ba ve Pb i¢cin element diizeyleri endiiktif eslesmis
plazma-kiitle spektrometrisi (ICP-MS) ile saptanmistir. Bu analiz
sonuglarmin istatistiksel olarak incelenmesi sonucu; P. orientalis
bitki tiiriiniin dalinmn B (n= 10, r = 0,759572, %99 giivenirlikle
P<0,01), Cr (n =12, r =-0,67327, %95 giivenirlikle, P<0,05), Sr
(n=9, r=0,721946, %95 giivenirlikle, P<0,05) ve Pb (n=11, r
=0,634112, %95 giivenirlikle, P<0,05) elementleri i¢in belirtgen
bitki olarak biyojeokimyasal prospeksiyonda kullanilabilecegi
saptanmistir. Ayn1 zamanda P. australis bitki tiiriiniin dalinin ise
Cu (n =11, r =-0,66494, %95 giivenirlikle, P<0,05), Cr (n= 11,
r = 0,6381, %95 giivenirlikle, P<0,05) ve Li (n = 10, r =
0,768505, %99 giivenirlikle, P<0,01) elementleri i¢in belirtgen
bitki olarak biyojeokimyasal prospeksiyonda kullanilabilecegi
saptanmistir. Ayrica Cr, B, Sr, Pb, Cu ve Li i¢in belirtgen bitki
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olarak saptanan P. orientalis ve P. australis bitki tiirleri ile
toprak arasindaki inter- element iliskileri de incelenmistir.

Anahtar Kelimeler: Biyojeokimyasal anomali, Belirtgen bitki,
B, Cr, Pb, Cu, Sr, Li, Mezitli-Mersin

ABSRACT: Biogeochemical methods have been widely used for
prospects in the recent years. This study aims to determine
biogeochemical anomalities in Platanus orientalis and
Phragmites australis plant species growing the Mezitli Stream Li,
B, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Cd,
Sn, Cs, Ba and Pb element content of leaves and twigs of P.
orientalis and P.australis plant species, soil and stream water
samples from 8 stations in Mezitli (Mersin) Area were
determined with inductively coupled plasma - mass spectrometry
(ICP-MS). The result of the statistical analyses show that P.
orientalis plant species(on twigs) can be used as an indicator
plant for B(n = 10, r = 0,759572, %99 reliability, P<0,01), Cr (n
=12, r = -0,67327, %95 99 reliability, P<0,05), Sr(n=9,r =
0,721946, %95 99 reliability, P<0,05) and Pb (n = 11, r =
0,634112, %95 99 reliability, P<0,05) for biogeochemical
prospecting. At the same time; P. australis plant species (on
twigs) can be also used as an indicator plant for Cu (n =11, r =
-0,66494, %95 reliability, P<0,05), Cr (n = 11, r = 0,6381, %95
reliability, P<0,05) and Li (n = 10, r = 0,768505, %99
reliability, P<0,01) for biogeochemical prospecting. Also the
inter-element relationship between the P.orientalis and P.
australis plant species which were determined as indicator plants
and soil were investigated for Ca, Ba, Sr, Pb, Cu, Li elements.

Key Words: Biogeochemical anomaly, Indicator plant, B, Cr,
Pb, Cu, Sr, Li, Mezitli- Mersin
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AKDAGMADENI Pb-Zn YATAGI CEVRESINDE
YETiSEN ASTRAGALUS PYCNOCEPHALUS FiSCHER
AND VERBASCUM EUPHRATICUM L. BiTKi VE
TOPRAKTA Fe, Nive Co’in DAGILIMI

Distribution Of Fe, Ni and Co In The Soil And Plants
Astragalus Pycnocephalus Fischer And Verbascum
Euphraticum L. Around Akdagmadeni Pb-Zn Deposit

Giillii KIRAT! ve Nasuh AYD IN?

' Bozok Universitesi, Miih-Mim. Fak., Jeoloji Miih. Bé liimii,
Yozgat (gullu.kirat@bozok.edu.tr)
2Balikesir Universitesi, Miih-Mim. Fak., Jeoloji Miih. B6 liimii

0OZ: Bu ¢alismada, Akdagmadeni Pb-Zn isletmesi ve ¢evresinde
yetisen Astragalus pycnocephalus Fischer (lokal ismi: keven) ve
Verbascum euphraticum L. (lokal ismi: sigir kuyrugu)
bitkilerinde ve bu bitkilerin {izerinde yetistikleri topraklarda
bulunan Co, Fe ve Ni'in igerigi belirlenmistir. Elementlerin
analiz degerleri Inductively Coupled Plasma-Mass Spectrometry
(ICP-MYS) ile yapilmistir. Toprak 6rneklerinde Co, Fe ve Ni'in
maksimum degerleri (sirasiyla) 623 mg kg-1, 34500 mg kg-1ve
103 mg kg-1 (A. pycnocephalus); 44 mg kg-1, 53900 mg kg-1,
116 mg kg-1 (V. euphraticum)’dir. Calisma alanindan alinan
bitkilerin Fe icerigi A. pycnocephalus bitkisinin dalinda (33710
mg kg-1) ve V. euphraticum bitkisinin kokiindeki (32970 mg kg-
1) oldukga yiksektir. Topraktaki ve bitkilerin Co, Fe ve Ni
icerigi arasinda istatistiksel acidan dogrusal bir iligki
oldugundan, A. pycnocephalus bitkisinin kok ve dali Co, Ni i¢in;
V. euphraticum bitkisinin kok ve dali Ni i¢in belirtgen
(indikator) bitkiler olabilecegi sonucuna varilmistir. Ayrica, bu
bitkiler ¢evre kirliliginde biomonitér olarak da kullanilabilir.
Alman orneklerin element icerigine, zenginlesme faktoriine ve
gecis degerlerine gore, A. pycnocephalus bitkisinin kok ve dal
Fe i¢in hiperakiimiilatordiir.
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Anahtar Kelimeler: Bitki, Indicator, Zenginlesme faktorii,
Gegis degeri, Hiperakiimiilator

ABSTRACT: In this study, Co, Fe and Ni content of plants
Astragalus pycnocephalus Fischer (local name: keven) and
Verbascum euphraticum L. (local name: sigw kuyrugu) and soil
on which these plants grown. Analyses of these elements were
done by Coupled Plasma-Mass Spectrometry (ICP-MS).
Maximum values of Co, Fe and Ni in soil samples are 623 mg
kg-1, 34500 mg kg-1 and 103 mg kg-1 respectively (for A.
pycnocephalus); 44 mg kg-1, 53900 mg kg-1, 116 mg kg-1 (for V.
euphraticum). Fe contents of plant samples collected from study
area are quite high in shoot of A. pycnocephalus (33710 mg kg-
1) and root of V. euphraticum (32970 mg kg-1). As a result of
statistically linear relationship between Co, Fe and Ni content of
plants and soil, root and shoot of A. pycnocephalus are
determined as indicator plant for Co, Ni; root and shoot of V.
euphraticum indicator plant for Ni. Moreover, these plants can
be used as biomonitor in cases of environmental pollution.
According to element content, enrichment factor and
translocation factor of obtained samples, root and shoot of A.
pycnocephalus are hyperaccumulator for Fe.

Key Words: Plant, Indicatér, Enrvichement factor, Translation
value, Hyperaccumulator
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HETEROJEN JEOLOJIK SISTEMLERDE HAPSOLAN
KLORLU BIiLESIKLERIN (TCE) YERINDE ISLAHI.
YUZEY AKTIiF MADDE (SDS) iLE YIKAMA
PERFORMANSI

In-situ Remediation of Chlorinated-solvents (TCE) Trapped in
Heterogeneous Geological Systems. Performance of Surfactant
Flushing (SDS)

Nihat Hakan AKYOL!, Ann RUSSO LEE? & Mark L.
BRUSSEAU?

YKocaeli Universitesi, Jeoloji Miih. Bélimii, 41380 Kocaeli
ghakan.akyol@kou.edu.tr)

University of Arizona, Soil, Water and Environmental Science,
85721, Tucson, AZ, USA

0Z: Klorlu solventler genellikle yeraltinda saf faz (DNAPL)
olarak bulunup uzun vadede yeralt1 suyu kirliligine neden
olurlar. Etkili bir islah performansi i¢in, kaynak zonlarmdaki saf
faz kiitlelerin tamamiyla uzaklastirilmasi ya da kontrol edilmesi
gerekmektedir. Trikloroetilen 6nemli saf faz (DNAPL) kirletici
gruplarindan olup yer alt1 sularinda sik¢a karsilagimaktadir.
Calisma kapsaminda, heterojen jeolojik sistemlerde hapsolmus
olan saf faz trikloroetilenin (TCE) ylizey aktif madde (SDS) ile
yerinde 1slah performansinmm basarisi incelenmistir. Iki farkh
fiziksel ortam heterojenligini yansitmasi amaciyla farkli tane
boyundaki kuvars kumlar1 kullanilmistir. Bu kapsamda bir seri 2
boyutlu reaktér deneyleri yiiriitiilerek hedeflenen sonuglara
ulagilmas1 planlanmistir. Calisma sonucunda matriks ve diigiik
gegirgenlikteki havuzcuklarda bulunan saf faz TCE kiitlesi
SDS’in etkisiyle ¢Oziiniirliigiiniin artmasi neticesinde tamamiyla
giderilmistir. Teknolojinin basaris1 6zellikle diisiik gecirgenlikli
zonlarm varhgindan olumsuz bir sekilde etkilenmektedir. Sonug
olarak, arazi calismalarinda teknolojinin basaris1 sahaya 6zgii
olup, bu durum kirlenmis sahalarda etkili DNAPL 1slah
teknolojilerini karakterize etmede oldukca dnemlidir.
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Anahtar Kelimeler: DNAPL, Klorlu solvent, Trikloroetilen,
Yiizey aktif madde

ABSTRACT: Chlorinated solvents exist as dense non-agqueous
phase liquids (DNAPL) in the subsurface and generally lead to
long term groundwater contamination. For effective remediation
performance, DNAPL mass in the source zone must be controlled
or eliminated. Trichloroethylene is one of the most important
DNAPL phase and widespread groundwater contaminant. In this
study, in situ surfactant-enhanced (SDS) remediation of residual
TCE resided in heterogeneous geological setting was examined.
Silica sand media with different median particle diameters were
used to represent 2 different physical heterogeneities. Flow-cell
experiments were conducted for the objectives. Results showed
that residual TCE sources resided in matrix and low-K pool were
completely removed due to the solubilization effect of SDS. The
performance of remediation technology was limited by the
presence of poorly-accessible zone in the physical media. As a
result, the performance of technology depends on the site
characteristics which are critical to characterize effective
DNAPL remediation strategies for contaminated sites.

Key  Words: DNAPL, Chlorinated-solvent  solvent,
Trichloroethylene, Surfactant
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CAL-DENIZLi PALEOSOLLERININ JEOKIM YASAL
OZELLIKLERI: PALEOKLIMATOLOJIK
YAKLASIMLAR

Geochemical Characteristic of Cal-Denizli Paleosols:
Paleoclimatological Approaches

Sonay BOYRAZ-ASLAN

Aksaray Universitesi, Miih. Fak., Jeoloji Miih. B61.68100,
Aksaray (sonayboyraz@hotmail.com)

OZ: Toprak jeokimyasi1 karasal iklimler hakkinda 6nemli bilgiler
saglarlar. Fosil topraklar olarak da bilinen paleosoller de ayrigsma
tiriinleri olup karasal ortamlarin 6nemli iklim belirteglerinden
biridir. Bu nedenle paleosoller, paleoklimatoloji ¢aligmalarinda
yaygmn olarak kullanilirlar. Ana kayanm ylizeyinde meydana
gelen ayrigma siirecleri ¢esitli toprak olusumlarmma neden olur.
Bu topraklarin kalinliklar1 ve 6zellikleri, ana kayanin litolojisine,
klime, ylizeyin duraylilifima baghdir. Topraklarin pedojenik
ozellikleri, profildeki mineralojik ve kimyasal degisiklikleri
gosterir.  Boylelikle, paleosol profillerindeki jeokimyasal
caliymalar, minerallerin ayrigmasini, yikanma, yer degistirme
islemlerini ve karbonatlasma gibi pedojenez olaylarini yansitir.
Bu ¢alismanin konusu Denizli-Cal yoresindeki Pliyosen yash
paleosollerin  jeokimyasal  Ozelliklerinin  incelenmesidir.
Molekiiler  oranlar  paleosol  seviyelerindeki  kimyasal
degisimlerin direk belirlenmesinde kullanilir. Ornegin; AlLO3
ayrisma boyunca ana kayaya kiyasla genelde paleosol
seviyelerinde artar. Ciinkii A,O3 degerinin ¢ogu kil mineralleri
ile iligkili oldugundan dolay1 paleosollerin B horizonunda
olduk¢a boldur. SiO; ana kayadan paleosol seviyelerine dogru
dereceli bir artis gosterir. Aynm1 zamanda Al,Oz gibi SiO, kil
mineralleriyle iligkilidir. Bu nedenle SiO2/ALO3 orani killesme
derecesini gosterir. Benzer sekilde profillerdeki molekiiler
bilesiklerin artig1 ve azalis1 paleosollerin mineralojisi ve ayrigma
dereceleri hakkinda bilgiler verir. Diger molekiiler oranlardan
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Si0O,/Fe;03 ayrismayi, Ba/Sr orani yikanmayi, MgO/CaO orani
dolomitlesmeyi, AbLO3/K;O orani serizitlesmeyi gosterir.
Paleosollerin jeokimyasal 6zellikleri ayrigma derecesinin orta-
yikksek diizeyde oldugunu gostermistir. Paleosol seviyelerindeki
iz element zenginlesmeleri ise, paleosollerin bulundugu ortama
cevre alanlardan tagman ayrigsmamig mafik ve agir minerallerle
iligkili olabilir. Profillerdeki iz elementlerin dagilimlar1 ve
davranglar1  genelde  birbirleriyle  uyumludurlar.  Biitiin
jeokimyasal ve paleopedolojik 6zelliklere dayanarak, Cal yoresi
paleosollerin yar1 kurak-kurak iklim kosullar1 altinda olustuklar1
tahmin edilmektedir.

Anahtar Kelimeler: Fosil toprak (paleosol), Molekiiler ayrigsma,
Paleoiklim

ABSTRACT: Soil geochemistry can provide important archives
of information about terrestrial climates. Paleosols also known
as fossil soils are product of weathering and one of the
significant climates indicators of terrrestrial environments.
Because of this, paleosols have been commonly used to the
paleoclimatological studies. The weathering processes occuring
on the surface of the parent rock cause to the different soil
formations. The thickness and characteristics of these soils
depend on lithology of parent rock, climate and the stability of
surface. The pedogenic features of soils indicate the
mineralogical and chemical changes within the profile.
Therefore, the geochemical studies in the paleosol profiles
reflect the pedogenesis such as weathering of minerals,
processes of leaching, translocation and carbonization. The
subject of this study is to examine of geochemical characteristics
of Pliocene paleosol in Denizli-Cal area. The molecular ratios
are used to direct determination of chemical variation within the
paleosol levels. For instance, Al,O3; generally increases in the
paleosol levels compare to the parent rock during weathering.
Because of much of Al,O3 value associated with clay minerals
are considerably abundant in B horizon of paleosols. SiO;
gradually increase from parent rock to the paleosol layers. At
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the same time, like Al,Os, SiO; is also associated with clay
minerals. For this reason, the ratio of SiO,/Al,O3; shows the
degree of argillization. Similarly, gains and losses of molecular
constituents from the profiles give information about the degree
of weathering and mineralogy of paleosols. The other molecular
ratios show such as weathering from SiO»/Fe,QOs, leaching from
Ba/Sr, dolomitization from MgO/CaO and seriticization from
Al,0Os/K20. The geochemistry features of paleosols indicate that
weathering degree was moderate to high level. The trace
elements enrichments within the paleosol levels could be related
to unweathered mafic and heavy minerals transported from
surrounding areas towards to paleosol-bearing envrironment.
The distribution and behavior of trace elements in the profiles
are generally compatible each other. Based on geochemistry and
paleopedological characteristic, it is estimated that Cal
paleosols could be occured under semi arid-arid climatic
conditions.

Key Words: Fossil soil (paleosoil), Molecular weathering,
Paleoclimate
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BAFA GOLU MIDYE ve KAROT SEDIMENTLERINDE
AGIR METAL KiRLILIGININ DEGERLENDIRILMESI

Heavy Metal Pollution Assessment in Core Sediments and
Mussel from the Bafa Lake

Erol SARIY, Ozlem BULKAN?, Namuk CAGATAY?,
Bilgehan TOKSOY? ve Mehmet Ali KURT?

! Istanbul Universitesi Deniz Bilimleri ve Isletmeciligi Enstitiisii,
gerolsari@i_stanbul.edu.tr)

Istanbul Universitesi Jeoloji Miihendisligi Boliimii
3 [stanbul Teknik Universitesi Jeoloji Miihendisligi Boliimii
* Mersin Universitesi Ileri Teknoloji Egitim, Arastirma ve
Uygulama Merkezi, Mersin

0Z: Bafa Goli Tirkiye’nin giiney batisinda Menderes
Havzast’nda yer alan kiiglk ve s1g bir karasal goldiir. Gol tipik
olarak ac1 su 6zelliginde olup, 315 km? yiizey alanmna ve 692 hm’
su hacmine sahip olmakla birlikte golii besleyen birkag¢ kii¢tik
dere bulunmaktadr. Gol ¢okelleri birgok ana kirleticilerin tarihi
kayitlarim1 saglayan giiclii ¢cevresel arsivlerdir. Bu ¢alismada,
Bafa GoOli sediment kalitesi ve kirlilik gecmisini aragtirilmasi
amaglanmis, dolayisiyla 4 adet sediment karotu ve 50 tane midye
ornegi 2013 yilinda toplanmustir. Sediment karotlarmnda agir
metal (Al Fe, Cr, Cu, Ni, Pb, V ve Zn) konsantrasyonlari, tane
blytkligi ve toplam inorganik karbon (TIC) icerigi
belirlenmistir.  Ayrica, midyelerde agir metal analizleri
yapilmistr. Agir metal konsantrasyonlart ICP-MS metodu ile
belirlenmistir. Sediment kirliligi degerlendirmesi sediment kalite
parametreleri (SQGs) ve zenginlestirme faktorii (EF) kullanilarak
gergeklestirilmistir. Kor sediment ornekleri cogunlukla kil
fraksiyonunu icerir. Bu ¢okellere ait toplam inorganik karbonat
degerleri %24.5 ile %31 arasinda degismektedir. Goliin dogu
kesimlerine gidildikce inorganik karbonat degerlerinin artis
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gosterdigi (Baf 15:%21-37, Baf 9:%28-30, Baf 3:%26 —37)
ayrica tane boyu degerlerinde de kabalagsma goriilmektedir. EF
sonuglar1 karot sedimentlerinin Al, Fe, Cr, Cu, Ni, Pb, V ve Zn
acisindan kirletilmedigini (EF <1.5) ve metallerin kirlilik
diizeyininin As < Cu < Cr < Zn <NiKV<Pb seklinde
srralanmaktadir. Biitiin bu veriler metal kirliligi agisindan Bafa
Goli sedimentlerinin olduk¢a temiz kirletilmemis oldugunu
gosterir. As, Cr ve Ni konsantrasyonlari ile sediment kalite ERL
ve ERM degerleri karsilastirildiginda, As, Cr ve N1’in sedimanda
yasayan bentik biyota iizerindeki olumsuz etkisinin nadiren
olusmas1 beklenir. Midyenin yumusak dokularinda yapilan metal
Olciimlerinde ortalama As, Al Cr, Cu, Pb, V wve Zn
konsantrasyonlar1 sirastyla, 41, 22, 118, 9, 3, 32 ve 118 mg.kg'1
olarak Olciilmiigtiir. Ortalama Pb ve Zn konsantrasyonlar1 Tiirk
standartlarmm kabul ettigi maksimum smir degerlerinden daha
yiksek bulunmustur. Bu nedenle, midye agir metal
konsantrasyonlarmmm tiiketici saghigi agisindan kapsamh ve
periyodik olarak izlenmesi gerekir.

Anahtar Kelimeler: Bafa Golii, Sediment kirliligi, Zenginlesme
faktorii, Tarihsel kirlilik, Sedimen kalitesi

ABSTRACT: The Lake Bafa is a small and shallow inland lake
located on the south-west of Turkey in Menderes Basin. It is one
of the typical brackish water lakes with a surface water area of
315 km? and a volume of 692 hm?; in addition there are a few
small creeks which discharge into the lake. Lake sediments are
powerful environmental archives providing quantitative
historical records for most of the major types of pollutants. In
this study, we aimed to investigate the sediment quality and
pollution history of the Lake Bafa, therefore 4 sediment cores
and 50 mussel samples were collected in 2013. The heavy metal
(Al, Fe, Cr, Cu, Ni, Pb, V and Zn) concentrations, grain size and
total inorganic carbon (TIC) content in the core sediments were
determined. Moreover, the heavy metals in the mussels were
analyzed. Heavy metal concentrations were determined using
ICP-MS method. Sediment pollution assessment was undertaken
183



using sediment quality guidelines (SQGs) and enrichment factor
(EF). The core sediments consist mainly of clay fraction. TIC
contents are observed in the range of 24.5% to 31%. Sediments
collected from eastern parts of the lake contain relatively higher
carbonate content (Baf 15: 21% — 37%, Baf 9: 28% — 30%, Baf
3: 26% — 37%). Furthermore, contributions from the coarser
grains in the sediments exhibit an enrichment tendency through
the eastern parts of the lake. The EF results show that the
sediment was not polluted (EF<1.5) with Al, Fe, Cr, Cu, Ni, Pb,
V and Zn, and the pollution level increased in the order of As <
Cu < Cr < Zn < Ni<V<Pb. This indicates the pristine nature of
the Lake Bafa in terms of metal pollution. The concentrations of
As, Cr and Ni are likely to result in harmful effects on sediment-
dwelling organisms which are expected to occur rarely based on
the comparison between sediment quality guidelines ERL and
ERM values. The mean concentrations of Al, As, Cr, Cu, Pb, V
and Zn in the soft tissues of mussel were 41, 22, 118, 9, 3, 32 and
118 mg.kg™ dry weights, respectively. The mean Pb and Zn
concentrations were higher than the acceptable limit proposed
by International Turkish standards. Therefore, concentrations of
heavy metals in mussels must be monitored comprehensively and
periodically with respect to consumer health.

Key Words: Bafa Lake, Sediment pollution, Enrichment factor,
Historical pollution, Sediment quality
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YENIKAPI-ISTANBUL HOLOSEN COKELLERINDE
KENTSEL YASAM IZLERININ SEDIMANTOLOJIK ve
JEOKIMYASAL YOLLARLA iZLENMESI

Exploring the Traces of Urban Life Through Sedimentological
and Geochemical Ways in Holocene Sediments of Yenikapi-
Istanbul

Fulya YUCESOY ERYILMAZ', Mustafa ERYILMAZ! ve
Engin MERIC?

"Mersin Universitesi, Miih. Fak. Jeoloji Miih. Béliimii, Mersin
gfyucesoy@mersin.edu.tr) '
Moda Hiiseyin Bey Sokak No: 15/4, 34710 Kadikéy/Istanbul

0Z: istanbul M.O. 8000 yil éncesine dayanan toplumsal yasam
izlerine sahiptir. Bu c¢ahsmada, Istanbul kiyilarmm dogal
gelisimi ve degisimi gdzlenirken, kentsel degisimini de izlemek
miimkiin olmugtur. Son buzul doénemi ve sonrasindaki su
seviyesi degisimlerinin biraktig1 izler Istanbul kiy1 ve s18 deniz
¢okellerinde tarihsel smras1 ile yer almaktadir. Istanbul
Yenikapr’da yapilan metro ¢aliymasi swrasinda aciga ¢ikarilan
arkeolojik  bulgular, Roma-Bizans doneminden kalma
Theodosius Limanr’'n1 ortaya ¢ikardi Sarayburnu Yarimadasr’ nin
dogusunda yer alan liman alani o donem koy niteligindedir ve
glinlimiizde Lykos Deresi’nin sedimanlari ile dolmustur. Hafif
topografyaya sahip calisma alan1 bu gilnkii kiy1 seridinden
yaklasik 1500 metre igerdedir. Antik liman alaninda bugiinkii
deniz seviyesinden 9 metre asagiya inilmis ve bdlgenin
genellestirilmis stratigrafik kesitinde 9 ayr1 birim belirlenmistir.
Bubirimlerin 10 farkh seviyesinden alinan 6rneklerde tane boyu,
organik karbon, toplam karbonat, agir metal analizleri (Cu, Cr,
Zn, Pb, Mn, Fe, Al) ve mineral tayinleri (FTR) yapilarak kent
gelisimi, degisimi smrasindaki jeolojikk olaylar agiklanmaya
calisilmistir. Tabani temsil eden 1. seviyeden alinan 86 nolu
ornek bol ¢gamurludur (%87). Kil orani yiiksek 6rnekte kaolin illit
simektit kil mineralleri tespit edilmistir. Silikat miktar
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karbonatlardan ¢ok fazladwr. Toplam karbonat %38, organik
karbon %0,28 dir. Bu 6zellikleri yiiksek sedimantasyon, diisiik
enerjili cokel ortamini temsil etmektedir. Taban kayacin erozyon
ylizeyi ve/veya Lykos Deresinin delta loblarindan biri olmasi
muhtemeldir. Bu seviyedeki yiikksek metal konsantrasyonlari
sedimantasyon slire¢lerinde ve sonrasinda siiziilme suyu ile
tasman ve kil bilinyesinde tutunan birikimler oldugu
diistiniilmektedir. 3. seviyeyi temsil eden 80A nolu 6rnek %91
coarse materyalden olugmaktadir. Makro mikro kavkilarin
bollugu ve kuvars igerigi ile yiliksek enerjili sig deniz, kiyi
ortamint temsil etmektedir. Disik metal konsantrasyonu
(6zellikle Al) karasal sediman etkisinin az oldugunu
gostermektedir. Smektit, kalsit, kuvars minerallerinin yogun
oldugu ornekte karbonat baskindir. 4. seviyede, 80B ve 80C
ornekleri su seviyesinin yiikselmeye devam ettigini, tane boyu
verileri ile desteklemektedir. Komiirlesmis odun kirmtilar1, dogal
bozulmadan ¢ok, antropojenik izler tasimaktadw. 80D den
itibaren kil tane boyu ortamda bulunmamaktadir. Kum tane
boyunun artmasi1 organik karbondaki diisis 80D ve 83A
cokellerinin siireclerinin tekdiize oldugunu gdstermektedir. Bu
iki 6rnekte mineral dzellikleri aynidir (illit (iz) -Smektit, Kalsit,
Kuvars, Dolomit). 83B seviyesinde aniden artan organik karbon
(%6.87) antropojenik ve dogal bir dinamigin izlerini
tasimaktadir. 83B seviyesinde mineral icerigi de degismektedir
(Serpantin (antijorit — cysotil) - trioktahedrik smektit (Hectorit),
kuvars,  kalsit).  80B  seviyesinden itibaren  metal
konsantrasyonundaki artis 83B seviyesinde maksimum seviyeye
ulagsmistir. Kentsel yasamm ihtiyacim1 karsilamak amaciyla
kullanilan Cu, Pb, Zn, Mn sellenme vb faktorle birikmistir. 76 A
ve 76B olarak isimlendirilen 8. seviyede ortam yeni kosullara
sahiptir. Ortama, ¢amur asamali olarak gelmektedir. Organik
karbon yikii fazladir. 76B de metal degerleri yine yiiksek
seviyelerdedir. Anoksik kosullara yakm sartlar g6zlenmektedir.
Denizel baglantinin azaldigi izlenimi vermektedir. Mineralojik
caliymada silikat oranmi yiiksek bulunmustur. 76C ¢okelleri
yikanmug, iyi ortalama tane boyunda %98 kum icermesi ile s1g
deniz kiy1 ortamini temsil etmektedir. Organik karbon ylizdesi ve
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metal konsantrasyonu bunu desteklemektedir. 76C ¢okelinin
istiinde kiiltiir topragi olarak isimlendirilen yaklask 2m
kalmhginda birikim s6z konusudur. Lykos Deresi, Theodosius
Limani’nin 6ncesi ve sonrasi, deniz seviyesi degisimine bagh
kiy1 ¢izgisi degisimleri, nehrin tagidig1 sedimanlarin yigisimi gibi
pek cok faktor bu alanin gelisim ve degisiminde etkili olmustur.
Antropojenik kokenli metal zenginlesmeleri ve organik karbon
degisimleri  Istanbul’un  kentsel  gelisiminin  ipuclarmi
vermektedir.

Anahtar Kelimeler: Jeoarkeoloji, Giincel ¢okeller, Agir metal,
Cevre kirliligi

ABSTRACT: Istanbul has an history of settlement dates back to
B.C 8000. In this study while observing the natural development
of Istanbul shores through periods it has been possible to
observe the urban renewal. Traces left by last glaciel period and
sea level differences afterwards show themselves in chronogical
order in coastal and shallow marine sediments. The
archaeological findings unearted during subway work in
Yenikapi, Istanbul had revealed the ancient Port of Theodosius
from Roman Byzantine era. Port area now stands in the east of
Sarayburnu Peninsula used to be a bay which filled with
sediments carried by Lykos River. Today study area that has a
low topography is 1500 meters inland. In the ancient port area 9
meters from today’s sea level has been dwelled and 9 different
unit has been determined in area’s generalised stratigraphic
section.. In the samples taken from 10 different levels from the
units grain size, organic carbon, total carbonate, heavy metal
analysis (Cu, Cr, Zn, Pb, Mn, Fe, Al) and mineral determinations
(FTR) are done and geological events during the urban
developments tried to be explained. The sample number 86 from
level 1 that represent the bottom is very muddy (87%) In the
sample with high levels of clay illite, simectite and kaolin clay
minerals are observed. Silicate is much more than carbonates.
Total carbonate is 38% and organic carbon is 0,28%. With
these features high sedimantation represents sediment
environment with low energy. Bedrock is the erosion level and/or
one of the delta lobes of Lykos River. The reason of the high
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metal concentrations in this level should be the depositions
remained in clay that’s been carried by infiltrated water through
sedimentation process. Sample 80A representing level 3 is
composed of coarse material by 91%. It’s macro-micro shell
abundance and quartz content addresses high energy shallow
marine and coastal environments. Low metal concentration shows
low effect of terrestrial sediments. Carbonate is dominant in the
sample where smectite, calcite, quartz minerals are abundant. In
the 4th level, samples 80B and 80C the data of grain size shows the
increase of water level. Carbonized wood fragments carry
anthroponogenic traces rather than natural deterioration. Starting
from 80D there is no clay in grain size. Increase in sand grain size
and decrease in organic carbon shows the 80D and 83A sediment
process to be straight forward In these two samples mineral
features are same (Illite—Smectite, Calsite, Quartz, Dolomite) Rapid
increase of organic carbon in level 83B (6,37%) has traces of
anthroponogenic and natural dynamique. Mineral contents also
change in level 83 (Serpentine (antijorit — cysotil) - trioktahedric
smectite (Hectorit), quartz, calcite). Starting from 80B, increase in
metal concentration peaks, in. Cu, Pb, Zn, Mn that used to meet the
needs of urban life accumulated with flood and so-like factors 8th
level represented by 76A and 76B has new environment conditions.
Mud gradually enters the environment. Organic carbon is high.
Metal concentrations ara also high in 76B. Anoxic like conditions
are observed. Has an impression of decreasing marine connection.
In mineralogic study silicate ratio found high. 76 C sediments
represents shallaw marine shore environment by 98% sand in it’s
washed, fine avarage grain. Organic carbon ratio and metal
concentrations support the thesis. Over the 76C sediment there is
an accumulation of 2 meters of recent soil. Many factors such as
Lykos River, ancient port of Theodosius, changes in coastline due to
sea-level change, accumulation of sediments carried by river all
had impacts on the development and transformation of the area.
Anthroponogenic based metal enrichment and organic carbon
changes carries the clues of Istanbul’s urban development.

Keyword: Geoarchaeology, Recent sediment, Beach line, Heavy
metal, Environmental pollution
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DOGANSEHIR (MALATYA) CiVARINDAKI KORUND
ICEREN KAYACLARIN JEOKIM YASAL OZELLIKLERI

Geochemical Features Of Rocks Containing Corundum
Around Dogansehir (Malatya)

flkay KAYDU', Meltem GURBUZ’, Ayten OZTUFEKCi-
ONAL?® ve Fikret iISLER®

Y Cukurova Universitesi Miih. Mim. Fak. Jeoloji Miih. Béliimii
(ilkaygeml@hotmail.com)

’Mersin Universitesi Taki Teknolojisi ve Tasarimi Yiiksekokulu
3Tunceli Universitesi Jeoloji Miihendisligi Bolimii, Tunceli

0Z: Calisma alaninda, genel olarak, Paleozoik-Mesozoik yasl
cesitli gistler, rekristalize kirectasi, ve mermer igeren Malatya
Metamorfikleri, Eosen yasli asidik intriizyonlar tarafmdan kesilmis
granat iceren ultramafik ve mafik kiimiilatlar, gabro, amfibolit ve
volkanikler igeren Berit Metaofiyoliti, diyorit, tonolit, granodiyorit
ile bunlar1 kesen mafik ve felsik dayklari iceren Dogansehir
Granitoyidi, Orta Eosen yash diyabaz, andezit dasit dayklari,
mikritik ve nummulitik kiregtasi bloklar1 ve bazik volkanikleri
iceren Maden karmasigi yer almaktadir. Caligma alaninda siistagi
niteligi tasiyan korundlar, Berit Metaofiyolitine ait piroksenitler,
amfibolitler ve peridotitlerle birlikte goriilmektedir. Alanda Granath
metagabro, Granulit, Amfibolit, Milonitik Amfibolit, Granath
Amfibolit, Amfibol Sist, Piroksenit, Ortopiroksenit, Harzburjit,
Serpantinize Diinit ve Diyorit birimleri ayrtlanmistr. Berit
Metaofiyolitine ait milonitik amfibolitler, yapilan FE-SEM
sonuglarma gore yaklagik % 40 O, % 18 Ca, %15 Al, % 14 Si,
%0.47 Fe, % 0.20 Mg icermektedir. Ayn1 drneklerde korund igerigi
fazla olan noktalarda yapilan mikroprop mineral kimyasi
analizlerinde ise % 53 O, %51Al, % 0,8 Si, % 0.1 Mg, %0.07 Fe ve
% 0,0002 Ca igerigi tespit edilmistir ve ana oksit sonuglarinda da %
98 Al,O3 degeri dikkat ¢cekmektedir. XRF sonuglarma gore yaklagik
% 40 SiO,, %20 ALO3, % 17 CaO, % 12 MgO, % 2 NaO ve % 0,1
Fe,O3 igeren milonitik amfibolitlerde 1145 ppm Ni ve 125 ppm Cu
bulunmaktadr. Na,O+K,0 igeriginin SiO, ile korelasyonuna
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dayanarak gelistirilen toplam alkaliler-silika (TAS) diyagraminda
metaofiyolitik kayaclarm subalkalen toleyitik bir kaynak magmadan
tiredigi tespit edilmis olup AFM diyagramma gore Orneklerin
hemen hemen tamami kalk-alkalenden toleyitik alana ge¢is zonunda
gozlenmektedir.

Anahtar Kelimeler: Mineral, Siistast korund, Jeokimya,
Dogansehir, Malatya.

ABSTRACT: In the study area, the the Paleozoic- Mesozoic
Malatya Metamorphics that containing schists, recrystallized
limestone and marble, Eocene Berit Metaophiolite that containing
garnet bearing ultramafic and mafic cumulates cut by acidic
intrusions, Dogansehir Granitoid that containing gabbros,
amphibolites and volcanic, the diorite, tonolit , granodiorite and
mafic and felsic dykes cutting them, the Middle Eocene Maden
Complex that contaning diabase, andesite, dacite dikes, and
nummulitic micritic limestone blocks and basic volcanics are
available. In the study area, gemstone corundums are seen with
Piroxenites, Amphibolites and Peridotites of Berit Metaophiolites.
In the area, Garnet Metagabbros, Granulite, Amphibolite, Milonitic
Amphibolite, Garnet Amphibolite, Amphibole schist, Pyroxenite,
Orthopyroxenite, Harzburgite, Serpentinized Dunite and Diorite
are available. According to the results of FE-SEM, milonitic
amphibolites of Berit Metaophiolites contains about 40 % O, 18 %
Ca, 15 % Al, 14 % Si, 0.47 % Fe and 0.20 % Mg. According to the
results of microprobe mineral chemistry analysis at the points
which containing corundum was determined 53% O, 51% Al, 0.8%
Si, 0.1% Mg, 0.07% Fe and 0.0002% Ca. According to the results
of XRF milonitic amphibolites contain about 40% SiO2, 20%
Al203, 0.1% Fe203, 12% MgO, 18% CaO, 2% NaO and1145 ppm
Ni and 125 ppm Cu. On the total alkali-silica (TAS ) diagram that
based Na,0+K,0O content of SiO, correlations metaophiolitic rocks
is derived from magma that source the subalkaline tholeiitic. AFM
diagram, almost all off samples is observed in the transition zone
from calc-alkaline to the tholeiitic field.

Key Words: Mineral, Gemstone corundum, Geochemistry,
Dogansehir, Malatya.
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EMET BORAT YATAGINDAKI ESER ELEMENT
ZENGINLESMELERI

Trace Element Enrichment of Emet Borate
Deposit, Kiitahya, Turkiye

Ismail KOCAK? ve Siikrii KOC?

1Bozok Universitesi Jeoloji Miizendisligi Bsliimii, Yozgat,
Tuirkiye (ismail.kocak @bozok.edu.tr)
2Ankara Universitesi Jeoloji Miih. Bélimii, Ankara, Tiirkiye

0OZ: Bat1 Anadolu borat yataklari, Miyosen golsel ortamlarinda,
Paleojen’de baslayan ve Kuvaterner’in baslangicina kadar
devam eden wvolkanik aktivitelerin yer aldigi donemlerde
depolanmistir. Bor seviyeleri Kkiltasi, silttagi, tiff marn ve
kirectagt ardalanmali istif icerisinde yer almaktadir. Bu
calismada borat minerali olarak kolemanit (Ca,BzO,;.5H,0),
hidroborasit (CaMgB;0,,.6H,0) ve P-vigit
(SryB;10,4(OH)s.(H,0)) belirlenmistir. Ayrica parajenezde
dolomit, kalsit, kil minerali olarak smektit grubu
(montmorillonit) ve illit yer almaktadwr. Emet borat yatagi
jeolojik, petrografik ve mineralojik olarak birgok yazar
tarafindan galisilmistir. Ancak Emet boratlarinin jeokimyasi tam
olarak ortaya konmamistr. Bu amagla Emet borat yatagina ait 4
sondaj kuyusundan ve yiizeyden toplam 60 6rnek alinmistir. Bu
ornekler, ICP-MS ve ICP-ES metodlari ile analiz edilmistir. Yer
kabugu ve andezit ortalamalarma gore kiyaslama yapildiginda
Emet boratlarinda; eser elementlerden As, Se, Li, Cs, Sr, Sb
ve Pb'de onemli oranlarda zenginlesmeler, diger eser
elementlerde ise azalmalar oldugu belirlenmistir. Birinci rakam
yer kabugu, ikincisi andezit ortalamalarina gore olmak tizere;
Emet borat yataginda As’un 765-725 kez, Se’un 585-585 kez,
Li’un 4.52-4.52 kez, Cs’un 23.58-30.75 kez, Sr’un 25.41-11.41
kez, Sb’un 3-3 kez ve Pb’un 1.07-0.89 kez artig gosterdigi
saptanmustir.
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Anahtar Kelimeler: Emet, Bor, Jeokimya, Eser element,
Mineraloji

ABSTRACT: Borate deposits of Western Anatolia evaporated
in lacustrine environment during Miocene when the volcanic
activity occurred from Paleogene to Quaternary. Borate levels
situated in the sequence that are intercalated with claystone,
siltstone, tuff, marl and limestone. /» this study, the borate
minerals determined as colemanite (Ca,Bz0;;.5H,0),
hydroboracite (CaMgB;0,,.6H,0) and p-Veatchite
(SryB;;0,4(0OH)5.(H,0)). There are also dolomite, calcite, clay
minerals of the smectite group (montmorillonite) and illite
determined in paragenesis. Geological, petrological and
mineralogical properties of Emet borate deposit have been
studied by many authors. However, geochemistry of Emet borate
has not been studied yet. In this regard, 60 samples were
taken from four drilling holes and surface of Emet deposits.
These samples were analyzed by ICP-MS and ICP-ES methods.
Concentrations of As, Se, Li, Cs, Sr, Sb and Pb show increasing
trends with respect to earth crust and andesite averages while
other element contents are decreasing in Emet borates. In Emet
borate deposits, it was determined that coefficients were
increased for (the first value for earth crust and second value
for andesite) As 765-725, Se 585-585, Cs 23.58-30.75, Sr
25.41-11.41, Li 4.52-4.52, Sb 3-3 and Pb 1.07-0.89 respectively.

Key Words: Emet, boron, Geochemistry, Trace element,
Mineralogy
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KABULBABA - SOGUTALANI (MUSTAFA
KEMALPASA-BURSA) BOLGESINDE BULUNAN
MERMERLERIN JEOKIM YASAL OZELLIKLERI

Geochemical Characteristics of Marbles in the Kabulbaba -
Sogiitalan (Mustafa Kemalpasa, Bursa) Area

Ertan OZEGDEMIR' ve Oya CENGiZ

LSiileyman Demirel Universitesi Jeoloji Miih. Bol. Isparta
(oyacengiz@sdu.edu.tr)

0Z: Bu calsma kapsaminda Kabulbaba-Sogiitalan (Mustafa
Kemalpasa-Bursa) koyleri arasinda yer alan ve mermer olarak
kullanilan Ust Jura-Alt Kretase yash Inatlar kirectas: incelenmistir.
Ekonomik 6neme sahip olan bu kiregtas, ticari olarak koyu-agik ve
fosilli bejler, emperador ve rozalya mermer tiirleri ile isimlendirilir.
O, sahada genellikle koyu-a¢ik bej, yersel sarimsi-gri, orta
katmanli, yer yer karstik, kirikli ve ¢atlakli, midye kabugu kirilmali,
alt seviyeleri fosilli, kumlu, killi, orta seviyeleri ¢ort yumruludur.
Mineralojik olarak mermerlerden rozalya kalsit, fosilli bejler ve
emperador tiirleri ise kalsit ve dolomit minerallerinden olusurlar.
Sahanin farkl kisimlarindan makroskobik olarak degisik 6zelliklere
sahip 14 adet mermer numunesi alinarak element igerikleri i¢in
analiz edilmistir. Elde edilen sonuglara gére emperador (%36.70)
tirl harig, diger tiir numunelerin CaO icerikleri %54-56 arasmda
degismekte olup saf kalsitten olustuklarini gdstermektedir. Diigiik
CaO igerigine sahip olan, emperador tiirii mermerde MgO igerigi
%16.71, fosilli koyu bej mermerde %1.30, diger tiirlerde ise %0.32-
0.98 arasinda degismektedir. Emperador mermerlerin magnezyum
bakimindan zengin olmasi, bu numunelerde dolomit veya manyezit
minerallerinin  varligma isaret etmektedir. Mermerlerin Fe O3
icerigi fosilli agik ve koyu bejlerde ¢ok diisiik olup %0.07 ile
%0.08, digerlerinin ise %0.15-0.20 arasinda degismektedir. SiO;
icerigi koyu bej tiirlinde %1.28 diger tiirlerde ise %0.15-%0.84
arasinda degismektedir. Koyu bej tiirii mermerde bulunan yiksek
SiO; miktar1, biiyiik bir olasilikla kiregtaglarmda bulunan ¢ortten
kaynaklanmaktadir. Caliyma kapsaminda ele alman numunelerin Sr,
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Ba, Rb, Zr, Ni, U gibi iz element ve NTE (nadir toprak element)
icerikleri  kiregtaglarinda  gbzlenen miktarlar arasmda yer
almaktadir.

Anahtar Kelimeler: Mustafa Kemalpasa, Inatlar kiregtas1, Ticari
mermer tipleri, Jeokimya

ABSTRACT: The Inatlar limestone of Upper Jurassic-Lower
Cretaceous is located in an area between Kabulbaba and Sé giitalan
villages of Mustafa Kemalpasa, Bursa. The limestone which has an
economic significance is operated by many companies and called as
commercially dark-light and fossiliferous beiges, emperador and
rozalya marble species. The marble has usually dark-light beige,
locally yellowish-gray. It has the middle bedded, locally karstified,
jointed and fractured, and mussel shell breaks. Also, there are
fossil, sand and clay contents at the lower levels and chert nodules
at the medium levels. The mineral assemblage indicates that the
rozalya marble consists of calcite, fossiliferous beiges and
emperador types of the calcite and dolomite minerals. Fourteen
limestone marble samples which have macroscopically various
properties from different locations of the area were analyzed for
element contents. Except for the CaO content (36.70%) of
emperador marble, CaO contents of the other types vary between
54-56% and their mineral contents are composed of pure calcite.
MgO concentration of emperador marble with low CaO content is
16.71% and fossiliferous dark beige marble of 1.30% and MgO
contents of the other types vary between 0.32-0.98%. The presence
of dolomite or magnesite minerals in these samples indicates that
emperador marble is rich in magnesium. Fe,O3; contents of
fossiliferous light and dark beiges are very low of 0.08 to 0.07 and
those of other types vary between 0.15-0.20%. SiO, content is
1.28% of dark beige marble, and varies between 0.15-0.84% of
other marble types. High SiO, amount of dark beige marble results
from probably chert in the limestone. Contents of trace elements
such as Sr, Ba, Rb, Zr, Ni, U and rare earth elements of the
investigated samples in the study area are between background
values of limestone.

Key Words: Mustafa Kemalpasa, Inatlar limestone, Commercially
marble types, Geochemistry
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HIDROJEOKIM YA

Hydrogeochemistry
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AKARCAY HAVZASI-CAY ALT HAVZASINDA
(AFYONKARAHISAR) YER ALAN SULARIN
HIDROJEOKIM YASI VE KULLANILABILIRLIK
OZELLIiKLERI

Hydrogeohemicstry and Usability Properties of Waters in the
Akarcay Basin-Cay Subbasin (Afyonkarahisar)

Can BASARAN! ve Ali GOKGOZ?

YAfyon Kocatepe Univ., Miih. Fak., Jeoloji Miih. Bl., A.Karahisar
gcbasaran@a}gu.edu.tr)
Pamukkale Universitesi, Miih. Fak., Jeoloji Miih. Bél., Denizli

0Z: Akargay Havzasy; ic Anadolu, Ege ve Akdeniz Bolgeleri
arasinda vyer alan 7340 km?’lik drenaj alanma sahip bir ¢okintii
havzasdir. Drenaj alanmm yaklask 2985 km?’sini ova alam
olusturmaktadwr. Akarcay Havzasi, kendi igerisinde 8 ayr1 alt
havzaya ayrilmaktadir. Bu c¢alisma kapsaminda Cay alt
havzasinda bulunan sicak ve soguk yeraltyeriistii sular1 ile
Akarcay’mn hidrojeokimyast ve kullanilabilirlik 6zellikleri
incelenmistir. Inceleme alaninda yer alan sicak sular Na-Ca-
HCO3 ve Na-Ca-HCO3-SO, bilesimli olup sicakliklar1 29.3-
54.7°C arasinda degismektedir. Soguk sondaj/kaynak suyu
ormekleri genellikle Ca-HCO3 bilesimli olup baz1 6rneklerde Na
ve SOy zenginlesmesi gdzlenmektedir. Incelenen drneklerin icme
ve sulamada kullanilabilme 06zellikleri cesitli diyagram
(Schoeller, Wilcox ve ABD Tuzluluk Laboratuvari) ve
standartlara (TSE 266, EPA 2002, ITASHY 2005 ve WHO
2006) gore degerlendirilmistir. Elde edilen verilere gore
inceleme alannda igcme suyu olarak kullanilan Ornekler
genellikle igilebilir 6zellikte olup az sayida su sinir degerleri
asan As, Fe ve Mn degerleri nedeniyle icilemez 6zelliktedir.
Sulama suyu kalitesi olarak incelendiginde soguk yeralti
sularinin ¢ok iyi-iyi kullanilabilir ve C1S1, C;S1, C3S; smiflarinda
oldugu belirlenmistir. Jeotermal akiskanin soguk su akiferlerine
karisimma bagli olarak jeotermal sahalar civarinda yer alan
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soguk yeralti sularinin su kaliteleri olumsuz yonde etkilenmistir.
Bolgede yer alan sicak sular ve Akargay suyu ise icme ve
sulamada kullanilamaz 6 zelliktedir.

Anahtar Kelimeler:  Afyonkarahisar, ~Akarcay Havzasi,
Hidrojeokimya, Su kalitesi, [gme suyu

ABSTRACT: Akar¢ay Basin, located between Central Anatolia,
Aegean and Mediterranean regions is a catchment area of 7340
km?. 2985 km? of this catchment area constitutes the plains.
Akarcay basin in itself is divided into eight separate sub-basins.
In this study, hydrogeochemistry and usability properties of hot-
cold waters and Akarg¢ay, located in Cay sub-basin, have been
investigated. Hot waters in the study area are of the Na-Ca-
HCO; and Na-Ca-HCOs-SO, types and temperatures vary
between 29.3-54.7 °C. Cold drilling/source water samples are
usually of the Ca-HCOj3 type and in some samples Na and SO,
enrichment is observed. Drinking and irrigation properties of
waters were determined using Schoeller, Wilcox and ABD
salinity diagrams and TSE 266, EPA 2002, ITASHY 2005 and
WHO 2006 drinking-utility water standards. It was seen in the
obtained data that the samples used as drinking water are
generally drinkable but a few water samples are undrinkable due
to the exceeding limits of As, Fe and Mn values. Considering the
quality of irrigation water, it was determined that the cold
ground waters are good and very good usable and they are in
C1S1, G5, C3S; area. Depending on the mixture of hot and cold
waters, the quality of cold waters which are close to the
geothermal areas are adversely effected. Akarcay and the hot
waters in the region are not available-not drinkable.

Key Words: Afyonkarahisar, Akar¢ay Basin, Hydrogechemistry,
Water quality, Drinking water
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GOKSU DELTASI YERALTI SULARINDA DENiZSUYU
GIRISIMININ HIDROJEOKIM YASAL VERILER ILE
DEGERLENDIRLMESI

Evaluation of Seawater Intrusion to Groundwater By
Hydrochemical Data in Goksu Delta

Olcay OZER've Zeynel DEMIREL?

YMersin Universitesi, Miih. Fakiiltesi, Cevre Miih. Bo limii
2 ORYA Jeotermal Elektrik Uretimi ve Tic. A.S.

OZ: Su yer yiizeyinde en degerli dogal kaynaktir. Mevcut su
kaynaklar1 arasinda yiizeysel sular toplam miktarin %99.4 iinii
(1.4x10° km®), yeralt1 sulari ise %0.6’sm1 (9x10° km?)
olusturmaktadr. K1y1bdlgelerindeki yeralt1 suyu sistemleri deniz
suyu ile temas halindedir. Yeralt1 suyundan bilingsiz ve asir1 su
cekilmesi sonucu deniz suyu tath su akiferlerinin i¢cine dogru
cekilir. Bu olay sonucunda yeralt1 suyunun kalitesi bozulur ve
suyun kullanmm kisttlanir. Bu calisma ile Akdeniz'in, Goksu
Deltas1 yeralt1 sularina etkisini belirlemek i¢in bolgede 13 adet
yeralt1 ve 5 adet yiizey suyu olmak iizere toplam 18 adet numune
de; Ca®*, K*, Na*, Mg*" SO, CI, COs*, HCO; analizleri
yapilmistr. Sonuglar AquaChem 5.1 programm kullanilarak
degerlendirilmis ve her nokta cografik konumlarina gore(x-y-z),
MaplInfo 9.5 Cografi Bilgi Sistemi yazilimi kullanilarak bdlgenin
sayisal haritas1 iizerine aktarimistir. Sonuglar incelendiginde,
Delta da aliivyon akiferden iiretim yapan kuyu sularmin kimyasal
karakteristikleri deniz suyu ile kirlenmemis bolgelerde Ca-Mg-
HCOj3 iken, 6zellikle deniz suyu girisimi nedeni ile birgok kuyu
da suyun kimyasma Na ve Cl iyonlarmm da eklendigi tespit
edilmistir.

Anahtar Kelimeler: Goksu Delta, Yeralti suyu, Deniz suyu
girisimi, Hidrojeokimya
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ABSTRACT: Water are the most valuable natural resources on
earth. Surface waters of the total amount of available water
resources 99.4% of the (1.4x 109 km®), groundwater is 0.6% of
the (9x106 km®) constitutes. Groundwater systems in coastal
areas is in contact with sea water. Use of unconscious and
excessive groundwater may cause salt water intrusion in coastal
aquifers. As a result of these events quality of groundwater is
disrupted and is restricted use of groundwater. In this study
aimed to determine the effects of the sea water(Mediterranean)
to Goksu Delta groundwater. For Cd’ + K™, Na™, l\/lg2 * 80,7
CI, COs#*, HCO; ion analysis, a total of 18 different water
samples from the surface waters and groundwater were collected
in Goksu Delta. Results were evaluated using the program
Agquachem 5.1. According to the geographic location of each
point (x,y,z) using the Geographic Information System (MapInfo
9.5 software) were transferred onto digital map of study area.
When analyzing the results of the groundwater characteristics;
in many wells which is influenced by sea water dominant ions
Na-Cl and in uncontaminated wells Ca-Mg-HCOs; were
determined.

Key Words: Géksu Delta, ground water, Sea water intrusion,
Hydrogeochemistry
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CARDAK HAMAMI KAYNAGI’NIN
HIDROJEOKIM YASAL OZELLIKLERI ve YASI

Hydrogeochemical Characteristics of Cardak Hamanu Spring
and Age

Muhterem DEMIROGLU" ve Yiiksel ORGUN*
Ystanbul Teknik Univ. Jeol. Miih. (demiroglum@itu.edu.tr)

OZ: Eskisehir Sivrihisar Giinyiizii havzas1 iginde yeralan
Cardakhamami kaynagi tarihi bir kaplica olup halen tedavi
amaclh kullanilmaktdir. Uzun yillar aritmetik ortalama debisi 45
It/sn, sicaklig1 ve 35 °C dir. Eskisehir fay hatt1 ile iliskili oldugu
distiniilen kaynagmn hazne kayaci Eryigit birimi olarak
adlandmrilan mermerler ve Neojen yash kirectaglaridir. Permo-
karbonifer yash mermerler yogun kivrimli, fayh yapisi, dayklar
tarafindan degistirilerek farkli yapisal Ozellikler kazanmugtur.
Neojen yash marn ve killer ise kaynagin oOrtii kayasi
niteligindedir. Kurak ve yagishh donemlerde yapilan yerinde
Olciim ve kimyasal analizlerin degerlendirilmesiyle kaynagin
derin dolagimli  sular grubunda oldugu anlasilmistir.
Cardakhamami kaynagmm kismen sig beslenime ve bosalim
sistemi i¢inde de oldugu yagis debi iliskisinden anlasilmigtir.
Trityum ve Cl degerleri kullanilarak si1g ve derindolagimli su
karigim oranlar1 hesaplanmistir. Kurak ve yagish donemde bu
oranlar dogal olarak degismektedir. Sularda ana anyon ve katyon
verileri rCa > rNa > rMg > rK ve tHCO3> rC1> rSO4 seklinde
bir trend sergileyerek, Cat++-Na+-HCO3‘li sular smifinda yer
almugtir. 6180 ve 02H izotop degerleri, sularin atmosferik kokenli
oldugunu ve beslenme alanminm yiksek kotlardaki
mermerleride kapsadigmi gostermistir. Cardakhamam kaynagi
0-3,45 TU arasinda degisen tritium degerleri ile havzanin en
yaslt suyunu temsil etmektedir (30-50 yil). Kaynaktan daha sonra
kurak doénemde alinan su 6rneklerinde **C analizlerini yapilmis
ve derin dolagim siiresinin 10000 y1l oldugu belirlenmistir.

Anahtar Kelimeler: Hidrojeokimya, Kaynak, izotop, Yas
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ABSTRACT: The Cardak Hamamu is a historic spring located in
the Giinyiizii basin (Eskisehir Sivrihisar.) and is still used for spa
treatment purposes. Long-term arithmetic average discharge is
45 | / sec and the temperature is 35 °C. The reservoir rocks of
spring related with Eskisehir fault line are marbles and Neogene
limestones. Marbles called Eryigit formation take place at the
top of impermeable metamorphic basement and believed to be
associated with. Permo- Carboniferous aged marble heavily
folded, faulted and has gained the structural characteristics by of
dykes. Marl and clay of the Neogene are the impermeable cover
rocks of the spring. It is understood that Cardakhamamu spring
takes place in the deep circulation system by the evaluation of
the in-situ measurement and chemical analysis of the water in
dry and wet periods. But the relationship rainfall-discharge
reveals that there partly exist the shallow recharge and
discharge system. The shallow and deep-water mixing ratios
were calculated using by tritium and Cl- values. These rates vary
in dry and wet periods naturally. The cathion and anion
permutation of the waters exhibit rCa> rNa > rMg > rK and
rHCO3> rCl > rSO4 trend and classified as the Ca**-Na*-
HCO® s type water. 9180 and d,H isotope values show that
waters are from meteoric origin and also recharged from
marbles at high altitudes. Tritium values, 0 - 3.45 TU (Tritium
Unit) indicate the oldest water of the basin (30-50). Then water
samples taken in dry periods for the *C analysis and deep
circulation time of the spring was determined to be 10,000 years.

Key Words: Hydrogeochemistry, Spring, Isotope, Age
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SOKE-ORTAKLAR (AYDIN) JEOTERMAL ALANININ
HIiDROKIM YASAL iNCELENMESI

Hydrochemical Studies of the Soke-Ortaklar (Aydin)
Geothermal Field

Tugbanur OZEN BALABAN', Giiltekin TARCAN?, Unsal
GEMICI? Miimtaz COLAK? ve I. Hakki KARAMANDERESI®

Y Atatiirk Universitesi Oltu Yer Bilimleri Fak. Jeoloji Miih.
Boliimii, Oltu, Evzurum, (tugbanur.ozen@atauni.edu.tr)
2Dokuz Eyliil iiniversitesi Miih. Fak. Jeoloji Miih. Bol., Izmir
3JEM (Jeolojik Etiid Miisavirlik Biirosu), Izmir

0OZ: Bu calisma Ortaklar- Soke jeotermal alaninda yapilan
hidrojeolojik, hidrojeokimyasal ve izotopik incelemeleri
kapsamaktadir. Inceleme alan1 Giimiiskdy ve Sazlikdy jeotermal
alanlar1 olmak iizere ki ayr1 grupta degerlendirilmistir. Inceleme
alaninin  temelini  Menderes  Masifi'ne  ait  kayalar
olusturmaktadwr. Menderes Masifi’ ne ait gnays, kuvarsist gibi
catlakli kayaclar ile karstik mermerler jeotermal sistemlerin
birinci haznesini, Neojen c¢akiltaglar1 ise ikinci haznesini
olusturmaktadwr. Neojen yash kmrmtili tortullar, 6zellikle killi
diizeyleri ortii kaya ve graben tektonigine bagh olarak ylizeye
yaklagmis olan magma ise 1s1 kaynagimm olusturur. Paleozoyik-
Mesozoyik yashh Menderes Masifi’ ne ait mermerler soguk sular
icin karstik akifer &zelligindedir. Inceleme alanindaki sicak
sularin yiizeye ¢ikis sicakliklar1 25-40°C arasinda degismektedir.
Termal sular §'°0 ve ®H igeriklerine gore meteorik kokenlidirler.
Inceleme alanindaki sicak sular iki ayr1 hidrokimyasal fasiyeste
olup, Glimiiskdy sular1 Na-CFHCO3, Sazlkoy sicak sular1 Ca-
Mg-HCO3 su tipindedir. Uygulanan jeotermometre yontemleri
ile hesaplanan rezervuar sicakliklar1 Glimiigkdy jeotermal alani
icin 120-150°C, Sazlikoy jeotermal alani i¢in 90-120°C arasinda
degismektedir.
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Anahtar Kelimeler: Soke, Ortaklar, Termal sular, Jeotermal
enerji, Hidrojeokimya

ABSRACT: This  study  contains hydrogeological,
hydrogeochemical and isotopic investigations in the Ortaklar-
Soke geothermal field. The study area was estimated two
different groups as Giimiiskoy and Sazlikoy geothermal fields.
The basement the study area is formed Menderes Massif rocks.
First reservoir of the geothermal system is made up of the
fractured gneiss and quartz schists, and karstic marbles of the
Menderes Massif rocks. Neogene conglomerates are the second
reservoir of the geothermal systems. Neogene aged clastic
sediments especially clayey levels form the cap rock of the
system. Heat source may also be the magma closed to the surface
along the active graben fault zones developed by extensional
tectonic regime. Paleozoyic- Mesozoic aged of the marbles are
only karstic aquifer for cold waters, at the same time also
reservoir for the thermal waters. Thermal waters are of meteoric
origin according to their 5°0 and ®H contents. Outlet water
temperatures in the study area vary between 25-40°C. Thermal
waters in the study area have two different hydrochemical facies
as Na-CI-HCOs water type in Giimiiskdy geothermal field and
Ca-Mg-HCOs water type in Sazlikéy geothermal field. Reservoir
temperatures obtained by applied geothermometer methods vary
between 120-150°C in Giimiiskoy geothermal field and 90-120
°C in Sazlikoy geothermal field.

Key Words: Soke, Ortaklar, Thermal water, Geothermal energy,
Hydrochemistry
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CAN ILCESINDE (CANAKKALE) TERK EDILMIS
KOMUR OCAKLARINDA OLUSAN ASIT MADEN
GOLLERININ HIDROJEOKIM YASI

Hydrogeochemistry Of Acid Mine Lakes Occurring Around
Abandoned Coal Mines Around Can Region (Canakkale)

Deniz SANLIYUKSEL YUCEL?, Nurgiil CELIK BALCI? ve
Alper BABA®

Y Canakkale Onsekiz Mart Univ. Miih. Fak., Jeoloji Miih. Boliimii
g(jenizsyuksel@comu.edu.tr)

Istanbul Teknik Universitesi, Maden Fak ., Jeoloji Miih. Bol.

3 [zmir Yiiksek T eknoloji Enstitiisti, Miih. Fak., fngaat Miih. Bol.

OZ: Calisma alany, Biga Yarmmadasinin en biiyiik yiikseltisi olan
Kazdaginin kuzey kesiminde, Can ilge smirlar1 ig¢inde yer
almaktadr. Yogun madencilik faaliyetlerinin yasandigi bu alan,
aynt zamanda hem soguk su hem de sicak su kaynaklari
acisindan da son derece Onem tasimaktadwr. Calisma alaninda
genis bir alanda yiizlek veren Can volkanitleri (andezit, andezitik
tif, tif ve bazalt) silisik alterasyon, arjilik/ileri arjilik alterasyon
ve propilitik olmak iizere 3 farkli tipte hidrotermal alterasyona
ugramistir. S0z konusu bu volkanik birimler bolgede diisiik
kalorili ve yiiksek siilfiir icerikli Can formasyonuna ait zengin
linyit yataklar1 ile kontak halindedir. Sahada hem dogal jeolojik
stireglerle hem de antropojenik etkilerle olusan asit kaya drenaji
ve asit maden drenaji1 olusumlar1 saptanmistir. Calisma sahast
iilkemizde asit maden gbllerinin en yogun olarak bulundugu
bolgedir. Bu sahadaki asidik sistemlerin olusumunda, sahada
yiizlek veren volkanik birimlerin alterasyon zonlarinda ve
komiirler igerisinde yaygin olarak gozlenen siilfiir mineralleri
(pirit) en Onemli faktordiir. Sahada incelenen 9 farkli asit maden
g6liniin pH degerleri 2,53 ile 3,05 arasinda, elektriksel iletkenlik
degerleri 3520 ile 6750 uS/cm arasinda degismektedir. Gollerin
major iyon dizilimi SO4> Ca> Mg> CI> Na> K olup, Su Kirliligi
Kontrolii Yonetmeligi'ne gore Al, Fe, Mn, Ni, Zn gibi metallerce
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IV. smif, yani ¢ok kirlenmis su olarak tanimlanmaktadir. Asit
maden gdllerinin 88020 ve 8%Huzo izotop degerleri arasindaki
dogrusal iligski sularm meteorik kokenli oldugunu gostermistir.
Gollerinin atmosferle temas halinde olmasi ve atmosferik
kosullardan ¢evresindeki diger su noktalarina oranla daha fazla
etkilenmesi nedeniyle trityum izotopu degerleri (> 5,71 TU)
yikksektir. Siilfatn 8%*Ssos izotop degerleri ile piritin &3*Spir
izotop  degerleri  arasindaki  Onemli  benzerlik  pirit
oksidasyonunun siilfatin ana kayna%1 oldugunu 6nermektedir.
Bununla uyumlu olarak 8180504 ve o 8OHzo izotoplar1 arasindaki
iligki asit maden gbllerinin olusumunda ana etkenin pirit
oksidasyonu oldugunu gostermistir. Ayrica arazide siklikla tespit
edilen jipslerin 8**S izotop degerleri ile 834Spirit arasindaki
benzerlik siilfatin kaynagi olarak piriti gostermistir. Asit maden
gollerinin sedimanlarinda tespit edilen Acidithiobacillus spp.
grubuna ait mikroorganizmalar, asit maden gollerinin olusumuna
kaynak olan pirit oksidasyonunda mikrobiyal etkilerin 6nemli
oldugunu gostermektedir.

Anahtar Kelimeler: Asit maden golii, Doteryum, Oksijen-18,
Siilfatta oksijen-18 ve kiikiirt-34 izotoplar1

ABSTRACT: The study area is located in Can province, in the
north part of Kazdagi the highest elevation of Biga Peninsula.
Besides being rich in mining activities, this region is essential for
both cold and hot water resources. Can volcanics (andesite,
andesite tuff, tuff and basalt), outcrop the study area, undergone
three different types of hydrothermal alterations including silicic,
argillic/advanced argillic and propylitic alteration. The volcanic
rocks have contact with lignite beds associated with Can
formation. The lignite beds contain high sulfur and low calorific
values. Acid rock and acid mine drainage formation related to
geological and anthropogenic process are common
environmental problems in the region. Oxidation of sulfide
mineral such as pyrite which were widely seen in not only in the
alteration zones of volcanic units but also in the coals, is the
main factor controlling formation of acidic systems in the region.
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The pH and electrical conductivity values of nine different acid
mine lakes range from 2.53 to 3.05; from 3520 to 6750 xS/cm,
respectively, in the area. The major ionic array of the lakes is
SO4> Ca> Mg> CI> Na> K and is described as class IV
pursuant to Al, Fe, Mn, Ni, Zn in accordance with Water
Pollution Control Regulations (2004), namely very polluted
water. The linear relationship between 580u0 and FHuao
isotope values of acid mine lakes shows that the lake water is
meteoric origin. Tritium isotope values (> 5,71 TU) is high due
to the fact that the lakes interact with atmosphere and they are
affected by atmospheric phenomenon more than water resources.
The significant similarity between 5**Ssos and 5348pyrite values
suggests that pyrite oxidation is the main reason for acid
formation in the region. Consistent with this, the relationship
between 5®0sos and §®Onyo isotope values indicate that acid
mine drainage formation is a result of is pyrite oxidation. The
similarity between 9°*S isotopic value of gypsum determined in
the region and 6>*Spyrire values further suggest pyrite oxidation.
The microorganisms belonging to Acidithiobacillus spp.
determined in the sediments of acid mine lakes show that the
microbial processes are significant for oxidation of pyrite.

Key Words: Acid mine lake, Deuterium, Oxygen-18, Oxygen-18
and sulfur-34 isotopes in sulphates
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TURKOGLU-ORCAN (KAHRAMANMARAS)
BOLGESININ iCME SULARININ HIDROJEOLOJI
YONUNDEN iINCELENMESI

Investigation of Drinking Water Sources of Tiirkoglu-Orcan
(Kahramanmaras) in terms of Hydrogeology

Yusuf URAS!, Mehmet UNSAL?, Alican KOP! ve Selahattin
NACAR?

'K Maras. S.1U. Jeoloji Miih. Bol. K. Maras (yuras@ksu.edu.tr)
°K.Maras. S.LU. Insaat Miih. Bél. Kahramanmaras

0OZ: Bu c¢alismanm amaci, Tirkoglu-Orcan (Kahramanmaras)
Bolgesindeki igme suyu kaynaklarmin hidrojeokimya, izotop
jeokimyas1 ve tibbi jeoloji yoniinden arastirilmasidir. Tiirkoglu-
Organ (Kahramanmaras) Bolgesi, Uzunsogiit Koyi (UZ-1),
Aydmkavak koyii (AY-1), Kirmakaya Koyii (KR-1), Yesilyore
Belediyesi (YS-1), Onsenhopuru (OS-1), Doluca Kéyii (DK-1),
Yavuzlar Koyii (YK-1), Yolderesi Koyt (YD-1) olarak
adlandridan 8 koyden olusmaktadir. Bdolgeden farkl
mevsimlerde ve yagisl/kurak donemlerde alinan su ornekleri
{izerinde; izotop analizleri kapsaminda IRMS metodu ile *20, 2H
(Doteryum) ve IAEA metodu ile *H (Tridyum) analizleri
yapilmistr. Kaynaklarm su kalitesini belirle mek amaciyla, bir yil
boyunca her ay numuneler alinmis ve bu numuneler {izerinde iz
elementler ve inorganik su kalite parametrelerinden olusan 76
parametrenin (Ag, Al, As, Au, B, Ba, Be, Bi, Br, Ca, Cd, Ce, C|,
Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, In, K,
La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, NO», NOs, P, Pb, Pr,
Pt, Rb, Re, Rh, Ru, S, Sb, Sc, Se, Si, Sm, Sn, SO4, Sr, Ta, Th,
Te, Th, Ti,TL Tm, U, V, W, Y, Yb, Zn, Zr), sicaklik, ¢cozlinmiis
oksijen, pH, iletkenlik, alkalinite, iz element derisimleri, anyon-
katyon dl¢iimleri ve metal derigimleri, iyon kromatografisi ICP-
MS ve ICP-OES kullanilarak gerceklestirilmistir. Bdlgede
yapilan gozlemlerde, tibbi jeoloji acisindan, igme suyu
kaynaklarinin, nitrat ve siilfat degerinin yiksek oldugu
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gorilmistiir. Nitrat ve siilfat degerinin yiiksek olmasi bu sularin
icme suyu olarak kullanilmasinin insan saghgi iizerinde olumsuz
etkiolusturacagimi gostermektedir

Anahtar Kelimeler: Hidrojeoloji, Hidrojeokimya, Izotop
Jeokimyasi, Kahramanmaras, Tibbi Jeoloji

ABSTRACT: The aim of this study is to investigate drinking
water sources of Turkoglu-Orcan (Kahramanmaras) according to
hydro geochemistry, isotope geochemistry, and medical geology.
Turkoglu-Orcanhas eight different village. These villages are
called as Uzunsogut Village (UZ-1), Aydinkavak Village (AY-
1), Kirmakaya Village (KR-1), Yesilyore municipality (YS-1),
Onsenhopuru (OS-1), Doluca Village (DK-1), Yavuzlar Village
(YK-1), Yolderesi Village (YD-1). In order to determine water
quality of these sources, water samples were collected from the
region at certain periods during one year. The sampling times
were chosen according to rainy and arid season of a year. In
these samples, isotope analyses such as 20, ?H (deuterium)
(IRMS method), 3H (Tritium) (IAEA method), and drinking
water quality analysis including trace metals and inorganic
parameters such as Ag, Al, As, Au, B, Ba, Be, Bi, Br, Ca, Cd,
Ce, CI, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho,
In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, Nd, Ni, NO2, NO3, P,
Pb, Pr, Pt, Rb, Re, Rh, Ru, S, Sb, Sc, Se, Si, Sm, Sn, SO4, Sr, Ta,
Tb, Te, Th, Ti, TI, Tm, U, V, W, Y, Yb, Zn, Zr, temperature,
dissolved oxygen, pH, conductivity and alkalinity were made.
Measurements were made by using several instruments such as
ion chromatography (measurement of anions), ICP-OES, ICP-
MS (measurement of cations), and parameter specific methods.
In the observations made in the region, when considered in terms
of medical geology in the area of drinking water sources, nitrate
and sulfate values were found high. The high value of nitrate and
sulphate in this drinking waters may be caused negative effect on
human health.

Key Words: Hydrogeology, Hydro geochemistrry, Isotope
Geochemistry, Kahranmaras, Medical Geology
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BUYUKKIZILCIK (GOKSUN-KAHRAMANMARAS)
MINERALLI ve ICME SUYU KAYNAKLARININ
KOKENLERININ iZOTOPLARLA BELIRLENMESI

Determination of Origin of the Buyukkizilcik (Goksun-
Kahramanmaras) Mineralized and Drinking Water Sources
Using Isotopes

Yusuf URAS?, Alican KOP! ve Tamer RIZAOGLU*

1K.Mara§.S.[U. Jeoloji  Miih. Bol. Avsar  Yerleskesi
Kahramanmaras (yuras@ksu.edu.tr)

O0Z: Bu c¢ahsmann amaci, Biiyikkizilek (Goksun-
Kahramanmarag) Dinari mevkinde bulunan mineralli su ve
Biiyikkizilcik  koyliniin  su kaynagmin izotop jeokimyasi
yoniinden arastrimasidr. Bilyiikkizilck mineralli  suyu
Permiyen yaslh Yoncayolu formasyonunun altere olmus
kisimlarinda  siyenitler icerisinde kaynak olarak ortaya
¢ikmaktadwr. Biiylikkizilcik kdyliniin igme suyu kaynagi ise
Permiyen yash Yoncayolu formasyonu igerisinden ¢ikmaktadir.
Biiyiikkizilcik, Dinari mevkiinde bulunan mineralli suyu ve
Biiyikkizick kOylinin  igme suyu kaynagmdan farklh
mevsimlerde ve yagislvkurak donemlerde alinan su ornekleri
lizerinde; izotop analizleri kapsammda IRMS metodu ile 20, ?H
(Doteryum) ve IAEA metodu ile *H (Tridyum) analizleri
yag)llmlstlr. Calisma alanindaki mineralli ve igme sularinim, 82H,
8180 ve 8°H izotop verilerine gore, genel olarak meteorik kokenli
oldugu, derin dolasimli ve yeraltinda uzun kals siiresine sahip
olduklar1 belirlenmistir.

Anahtar Kelimeler: Hidrojeoloji, Hidrojeokimya, Izotop
Jeokimyasi, Kahranmarag

ABSTRACT: The aim of this study is investigating of both the

water source of Buyukkizilcik (Goksun-Kahramanmaras) village

and mineral water in the vicinity of Dinari district by means of
210



isotope geochemistry. While the Buyukkizilcik mineral water
comes out as a natural spring in syenites on altered parts of
Permian Yoncayolu formation the water supply of Buyukkizilcik
village comes directly from Yoncayolu formation. In order to
determine water quality of these sources, water samples were
collected from the region at certain periods during one year. The
sampling times were chosen according to rainy and arid season
of a year. In these samples, isotope analyses such as 20, ?H
(deuterium) (IRMS method), *H (Tritium) (IAEA method).
According to the 8%H, 8'%0 and 8°H isotope data, mineral water
and drinking water in Buyukkizilcik are meteoric origin.

Key Words: Hydrogeology, Hydrogeochemistrry, Isotope
Geochemistry, Kahramanmaras
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LITOLOJIK ve CEVRESEL FAKTORLERIN YERALTI
SUYU KiM YASINA ETKILERi: MERSIN iLi ORNEGI

Effects of Lihological and Environmental Factors on the
Groundwater Chemistry: A Case Study of the City of Mersin

Umit YILDIRIM', Mehmet Ali KURT?, Cihan GECGEL’ ve
Tuncay INCE?

Mersin Universitesi Miih. Fak. Jeoloji Miih. Béliimii, Mersin
(umityildirim@mersin.edu.tr)

2Mersin Universitesi Ileri Teknoloji Egitim, Arastirma ve
Uygulama Merkezi, Mersin

OZ: Litolojik ve cevresel faktorler, yeralt1 sularmmn kimyasal
bilesimini etkileyen baglica etmenlerdir. Yeralt1 sularinin
kimyas1 i¢cinden gegtikleri kayacin mineralojik yapisma bagh
olarak degisir. Yeralt: sularinin kimyasal yapisi, ayn1 zamanda
tarmm, sanayi ve kentlesme gibi ¢cevresel etmenlerle de yakndan
iligkilidir. Bu c¢aligmada, Mersin ilindeki yeralt1 sularmin
kimyasal bilesimi ile farkli litolojik ve c¢evresel faktorler
arasindaki iliskinin belirlenmesi amag¢lanmistr. Bu amagla
Mersin il smir1 igerisinde yer alan ve degisik litolojik birimlerden
kaynaklanan yeralti suyu ornekleri alinmis ve fiziksel-kimyasal
parametreleri belirlenmistir. Analiz sonuglar1
degerlendirildiginde; aliivyon akiferden alman su Orneklerinde
elektriksel iletkenlik, tuzluluk, anyon (nitrat, nitrit, siilfat, siilfit,
flortir ve kloriir), major katyon (sodyum, potasyum, magnezyum,
kalsiyum), demir ve stronsiyum igerikleri yiiksek derisimdedir.
Ofiyolitik kayacglar igerisinde yer alan kaynaklardan alman
sularm pH, magnezyum, silisyum ve toplam krom derigimleri
yiksektir. Kirectagt icerisinde yer alan kaynaklardan alinan
sularin ise silisyum, kalsiyum, titan ve stronsiyum derigsimleri
yiiksektir. Sonug olarak; Mersin il smirlar1 icerisindeki aliivyon
akiferde yer alan yeralti sularmmin tarim, sanayi ve yerlesim
yerleri gibi ¢evresel faktorlerden oldukca etkilendigi
soylenebilir. Buna karsilik ovalik alandan uzakta yer alan ve
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kaya akiferlerden alinan su 6rneklerinin ise litolojik faktorlerden
etkilendigi soylenebilir.

Anahtar Kelimeler: Yeralti suyu kimyasi, Litolojik faktorler,
Cevresel faktorler, Mersin ili

ABSTRACT: Lithological and chemical factors are main factors
affecting to chemical compozition of groundwater. Groundwater
chemistry varies depending on minerological composition of
aquifer rock. Chemical compozition of groundwater is also
relationship with environmental factors that agriculture, industry
and urbanization. In this study were purposed to determine
effects of lihological and environmental factors on chemical
compozition of groundwater in the city of Mersin. In this context,
groundwater samples were collected and determined their
phisical-chemical parameters from the area of the city of Mersin.
According to analysis results; concentration of electrical
conductivity, salinity, anion (nitrate, nitrite, sulfate, sulphite,
fluoride and chloride), major cation (sodium, potassium,
magnesium and calcium), iron and strontium showed high values
in collected samples from alluvium aquifer. Values of pH and
concentation of magnesium, silicon and total chrome showed
high values in collected samples from spring in ophiolitic rocks.
Concentration of silicon, calcium, titanium and strontium
showed high values collected samples from spring in limestone.
As a result; chemical composition of the groundwater derived
from alluvium aquifer have affected by environmental factors;
for example agriculture, industry and urbanizations. On the
other hand: chemical composition of the groundwater collected
from the rock aquifers that are located in away from the plain
area have affected by lithological factors.

Key Words: Groundwater chemistry, Lithological factors,
Environmental factors, City of Mersin
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IZOTOP JEOKIM YASI

Isotope Geochemistry
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TRAKYA VE BATI ANADOLU ALKALEN VOLKANIK
KAYALARINDA HELYUM iZOTOP DEGIiSIMLERININ
INCELENMESI

Investigation of Helium Isotope Variations of Alkaline
Volcanic Rocks in Thrace and Western Anatolian Regions

Duru ARAL?', Halim MUTLU? Ercan ALDANMAZ, Nilgiin
GULEC?, Fin STUART® ve Kadir SARIiZ}

L Eskisehir Osmangazi Univ., Jeoloji Miih. Boliimii, Eskisehir

2 Ankara Universitesi, Jeoloji Miih. Boliimii, Ankara

3Kocaeli Universitesi, Jeoloji Miih. Bélimii, Kocaeli
4Ortadogru Teknik Universitesi, Jeoloji Miih. Boliimii, Ankara
®Scottish Universities Environmental Research Centre, Isko¢ya

OZ: Asal gazlar yerkiirenin degisik rezervuarlarnda oldukca
farkli bilesimler sergilemeleri nedeniyle, yerkiire evriminin
aciklanmasi, magma olusumuna katkida bulunan siire¢lerin
(kabuksal etkilesim vs.) belirlenmesi ve magma sorguglarmin
derinliginin tahmin edilmesine yonelik 6nemli verisaglarlar. Bati
Anadolu bolgesindeki alkalen volkanik kayaglar iizerinde iz
element degisimleri, radyojenik yaslandirma ve izotop
sistematikleri agisindan ¢ok sayida aragtirma yapilmis olmasina
karsin, s6z konusu volkaniklerin olusum dinamiklerine 6nemli
katk1 saglayacak olan asal gaz izotop bilesimleri ele
almmamistir. S6z konusu veri eksikligini gidermeyi amacglayan
bu c¢alismada, bati Anadolu bdlgesindeki olivinli-bazalt ve
Trakya bolgesindeki ksenolit igeren bazaltlarn helyum izotop
bilesimleri incelenmistir. Trakya (Corlu-Tekirdag) ve Bati
Anadolu  (Kula-Manisa, Simav-Kiitahya, Aglasun-Burdur)
bolgelerinden Orneklenen Neojen yashh alkalen volkanik
kayaclardan agir-sivi yontemi ile olivin mineralleri ayrimustir.
Olivin minerallerinin He izotop analizleri Scottish Universities
Environmental Research Centre (SUERC) laboratuarlarinda
yapilmistr. Kula sahasindaki bes ayr1 bazalt lavindan ayiklanan
olivinlerin  gaz  kapanimlarindan elde edilen R/Ra
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(CHel/*He)srm/CHel*He)sm)  degerleri  7.12-8.04  arasinda
degismektedir. Helyum izotop oranlarindaki ortalama MORB
tipi bazalt bilesimlerine yakin olan bu degerler biiyik olasilikla
astenosferkk bir manto kaynagni isaret etmektedir. Simav
yakinlarinda olduk¢a dar bir alanda yiizlek sunan Incegiz
bazalta ait 6rneklerin R/Ra degeri ise 5.19 olarak bulunmustur.
Bu deger muhtemelen manto tiirevli ergiyikler tizerinde diisiik
SHe/'He kita kabugu katks1 etkilerini yansitmaktadir. Trakya
alkalen volkaniklerinin biinyesindeki peridotit ksenolitler diinit
ve harzburjitten olusmaktadir. Harzburjitlerden ayiklanan
olivinlere ait *He/*He degerleri 6.79-7.10 Ra arasinda olup
peridotitlerin Kula bazaltlar1 kaynagina gére daha tiketilmis bir
mantoyu temsil ettiklerini géstermektedir. Bati Anadolu-Trakya
alkalen volkaniklerinin asal gaz, radyojenk ve durayl izotop
sistematiklerine yonelik halen devam eden arastrmalarimizin
bolgedeki kabuk-manto etkilesimine yeni agilimlar getirecegi
kanaatindeyiz.

Anahtar Kelimeler: Alkalen kayag, olivin, helyum izotop,
kabuk-manto etkilesimi

ABSTRACT: Because noble gases are represented by various
compositions in different reservoirs in the earth, they provide
valuable information on the evolution of bulk earth,
understanding of processes (e.g. crustal contamination)
contributing to the magma formation and estimating the depth of
magma plumes. Although the alkaline volcanics in the western
Anatolian region have been studied in detail by several works by
means of trace element variations, radiogenic dating and isotope
systematics, noble gas isotope compositions that could
significantly contribute to dynamics of volcanism have not been
investigated yet. In this study which aims to fill the deficiency of
such data, helium isotope compositions of olivine-basalts in
western Anatolia and xenolith-bearing basaltic lavas from the
Thrace basin are measured. Olivine minerals from the Neogene
alkaline volcanic rocks in Thrace (Corlu-Tekirdag) and western
Anatolian (Kula-Manisa, Simav-Kiitahya, Aglasun-Burdur)
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regions were separated with heavy-liquid method. Helium
isotope analysis of olivines was carried out at Scottish
Universities  Environmental Research Centre (SUERC)
laboratories. R/Ra ((®He/*He)sample/CHe/*He)am) values of gas
inclusions in olivines separated from five discrete basalt lavas in
the Kula region are in the range of 7.12 to 8.04. Such high
helium isotope values, which are close to the mean MORB ratios,
are most probably indicative of an asthenospheric mantle
source. R/Ra value of samples from the Incegiz basalt which is
exposed in a small area around Simav is found as 5.19, which
most likely corresponds to a melt of upper mantle origin with
further contamination by low 3He/*He crustal material. The
peridotite xenoliths from the Thrace alkaline volcanic suite are
composed of harzburgites and dunites. 3He/*He ratios measured
on olivine separates from the harzburgites are between 6.79 and
7.10 proposing that the xenoliths represent a relatively degassed
upper mantle compared to the source of the Kula Basalts. We
believe that our ongoing survey on noble gas, radiogenic and
stable isotope systematics of western Anatolian-Thracian
alkaline volcanics will bring an initiative to the understanding of
crust-mantle dynamics in the region.

Key Words: Alkaline rock, olivine, helium isotope, crust-mantle
interaction
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BOR MINERALLERININ DURAYLI iZOTOP
JEOKIMYASI: BIGADIC (BALIKESIR) BORAT
YATAGINDAN BiR ORNEK

Stable Isotope Geochemistry of the Boron Minerals: An
Example From Bigadi¢ (Balikesir) Borate Deposits

Selin AYY, Yesim Yiicel OZTURK? ve Cahit HELVACI ?

'Dokuz Eylil Universitesi, Fen Bilimleri Enstitiisii, Buca-IZMIR
(slnay@windowslive.com)
2Dokuz Eylil Universitesi, Jeoloji Miihendisligi Bolimii, IZMIR

0OZ: Bigadi¢ borat yataklar1 Neojen yash playa gol tortullarindan
yapii KD-GB uzanimh bir havza i¢inde iki farkli zonda
yeralmaktdir. Bolgedeki volkano-sedimanter istif, alttan {iste
dogru taban volkanitleri, taban kiregtasi, alt tiif, alt borat, st tiif,
ist borat ve olivinli bazalt birimlerinden olusur. Bolgedeki
Neojen istifi, Paleozoyik ve Mesozoyik yash temel karmasigi
lizerine uyumsuzlukla oturur. Borat yataklari, kurak iklim
kosullarinda, lokal volkanizma ile birarada bulunan hidrotermal
sicak su kaynaklar1 ile beslenen, playa gollerinde olusmuslardir.
Bu yataklar tiif, kil ve kiregtaslart ile arakatkilidw. Bigadic
(Balikesir) borat yataklarindan alinan 6rneklerin jeokimyasal ve
durayh izotop analizleri gerceklestirilmistir. Incelenen drneklerin
jeokimyasal ¢aliymalarinda, Bigadic boratlarinin Na/Ca oran1 %
5'in ¢ok altinda sifira yakin bir deg§er sunmaktadir. Bu da,
Bigadi¢ havzasinda, Ca-boratlarin ¢okelimine uygun ortam
kosullarmin olduguna isaret etmektedir. Bor minerallerinin tiim
ana elementlerinde, tath su ortamlarma goére cok yiksek artig
oldugu gozlenmektedir. Bu durum, Bigadi¢ borat yataklarini
Olusturan gol ortamina, dis etkenlerle dnemli miktarda element
transfer edildigini gostermektedir. Bigadi¢c’ten alman kolemanit
orneklerinin oksijen ve hidrojen izotop analizleri ve kolemanit
minerali ile birlikte bulunan kalsit, klorit, montmorillonit gibi
minerallere ait sabitler kullanilarak, kolemanit minerallerini
olusturan akigkanin oksijen ve hidrojen izotop degerleri
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hesaplanmistr. Bu sekilde, Bigadi¢ borat yataginm olusum
ortami ve kokenine iliskin 6nemli ipuglari elde edilmistir. Sonug
olarak, bor minerallerini olusturan akigkanin oksijen ve hidrojen
izotop degerlerinin  sirasiyla, andezit-riyolit ve gdlsel
evaporitlerin oksijen izotop degerleri ile meteorik su katkili
oldugu disiiniilen formasyon sularinin hidrojen 1izotop
degerlerine yakm oldugu sap tanmugtir.

Anahtar Kelimeler: Bigadig, Borat yatagi, Bor minerali,
Durayl izotop jeokimyasi1

ABSTRACT: Bigadi¢ borate deposits are located in two
different zones within NE-SW-trending basin which is made of
Neogene playa lake sediments. The volcano-sedimentary
sequence in the region consists of (from bottom to top) basement
volcanics, basement limestone, lower tuff, lower borate, upper
tuff, upper borate and olivine basalt. In the region, the Paleozoic
and Mesozoic basement complex is unconformably overlain by
the Neogene sequence. The borate deposits formed under arid
conditions in perennial saline lakes fed by hydrothermal springs
associated with local volcanic activity. The deposits are
interbedded with tuffs, clays and limestones. Geochemical and
stable isotope analyses of samples collected from the Bigadic
(Balikesir) borate deposits were carried out. In the geochemical
studies of the analysed samples, Na/Ca ratios of the Bigadi¢
borates show values below 5%, close to zero. These indicate that
there are suitable environmental conditions for Ca-borate
deposition in Bigadi¢ basin. 1t is observed that there are very
high increasing ratios in all the major elements of boron
minerals, compared to fresh water environment. It is indicated
that significant amounts of elements were transferred by external
factors, to the lake environment which formed the Bigadi¢ borate
deposits. Using the constants of minerals, such as calcite,
chlorite and montmorillonite, in equilibrium with colemanite
minerals, the oxygen and hydrogen isotope values of the fluid
which formed the colemanite minerals were calculated from the
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measured colemanite samples collected from the Bigadi¢ deposit.
Thus, significant clues were obtained concerning the origin and
formation of the Bigadi¢ borate deposits. As a result, it is
determined that the oxygen and hydrogen isotope values of the
fluid which forms boron minerals are close to the oxygen isotope
values of those andesite-rhiyolite and lacustrine evaporites, and
hydrogen isotope values of formation waters, which are thought
to be mixed of meteoric water, respectively.

Key Words: Bigadi¢, Borate Basin, Boron Mineral, Stable
Isotope Geochemistry
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ASAL GAZ iZOTOPLARI iLE SiSMIK AKTiVITE
ARASINDAKI ILISKININ INCELENMESI: DOGU
ANADOLU ORNEGI

Investigation of Relationship between Noble Gas Isotopes and
Seismic Activity: A Case Study in Eastern Anatolia

Harun AYDIN?', Halim MUTLU?, David R. HILTON? ve
Nilgiin GULEC*

Yiiziincii Yil Universitesi, Miih. -Mim. Fak., Cevre Miih. Bélimii,
Van (harun@yyu.edu.tr)

2 Ankara Universitesi, Miih. Fak., Jeoloji Miih. Béliimii, Ankara,

3Fluids and Volatiles Laboratory, Geosciences Research

Division, Scripps Institution of Oceanography, UCSD, La Jolla,

92093, CA, USA

‘Orta Dogu Teknik Univ., Miih. Fak., Jeoloji Miih. Bél., Ankara

0Z: Sismik ve volkanik faaliyetlere bagh asal gaz salmmmin
miktar1 ve orani, yerkiirenin heterojen yapisindan dolay1 konum
ve zaman i¢inde farklhilik gostermektedir. S6z konusu farkliliklar,
ugucularm kokeni (manto, kabuk ve atmosfer), plaka tek tonigi,
volkanik ve sismik aktivite ve manto-kabuk/su-kayac
etkilesimini esas alan ¢aliymalara 6nemli katkilar saglamaktadir.
23 Ekim 2011 tarithinde Dogu Anadolu’da meydana gelen Tabali
(Van) depremi (Mw: 7.2) ve baglantili art¢1 soklar, asal gaz
degisimleri ile sismik aktivite arasmdaki iligkinin incelenmesine
yonelik firsat olusturmustur. Bu caliymada; séz konusu iligki
2011 depremi Oncesi ve sonrasinda bdlgedeki 11 jeotermal
kaynaktan toplanan gaz orneklerinin SHe/*He, 63C(CO,) ve
CO,/*He degerlerinin karsilastirdmasi ile ortaya konmustur.
Deprem sonrast alman gaz orneklerinin 3He/ He, 513C(COZ) ve
CO,/He oranlar1 sirasi ile 0.84 Ry ile 6.37 Ra (Ra = 1.4><10'6), -
11.6%0 ile 0.49% VPDB ve 1.90x10° ile 6.85x10"° arasmda
olduklar1 belirlenmistir. Deprem 6ncesi ve sonrasi elde edilen
degerlerin karsilastirilmast sonucunda, deprem odak merkezi
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cevresinde (~70 km ¢ap) anlaml degisimler saptanrken 6zellikle
Van Goli’nilin KD kesiminde yer alan Caldiran Fay1 dolaylarinda
onemli bir anomali elde edilmistir. Caldiran Fay1 ¢evresindeki
orneklerin manto ve kabuk kokenli helyum bilesenleri deprem
oncesine gore artarken, atmosferik kokenli helyum bileseni ise
azalmistir.

Anahtar Kelimeler: Asal gaz izotoplari, CO,/*He orani, helium,
Jotermal kaynaklar, Sismik aktivite

ABSTRACT: The amount and rate of noble gas release in
association with volcanic and seismic activities vary with
location and time, due to heterogeneous structure of the solid
earth. These differences provide significant contribution to the
studies concerned with volatile province (mantle, crust and
atmosphere), plate tectonics, volcanic and seismic activities, and
mantle-crust/water-rock interaction. The October 23, 2011
Tabanl (Van) earthquake (Mw: 7.2) and associated aftershocks
occurred in eastern Anatolia provided a good opportunity to
examine the relationship between variations in noble gas
compositions and the seismic activity. In this study, such a
relation has been demonstrated by comparing pre- and post-
seismic *He/*He, 6*C (CO,) and CO,/*He values of gas samples
collected from 11 geothermal springs in the region. The *He/*He,
8C (CO,) and CO,/He ratios of post-seismic samples are in
the range of 0.84 R to 6.37 Ra (Ra = 1.4x10°), -11.6%o to
0.49%0 VPDB and 1.90x10® to 6.85x10%, respectively. As a
result of comparison of the pre- and post-seismic values,
significant changes were detected in an area roughly within a
diameter of 70 km of the epicentre, especially a considerable
anomaly was recorded around the Caldiran Fault at NE of Lake
Van. The mantle and crustal helium components in samples in
the vicinity of the fault increased with respect to pre-seismic
values whilst the atmospheric helium component decreased.

Key Words: Noble gas isotopes, CO,/He ratio, Helium,
Geothermal springs, Seismic activity
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GENISLEME iLE ES YASLI SALIHLi VE TURGUTLU
GRANITOYID LERININ LA-ICP-MS U-Pb ZIRKON
YASLARI, BATI ANADOLU

LA-ICP-MS U-Pb zircon ages of syn-extensional Salihli and
Turgutlu granitoids, western Turkey

Fuat ERKULL, Sibel Tatar ERKUL?, Urs KLOTZLI® ve
Massimo TIEPOLO*

Y Akdeniz Univ. Teknik Bil. Meslek Yiik. (fuaterkul@gmail.com)

2 Akdeniz Universitesi Jeoloji Miihendisligi Boliimii, Antalya
3Center for Earth Sciences, Department of Lithospheric
Research UZA II, Vienna, Avusturya

*Institute of Geosciences and Georesources, CNR Pavia, Via
Ferrata 1, 27100 Pavia, Italya

OZ: Orta Menderes Masifi'nde Gediz siyrilma faymm taban
blogunda yer alan Salihli ve Turgutlu granitoyidleri Bati
Anadolu’da Erken Miyosen’den itibaren devam eden genisleme
rejimine bagh siiniimlii ve kataklastik deformasyona ugramstur.
Salihli  ve  Turgutlu  granitoyidleri,  granodiyorit  ve
lbkogranitlerden olusur. Bu kayacglar, deforme olmamis
kesimlerde tipik holokristalin doku gosterirler. Granodiyoritik
bilesim sergileyen kayaglarda felsik bilesenlerden farkl olarak,
mafik bilesenler acgisindan Salihli, hornblend, Turgutlu ise,
biyotit, muskovit minerallerince zengindir. Tali bilesen a¢isindan
ise apatit, zirkon ve allanit mineralleri yaygindr. Onceki
calismalarda monazit ve allanit minerallerinden alman
kristallesme  yaslari, bu c¢ahsmada zirkon yaslar1 ile
karsilastirilmistr. Yaslar, granitoyidler ve l6kogranitlerden elde
edilmistir. Katodoliiminesans (CL) goriintiilerine gore, zirkon
kristalleri diizenli magmatik zonlanmaya sahip ve Ozsekillidir.
Ancak, Turgutlu granitoyidleri’nin ¢ekirdek kesiminde yaygin
olarak yuvarlak sekilli kalmti zirkon kristalleri oldukca
yaygindrr. Kalint1 zirkon kristallerine ait 2°°Pb/?8U yaslar1 925
ile 560 My arasinda degismektedir ve bu yaslar pliitonlarin yan
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kayacini olusturan Menderes Masifine ait mikasgist ve gozli
ortognayslardan elde edilen yaslar ile uyumluluk gosterir.
Granitoyidler ve Iokogranitler igerisinde diizenli magmatik
zonlanmaya sahip 6zsekilli zirkon kristallerinden alman lazer spot
200pp/?8 yaglar: swrasiyla 18.0+0.2-14.940.2, 16.0+0.2—14.7+0.1
ve 17.6+£0.2-13.7+0.2 My arasindadir. Olgiilen bu yaslarin yaklagik
16 ve 15 My cevresinde kiimelendigi goriilmektedir. Elde edilen
yaslar, 6zsekilli ve zonlu zirkonlarm i¢ kesimlerinde yaklasik 16
My, ceperlerinde ise yaklagik 15 My yas1 vermektedir. Buna gore,
Salihli granitoyidine ait 16.4+1.0 ve Turgutlu granitoyidine ait
16.0£0.3 My konkordiya yaslar1 genigleme ile es yash
granitoyidlerin kristallenmeye baslama yas1 kabul edilebilir. Salihli
l6kogranitlerinin ise konkordiya yas1 14.7 +0.2 My’dr.
Mikrokiriklarm zirkon kristallerinde etkin oldugu kesimlerde ise
izlenen alterasyon kusagmndan alman ““°Pb/®U yas1 ise 14.7£1.0
My’dr. Milonitlesme ve mikro kwriklanma ile iliskili alterasyon
srrasinda meydana gelen ¢éziinme ve yeniden kristallesme, zirkon
kimyasmda heterojenlesmeye neden olmustur. U-Pb yas verileri,
Salihli ve Turgutlu granitoyidlerinin es zamanh olarak
kristallestiklerini, kristallesme siirecinin 15.5 My’da devam ettigini
ve lokogranitlerin ise 14.7 My’da kristallestigini isaret etmektedir.
Sig yerlesimli ve es yash Salihli ve Turgutlu granitoyidleri,
cekirdek kompleksi gelisimine baglh olarak hizli bir kristallesme
stirecine maruz kalmiglardir. Bu veriler, Bat1i Anadolu’da Erken-
Orta Miyosende iki evreli ¢ekirdek kompleksi gelisimi goriisiinii
desteklemektedir.

Anahtar Kelimeler: U-Pb zirkon yasi, Metamorfik ¢ekirdek
kompleksi, Hidrotermal alterasyon

ABSTRACT: The Salihli and Turgutlu granitoids, which are
located in the footwall rocks of the Gediz detachment fault, has
undergone ductile and brittle deformation owing to the extensional
regime that occurred since Early Miocene in western Turkey.
Salihli and Turgutlu granitoids are granodiorite in composition and
include leucogranites around Salihli area. They display typical
holocrystalline texture in undeformed parts. These granitoids are
granodiorite in composition and mafic/intemediate components of
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the Salihli granitoids is defined by hornblende while Turgutlu
granitoids are rich in biotite and muscovite. Accesory phases of
apatite, zircon and allanite are common in these granitoids.
Crystallization age data obtained from monazite and allanite in the
previous works were correlated with zircon ages measured in this
study. Ages were measured from granitoids and leucogranites,
which are intruded into the mica schists of the Menderes Massif.
Zircon crystals are euheadral and display typical magmatic zoning
in CL images. However, rounded shaped, inherited zircon grains
commonly occur in the core of zircon crystals within the Turgutlu
granitoids. 2°Pb/?®U ages from the inherited zircons range from
about 925 to 560 Ma, which are consistent with ages measured
from the mica schists and augen orthogneisses in the Menderes
Massif. Euhedral zircons with magmatic zoning in the eguigranular
granodiorite and leucogranite samples yielded 2*°Pb/*®*U ages of
18.0+0.2—14.940.2, 16.0+0.2—14.7+0.1 and 17.6+£0.2—13.7+0.2 My,
respectively. These data display two clusters of ages around 16 and
15 Ma. When these ages combined with CL images from
magmatically zoned and euhedral zircon crystals, 16 Ma ages were
mostly measured from the core of zircon crystals while rim of
zircons usually yielded ages of around 15 Ma. Therefore, concordia
ages of 16.4+1.0 Ma and 16.0+0.3 Ma from the Salihli and Turgutlu
granitoids can be considered as onset of cystallization of
synextensional granitoids. Salihli leucogranites yielded a concordia
age of 14.7 £0.2 Ma. Alteration zones related to the microfractures
in zircon crystals gave concordia age of 14.7+1.0 Ma. Dissolution
and recrystallization processes during alteration related to
mylonitization and microfracturing probably led to heterogeneity in
zircon chemistry. Overall U-Pb age data point out that the Salihli
and Turgutlu granitoids were crystallized more or less coevally,
crystallization continued at 15.5 Ma and Salihli leucogranites were
crystallized at 14.7 Ma. Shallow-seated and coeval Salihli and
Turgutlu granitoids have been subjected to rapid crystallization
processes during core-complex development. These data support
the hypothesis of episodic core complex formation during Early and
Middle Miocene in western Turkey.

Key Words: U-Pb zircon age, Metamorphic core complex,
Hidrothermal alteration
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FISTIKLI (ARMUTLU) GRANITOYID PLUTONU VE
ICERDIGI MAFIK MAGMATIK ANKLAVLARIN (MME)
JENETIK OZELLIKLERI

Genetic characteristics of the Fistiklt (Armutlu) granitoid
pluton and its mafic magmatic enclaves (MME)

Necla KOPRUBASI}, Omer KAMACI?, Fatma SISMAN
TUKEL’, Daghan CELEBI', Aykut GUCTEKIN've Nezihi
KOPRUBASI*

'Kocaeli Universitesi, Miih. Fak., Jeoloji Miih. Béliimii, Kocaeli
(neclakop@kocaeli.edu.tr)

2[stanbul Teknik Un., Maden Fak., Jeoloji Miih. Bol., Istanbul
3[stanbul Universitesi, Miih. Fak.i, Jeoloji Miih. Bol., Istanbul

0Z: Bu ¢alismada Armutlu yarmmadasinda yiizeylenen Fistikh
granitoyidinin igerdigi mafik magmatik anklavlarim (MME)
jeokimyasi, anklavlarin olas1 kokenleri ve ana kaya ile olan
kimyasal etkilesim diizeylerinin saptanmast ve ayni zamanda
felsik karakterli granitoyidlerle ile mafik karakterli volkaniklerin
ve tiretmis olduklar1 anklavlarm (MME) izotopik 6zelliklerinin
degerlendirilmesi amaglanmistir. Calisma alaninda stratigrafik
olarak en altta Paleozoyik yasli amfibolit, gnays ve hornfelsten
olusan Armutlu metamorfik toplulugu yer alir. Bu topluluk
lizerine andezit, bazalt, bazaltik andezit, diyabaz ve bazaltik
andezitik tiifleri iceren Kizderbent volkaniti uyumsuz olarak
gelmistir. Metamorfik topluluk ve volanik kayaglar monzogranit
ve granodiyoritten olusan Fistikli granitoyidi tarafindan intriizif
olarak kesilmistir. Orta FEosen-Ust Oligosen yash Fistikli
granitoyidi (Delaloye ve Bing6l, 2000; Kopriibag1 ve Aldanmaz,
2004) ve Orta Eosen yash Kizderbent volkaniti (Geng ve dig.,
2004) Armutlu yarimadasinda meydana gelen magmatizmanin
ki farkl {rliniidiir. Hemen hemen es yash olarak kabul edilen
bu iki birimden granitoyitk kayaclar yikselim sirasinda
volkanitlerden anklav (MME) almislardir. S6z konusu anklavlar
granitoyidlerle dokanak zonlarmma yakmn noktalarda fiziksel ve
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kimyasal etkilesime girmislerdir. Makro nitelikte 10-20 cm
capinda, koyu renkli, gbzle goriilebilecek biiytikliikte K-feldispat
iceren anklavlar, mikro boyutta mikrograniiler, mikrograniiler
porfirik ve trakitik dokuludurlar. MME lerde goriilen tipik
poikilitik kuvars, bigcagims1 biyotit, inemsi apatit ve reaksiyonel
sinrrlara sahip plajiyoklas (elek doku) gibi karisim delili
olabilecek olgulara rastlanmustr. Izotop jeokimyasi verileri
degerlendirildiginde Kizderbent volanikleri ve granitoyitik
kayaclar icerisinde yer alan MME lerin hemen hemen ayni
asimilasyon fraksiyonel kristallenme (AFC) wve fraksiyonel
kristallenme (FC) siiregleri gegirdigi ve dolayisiyla Kizderbent
volkanikleri ile MME’lerin ayni kaynaktan tiiredigi; Fistikl
granitoyidlerinin ise, Kizderbent volkanikleriyle kojenetik
oldugu ve magmatik evrimlesme siire¢lerinde daha farkh
olaylara maruz kaldig1 diigtintilmistiir.

Anahtar Kelimeler: Kuzeybati Anadolu, Granitoyitk Magma,
Mafik Magmatik Anklav (MME), Magma Karigsmasi1

ABSTRACT: This study evaluated the geochemistry, origin and
interactions with the hostrock of Mafic Magmatic Enclaves
(MME) in Fistikli granitoid outcropped in Armutlu peninsula.
Isotopic characteristics of the felsic granitoids along with mafic
volcanics and their products of enclaves (MME) were also
evaluated in this study. Startigraphically, the Paleozoic Armutlu
metamorphic complex containing amphibolites, gneisses and
hornfels constitute the basement rocks of the study area. The
basement rocks are unconformably overlain by the Kizderbent
volcanics consisting of andesite, basalt, basaltic andesite, and
diabase lavas, tuffs and dykes. The Fistikli granitoid composed
of granitic and granodioritic rocks cut the metamorphic complex
and volcanic rocks intrusively. The Middle Eocene-Upper
Oligocene Fistikli granitoid (Delaloye and Bingél, 2000,
Kopriibasi and Aldanmaz, 2004) and Middle Eocen Kizderbent
volcanics (Geng et al., 2004) are the two different products of the
same magmatism in the Armutlu peninsula. These two units are
almost contemporaneous and the granotoidic rocks took
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enclaves (MME) from the volcanic rocks during their upraising
processes. Additionally, these enclaves underwent physical and
chemical interactions with the granotoidic rocks. The dark
colored and 10-20 cm in diameter enclaves contain coarse
grains of alkali feldspar in macro scale, while they were
crystallized as microgranular, microgranular porphyric and
trachitic textures, in micro scale. Poicilitic quartz, special
mineral habits of biotite and apatite and sieve-textured
plagioclase with reactional boundaries exist in the MME, are the
evidences of magma mixing process. When isotope geochemistry
data were evaluated, it was noticed that Kizderbent volcanics
and MME included in the granitoitic rocks were undergone
almost the same assimilation (AFC) and fractional
crystallization (FC) processes. As a result, Kizderbent volcanics
are verified as the source rocks for MME, while the Fistikh
granitoid is co-genetic with the Kizderbent volcanics and
products of the same magmatism, but they were exposed to
different processes during the magmatic evolution periods.

Key Words: Northwest Anatolia, Granitoitic Magmatism,
Magma Mixing, Fractional Crystallization, Assimilation and
Fractional Crystallization
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ISPARTA GUNEYINDE YERALAN KISLA DOM
YAPISININ OLUSUMUNU KONTROL EDEN TEKTONIK
ve MAGMATIK ETKENLER

Tectonic and Magmatic Effects Controlling the Forming of the
Kisla Dome Structure in the South of Isparta

'Fuzuli YAGMURLU, *Nevzat OZGUR, *Ziiheyr KAMACI,
"Murat SENTURK ve *Tugba Arife CALISKAN

YSiileyman Demirel Universitesi, Miih. Fak., Jeoloji Miih.
Béliimii, Isparta (yagmurlu@mmf.sdu.edu.tr)

2LS’L'ileyman Demirel  Universitesi, Miih. Fak., Jeofizik
Miihendisligi Béliimii, Isparta

3 Tiibitak Marmara Arastirma Merkezi, Cevre ve Temiz Uretim
Enstitiisii, Gebze-Kocaeli

OZ: Isparta il merkezinin yaklask 20 km giineyinde kalan
bolgeye ait uydu goriintiileri iizerinde Kisla yoresinde dairesel
bir dom yapisinin varligi belirlenmistir. Bu dom yapist daha ¢ok
Antalya naplar1 icinde yeralan Isparta Cay1 formasyonu ile bunu
iizerleyen Tersiyer yash denizel tortul birimler i¢inde gelismistir.
Calisma konusu olarak secilen bu dairesel dom yapisinin ¢ap1
yaklagik olarak 10 km’ye ulagsmaktadir. Caligma alanma ait olan
ki ve {li¢c boyutlu olarak degerlendirilen uydu goriintiileri,
bunlarla ilgili olarak hazirlanan ¢izgisellik haritalar1 ve Landsat
ETM+ uydu goriintlisiiniin termal bandi kullanilarak meydana
getirilen ylizey sicakligi haritasibu alanda var olabilecek bir dom
yapisinin varligini desteklemektedir. Calisma bdlgesini etkileyen
ve birbiri ardina gelisen farkli yonlerdeki sikigsma kuvvetleri,
Kila Domunun olusumuna yol acan en Onemli tektonik
nedenlerden biridir. Diger taraftan, Kisla Domu tizerinde ve ¢ok
yakininda bulunan subvolkanik stoklar ve dayklar, dom
olusumuyla birlikte magmatik faaliyetin yorede tektonizma ile
yasit olarak gelismis olabilecegini yansitir ve bunu da volkanik
kayaglardan ve bunlarin iginde bulunan siyenitik ksenolitlerden
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yapilan yas tayini analizleri desteklemektedir (Trakitler: 5,77 +
0,22 my ve 24.000 + 2.000 y1l; Siyenitler: 4,92 + 0,19 my).

Anahtar Kelimeler: Isparta, Kisla Domu, Tektonizma, geng
magmatizma, radyoaktif yas tayini, siyenit

ABSTRACT: Satellite imageries of the area located 20 km south
of Isparta indicate a circular dome structure in Kisla and
environs ( Western Taurus Mountain Belt, SW-Turkey). This
dome structure has been generated within the Triassic Isparta
Cay Formation and overlied by the Early Miocene marine clastic
sedimentary sequence. The radius of this circular dome structure
reaches up to 10 km approximately. Two and three dimensional
satellite imageries of the study area, the map of tectonic
lineaments and the map of surface temperatures prepared by the
using of thermal band of satellite imageries (Landsat ETM+)
support the existence of a dome structure in the study area.
Compressional tectonic features affecting the study area and
developing after each other and in various directions is one of
the tectonical reasons which leads to formation of the Kisla
Dome. On the other side, subvolcanic dikes and domes at the
Kisla Dome and environs reflect a magmatic activity in the same
age with the Kisla Dome which is supported by age
determinations of volcanic rocks and their equivalent plutonic
rocks such as syenite xenolithes (trachyte: 5,77 + 0.22 Ma ve
24.000 = 2.000 a; Syenite: 4,92 + 0,9 Ma).

Key Words: Isparta, Kigla Dome, Tectonism, magmatism,
radioactive ace determination, syenite
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TEKIROVA OFiYOLIT NAPI’NDA (GB ANTALYA)
PIROMETASOMATIZMA-SER PANTINLESME-
LISTVENITLESME ILE iLISKILI
MINERALiZASYONLARIN JEOKIM YASI

Geochemistry of Mineralizations related to Pyrometasomatism-
Serpentinization-Listwaenitization in The Tekirova Ophiolite
Nappe (SW Antalya)

Hiiseyin YALCIN?, Omer BOZKAYA? ve Canan YILMAZ

YCumhurivet Universitesi Jeoloji Miihendisligi Boliimii SIVAS
(yalcin@cumbhuriyet.edu.tr)

2Pamukkale Universitesi Jeoloji Miihendisligi Bélimii 20070
DENIZLI

3Cumhuriyet Universitesi Fen Bilimleri Enstitiisii 58140 SIVAS

0Z: inceleme alami Bati Toroslar (GB Anadolu) bolgesinde
Antalya, Kemer ve Kumluca boyunca yilizeyleyen Antalya
Birligi’ne ait Tekirova Ofiyolit Napi’n1 kapsamaktadir. Bu
calismada ofiyolitik kayaclarin mineralojik-petrografik ve
jeokimyasal O6zellikleri belirlenerek baslica serpantin ve eslikci
mineral olusumlarinin kéken ve evriminin ortaya konulmasi
amaclanmustir. Tekirova Ofiyolit Nap1; degisik boyutta tektonik
dilimler halinde kesiksiz ofiyolit dizilimi ile bunlara sokulum
yapan magmatik kayaclarmn ¢evresinde olusan pirometasomatik
kayaclar ve iliskili bozusma {irlinlerini igermektedir. Diger bir
ifadeyle, ofiyolitik kayaglarda okyanusal kabuk olusumu
srasindaki pirometasomatizma, okyanus tabanina yayiliminda
serpantinlesme, yerlesme ve sonrasinda listvenitlesme olmak
lizere birbirini izleyen ii¢ tiir mineralizasyon bulunmaktadir.
Ofiyolitik birimlere ait olmak iizere toplam 81 adet kaya¢ ve
mineral Ornegi iizerinde optik mikroskopi (OM), taramah
elektron mikroskobu (SEM), X-sinlar1 difraksiyonu (XRD) ve
jeokimyasal analiz gibi yontemler gerceklestirilmistir. OM
incelemelerine gore; ilksel ofiyolitik birimleri; ultramafik
(peridodit: lerzolit ve piroksenit: piroksenit, klinopiroksenit),
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mafik (gabro, diyorit ve diyabaz), volkanik (bazalt) ve silisli
sedimanter  (radyolarit)  kayaglar  temsil  etmektedir.
Pirometasomatikler; skapolit, diyopsit, pirop tiirli granat, pistazit
tiirii epidot ve tremolit gibi tipik metamorfik mineraller iceren —
fels tirii kayaglara sahiptir. Serpantinlesme-srasinda olusan
kayaclar biitiiniiyle serpantinit, serpantinlesme-sonrasi kayaglar
ise listvenitlerden (ofikarbonat, ofisilikat ve ofioksit)
olugsmaktadir. OM ve Ozellikle SEM incelemelerine gore;
serpantinitlerdeki serpantin minerallerinden antigorit seritimsi,
lizardit levhams1 ve krizotil lifsi morfolojileri ile birbirlerinden
aymt edilebilmektedir. Serpantinlesme-sonras1 kayaglardaki
manyezit, kalsit ~ve dolomitler  trigonal prizmatik,
hidromanyezitler monoklinik levhams1 prizmatik, hidrotalsitler
hekzagonal levhamsi1 tabletler, brusitler levhamsi ve/veya
ignemsi, tremolitler ignemsi, hematitler ditrigonal levhamsi,
karigik tabakali C-S ve I-S ince yaprakst bigimde
gozlenmektedir. XRD incelemelerine gore; bozusma iiriinlerini
karbonat (kalsit, dolomit, aragonit, manyezit, hidromanyezit,
hidrotalsit), oksit (brusit, gotit; hematit) ve siilfiir (pirit),
fillosilikat (smektit, illit, Klorit, talk, C-V, C-S, I-S) ve diger
silikat mineralleri (kuvars, epidot, analsim) olusturmaktadir.
Serpantinlesme evresinin basglica minerali olan serpantinler A-
(klinokrizotil-2M;), C- (lizardit-1T) ve D- (lizardit-2H;) yapisal
gruplar1 igerisinde yer alan ¢ farkhh politipi ile temsil
edilmektedir. Ana element jeokimyasma gore Fe-lizardit, Fe-
tremolit ve Ca-hidromanyezit olarak adlandrilan minerallerin iz
ve nadir toprak element (REE) kondrit-normalize degerleri,
bunlarin benzer kokenli kayaclardan itibaren belirgin bir
ayrimlasma ile tiiredigini  gostermektedir. Serpantin = ve
tremolitlerin durayli izotop (520 ve 8D) degerleri; hipojen-
okyanusal (serpantinlesme-siras1) ve siiperjen-Alpin  tipi
(serpantinlesme-sonras1) koken ve ortamlar1 isaret etmektedir.
Tremolit-su ve serpantin-su oksijen izotop ayrimlagmasi
verilerinden itibaren tremolit ve okyanusal serpantinler i¢in ~
200 °C, Alpin tipi serpantinler icin ~ 100 °C sicaklik degerleri
elde edilmistir. Manto bilesimli magmatik su baslangi¢ bilesimi
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olarak alindiginda ise deniz suyu bilesimine gére ~ 100 °C daha
yiiksek sicaklik kogullar1 saptanmustir.

Anahtar Kelimeler: Serpantin, Alterasyon, Ana iz ve Izotop
Jeokimyas1

ABSTRACT: The study area covers the Tekirova Ophiolite
Nappe belonging to Antalya Unit outcropping along Antalya,
Kemer and Kumluca in the Western Taurus region (SW
Anatolia). In this study, the origin and evolution of mainly
serpentine and the accompanying mineral formations were
aimed to determine the mineralogic-petrographic and
geochemical properties of the ophiolitic rocks. Tekirova
Ophiolite Nappe contains continuous ophiolite sequence as
tectonic slices in different sizes and pyrometasomatic rocks
formed of around igneous rock intrusion, and also alteration
products. In other words, three types of subsequent
mineralizations are present in the ophiolitic rocks as
pyrometasomatism, serpentinization and listwaenitization during
the oceanic crust formation, ocean floor spreading and the syn-
and post-emplacement, respectively. A total of 81 rock and
mineral samples of the ophiolitic units in the study area were
taken and searched by methods such as optical microscopy
(OM), scanning electron microscopy (SEM), X-ray diffraction
(XRD) and geochemical analysis. According to the OM
investigations, the primary ophiolitic rocks represents ultramafic
(peridodite: lherzolite  and pyroxenite: pyroxenite,
clinopyroxenite), mafic (gabbro, diorite and diabase), volcanic
(basalt) and siliceous sedimentary (radiolarite) rocks.
Pyrometasomatics have —fels type rocks containing typical
metamorphic minerals such as scapolite, diopside, pyrope type of
garnet, pistacite type of epidote, and tremolite. The syn-
serpentinization rocks are formed of fully serpentinite and the
post-serpentinization rocks are of listwaenites (ophicarbonate,
ophisilicate and ophioxide). The serpentine minerals in the
serpentinites can be distinguished from each others by
morphologies of ribbon-like of antigorite, platy of lizardite and
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fibrous of chrysotile on the basis of the OM and especially SEM
identifications. The forms of magnesite, calcite and dolomite as
trigonal prismatic, hydromagnesite as monoclinic platy
prismatic, hydrotalcite as hexagonal platy tablets, brucite as
platy and/or needle-like, tremolite as acicular, hematite as
ditrigonal platy, mixed-layers C-S and I-S as thin flakes are
observed in the post-serpentinization rocks. The alteration
products are of carbonate (calcite, dolomite, aragonite,
magnesite, hydromagnesite, hydrotalcite), oxide (brucite,
goethite, hematite), sulfur (pyrite), phyllosilicate (smectite, illite,
chlorite, talc, C-C, C-S, I-S) and other silicate (quartz, epidote,
analcime) minerals based on XRD investigations. Serpentines
are essential minerals of syn-serpentinization stage and they are
represented by three different polytypes from A- (clinocrysotile-
2M;), C- (lizardite-1T) and D- (lizardite-2H;) structural groups.
Trace and REE chondrite-normalized values of minerals defined
as Fe-lizardite, Fe-tremolite and Ca-hydromagnesite according
to major element geochemistry display that these are derived
from rocks with similar origin by a significant differentiation.
The stable isotope (580 and JD) values of serpentines and
tremolite indicate hypogene-oceanic (syn-serpentinization) and
supergene-Alpine type (post-serpentinization) of genesis and
environments. Temperature values of ~ 200 <C for oceanic
serpentines and ~ 100 C for Alpine-type ones were obtained by
means of tremolite-water and serpentine-water oxygen isotope
fractionation data. The conditions of higher temperatures up to
100 <C were identified for magmatic water with mantle
composition with respect to that of sea water composition.

Key Word: Serpentine, Alteration, Major Trace and Isotope
Geochemistry
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AMIK OVASI (HATAY) KiL YATAKLARININ
JEOKIMYASAL ANALIZI ve ARKEOMETRIK ACIDAN
ONDEGERLENDIRMESI

Geochemical Analysis And Preliminary Assessment In Terms
Of Archaeometry Of Clay Sources In Amug Plain (Hatay)

Pinar GUTSUZ., Giirsel SUNAL? ve Mustafa
KiBAROGLU®

Ystanbul Teknik Universitesi Avrasya Yerbilimleri Enstittisii
gpgutsuz@gmail.cpm)

Istanbul Teknik Universitesi Jeoloji Miihendisligi Boliimii
3University of Tiibingen, Institute for Pre- and Protohistory and
Medieval Archaeology

0Z: Amik Ovas1 (Hatay), batidan Amanos Daglari, giineyden
Akra Daglar1 ve dogudan Kurt Daglarr’yla sinirlandirilmis bir
cokiintii havzasidir. Kuzeybatidan Karasu Cayi, dogudan Afrin
Cay1 ve giineyden Asi Nehri ovanin giineyinde birlegsmektedir.
Anadolu ve Kuzey Suriye topraklarini birbirine baglayan gecis
noktasinda yer alarak Amik OvasiPaleolitik’ten giiniimiize kadar
Mukis Krallig1 (Orta-Tung Caglar1), Unqi Kralligi (Demir Cag),
Antioch/Antik Antakya (Klasik ve Islami Dénem) gibi birgok
medeniyete ev sahipligi yapmustir. Yapilan arkeolojik ylizey
aragtirmalarinda 400 adet antik yerlesim yeri tespit edilmistir.
Ovada bulunan en 6nemli yerlesimlerden biri Orta ve Geg Tung
Caglarmda Mukis Kralligi’nin  bagkenti olan Acgcana
Hoytik/Antik Alalakh kentidir. 2000 yilindan beri Amik Ovasi
Bolgesel Yiizey Arastirmalar1 ve A¢gana Hoyiik/Antik Alalakh
kenti kazilar1 cercevesinde sistematik ve interdisipliner bir
caliyma yiiriitiilmektedir. Bu calisma kapsaminda Geg¢ Tung
Cagr'na ait “yerel” ve “ithal” oldugu diisiiniilen baz1 ¢anak-
comleklerin iiretim yerlerinin tespit edilebilmesi amaciyla
arkeometrik analizler yiiriitilmektedir. Baslatilan kaynak analizi
caliymalar;, kentte o doneme ait Sosyo-ekonomik, diger
bolgelerle ticari ve kiiltiirel iligkilerin daha iyi anlasilmasina
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yardime1 olacaktir. Ornegin Kibris kokenli oldugu diisiiniilen
bazi seramik tiplerinin kaynak alanlari, nerde iiretilmis olduklar1
tartismalidir. Bu tip sorularin cevaplanmasi, ithal oldugu
diisliniilen  seramigin/seramik  tipinin/¢anak-¢comlek  mal
grubunun ticaret yoluyla m1 geldiginin ya da kiiltirel aligveris
sayesinde tiiretim teknolojisinin dgrenilmesi ile mi tretildiginin
anlagilmasma katki saglayacaktir. Bu ¢ercevede Amik Ovasi’nda
belirli noktalarda acilan 3 kesitten ve 43 lokasyondan farkli
derinliklerden toplam 62 kil numunesi toplanmis, bunlar
850°C’de pisirildikten sonra ICP-MS ve XRF metodlar1 ile
jeokimyasal analizleri yapilmigstr. Hammadde kaynaklari ve
canak-comlekler arasinda karsilagtirma yapilabilmesi amaciyla
veri tretilmistir.  Bu posterde killerin arkeometrik olarak
incelenmesinin 6n sonuglar1 degerlendirilecektir. Numunelerin
derinliklerine ve litolojik farkhihklarma gore iz element
konsantrasyonlarmin degisimi arasindaki iliskiortaya koyulmaya
calisilacaktur.

Anahtar Kelimeler: Amik Ovasi, A¢cana Hoyik/Antik Alalakh
kenti, canak-¢comlek kaynak analizi, kil numuneleri, ICP-MS ve
XRF

ABSTRACT: Amuqg Plain (Hatay) is a pull-apart basin
surrounded by Amanos Mountains to the west, Akra Mountains
to the south and Kurt Mountains to the east. It’s drained by three
major rivers Karasu to the northeast, Afrin to the east and
Orontes River to the south. The plain is situated at the cross-
roads between Anatolia and North Syria to Mesopotamia and
was home land of several prehistoric civilizations from
Paleolithic to the present- Mukish Kingdom (Middle-Late Bronze
Age), Ungi Kingdom (Iron Age), Antioch/ancient Antakya city
(Classical ve Islamic Period). There are 400 ancient settlements
in the Plain recorded so far within the framework of the
archaeological researches. One of the most important settlement
is Tell Atchana/ancient Alalakh, the capital city of the Middle-
Late Bronze Age Mukish Kingdom. Amuq Valley Regional
Project and Tell Atchana/ ancient Alalakh excavations are being
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carried out within the framework of a systematic and
interdisciplinary study since 2000. In the scope of an ongoing
archaeometric study, we analyzed some Late Bronze Age “local”
and “import” pottery types to determine production locations.
This will help to explore the socio-cultural and trade relation of
the Alalakh to the neighbors, particularly to the Cyprus. For
example, provenance of the ware types with Cypriot affinity is
not clear. Therefore, to determine its production place is an
important issue in order to understand whether the presence of
the Cypriot ware in Alalakh was a result of trade relations or
impact of technology transfer. To explore these questions, 62
clay samples from 3 different sediment profiles and 43 locations
from various depths from the Amuqg Plain were collected,
processed and fired at 850°C, and then were powdered for
chemical and mineralogical analyses. Major and trace element
composition of the selected clay samples was determined by
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and
X-ray Fluorescence Spectrometer (XRF). In this presentation,
preliminary results of the compositional characteristics of clay
samples will be presented and its elemental behavior regarding
to the sample depths and the sedimentological features will be
discussed.

Key Words: Amuq Plain, Tell Atchana/Alalakh, pottery
provenance analysis, clay samples, ICP-MS and XRF
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LAODIKEIA (DENIZLI-GB TURKIYE) ANTIiK KENTI
TAPINAK-A (SEBASTEION) YAPISI MERMERLERININ
MINERALOJIK, PETROGRAFIK ve JEOKIMYASAL
OZELLIKLERI

Mineralogic Petrographic and Geochemical Charactenzations
Of The Marbles In The Temple-A From The Laodikeia
Antique City (Denizli - SW Turkey)

Sanem KILINCARSLAN! ve Tamer KORALAY?

Zorlu Dogal Elektrik Uretim A.S., Denizli/Tiirkye
(sanem kilincarslan@zorlu.com)

2Pamukkale Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Béliimii, Denizli

0Z: Laodikeia ad Lycum veya Laodikeia Lycos Vadisi'ndeki
biiyik ve en 6nemli Helenistikk donem antik sehridir. Denizli
ilinin 6 km kuzeyinde bulunan antik kent kuzeydogu’ dan Lycos
(Ciirtiksu), kuzeybat1” dan Asopos (Goncali Deresi - Glimiiscay)
giineydogu’ dan Kapros (Basligay) dereleri ile smirli olup,
stratejik olarak yiiksek bir tepe iizerine kurulmustur. M.O. 3. yy’
da Suriye Krali II.Antiochus tarafindan karis1 Laodike adina
kurulan antk kent, Imparator Tiberius ddéneminde Lycos
vadisindeki en zengin ve gelismis sehri olmustur. Laodikeia
giiniimiizde {iikkemizin en modern ve Onemli arkeolojik sit
alanidir. Mermer ve traverten bloklardan yapimis, Tapmak-A
yapist olarak adlandirilan yapt Ladikeia antik kentinin en
gorkemli yapilarindan biridir. Tapinak-A yapisinda renk, kristal
boyutu, kristal smir iligkileri ve foliyasyon o6zelliklerine gore
baslca lila-mor damarl, beyaz renkli, gri damarl ve gri renkli
olmak iizere dort farkli mermer tiirii kullanilmigtir. Mermer
ormekleri heteroblastik mozaik doku (lila-mor damarh, gri
damarli ve gri renkli) ve homoblastik poligonal doku (beyaz
renkli) gostermektedir. Mermerleri olusturan bilesenlerin tane
boylar1 lila-mor damarlh mermerlerde 58-2035 um, beyaz renkli
mermerlerde 112-4090 um, gri damarhh mermerlerde 60-3365
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um ve gri renkli mermerlerde 68-3448 um arasinda degisim
gostermektedir. Mikroskop incelemelerinde kalsit + dolomit +
diyopsit (lila-mor damarh); kalsit (beyaz renkli); kalsit + dolomit
+ kuvars £ muskovit + opak mineral (gri damarli)) ve kalsit +
kuvars + piroksen + zirkon (gri renkli) mineralojik bilesimleri
belirlenmistir. XRD (X-1sinlar1 Difraktometresi) ve Konfokal
Raman Spektrometre calismalar1 bu sonuglar1
destek lemektedir.5'3C izotop degerleri (-0.05)-1.53, (lila-mor
damarli), (-0.38)-2.36 (beyaz renkli), (-1.47)-2.46 (gri damarl) ve
1.90-2.21 (gri renkli) arasinda degisirken, 820 izotop degerleri
sirasiyla (-7.46)-(-7.04); (-8.10)-(-2.20); (-9.16)-(-5.26) ve (-0.65)-
(0.04) arasmda degismektedir. Mineralojik, petrografik,
jeokimyasal ve durayl izotop verilerine gére mermer tiirlerinin
cogunlukla  kiregtas1  kokenli bir kaynak  kayasmin
metamorfizmas1 sonucu olusmus oldugunu gostermektedir. Buna
ek olarak lila-mor damarli ve beyaz renkli mermer tiirlerinin
birbirleriyle yakm iliskili olduklari, gri damarh ve gri renkli
mermer Orneklerinden farklilik gosterdikleri belirlenmistir.

Anahtar Kelimeler: Laodikeia, Tapmak-A, Mermer, Raman
Konfokal Spektormetresi, C-O izotoplar1

ABSRACT: “Laodicea ad Lycum”. Laodicea ad. Lycum is the
major and most important Hellenistic city in the Lycos Valley.
The ancient city is located at 6 km north-east of Denizli in
southwestern Turkey. It is strategically settled on a high hill
bordered on three sides by rivers: the Lycos (Ciiriiksu) to the
northeast, the Kapros (Baslicay) to the southeast and the Asopos
(Giimiiscay - Goncali Deresi) to the northwest. The city is
originally founded by the Seleucid (Syrian) king by I1.Antiokhos
on behalf of his wife, Queen Laodike, in the B.C. 3™ century. In
the Emperor Tiberius (14-27 A.D.) period, the city soon became
the richest and glorious city in the Lycos Valley. Laodicea is the
most contemporary and significant archaeological sites in
Turkey today. A large marble temple complex which is simply
named as Temple-A, is located in Laodicea. Temple-A is a
remarkable structure, made of travertine and marble blocks.
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Macroscopic investigations reveal that the marbles of Temple-A
can be grouped into four types, based on color, crystal size,
crystal boundaries and foliation status.These groups are
identified as lilac-purple veined, white, gray veined and gray
marbles. Microscopically, the lilac-purple veined, gray veined
and gray marbles show heteroblastic mosaic and white marble
displays homoeoblastic polygonal texture. Grain size of marble
groups are range between 58-2035 um in lilac-purple veined,
112-4090 um in white colour, 60-3365 um in gray veined and
68-3448 um in gray colour marble. Marble groups chiefly
consist of calcite + dolomite + diopside (lilac-purple veined);
calcite (white); calcite + dolomite £ quartz £ muscovite +
opaque minerals (gray veined) and calcite = quartz + pyroxene £
zircon (gray). These results are supported by XRD (X-Ray
Diffractometer) and Confocal Raman Spectrometer. While the
6*3C values of marble groups range from (-0.05)-1.53, (in lilac-
purple veined), (-0.38)-2.36 (in white), (-1.47)-2.46 (in gray
veined) and 1.90-2.21 (in gray), %0 values change between (-
7.46)-(-7.04); (-8.10)-(-2.20); (-9.16)-(-5.26) and (-0.65)-(0.04)
respectively. Minero-petrographic, geochemical and C-O stable
isotope results reveal that marble groups of Temple-A have
orginated from a metamorphism of limestone protolith. In
addition, lilac-purple veined and white marbles show similar
properties with respec to gray veined and gray marbles.

Key Words: Laodikeia, Temple-A, Marble, Confocal Raman
Spectrometer, C-O stable isotpe

241



JEOTERMAL SISTEMLER

Geothermal Systems
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JEOLOJiK UNSURLARIN MUGLA TERMAL ve
MINERALLI SU KAYNAKLARININ FiZIKOKIMYASAL
OZELLIKLERINE ETKIiSi

The Effect of Geological Features on the Physicochemical
Properties of the Thermal and Mineral Water Resources of
Mugla

Ozgiir AVSAR', Bedri KURTULUS', Semih GURSU", Fikret
KACAROGLU', Gonca GENCALIOGLU KUSCU*

"Mugla Sitki Kogman Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Boliimii, 48000 Mugla (ozguravsar@mu.edu.tr)

0Z: Mugla ilindeki termal ve mineralli su kaynaklar1 fiziksel ve
kimyasal Ozellikleri ~ bakimindan  oldukga cesitlilik
gostermektedir. 20 ayr1 lokasyonda yapilan incelemelerde ¢ikis
sicakliklar1 9 ile 39 °C arasinda oldugu gdzlenmistir. Bu sularmn
Na+K — Cl, Ca — HCO3, NatK — HCOg3, Ca — SO4 tipinde ve
meteorik kokenli oldugu saptanmustir. Sularm bu dzelliklerinin
olusumunda bolgedeki faylarm ve jeolojik birimlerin biiyik
etkisi oldugu diistiniilmektedir. Bolgedeki jeolojik birimler
bindirme veya siyrilma faylar1 seklinde gdzlenen tektonik
dokanaklarla birbirinden ayrilmaktadir. Bu faylar yataya yakimn
dalmlar1 ve gegirgen Ozellikleri ile yeralt1 suyunun uzun
mesafelerde dolagim yaparak kayag-su etkilesimi ile mineralli su
ozelligine kavusmasma neden olmaktadwr. Bunun yanisira,
inceleme alaninda, sadece diisik dalm agili bindirme veya
siyrilma faylar1 ile iligkilendirilen sular nispeten sogukken,
yiksek dalim ag¢ili olan normal ve/veya dogrultu atimh faylarm
yaknimda ¢ikan sular daha yiiksek sicaklklara sahiptir. Ayrica,
kiy1 bolgesindeki karbonath kayalardan ¢ikis yapan kaynaklar
karstik 6zelliktedir ve deniz suyu karisimi nedeniyle Na-Cl tipi
sulardir.

Anahtar Kelimeler: Sicak mineralli su, Fizikokimyasal 6zellik,
Fay, Karbonatl kayag, Mugla
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ABSRACT: There is considerable variety in the physical and
chemical properties of the thermal and mineral water resources
in Mugla region. Investigations at 20 different localities revealed
that the discharge temperatures range between 9 and 39 °C. The
waters are of meteoric origin and Na+K — CI, Ca — HCOs,
Na+K — HCOs, Ca — SO4 type. The geological units and the
faults in the region have significant impact on the variability of
these physicochemical properties. The geological setting of the
units in the region is mainly controlled by tectonic features,
namely thrust and detachment faults. These faults, with their low
dip angles, are highly permeable features. They provide
groundwater circulation for long distances, which favors water-
rock interaction resulting in high mineral content. In addition,
the waters that are related to the low angle thrust or detachment
faults are relatively cold. On the other hand, the ones associated
with the high angle normal and/or strike slip faults are hot in
character. Furthermore, springs that are emerging from the
carbonate rocks along the coast are karstic and have Na — ClI
character, probably due to sea water mixing.

Key Words: Hot mineral water, Physicochemical property,
Fault, Carbonate rock, Mugla
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GOLBASI JEOTERMAL SAHASI (DATCA-MUGLA)
ILIK VE MINERALLI SULARININ HIiDROJEOKIM YASI

Hydrogeochemistry of Warm Mineral Springs in Golbag
Geothermal Field (Dat¢ca-Mugla)

Ali GOKGOZ' ve Hayriye AKDAGOGLU*

YPamukkale ~ Universitesi ~ Miihendislik ~ Fakiiltesi  Jeoloji
Miihendisligi Béliimii, 20070 Denizli (agokgoz@pau.edu.tr)

0Z: Datga ilgesinde (Mugla) bulunan Golbas1 jeotermal sahasi
diisiik entalpiye sahip bir sahadir. Bu sahada bulunan 1lik ve
mineralli su kaynaklar1 (Golbasi-1, Golbas-2, Liman ve Kargi
karst kaynagi) sahilden kara igine 2-230 m mesafelerde yer
alrrlar. Sularm sicakliklari 23,7 (Kargi karst kaynagi) ile 29,4°C
(Golbasr-1 kaynagi), elektriksel iletkenlik degerleri 4320 ile
57200 pS/cm ve pH’lar1 6,88 ile 7,35 arasinda degismektedir.
Golbasr-1, Golbasr2 ve Liman kaynaklarinda bagil iyon
derisimleri Na>Mg>Ca, CIP>SO;,>HCO; seklinde sralanirken
Karg: karst kaynaginda bu dizilim Na>Ca>Mg, CBHCO3>S04
seklinde olup sularin tamami Na-Cl tipindedir. Sularm 0
degerleri 1,20 ile -5,58 ve 8°H degerleri 7,94 ile -26,62
arasindadir. Golbagt sahas1 sular1 meteorik kokene sahiptir.
Beslenme alanindaki Orta  Triyas-Liyas yash  karstik
dolomitlerden derinlere siiziilen yagis sular1 jeotermal gradyan
ile 1smarak faylar araciligiyla yilizeye c¢ikmis ve sicak ve
mineralli su kaynaklarini olusturmustur. Kimyasal ve izotop
verilerinin degerlendirilmesiyle sicak sularin yiizeye ¢ikarken
degisik oranlarda deniz suyuyla karigtig1 belirlenmistir. Kuvars
jeotermometre uygulamalarma goére maksimum rezervuar
sicaklig1 40°C olarak 6ngdriilmektedir.

Anahtar Kelimeler: Dat¢a-Mugla, Golbasi, Jeotermal,
Hidrojeokimya
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ABSTRACT: The Golbast geothermal field located at the Dat¢a
town (Mugla) has low enthalpy. The warm mineral springs (e.g.,
Golbasi-1, Golbagsi-2, Liman and Kargt karst springs) in the field
is situated at a distance of 2-230 m to the beach. Temperatures,
electrical conductivities and pH values of the thermal waters
change between 23.7°C (Kargi karst spring) and -29.4°C
(Gélbasi-1 spring), 4320 and 57200 uS/cm, 6.88 and 7.35,
respectively.  The relative ion concentration levels in the
Golbasi-1, Golbasi-2 and Liman springs are Na>Mg>Ca and
CI>SO,>HCO;3, while Na>Ca>Mg and CI>HCO3>S0; in the
Kargi karst spring; all thermal waters are of Na-Cl type. The
580 and 8°H values of the waters range between 1.20 and -5.58,
7.94 and -26.62, respectively. The thermal waters in the Gélbast
field are of meteoric origin. Rain waters percolating through the
Middle Triassic-Liassic karstic dolomite in the recharge area are
heated by geothermal gradient and ascend to the surface along
the faults. The evaluation of the chemical and isotopic data
shows that thermal waters mix with seawater in different
proportion during ascending to the surface. According to silica
geothermometer applications, maximum reservoir temperature in
the field is anticipated as 40°C.

Key Words: Dat¢a-Mugla, Golbast, Geothermal,
Hydrogeochemistry
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SAPHANE JEOTERMAL ALANINDA TOPRAK
GAZLARI ILE YAPILAN ON ARASTIRMANIN ILK
SONUCLARI

The Primary Results of Soil Gas Measurements in
Preliminary Research of the Saphane Geothermal Field

Bahadir GULER'® ve Zeynel DEMIREL'

YORYA Jeotermal Elektrik Uretimi ve Ticaret A.S. Meclisi
Mebusan Cd. 19/6 34427 Istanbul (bguler@oryageo.com)

0Z: Saphane’nin (Kiitahya) etrafinda, diisiik ve yilksek entalpiye
sahip jeotermal alanlar bulunmaktadr. 2004-2010 yillar:
arasinda MTA Genel Midiirliigii tarafindan yapilan etiit ve
arastirma sondajlari ile Saphane bdlgesinde gomiilii bir jeotermal
sistemin bulundugu belirlenmistir. Sahada ORYA Jeotermal
tarafindan aragtirmalar devam etmektedir. MTA tarafindan agilan
KSU-3 kuyusunun derinligi 2500 metre olup, taban sicakhgi 181
°C olarak olgiilmiistiir. Kuyudan 110 °C sicaklikta yaklagik 20 I/s
debide jeotermal akiskan iiretilmektedir. ORY A Jeotermal, 2013
yilinda 3015 m derinlikte bir diger kuyu agmis, taban sicakligi
198,5 °C olarak 6l¢iilmiis, ancak sadece 1,6 1/s debide 78 °C
sicaklikta jeotermal akiskan dretilebilmistir.  Yeni kuyu
lokasyonlarmin belirlenmesi amaciyla ¢esitli yontemler ve
Ol¢limler yapilmaktadir. Bunlardan biri de toprak gazi dlgiimleri
olmustur. Toprakta radon ve karbondioksit gazlar1 dlgiilerek,
bolgedeki yapisal unsurlarin durumu yorumlanmaya ¢alisilmstur.
Veriler, dar bir bolgede goreceli yiiksek anomali gostermektedir.
Toprak gazlari ile saptanan bu dar alan, bolgenin en 6nemli
yapisal unsuru olan sag yonlii dogrultu atimli Sindirgi-Sincanh
Fay Hattrnn K66°B dogrultulu yaklask 23 kilometre
uzunlugundaki Saphane segmentinin sadece kiicik bir alanda
varligmi dogrulamistr. Bu toprak gazi 6l¢iimleri daha sik 6lgtim
araliklar1 ile detaylandirilacak, yeni yapilan sismik 6l¢ciimler ile
birlikte yorumlanarak bolgedeki kiwrik sistemleri ortaya
konulmaya calisilacaktir.
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Anahtar kelimeler: Saphane, Jeotermal, Radon, Karbondioksit

ABSTRACT: There are low and high enthalphy geothermal
fields around the Saphane, Kiitahya. The General Directorate of
Mineral Research & Exploration (MTA) focused on reseaching
the Saphane region from 2004 to 2010. Drilling operations
demonstrated the existence of a buried geothermal system in the
area. The new owner of the field, the ORYA Geothermal
Company, has been progressing its researches in the field. The
MTA drilled a 2500m depth well in the area. The basement
temperature in the KS U-3 well is measured as 181°C and, 20 l/s
110 °C geothermal fluid has been produced. The ORYA
Geothermal Company drilled a 3015 m depth well in 2013. The
basement temperature is 198.5 °C, and the production rate and
temperature are 1.6 l/s, 78 °C, respectively. The soil gas
measurements done on the area is one of the methods used to
determine a new well location. The structural features of the
region is aimed to be interpreted by radon and carbondioxide
soil gas measurements. The data has pointed out a relative
anomaly is observed in the field. This restricted zone is only
proven in the small area through the 23 km long Saphane
segment of the Smdwrgi-Sincanli Fault Zone whose strike is
N66°W. The regional structural system is aimed to be
investigated by these detailed soil gas measurements and new
seismic data.

Key Words: Saphane, Geothermal, Radon, Carbondioxide
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KUTAHYA ILI ICINDEKI ORTA-DUSUK SICAKLIKLI
JEOTERMAL ALANLARDA UYGULANAN KiM YASAL
VE iZOTOP JEOTERMOMETRE SONUCLARININ
KARSILAS TIRILM ASI

Comparison of Chemical and Isotopic Geothermometers
Results From Moderate to Low Temperature Geothermal Areas
of Kiitahya Province

Hiiseyin KARAKUS, Cafer OZKUL, Zeynal Abiddin
ERGULER, Yasar KiBICi ve Giirsel YANIK

Dumlupinar Universitesi Miihendislik Fakiiltesi Jeoloji
Miihendisligi Béliimii, Kiitahya (huseyin.karakus@dpu.edu.tr)

0Z: Kimyasal ve izotop jeotermometreler farkli jeolojik
kosularda gelismis jeotermal rezervuarlarin sicakliklarmi tahmini
icin yaygm olarak kullanilmaktadir. Kimyasal jeotermometreler
herhangi ki faz arasinda gerceklesen kimyasal siirecin denge
sabitine dayal iken, izotop jeotermometreleri ise Kimyasal veya
fiziksel bir silirecte bir izotopun diger izotopa oranla
zenginlesmesine neden olan izotopik ayrigsmaya siirecine
baghdir. Sicaklik kosullarma bagl olmakla birlikte, bu tiir
stireglere dayali tepkimelerin dengeye ulasabilmesi i¢in yeterince
stire gegmesi durumunda her iki jeotermometre ydnteminin
benzer rezervuar sicaklik araliklarmi tiiretmesi beklenmektedir.
Bu nedenle kimyasal ve izotop jeotermometrelerin benzer
degerleri  tliretmeleri  durumunda  gercek¢i  rezervuar
sicakliklarmin tahmin edildigi kabul edilmektedir. Bu ¢alismada,
Kiitahya ili i¢inde bulunan farkli jeotermal alanlardaki termal
sulara kimyasal (katyon ve silis) ve izotop (0, siilfat-su)
jeotermometre yaklasimlar1 uygulanmistr. Simav grabenindeki
yikksek sicakliga sahip jeotermal sahalar i¢in kimyasal ve izotop
jeotermometreler ile benzer sicaklik araliklar1 (180 °C - 220 °C)
hesaplanmustr. Siilfat-oksijen izotop jeotermometreleri ayni
graben sistemi i¢inde bulunan Gediz-1licalar sahas1 i¢in kimyasal
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jeotermometrelere oranla daha yiiksek sicaklik araliklar1
tiretmislerdir. Kiitahya ve Emet graben sistemlerinde yer alan
disiik sicaklikl jeotermal sahalarda ise katyon jeotermometreleri
ile gercek¢i olmayan sicaklk degerleri elde edilmistir. Ayni
sahalarda siilfat-oksijen izotop ve silis jeotermometreleri
srrastyla 35 °C - 70 °C ve 35 °C - 60 °C sicaklik araliklari
tiretmistir. Ancak en ilging sonug, Dereli sahasinda ortaya
¢ikmakta, kimyasal jeotermometreler ile bu saha i¢in 50-65 °C
araliginda rezervuar sicaklklar1 elde edilirken izotop
jeotermometreler daha yiiksek, 110 °C -120 °C araliginda
sicak liklar tliretmislerdir. Yogun hidrotermal alterasyonun varlig1
ve izotop jeoetermometreleri ile tahmin edilen sicakliklar dikkate
alindigmda bu sahanm jeotermal enerji potansiyelinin daha
dogru anlagilmasi i¢in daha fazla arastirilmaya ihtiya¢ duyuldugu
sonucu ortaya ¢ikmaktadir.

Anahtar Kelimeler: Kiitahya, jeotermal, jeotermometre, izotop

ABSRACT: Chemical and isotopic geothermometers have been
extensively used to estimate the temperature of geothermal
reservoirs developed in various geological conditions. While
chemical geothermometers are based on the chemical
equilibrium  constant  between any phases, isotopic
geothermometers depend on the isotopic fractionation that is an
enrichment process of one isotope relative to another in a
chemical or physical process. Despite of depending on
temperature conditions, in case of sufficient time for these type
reactions to reach equilibrium, both geothermometry methods
are expected to produce similar reservoir temperature ranges.
Therefore, in the case of chemical and isotopic geothermometers
produce similar ranges, realistic reservoir temperatures are
considered to be estimated. In this study, the approaches of
chemical (cation and silica) and isotope (%0, sulfate-water)
geothermometers were performed on thermal waters collected
from different geothermal fields located in Kiitahya province.
Chemical and isotope geothermometers derived similar reservoir
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temperature ranges (180 C - 220 <C) for high temperature
fields in Simav graben. In comparison with chemical
geothermometers, sulfate-oxygen isotope geothermometers
indicated relatively higher temperature ranges for the Gediz-
Ihicalar field located in the same graben system. Cation
geothermometers yielded unrealistic results for low temperature
fields located in Kiitahya and Emet graben systems. In same
fields, sulfate-oxygen isotope and silica geothermometers
derived 35 € - 70 « and 35 €T - 60 T temperature ranges,
respectively. However, the most interesting results were obtained
for Dereli field, while chemical geothermometers derived a
temperature range of 50 T - 65 < for this field, isotope
geothermometers derived a higher temperature range of 110 € -
120 <C. By considering the presence of intense hydrothermal
alteration and high temperatures predicted from isotope
geothermometry, it may be concluded that further investigations
are required in this field for understanding more accurately its
geothermal potential.

Key Words: Kiitahya, geothermal, geothermometer, isotope
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GURE (BALIKESIR) KAPLICA SULARINDA AGIR
METAL ANALIZi

Balikesir Province in Giire Spa with Icp-Ms Metal Analysis
Serpil KILIC! ve M. Giirhan YALCIN?

YAkdeniz Univ., Gida Giivenligi ve Tarimsal Ar. Mer., Antalya
2 Akdeniz Universitesi, Miihendislik Fakiiltesi, Jeoloji  Miih.
Boliimii, Antalya, (gurhanyalcin@akdeniz.edu.tr)

0OZ: Cahsma i¢in 2013 yih Haziran aymda Balikesir ili Giire
ilcesine ait kaplicadan toplam 12 adet kaplica suyu ornekleri
toplandi. Alman kaplica suyu orneklerinde 6nce sicaklik, pH,
iletkenlik gibi baz1 fiziksel parametreler Ol¢lilmiistiir. Kaplica
suyu Ornekleri filtre kagidindan siiziildi. EPA 3005A metoduna
gore On islemden sonra agir metal (As, V, Ba, Hg, Cr, Mn, Cd,
Pb, Ni, Cu, Se, Co, Sr) icerikleri ICP-MS cihaz ¢calisma kosullar1
saglandiktan sonra 100 ppm VHG Multi element CRM
standardindan 2, 5, 15, 30, 50, 100 ve 250 ppb’lik standartlar ile
kalibrasyon curve (R2) grafikleri ¢izilmistir. Civa i¢in ise 0.2,
0.5, 1.5 ve 2 ppb’lik standart kullanilarak kalibrasyon grafikleri
cabgildi. Tim caliysma boyunca regresyon degerinin miimkiin
oldugunca 1.000 e yakin olmasma dikkat edilmis ve bu deger
0.9998-0.9995 arasinda degistigi goriilmiistir. Calismalar
esnasinda ICP-MS sistemine internal standart kit aparati
baglanarak standart ve Orneklerin analizi swrasinda stirekli
sisteme girmesi saglanilmistr. Internal standart (Bi, Hg, In, Li,
Sc, Tb, Y) olarak Tb elementi izlenmistir. SPS-SW2 Batch 127
Surface waters kodlu Sertifikali Referans Maddesi ile LOD ve
geri kazanim c¢aligmalari yapilmistr. Buna gore, geri
kazanimlarin ortalama yiizde degerleri As (% 99.9), Pb (108.7),
Ni (106), Cr (115,5), Cu (99), Cd (108), Mn (102.6), Co(100.7),
Se(100.4), Sr(104.4), V(102.1) ve Ba(98.5) olarak tespit
edilmisti. Mn, Se, Cd, Ba ve V konsantrasyonlar1 tiim
noktalarda <LOD olarak belirlenmistir. As konsantrasyonlari
tim noktalarda (11.30-15.04 ppb) araliginda, Cr sadece 3. 7. 9.
252



noktalarda (3.96-41.05 ppb) araliginda, Co sadece 9. numunede
24.43 ppb, Ni(3.68-16.06 ppb), Cu 1. 7. 9. 11. noktalarda <LOD
diger noktalarda ise (3.66-19.28 ppb), Pb (7.75-16.65 ppb), Sr
(239.55-266.42 ppb), Hg (2.69-3.46 ppb) araliginda tespit
edilmistir.

Anahtar kelimeler: Kaplica suyu, Agir metal kirleticiler, ICP-MS

ABSTRACT: To study in June 2013 to the neighboring district of
Balikesir thermal waters of the spa water samples were collected
from a total of 12. Spa water samples taken before the temperature,
pH, conductivity, as well as some physical parameters measured.
Examples of thermal spring water were filtered through filter
paper. EPA 3005 method by the after pretreatment of heavy metals
(As, V, Ba, Hg, Cr, Mn, Cd, Pb, Ni, Cu, Se, Co, Sr) content using
ICP-MS instrument operating conditions after receiving the 100
ppm VHG Multi elements from CRM standard 2 , 5, 15, 30, 50, 100
and 250 ppb with standard calibration curve (R2) is plotted . As for
Mercury 0.2, 0.5, 1.5 and 2 ppb were studied using a standard
calibration graph. Regression values for all work as possible has
been noted to be approximately 1.000 and this value was found to
range from 0.9998-0.9995. Studies during the ICP-MS system by
connecting to the internal standard kit apparatus continuously
during the analysis of the standard and sample introduction system
has been preferred. Internal standard (Bi, Hg, In, Lu, Sc, Th, Y) was
monitored by Tb element. SPS- SW2 Batch 127 Surface waters
coded with Certified Reference Material LOD and recovery studies
were carried out. According to this, the mean percentage values of
the recovery were calculated as As (99.9), Pb (108.7), Ni (106), Cr
(115.5), Cu (99), Cd (108), Mn (102.6), Co (100.7) Se (100.4), Sr
(104.4), V (102.1) and Ba (98.5). Mn, Se, Cd, Ba and V
concentrations was determined as < LOD at the all points.
Concentrations were observed at the all time points (11.30 to 15.04
ppb) for As; 3. 7.and 9. point (3.96-41.05 ppb )for Cr; 9. 24.43 ppb
for Co; (3.68-16.06 ppb ) for Ni; 1. 7. 9. ve 11. points < LOD, in
other points (3.66-19.28 ppb ) for Cu; (7.75-16.65 ppb ) for Pb;
(239.55-266.42 ppb ) for Sr; (2.69-3.46 ppb ) for Hg.

Key Words: The spa water, Heavy metal contaminants, ICP-MS
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KARLIOVA UCLU EKLEM NOKTASI CEVRESINDEKI
SICAK VE MINERALLIi SULARIN
HIDROJEOKIM YASAL iNCELEMESI

Hydrogeochemical Investigation of Thermomineral Waters
Located At Karliova Triple Junction And Surrounding

Ozem OZTEKIN OKAN?, Bahattin CETINDAG?, Murat
INCEOZ' ve Seda UCAR?

YFwrat Universitesi Miihendislik FakiiltesiJeoloji Miihendisligi
Béliimii, 23229, Elazig (ooztekin@firat.edu.tr,
bcetindag@firat.edu.tr, minceoz@firat.edu.tr)

2 Ankara Biiyiiksehir Beledivesi Su ve Kanalizasyon Idaresi Genel
Miidiirliigii, 06030, Ankara

0Z: Calisma alany, Tiirkiye’nin aktif tektonik hatlarindan Kuzey
Anadolu Fay sistemi ile Dogu Anadolu Fay sisteminin kesistigi
Karliova 1gli ekleminin yakin c¢evresini kapsamaktadir.
Calismanin amaglari, inceleme alami icerisindeki sicak ve
mineralli sularim kimyasal ve izotop analizleri yardimiyla
kokenleri ile su- kaya¢ etkilesim mekanizmalarim1 ortaya
ckkarmak  ve  jeotermometreler = yardimiyla  rezervuar
sicakliklarmin tahminidir. Incelenen sularm sicakliklart 21,1°C
ile 56,5°C arasinda, elektriksel iletkenlikleri (EC)’leri ise 1006
uS/cm ile 3738 uS/cm arasinda degismektedir. Genel olarak
sular Ca*?, Mg, Na* ve HCOj3™ tipi sular smifinda olup, baskin
katyon Ca™ iken baskm anyon ise HCOj3 ‘tir. Mineral
doygunluk indislerine gore, sular Ca-montmorillonit, K-mika,
gibsit, gotit, illit, kaolinit ve kuvars minerallerine doygun olup
bunlar1 ¢okeltme egilimindedirler. Incelenen sicak ve soguk
sularm Ba, Fe, S, Sr ve Si konsantrasyonlar1 100 ppb’nin
iizerinde olup metal ve iz element igeriklerinde mevsimsel olarak
belirgin farkhliklar gdriilmemektedir. Incelenen sicak sularmn
hazne kaya sicakliklari, kuvars jeotermometrelerine gdre 44,91°C
ile 89,12°C arasinda hesaplanmistr. Cizilen 8'%0- &H
grafiginde, bolgedeki sicak ve mineralli sular ile soguk sularin
254



meteorik kokenli olduklary; *H- 80 iliskisine gore ise sicak
sularin yeraltinda dolagim siirelerinin uzun oldugu belirlenmistir.

Anahtar Kelimeler: Karliova Ugli eklem noktasi, Sicak ve
mineralli su, Hidrojeokimya, Yigitler, Gokoglan

ABSTRACT: Study area is located at the Karliova triple
Jjunction and its surrounding. Karliova triple junction is at the
crossing point of the North and East Anatolia fault systems. The
first aim of the present study is to determine the origin and
water- rock interaction mechanisms of the thermomineral waters
by using their isotopic and chemical analyses. The second aim is
to estimate the reservoir temperatures by chemical
geothermometers. Temperature and electrical conductivity (EC)
of the thermomineral waters are range from 21,1°C to 56,5°C
and from 1006 uS/cm to 3738 uS/cm, respectively. In general,
the investigated waters are classified in Ca*?, Mg*?, Na* and
HCO; water type. The dominant cation is Ca*? and the dominant
anion is HCOs". According to the mineral saturation indices, the
waters are oversaturated with respect to Ca-montmorillonite, K-
mica, gibbsite, goethite, illite, kaolinite and quartz minerals and
precipitate these minerals. Ba, Fe, S, Sr ve Si concentrations in
thermomineral and cold waters are higher than 100 ppb and
there haven’t been any significant seasonal changes both in the
metal and trace element concentrations. The calculated reservoir
temperatures by quartz geothermometers are range from
44,91°C to 89,12°C. The thermomineral and cold waters are
meteoric origin according to the 6°0- 6°H diagram. The
thermomineral waters have long circulating time related with
their *H- 5*20 relationship.

Key Words: Karliova triple junction, Thermomineral water,
Hydrogeochemistry, Yigitler, Gokoglan
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DOGU ANADOLU - BATI ANADOLU
KARSILASTIRMASI: iKi FARKLI JEODINAMIK
BOLGE, ILISKILI MAGMATIK SAHALAR ve
JEOTERMAL AKTiVITELER

Eastern Anatolia versus western Anatolia: Two Different
Geodynamic Areas, Related Magmatic Fields and Geothermal
Activities

M. Yilmaz SAVASCIN! ve Murat TOKCAER?

IMahmudiye Koyii — Sapanca (yilmaz.savascin@deu.edu.t)
2Dokuz Eyliil Universitesi, Miihendislik Fak., Jeoloji Miih.
Béliimii, Kaynaklar, Izmir (murat.tokcaer@deu.edu.tr)

0OZ: Tiirkiye, biiyilk miktarlardaki gen¢ volkanik aktiviteleri ve
yiksek seviyedeki jeotermal kapasiteleriyle bilinir (diinya
sralamasinda 6.-7.). Bati Anadolu, ag¢ilmali neotektonik
aktivitelerin ve iligkili magmatik siireclerin etkin oldugu, 6nemli
derecede yliksek entalpiye sahip jeotermal sistemlerin bulundugu
bir bolgedir. Bati ve dogu Anadolu’'nun farkli jeodinamik
gelisimlerinin ve bu ¢esitli mekanizmalarm gilincel jeolojik
davransslar lizerindeki etkisinin bir sonucu olarak, bir soru ortaya
¢ikar; dogu Anadolu’da entalpi gergekten diisiik mii? Bu soruyu
cevaplamadan Once, dogu Anadolu ile bat1 Anadolu arasinda
bazi jeolojik karsilastirmalarn yapilmasina gerek vardir. Bati
Anadolu, Afrika plakasmm yitimi ile iligkili genlesme
tektonigine bagl, biiyik boyuttaki graben sistemlerinin varhigi
ile bilinir. Bolgedeki volkanik aktivite, jeodinamik rejimin
degisimine bagh olarak, kalk-alkaliden OIB tipine degisiklik
sunar. Bat1 Anadolu’da, genlesme rejiminin bir sonucu olarak
kabuk incelmis ve jeotermal sistemler i¢in gerekli 1s1 kaynagi
ylzeye yaklagsmistr. Grabenleri smirlayan faylar boyunca
dolasan jeotermal akigskanlar, graben icinde akan nehirlerden
olduk¢a uzakta bulunuyor olmalari, sicak ve soguk sular
arasmndaki karisim oranmnin oldukc¢a diisik kalmasmna neden
olmaktadr. Dogu Anadolu’da genlesme rejimi gelismemis,
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bolgenin tektonik yerlesimi son 10-15 My.’dan giinlimiize,
dogrultu atimlh faylar ile kontrol edilmektedir. Yaklask 12 My.
once Arap ve Avrasya plakalarinin carpigsmasi ile Arap
plakasmm Dogu Anadolu altma yitimi durmustur. KD yonlii bu
yitim, bolgede Eosen’den beri aktifligini korumaktaydi. Son 10
My. i¢inde yitimin deleminasyona ugramasi sonucu astenosfer
yiikselmis, buna baglh olarak bolgede bir ¢ok geng alkali kayalar
ile beraber kalk alkali kayalar yiizlek vermistir (OIB benzeri
magmalar veya gen¢ alkali plato bazaltlar). Dogu Anadolu’da,
goreceli daha kalin bir kabuga ragmen, jeotermal aktivitenin
varhigi, jeotermal sistemlerin 1s1 kaynagi olabilecek geng
magmatik plutonlarin varligiyla agiklanabilir. Ancak, jeotemal
sistemlerin olugmas1 i¢in onemli magmatik 1s1 kaynaklarmin
olmasina ragmen, bolgenin tektonik durumu nedeniyle ayni fay
hatlarini kullanmak zorunda olan sicak ve soguk sularm karigima,
yiksek entalpili jeotermal sistemleri sogumasma neden
olmaktadir.

Anahtar Kelimeler: Jeodinamik, Magma, jeotermal

ABSTRACT: Turkey is well known by its huge amount of young
volcanic activities and high level geothermal capacity (6. or 7.
Rank in the world). Western Anatolia, typical with extensional
neotectonic and related magmatic activities, accepted as a
noteworthy area regarding high enthalpy values. As a result of
the different geo-dynamical developments of western and eastern
Anatolia and these diverse mechanisms on actual geological
behavior, the question emerges: Is enthalpy really lower in
eastern Anatolia? Before answering this question, some
geological correlations between eastern and western Anatolia
are necessary. It is noteworthy that:Western Anatolia is well
known with high level development of the graben systems due to
extensional regime which match the subduction in Western
Anatolia in the hangingwall plate. The volcanic activity shows
temporal changes from calc-alkaline to OIB related to
geodynamic regime. As a result of extensional regime the crust
in the western Anatolia has become thin and the heat source for
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the geothermal systems is close to surface (high geothermal
gradient). Geothermal fluids circulating through the walls of the
grabens are quite far from the rivers within the grabens, so the
degree of mixing between hot and cold water systems is lower.
The extensional regime hasn’t been occurred in eastern
Anatolia. The tectonic setting of eastern Anatolia is dominated
by the strike-slip tectonics, at least in the last 10-15 Ma. The
subduction was stopped at about 12 Ma beneath the eastern
Anatolia after the Arabia-Eurasia collision. The NE-dipping
subduction was active in the region since Eocene. Subducted
slab delaminated, and gave rise to sub-slab asthenospheric
upwelling in the last 10 Ma. Because of the asthenospheric
upwelling, a lot of young, alkaline rocks are found in the area
(OIB-like magmas or young alkaline plateau basalts) together
with calc —alkaline rocks. Existing of the geothermal activity in
eastern Anatolia, despite relative thickness of crustal part with
respect to western Anatolia, can be explained through the
plutonic parts of these young magmatic activities, which are
expected heat source for geothermal systems. Although existing
of an important magmatic heat source for occurrence of
geothermal systems, the tectonic situation cause cooling of the
high level geothermal systems by mixing of both the cold and the
hot waters in the same faults.

Key Words: Geodynamic, Magma, Geothermal
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JEOTERMAL SISTEMIN YUZEY BELIRTILERININ
JEOKIMYASAL VE FiZIKSEL YONTEMLERLE
OLCULMESI-ORNEK CALISMA: OMER-GECEK
(AFYONKARAHISAR) JEOTERMAL SAHASI

The Measurement of the Geothermal Manifestations Using
Geochemical and Physical Methods: Case Study of Omer-
Gecek (Afyonkarahisar) Geothermal Area

Ahmet YILD1Z', Metin BAGCI', Can BASARAN", Yusuf
ULUTURK?, Hiiseyin Ali YALIM®, Ayla SANDIKCIOGLU?,
Feyzullah CONKAR*

! Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi
(ayildiz@aku.edu.tr)

2 Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi
3Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi
*Afyon Kocatepe Universitesi, Jeotermal-Mineralli Sular ve
Maden Kay. Uyg. ve Ars. Merk.

OZ: Fosil enerji kaynaklarmm giderek azalmas: nedeniyle
venilenebilir enerji kaynaklari icerisinde ver alan jeotermal enerji
arama calismalarinin 6nemi giin gectikce artmaktadir. Jeotermal
enerji arama c¢alismalarinda, genellikle rezervuar kayag, 1s1
kaynagi, oOrtu kavac ve favlar gibi jeotermal sistemin
elemanlariyla ilgili bilgilerin elde edilmesi ve enerjinin
ekonomik olarak tretilebilecegi jeotermal sistemin bulunmasi
amaclanmaktadir. Jeotermal arama calismalarinin baslangicinda
genellikle genis alanlarda ¢alisiimakta ve hizli sonu¢ veren ve
ucuz yontemler tercih edilmektedir. Baslangic calismalarindan
elde edilen sonuglar yardimiyla, alami daraltilan ¢alisma
sahasmda, ilerleyen asamalarda daha pahali yontemlere gecis
yapilmaktadir. Karbondioksit, hidrojen siilfiir, radon (??2Rn) gibi
toprak gazi salinimlariyla, toprak sicaklk artislar1 jeotermal
sistemin en onemli vyiizey aktiviteleri olup, jeotermal enerji
arama c¢alismalarinin baslangic asamasinda yogun bir bicimde
kullanilmaktadir. Bu calismada, jeotermal sistemin s6z konusu
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ylizey aktiviteleri Afyonkarahisar ilinin en 6nemli jeotermal
alani olan Omer-Gecek ijeotermal sahasinda o&lciilerek, elde
edilen veriler yardimiyla 60 km? genigliginde alanmn es
karbondioksit, hidrojen stlfir, radon ve sicaklik haritalar:
hazirlanmustir. Avyrica s6z konusu ylzey aktivitelerin dagilimiyla
bolgenin tektonik yapis1 iliskilendirilerek jeotermal enerji
acisindan aktif olan fay hatlar1 belirlenmeye ¢alisilmistir.

Anahtar kelimeler: Jeotermal, Yiizey belirtileri, Omer-Gecek,
Afyonkarahisar

ABSTRACT: Due to the declining fossil energy resources, the
importance of geothermal surface exploration is increasing day
by day. The purpose of geothermal surface exploration is to get
information about reservoir rock, heat source, cap rock, faults
and to find the geothermal systems that can be produced
economically. Usually at the beginning of geothermal surface
exploration, large areas are being studied and inexpensive and
quick action methods are preferred. With the help of the results
of initial studies, the dimensions of study area were collapsed
and expensive methods were applied in progressive stages of
project. Soil-gas emissions as carbon dioxide, hydrogen sulphur,
and radon and the temperature increase in soil are the most
important geothermal manifestations, and they are intensively
used in the initial stages of geothermal surface exploration. In
this study, these geothermal manifestations were measured in
Omer-Gecek geothermal area, where is Afyonkarahisar’s most
important geothermal area and within the area of 60 km?
carbon dioxide, hydrogen sulphur, radon, soil temperature
contour maps were prepared using the obtained data. By
establishing a relationship between the tectonic structure of
studied area and the distribution of geothermal manifestations, it
was tried to determine the active faults with regard to
geothermal energy.

Key words: Geothermal, Manifestations, —Omer-Gecek,
Afyonkarahisar
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MADEN TETKiK VE ARAMA (MTA) GENEL
MUDURLUGU ANALIiZ LABORATUVARLARININ
TURKIYE VE DUNYA MADEN ARAMACILIGINDAKI
YERI VE ONEMIi

The Place and Importance of the Mineral Research and
Exploration (MTA) Analysis Laboratories, in Turkish and in
Global Mining Research

Yurdaer BABUCCUOGLU', Aydin Mert AKGUN, Giildane
DEMIRTAS" ve Berna YUKSEL!

Maden Tetkik ve Arama Genel Miid., Maden Analizleri ve
Teknolojisi Dairesi, Ankara (yurdaer.babuccuoglu@mta.gov.tr)

0Z: Anadolu, binlerce yildir ev sahipligi yaptig1 medeniyetler
sebebiyle madenciligin de besigi olmustur. Giiniimiizde
Tirkiye’de maden aramaciligmin bas aktorii Maden Tetkik ve
Arama (MTA) Genel Mudirligi’dir. MTA biinyesinde gorev
yapan Analiz Laboratuvarlarinda, toprak, kayag, sediman, kati
yakit ve su Orneklerinin incelenen parametreler agisindan analiz
ve testleri yapilmaktadir. Bu analiz ve testler, uygun numune
hazirlama  islemlerinin ardindan Atomik  Absorpsiyon
Spektrofotometresi  (AAS), Indiiktif Eslesmis Plazma-Optik
Emisyon Spektrofotometresi (ICP-OES), indiktif Eslesmis
Plazma-Kiitle Spektrofotometresi (ICP-MS) ve X-1s1n1 Floresans
(XRF) gibi analiz teknikleri ve yas analiz yontemleri ile
yiriitiilmektedir. Uyguladig1 pek ¢ok analiz parametresinden
akredite olan MTA Analiz Laboratuvarlar1 Koordinatorligii,
yilda yaklasik 1 milyon analiz ile yurtdisindaki muadilleriyle
yarigsmaktadir. Bu ¢aligmada, MTA Analiz Laboratuvarlarinin
tanitimi, sektorde s6z sahibi olan uluslararasi laboratuvarlarla
karsilastirilmas1 ve MTA’nin  konumunun degerlendirilmesi
amaglanmaktadir.

Anahtar Kelimeler: MTA, Madencilik, Kimyasal Analiz,
Jeokimya
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ABSRACT: Anatolia has been homeland of mining since a lot of
civilizations existed in these lands. Today, General Directorate
of Mining Research and Exploration (MTA) is in a leading role
of mining research in Turkey. Analyses and Tests of soil, rock,
sediment, solid fuel and water samples in many parameters are
performed in Division of Analysis Laboratories of MTA. Atomic
Absorption Spectrophotometry (AAS), Inductively Coupled
Plasma — Optic Emission Spectrophotometry (ICP-OES),
Inductively Coupled Plasma — Mass Spectrometry (ICP-MS) X-
Ray Fluorescence (XRF) techniques and wet methods are used
for these analyses and tests after sample preparation. Division of
Analysis Laboratories of MTA, which is accredited with many
parameters, challenges with  equivalent international
laboratories since about 1 million of analyses and tests per year
are performed. In this study, presentation of MTA Analysis
Laboratories, comparison of MTA with other international
laboratories effective in mining sector and evaluation of position
of MTA in mining sector are intended.

Key Words: MTA, Mining, Chemical Analysis, Geochemistry
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Stachys rupestris Montbret Et Aucher BITKISININ
METANOLIK VE iKi FARKLI iINFUZYON UNUN
ANTIOKSIDAN AKTiVITELERI

Antioxidant Activity of Methanolic and Two Different infusion
Extracts of Stachys rupestris Montbret Et Aucher

Elif ERDOGAN®, Murat TURK?, Ayse EVEREST? ve A,
Sultan GIRAY?

YMersin Universitesi Fen Edebiyat Fak. Biyoloji Boliimii, Mersin
geliferdogangl@gmail.com)
Cukurova Uviversitesi Fen Edebiyat Fak. Kimya Bél., Adana

OZ: Stachys rupestris Mersin’de (C4), 50-1100 metrelerdeki
taglik ve 6ren yerlerinde yasayan endemik bir tiir olup simdiye
kadar bu bitki ile herhangi bir antioksidan caligmasi
yapilmamustir. Stachys cinsi, Lamiaceae familyasina iliskin olup
genis tiir sayisina sahiptir. Bircok ¢alisma bu cinsteki bitkilerin
anti-inflamatuvar, anti-bakteriyel, antikanser ve antioksidan
Ozellige sahip olduklarmi gostermektedir. Son yillarda, gidalarda
veya hastalklarm iyilestirilmesinde kullanilan bitkilerden
ekstrakte edilen bilesiklerin antioksidan etkilerine olan ilgi
artmustir.  Stachys tiirlerinin ¢ogunun antioksidan 06zelliginin
ortaya ¢ikarildigi pek¢ok calismaya ragmen bizim ¢alismamizin
amaci, daha Once arastirilmamis olan Stachys rupestris
bitkisinden elde edilen ¢ farkli ekstraktin toplam fenolik
iceriklerini ve antioksidan aktivitelerini ortaya ¢ikarmaktir. Bu
caliymaya gore, Stachys rupestris bitkisinin metanolik ve ki
farkli inflizyon ekstraktlarinin antioksidan aktiviteleri serbest
radikal temizleme (DPPH) ve Cu (I1) iyonu indirgen antioksidan
kapasitesi (CUPRAC) yontemlerine gore arastrimistir. Her bir
ekstraktin toplam fenolik miktar1 Folin Ciocalteu (FOLIN)
yontemine gore belirlenmistir. Elde edilen i farkl ekstrakt
arasinda metanolik ekstraktin en yiliksek antioksidan &zellige
sahip oldugunu goéstermistir.  Sonuglar Stachys rupestris
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ekstraktlarmmn tibbi ve ticari alanlarda dogal antioksidanlar
olarak kullanilabilecegini gdstermistir.

Anahtar Kelimeler: Stachys rupestris; Antioksidan aktivite,
Serbest radikal temizleme (DPPH); Cu (1) iyonu indirgen
antioksidan kapasitesi (CUPRAC)

ABSTRACT: Stachys rupestris is an endemic specie which lives
on ruins and stones at 50-1100 meters in Mersin (square C4)
and to our knowledge it’s antioxidant activity never been
researched before. The genus Stachys is considered to be one of
the largest genera of Lamiaceae family. Many studies have
shown various activities in this genus such as anti—
inflammatory, antibacterial, anticancer and antioxidant effects.
In recent years, there is an increasing interest in the antioxidant
effects of compounds derived from plants, which could be
relevant in relation to their nutritional incidence and their role
in health and disease. While we know that antioxidant properties
of most Stachys species were studied, the purpose of our study
was to evaluate total phenolic content and antioxidant activity of
different extracts of Stachys rupestris which never been
researched. To this work, the methanolic and two different
infusion extracts of Stachys rupestris were investigated for their
antioxidant activities using radical scavenging activity (DPPH)
and known as the cupric ion reducing antioxidant capacity
(CUPRAC) reagent methods. Total phenolic concentrations of
each extract were also determined using the Folin—Ciocalteu
reagent (FOLIN). This study indicated that methanolic extract
exhibited the highest antioxidant activity in between three
different extract. The results concluded the Stachys rupestris
extracts could be considered as a source of natural antioxidants
for medicinal and commercial.

Key Words: Stachys rupestris; antioxidant activity, radical
scavenging activity assay (DPPH); cupric ion reducing
(CUPRAC)
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YAZIHAN KUZEYI ERKEN MiYOSEN
SEDIMANLARININ PALEONTOLOJIiK OZELLIKLERI
VE MINERALOJISI, MALATYA HAVZASI, TURKIYE

Mineralogy and paleontological properties of Lower
Miocene Sediments from North of Yazihan, Malatya Havzasi,
Tiirkiye

Meral KAYA', Dicle BAL AKKOCA? ve Mehmet
ONAL’

L Ataturk Universitesi, Oltu Yer Bilimleri Fakiiltesi, Jeoloji Miih.
Bol. Oltu/Erzurum-Tiirkiye

2Furat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi

Boliimii, Elazig-Tiirkiye

3fnénii Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi
Boliimii, Malatya-Tiirkiye

0Z: Calisma alam1 Malatya Havzas1 merkezi kesimlerinde
Yazihan’m kuzeyinde yer almaktadir. Malatya Havzasi Dogu
Anadolu’da biiyiik i¢ havza niteligindedir. Erken Miyosen yash
Akyar Formasyonu ince-orta tabakali konglomera ile baslar,
kumtaslar1 ile devam ederek tistte kiltag1 ve resifal kiregtaglari ile
son bulur. Kiregtagi, camurtasi, kalkarenit tabakalar1 iceren
Akyar Formasyonu zengin bentik ve planktik foraminiferler
icerir. Bentikk foraminiferlerden Anomalinoides, Astacolus,

Cibicidoides, Dentalina, Elphidium, Gavellinella,
Globobulimina,  Lagena, Lenticulina, = Marginulinopsis,
Miogypsina, Nodosaria, Osangularia, Saracenaria,

Siphonodosaria, Textularia, Uvigerina, Vulvulina cinslerine ait
15 tiir belirlenmistir. Akyar Formasyonu fosil kapsamma gore
Akitaniyen- Burdigaliyen yashdr. Litolojik 6zellikleri ve fosil
icerigi dikkate almarak, birimin denizel yiiksek enerjili s1g self
ozelliginde c¢okeldigi sOylenebilir. Formasyonun tiim kayag
minerallerini kalsit, dolomit, kuvars, feldispat ve kil olusturur.
Kil fraksiyonunu smektit, illit, klorit, paligorskit ve kariik
tabakali  illit-smektit  (I-S)  olusturmaktadwr.  Karbonat
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minerallerinin d(104) degerleri kalsitlerin disiik-orta Mg kalsit
minerali oldugunu gdstermektedir. SEM incelemelerinde
smektitlerin agirlikl olarak volkanojenik malzemeden doniistiigi
gorilmustiir.

Anahtar Kelimeler: Yazihan, Malatya Havzasi, paleontoloji, kil
mineralojisi, SEM

ABSTRACT: The study area is located at the north of Yazihan in
the central part of the Malatya Basin. The Malatya Basin as a
whole is a major interior basin is East Anatolia. Lower Miocene
aged Akyar Formation begins with thin-medium bedded
conglomerate, continues with intercalation of sandstone,
claystone and ends with reef limestone at the top. Akyar
Formation consists of limestone, mudstone, calcirudite and
calcarenite interbeds, and contain rich assemblages of benthic
and planktic foraminifera. The benthic foraminiferal
assemblages content 15 species belonging to 18 genera, namely
Anomalinoides, Astacolus, Cibicidoides, Dentalina, Elphidium,
Gavellinella, Globobulimina, Lagena, Lenticulina,
Marginulinopsis,  Miogypsina,  Nodosaria, = Osangularia,
Saracenaria, Siphonodosaria, Textularia, Uvigerina, Vulvulina.
According to fossills contents Akyar Formation aged Akitanian-
Burdigalian. Lithological features and fossills contents show that
this unit deposited in shallow marine shelf with high energy. The
whole rock minerals are calcite, dolomite, quartz, feldispar and
clays. Clay minerals are smectite, illite, chlorite, palygorskite
and illite-smectite (I-S). d(104) values of carbonate minerals
show that, calcite are low-middle Mg calcite. The SEM
investigations show that smectites are generally transformation
from volcanogenic material.

Key Words: Yazihan, Malatya Basin, paleontology, Clay
mineralogy, SEM.
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MONTMORILLONIT ICEREN KiRECTAS| ve KALSITIN
BOYAR MADDE GIDERIMINDE
KULLANILABILIRLIGININ ARASTIRILMASI

Investigation of the Usability of Limestones Containing
Montmorillonite and Calcite and for Dyestuff Removal

Deniz UZUNOGLU?, Zeynep OZDEMIR? ve Ayla OZER!

Mersin Universitesi Miih. Fak. Kimya Miih. Béliimii, Mersin
(duzunoglu@mersin.edu.tr)
2Mersin Universitesi Miih. Fak. Jeoloji Miih. Béliimii, Mersin

0Z: Montmorillonit icerikli kirectas: ve kalsitden olusan iki
ornekde, atik sularla alict sulara verilen ve cevre kirliligi
Olugturan boyar maddelerin gideriminde kullanilabilirliginin
arastirlmast amaclanmustwr. Cahsma iki asamali olarak
gerceklestirilmis; birinci agamada Basic Red 46 (BR 46) boyar
maddesinin montmorillonit icerikli kire¢ tast (MKT) ile ikinci
asamada ise Acid Blue 121 (AB 121) boyar maddesinin kalsit
icerkli  kireg tasi  (KKT) ile giderim  ¢alismalar
gerceklestirilmistir. BR 46’nin MKT ile adsorpsiyonunda, MKT
miktarmm artirilmas1 ile % giderim miktarlarinda azalma
gozlenirken; baslangic BR 46 derisiminin 20 ile 200 mg/L
araliginda, baslangic pH’smm 6-10 araliginda, sicakligin 25-40
°C arahgmnda yaklasik %85°lik giderim degerleri elde edilmistir.
BR 46’nin MKT ile adsorpsiyonunda maksimum tek tabaka
adsorpsiyon kapasitesi 140 mg/g olarak saptanmistir. Calismanin
ikinci asamasinda AB 121’in sulu ¢6zeltisine ayriayr10.5, 1.0 ve
2.0 g/L olacak sekilde KKT eklenmis; 5 dakika gibi kisa bir siire
sonra boyar maddenin yumaklasarak ¢okeldigi gdzlenmistir. AB
121’in KKT ile giderimi ¢aligmalarinda giderimin biiyik bir
kismmin ilk 5 dakika igerisinde gergeklestigi, 35-150 mg/L
baslangic AB 121 derisim degerlerinde ve 0.5-3.0 g/L KKT
miktarlart icin yaklaskk %97 oraninda giderimin oldugu
saptanmistir. Ayrica, boyar maddelerin giderimi ¢aligmalari
oncesi ve sonrasinda MKT ve KKT minerallerinin FTIR, SEM
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ve XRD analizleri ile karakterizasyonu da yapilmistwr. Sonug
olarak; boyar maddenin ve giderimde kullanilacak maddenin
fiziksel ve kimyasal 6zelliklerine baglh olarak giderim yontemi ile
giderilen boyar madde miktarindaki farklhiliklar goz Oniine
alindiginda MKT ve KKT minerallerinin boyar madde igeren atik
sularin artiminda etkin olarak kullanilabilecegi soylenebilir.
Anahtar kelimeler: Kiregtasi, Montmorillonit, Kalsit, Basic Red
46, Acid Blue 121

ABSTRACT: The investigation of usability for the removals of
dyestuffs given into receiving waters with wastewaters and creating the
environmental pollution of the two samples which are formed from
limestones containing montmorillonite and calcite was aimed. The
study was conducted in two stages; the removal studies of BR 46 by the
limestone containing montmorillonite (LM) were done in the first stage
and the AB 121 removal studies by limestone containing calcite (LC)
were carried out in the second stage. While it was observed that
removal percentages decreased with increasing LM amount in BR 46
adsorption on LM, the dye removal percentage has been determined as
approximately 85% in the range of 20-200 mg/L initial BR 46
concentrations, 6-10 initial pH values and 25-40 °C temperatures. The
maximum monolayer adsorption capacity of LM was determined as
140 mg/g for BR 46 adsorption. In the second stage of the study; the
LC amounts of 0.5, 1.0 and 2.0 g/L were separately added into
aqueous solution of AB 121, it was observed that dyestuff was
precipitated by flocculation after a short time of 5 minutes. It was
found that a large removal amounts were obtained within the first 5
minutes, the dye removal percentages were obtained as approximately
97% in the range of 35-150 mg/L initial dye concentrations and 0.5-
3.0 g/L adsorbent concentrations. Also, the characterizations of LM
and LC minerals before and after the removal studies of dyestuffs were
done with FTIR, SEM and XRD analysis methods. Consequently; LM
and LC minerals can be used effectively for removal dyestuffs from
wastewaters depending on physical and chemical properties of dye and
materials used for removal in view of differences between removal
methods and amounts.

Key Words: Limestone, Montmorillonite, Calcite, Basic Red 46, Acid
Blue 121
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MiYOSEN YASLI SAHINALI (AYDIN) VE BEYPAZARI
(ANKAR A) KOMURLU BIRIMLERININ BIYOMARKER
OZELLIKLERININ KARSILAS TIRILMASI

The Comparison of Biomarker Characteristics of the Miocene
Sahinali (Aydin) and Beypazart (Ankara) Coaly Units

Neslihan UNAL?, Selin HOKEREK', Mehmet ALTUNSOY?,
Orhan OZCELIK® ve Nazan YALCIN ERIiK?

Ykdeniz  Universitesi  Jeoloji ~ Miih.  Bol,  Antalya
nunal@akden_iz.edu.tr)
Cumhuriyet Universitesi Jeoloji Miihendisligi Béliimii, Sivas

OZ: Sahinali (Aydm) Miyosen birimleri cakiltas:, kumtasi,
silttas1, kiltag, komiir, killi komiir, killi ve silisifiye kire¢tagindan
olugsmaktadir. Beypazari (Ankara) Miyosen birimlerini ise
konglomera, aglomera, kumtasi, silttasy, kiltagi, marn, komiir,
bitiimlii seyl, kiregtast ve tiifler olusturur. Bu caligmada
incelenen sahalara ait 6rnekler lizerinde, GC-MS analizinden
elde edilen m/z 191 triterpan ve m/z 217 steran dagilimlarindan
hesaplanan ~ biyomarker  parametreleri  degerlendirilerek
kargilagtirdmigtr. Cp7, Cps, Cpg steran dagilimlari g6z Oniine
alindiginda, tiim sahalarda egemen organik maddenin karasal
oldugu, bunlara alglerin ve otsu bitkilerin eslik ettigi
belirlenmistir. Sahinali sahasinda gamaserana rastlanmazken,
Beypazar1 sahasindaki varligi, buradaki tuzluluga isaret
etmektedir. Ts/(Ts+Tm), 20S/(20S+20R), Diasteran/steran,
Moretan/hopan ile PBB/(BB+ac) oranlart incelenen Orneklerin
olgunlagmamis oldugunu belirtmektedir. Sahalarda saptanan
oleananlar, angiosperm varhgi yani swra orneklerin Kretase ve
daha gen¢ yash olduklarmi ifade eder. Sahinali sahasinda
gozlenen Cgzi’den Css’e dogru pik yiiksekligindeki diizenli
azalma ve Beypazari sahasinda hesaplanan C29/C3p hopan orani,
her iki saha i¢in kirmtil1 fasiyese isaret eder.

Anahtar Kelimeler: Biyomarker, GC-MS, Komiir, Miyosen
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ABSTRACT: Sahinali (Aydmm) Miocene units are composed of
conglomerate, sandstone, siltstone, claystone, coal, clayey coal,
clayey and silicified limestone. While Beypazari (Ankara)
Miocene units are composed of conglomerate, agglomerate,
sandstone, siltstone, claystone, marl, coal, bituminous shale,
limestone and tuff. This study evaluates and compares the
biomarker parameters calculated by the m/z 191 triterpane and
m/z 217 sterane distributions obtained thru GC-MS analysis
performed on the field samples. The dominant organic matter
accompanied by algea and herbecaous, is terrestrial considering
Cy7, Cag, Cy sterane distributions. No gammacerane is found in
Sahinali while its existence in Beypazari indicates salinity.
Ts/(Ts+Tm), 20S/(20S+20R), diasterane/sterane,
moretane/hopane and pp/(Pf+aon) ratios indicate that the
analysed samples are immature. Oleananes found in both field
represent that analyzed samples are Cretaceous or younger
besides the existence of angiosperm. The uniform decrease in
peak height from Cs1 to Css observed in Sahinali and Coy9/Csp
hopane ratio calculated in Beypazar: indicate detritial facies in

both fields.

Key Words: Biomarker, GC-MS, coal, Miocene

271



ICTIGIMiZ CAYIN ANYON, KATYON ve AGIR METAL
BILESIMI

Anion, Cation and Heavy Metal Concentrations of Tea

Umit YILDIRIM®, Cihan GECGEL?, Tuncay iINCE? ve
Mehmet Ali KUR T2

Mersin Universitesi Miih. Fak. Jeoloji Miih. Boliimii, Mersin
umityildirim@mersin.edu.tr)
Mersin Universitesi lleri Tek. Eg., Ar. ve Uyg. Merkezi, Mersin

0Z: Yiizyillardr tiketilen ¢aym kimyasal bilesimini (anyon,
katyon ve agir metal) biliyor muyuz? Bu ¢alisma, her giin ¢ok
miktarda tikettigimiz caymn bilesimini belirlemek amaciyla
yapilmis olup bu kapsamda piyasada satilan 5 farkli markaya ait
cay numuneleri almmustir. Numuneler demleme ve asit
yontemleriyle ¢ozeltiye almmis ve bunlarm major katyon, anyon
ve agr metal bilesimleri belirlenmistir. Major katyon ve anyon
analizleri iyon kromotografisi ile agir metal analizleri ICP-MS
ile yapilmistir. Analiz sonuglarina gore demde ortalama; Na, Mg,
K, Ca, F, CI', nitrat, fosfat ve siilfat derigimleri sirasiyla, 159,
599, 14091, 135, 1540, 954, 34, 1744 ve 2068 mg/L'dir. Kiilde
ise Na, Mg, K ve Ca derisimleri swrasiyla; 542, 2883, 14082 ve
2463 mg/L'dir. Demde ortalama; Ti, V, Cr, Mn, Fe, Ni, Cu, Zn,
As, Sr, Sb, Ba ve Pb derisimleri swrasiyla, 0.59, 0,09, 0.38, 122,
2.98, 1.55, 1.76, 5.24, 0.04, 0.72, 0.06, 1.89 ve 0.06 mg/L'dir.
Kiilde ise bu agir metaller ortalama; 10, 0.2, 1.1, 402, 94, 2.5,
6.5, 22, 0.1, 16, 0.1, 39 ve 0.4 mg/L'dir. Analiz sonuglar1
degerlendirildiginde; caym deminde ve kiiliinde element ve
anyon igeriginin yiksek derisimlerde oldugu belirlenmistir.
Potasyum'un caydaki en yiksek derisimde element oldugu ve
demdeki oraniyla kiildeki oranin benzer oldugu belirlenmistir.
Analizi yapilan diger element ve anyonlarm derisimi ise kiilde
demdekine oranla daha ytiksektir.

Anahtar Kelimeler: Anyon, Katyon, Agir metal, Cay, [CP-MS.

272



ABSTRACT: Do we know the exact chemical
concentration(Anion, Cation and Heavy Metal) of for ages
consumed tea? This study was made to determine the chemical
concentration of tea, that we consume every day a large amount
and for this aim sold on the market by five different companies
tea samples were taken. The samples were taken into solution via
the infusion and acid methods, and the Anion, Cation and Heavy
Metal concentration of these samples were determined. Major
cation and anion analysis were performed by ion
chromatography and heavy metal analysis were performed by
ICP-MS. According to the analysis results, the mean
concentration of Na, Mg, K, Ca, F", CI', nitrate, phosphate and
sulphate in infused were determined respectively; 0.59, 0,09,
0.38, 122, 2.98, 1.55, 1.76, 5.24, 0.04, 0.72, 0.06, 1.89 and 0.06
mg/L. Also in ash, the mean concentration of Na, Mg, K and Ca
were determined respectively; 542, 2883, 14082 ve 2463 mg/L.
In infused, the mean concentration of Ti, V, Cr, Mn, Fe, Ni, Cu,
Zn, As, Sr, Sb, Ba and Pb were determined respectively; 0.59,
0,09, 0.38, 122, 2.98, 1.55, 1.76, 5.24, 0.04, 0.72, 0.06, 1.89 and
0.06 mg/L. Also in ash, the mean concentration of these heavy
metals were determined 10, 0.2, 1.1, 402, 94, 2.5, 6.5, 22, 0.1,
16, 0.1, 39 and 0.4 mg/L. When the analysis results were
considered; it was determined that, the contents of element and
anion are too high concentration in the infused and ash of tea. It
was also determined that, the potassium is the most concentrated
element in a tea and the concentration rates in infusion and ash
are nearly same. The concentration of other elements and anions
in the analyzed tea are higher in ash than in infused.

Key Words: Anion, Cation, Heavy metal, Tea, ICP-MS.
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SAROS KORFEZiI KUZEYI HARMANTASI MEVKIii
DENIZALTI YUKSELTISI, YERALTI SU KAYNAGI VE
COKELLERININ OZELLIKLERI

Submarine Hill, Underwater Spring And Sediment
Characteristics Of The Harmantast Locality, Northern Saros
Gulf

Fulya YOCESOY ERYILMAZ', Mustafa ERYILMAZ,
Engin MERIC? ve Niyazi AVSAR®

Mersin U. Miih. Fak. Jeoloji Miih. Béliimii, Mersin
(fyucesoy@mersin.edu.tr)

°Moda, Hiiseyin Bey Sokak, 15/4, Kadikoy 34710 - Istanbul
3Cukurova U. Miihendislik- Mimarhk Fak. Jeoloji Miihendisligi
Bol. Balcali 01330 Adana

0Z: Bu calismada Saros Kérfezi kuzeyinde, kiymnm yaklagik 1
deniz mili agigmmda ve 30 m su derinliginde yer alan 17 m
yikseklige sahip Harmantasi denizalt1 yikseltisi, burada
ylizeyleyen yeraltt suyu ile bunlarin deniz suyuna ve cokele
etkisi incelenmistir. Bunun i¢in s6z konusu tepeden belirli hatlar
boyunca alinan su 6rneklerinde sicaklik, tuzluluk, pH, ¢6ziinmiis
oksijen Ol¢ililmiis ve ¢okel drneklerinde organik karbon, toplam
karbonat, agr metal analizleri (Fe, Mn, Cu, Ni Zn) ile
foraminifer tiir tayinleri yapilmistir. Calisilan 4 hat boyunca
Olglilen su parametrelerinden yararlanarak belirli noktalarda
yeralt1 suyu ¢ikis1 belirlenmistir. Olgiim derinliginin yiizey suyu
ile orta derinlik suyu arasindaki gecis bolgesinde bulunmasi ve
akmt1 dongiisiiniin ylizey, orta, dip sularinda farkli yon ve hizda
olmas1 ag¢iga ¢ikan yeralt1 suyunun dagihm hiz ve yOniini
etkileyebilmektedir. 4 hat boyunca alman yiizey ¢okel
orneklerinde organik karbon %0,5-%2 arasinda degismektedir.
Calisilan 41 adet oOrnekte CaCOjz %6- %83 araliginda
olciilmiistiir ve ortalamasi %44 tiir. Ozellikle merkeze yakm
istasyonlarda bulunan yogun kavkmm varhigi CaCO3 1n yiksek
konsantrasyonda bulunmasima sebep olmustur. Ancak, denizalt1
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yikseltisinin derin kisimlarma dogru CaCOj3 1in kaynagi daha ¢ok
litojeniktir. CaCO3 artisinin oldugu yerlerde organk karbon
dismektedir. Ayni zamanda karbonatin yikksek oldugu
orneklerde ¢cogunlugu kavki olan kum boyu taneler yogun iken,
camur boyu malzemenin arttig1 istasyonlarda organik karbon
artmaktadir. Metal konsantrasyonlar1 sedimanter kayag
ortalamalar1 ile uyumludur. Yiizey ¢okellerinde analiz edilen 5
agir metal (Cu, Zn, Ni, Mn, Fe) calisma alaninda benzer
dagiimlar gostermektedir. Calisilan 42 c¢okelin bazilarinda
(6rnegin 1-30, 11-30, IV-70) belirgin metal artig1 vardir. Her metal
kendi icinde degerlendirildiginde ise noktasal farklhiliklar
belirgindir (6rnegin 1-60 istasyonunda Ni yiksek, Zn diisik
konsantrasyonda). = Harmantagi denizalti yikseltisinin KB
bolimii metal igerigi KD’ya gore daha fazladir. Denizalti
yikseltisinin morfolojisindeki farkliliklar, kabuklu canlilarin
belirli noktalarda yogun olarak bulunmasi, akmti hiz ve
yoniindeki farkhliklar agir metal konsantrasyonunu belirleyen
inorganik  ¢okel birikimini etkilemektedir. Foraminifer
tirlerinden kalker kavkili hauerinid tipler kaynak merkezi ve
yakin c¢evresinde bol olarak bulunmakta ve kaynaktan
uzaklagtikca aglutinant kavkil textulariid formlarin ¢ogaldig:
gozlenmektedir.

Anahtar Kelimeler: Agir metal, Denizalti tathsu kaynag,
Foraminifer, Giincel ¢okel, Sualt1 yikseltisi

ABSTRACT: In this paper the 17 meters high Harmantasi
submarine hill located 1 mile offshore and at 30 meters water
depth in the north of Saros Gulf and there underwater springs
surfacing and their impact on seawater and sediments were
studied. For this purpose water and sediment samples were
taken along lines and temperature, salinity, pH, DO and organic
carbon, total carbonate and heavy metals (Fe, Mn, Cu, Ni, Zn)
were analysed. Also determination of the foraminifer types was
done. At some spesific points along the 4 lines studied,
underwater freshwater springs are found by the help of analysed
water parameters. The measurement depth being between
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surface water and mid depth water and cycle currents being at
different direction and speed on surface, mid and bottom level, is
effecting spreading speed and direction of the freshwater.
Organic carboncontent in surface sediment samples from 4
lines, is at acceptable varies between 0,5%-2%. In the 41 of the
samples CaCOs is measured in the range of 6%-83% and the
avarage is 44%. Especially intensive shell existence in the
stations close to the center caused CaCOsz; to be in higher
concentrations. However by the lower parts of the submarine hill
source of CaCOs is more lithogenic. In the stations where an
increase in CaCOgs is found, there is a decrease in organic
carbon content. Also in the samples with high carbonate contents
the sand sized grains from shells are abundant, whereas in the
stations with dominant mud sized grains the organic carbon
contents are high. Metal concentrations match well with the
average compositions of sedimentary rocks. General
distribution of measured 5 heavy metals (Cu, Zn, Ni, Mn, Fe)
are suppording each other. There is metal increase in some of
the 42 samples studied (for example 1-30, 11-30, IV-70) . Whereas
when each metal is elevated within itself, pointal differences are
clear (for example: in the station 1-60, Ni high, Zn low
concentration). Metal contents of the northwestern NW part of
the Harmantasi submarine hill are relatively higher when
compared with those from northeastern part.Changes in
submarine hill 's morphology abundant occurrences of shelled
organisms at some stations, differences in speed and direction of
currents, are influencing inorganic sediments accumuation
which determines the heavy metal concentration. From the
foraminifer species, CaCO; shelled Haurenid types exist
abundantly in spring centers and closeby and getting farther
away, aglutinant shell textulariid forms are increased.

Key Words: Heavy metal, Submarine freshwater spring,
Foraminifer, Recent sediment, Underwater hill
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JEOLOJIiK ORNEKLERDE ELEMENTLERIN
SAPTANMASI

Element Determination in Geological Samples
Evren ERDEM® ve Damla O ZEREN?

YSem Laboratuar Cihazlar, ICPMS Uriin Uzmani, Istanbul
(evren.erdem@semlab.com.tr)

2Sem Laboratuar Cihazlar, Atomik Spektroskopi Uriin Uzmanu,
Istanbul (damla.ozeren@semlab.com.tr)

0Z: Jeolojik numunelerde major ve minor elementlerin
analizinde farkli Atomik Spektroskopi teknikleri uzun yillardan
beri kullanilmaktadir. Son yillarda bu amaca yonelik olarak en
cok tercih edilen teknik ise ICPMS analiz teknigi olmustur.
Bunun en 6nemli nedenlerinden biri, ICPMS sistemlerinin in
genis spektral aralikta analiz edebilme yeterlilikleridir. Diger bir
onemli nokta ise son yillarda combine edilerek kullanildiklar:
Laser Ablation {initeleri sayesinde direkt katt numuneden tayin
yapilmasina olanak saglamalaridir. Bu fayda hem numune
hazirlama silirecini minimize eder, hem de bu asamada
dogabilecek hata risklerinden analizi armdirr. Kullanilmakta
olan diger bir teknik ise Agilent ‘a patentli MPAES (Mikro
Dalga Plazma Atomik Emisyon) teknigidir. Bu teknik Atomik
spektroskopide en son gerceklesen devrim niteligindedir. Bu
teknolojiyi devrim boyutuna getiren nokta, giivenli ve en az
maliyete sebep olacak sekilde Multi Element analizi yapabiliyor
olmasidr. Bu teknik ile system ile birlikte kullanilan gaz
tiiketimi minimize edilmekte hatta neredeyse sifirlanmaktadir.
MPAES sistemleri, element analizlerinin yapildigi bir ¢ok farkh
sector laboratuarinda ICPMS sistemleri ile birlikte komple
¢Oziim sunmaktadir. Bu teknik sadece Agilent’da mevcut olup,
patentli bir teknolojidir.

Anahtar Kelimeler: ICPMS, MPAES,

277



ABSRACT: For determination of major & minor elements in
geological samples, different atomic spectroscopy techiques are
widely used. For compherensive analysis of both major and
minor element parameters, ICPMS has been choisen in the past
few years. The biggest key point for this is the wide spectral
range that this analyser can cover and the other point is the
possibility of combining of this system with the Laser Ablation
accessory. With this combination it becomes possible to make
direct analysis from solid samples, and make the sample
preparation process very short and accurate. The other
technique which can only Agilent offers is the new MPAES
technique that is a revolution in Atomic Spectroscopy. MPAES
offers safe, cost effective major multi elemental analysis in
different matrixes ,. The key point that makes it a revolution is,
the gas consumption has been minimized an nearly initialized.
MPAES technology has been used with ICPMS as a total
solution for nearly every elemental analysis lab in different
sectors. This technology is unique and patented to Agilent.
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MINSAN MADENCILIK SANAYI ve TICARET A.S.
TANITIMI

Presentation of Minsan Mining Industry and Trade Inc.

Ozer YILMAZ!, Hiiseyin CAKAN?', Hakan OZBAY?, Nuri
SIMSEK!® ve Kubilay Kaan UNUVAR?

'Minsan Madencilik Sanayi ve Ticaret. A.S. MusaliKéyii,
Toroslar, MERSIN (huscakan@hotmail.com)

OZET:Soma Grubu sirketlerinden Minsan Madencilik A.S.,
1996 yilinda, Mersin'de bulunan Karabucak Mevkiide krom
madeni liretmek i¢in kurulmustur. Mersin limani ile arasinda 20
km mesafe olan madende, 2002 yilina kadar +470 kotlarmdan
+400 kotlarma kadar agik isletme ile konsantre krom iiretilmis ve
ihra¢ edilmistir. Isletmede 2002 yilinda yer alt1 calismalarma
baslanmig, 2004 yilinda arkadan gbcertme yontemiyle iliretimde
400 ton/glin tlivenan rakamlarina ulasilmistir. 2010 ve 2011
yillarinda yapilan isletmeye yOnelik rezerv ¢alismalar1 sonucu,
yaklaskk 1.5 milyon ton civari ortalama %9 tenorde goriiniir
cevher tespit edilmistir. Buna bagh olarak krom konsantre tesisi
cevher isleme kapasitesi artirilarak, giinliikk yaklagik 1.000 ton
seviyesine ¢ikarilmigtir. Bu kapasitede, yillik 36.000 ton krom
konsantresi tiretilmesi planlanmaktadir.

Anahtar Kelimeler: Krom cevheri, Minsan Madencilik,
Karabucak- Musal- Mersin

ABSTRACT: Minsan Madencilik A.S., which is one of the
companies of Soma Group, was established in Karabucak
Location in Mersin in 1996 in to produce chrome mine. The mine
is 20 kilometers far from Mersin Port and concentrated chrome
was produced through open-pit method from the elevation of
+470 to the elevation of +400 and exported until 2002 in it.
Underground works were started in 2002 and 400 tons/day raw
production figures were reached by reverse caving method in
2004. As a result of reserve works intended to plant in 2010 and
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2011, approximately 1.5million tons of visible ore with average
grade 9% was detected. Therefore ore processing capacity of
chrome concentrate plant was increased to approximately 1.000
tons per day. In this capacity, 36.000 tons of chrome concentrate
is planned to produce annualy.

Key Words: Chrome mine, Minsan Mining, Karabucak- Musali-
Mersin

280



INDEKS / Index

A
A.Sultan GiIRAY 264
Abdillaziz KARAGOZ 111
Adile POLAT 160
AhmetCanOZBEK 57
Ahmet SAGIROGLU 12
AhmetYILDIZ 259
AliBOZDOGAN 172
AliGOKGOZ 158, 197, 245
AliIKAYA 158
ALONAL 35
AliPOLAT 4
AliTOMUKLO 72
Alican AKTAG 35, 77
AlicanhkoOP 208, 210
AlisaitcoL 59
AlperBABA 205
AnnRUSSOLEE 177
AydmnMert AKGON 262
Aydin Olcay COLAKOGLU 40
Aykut GOCTEKIN 226
Ayla HANEDANNAR 119
AyaOZER 268
Ayl SANDIKCIOGLU 259
Ayse EVEREST 264
Ayse ORHAN 48
Ayten CAPUTCU 99
Ayten OZTUFEKCIONAL 35, 77, 190
B

Bahadr GOLER 247
Bahattin CETINDAG 254
Bahattin GULLU 106



Bedri KURTULUS 243

Berna YOKSEL 262
Betil COSKUNONAL 37
Bilgehan TOKSOY 182
BucuGOREN 44
C

CaferOZKUL 79, 249
Cahit DONMEZ 40, 44
CahitHELVACI 7,104, 126, 218
CanBASARAN 197, 259
camanvirmaz . 231
Chuvan-ChouSHEN 158
Cihan ARATMAN 158
Cihan GECGEL 212, 272
Cumhur OzcanKILIC 106, 114
Clneyt SEN 82
D

DaghanCELEBI 226
DamlaOZEREN 277
Davd BANKS 23
pbavid R, HILTON 221
Deniz SANLIYUKSEL YOCEL 205
DenizUZUNOGLU 268
Derya 6z 172
Dicle BAL AKKOCA 140, 266
DougCROWE 89
DusunACAR 140
DuruARAL 67, 215
E

E. YalgmERSOY 104, 126
Ekrem KALKAN 85, 87

Elif ERDOGAN 264



Emin CIFTCI o7, 74

Ender SARIFAKIOGLU 123
EnginMERIC 185, 274
Ercan ALDANMAZ 215
Erkan BOZKURTOGLU 74
ErkanDEMIR 46, 172
ErolSARI 168, 182
Ertan OZEGDEMIR 194
EvenErRDEM 277
EzgivLusoy 132
Fatma SISMAN TUKEL 226
Fatma TOKSOY KOKSAL 35
F

FevziONER 46
Feyzullah CONKAR 259
Fikret iISLER 190
Fikret KACAROGLU 243
FinSTUART 215
Fuat ERKUL 129, 223
Fulya YUCESOY ERYILMAZ 143, 185, 274
FuzuliYAGMURLU 229
G

Gonca GENCALIOGLUKUSCU 243
Giilcan BOZKAYA 23
Giildane DEMIRTAS 262
GulliKIRAT 174
Giiltekin TARCAN 203
Girsel KANSUN 111
Girsel SUNAL 236
Girsel YANIK 79, 249

Giizidle ONAL o4



H

H. RifatOZSOY 156
Hacer CANBAS | 96, 106
HakanOZBAY 279
Halil BAS 96
HalimMUTLU 48, 70,101, 215,221
HarunAYDIN 221
Hasan KOLAYLI 85,87, 117
Hayriye AKDAGOGLU 245
Hayrullah viLotiz ...~~~ 40
HikmiORHAN 150
Hiseyin AliYALIM 259
Hiseyn CAKAN 279
HiseyinCELEBI 27,29,31,33
Hiiseyin KARAKUS 249
Hiiseyin KOCATORK | 67
Hiiseyin SENDIR 67,69
Hiseyin YALCIN . 89,163, 231
i

I. HakkiKARAMANDEREST 203
ikaykKAYDU 190
fremARAT 79
[smail KOCAK 192
IsmetCENGIZ 54
J

Jirgen KOEPKE 93
K

Kadir SARIZ ] 67,101,215
Kemal GURBUZ 145



Kiymet DENIZ 106

Kubilay Kaan ONUVAR 279
Kurtulus GONAY 40
Kirsad KadirERIS 140
L

Leyla KALENDER 153, 160
M

M SerefSONMEZ 168
M. Burhan SADIKLAR 15, 119
M. Girhan YALCIN 252
M. Yilmaz SAvASCIN 256
Mark L. BRUSSEAU 177
Massimo TIEPOLO 223
Mehmet Al KURT 146, 182, 212, 272
Mehmet ALTUNSOY 156, 270
Mehmet ASLAN 54
Mehmet DEMIRBILEK 48, 69, 101, 108
Mehmet Oru¢ BAYKARA 158
MehmetONAL 266
MehmetOZKUL 158
Mehmet UNSAL 208
Metem GURBUZ 194
Meral KAYA 266
Mete HANCER 158
Metin BAGCI 259
Muhammed OZER 140
Muhterem DEMIROGLU 201
Murat CAMUZCUOGLU 93
MuyratGOUL 145, 158
Murat INCEOZ 254
Murat SENTURK 229
Murat TOKCAER 256
Murat TURK 264



Mustafa ERYILMAZ 143,185,274

Mustafa KIBAROGLU 236
Mustafa KUSCU 159
Mustafa SEVIN 123
Mimin KOKSOY 2
mMmimtaz COLAK 203
N

Nail YILDIRIM 40, 44
Namik AYSAL 129, 137
Namik CAGATAY 182
NasuhAYDIN 174
NazanYALCINERIK 270
Necla KOPRUBASI 226
NeslihanOKUYULUCU 52
NeslihanUNAL 270
NevinKARAGULER 168
Nevzat OZGOR 59, 229
Nezihi KOPRUBAST 226
Nihat Hakan AKYOL 177
Nilgin GULEC 215,221
Niyazi AVSAR 274
Nurdane {LBEYLI 79, 109
Nurgil CELIK BALCI 168, 205
NuriSIMSEK 279
NurselOKSsUz 52
@)

OkayCIMEN 35
OlcayOZER 199
OonurAYDN 59
OrhanOZCELIK 156, 270
OorhanyAVWUZ 74
Osman PARLAK 99



o

Omer BOZKAYA 89, 231
Omer KAMACI 226
Ozer YILMAZ 279
Ozgir AVSAR 243
Ozgir BILICT 85,87, 117
Ozgir KALELIOGLU 145
Ozgir OZERKAN 64
OzlemBULKAN 182
Ozlem OZTEKINOKAN 254
Ozlem TOYGAR 67,69
Ozlem YILMAZ 148
P

Paul A. SCHROEDER 89
Paul Eric WOLFF 93
pwarGutSUOZ 236
R

RamazanSARI 64
S

Sabah YILMAZ SAHIN 129, 137
Sabriye METIN 64
SandorKeLe ...~~~ 158
Sanem KILINCARSLAN 239
Seda KARAISAOGLU 150
SedkaUCAR 254
SelahattinrNACAR 208
SelimAY 218
Selin HOKEREK 270
Sema TETIKER 163
Semih GURSU 243

Semiha ILHAN 44



Serdar KESKIN 40

Serkan KAHRIMAN 61
SerkanOZKUMUS 40, 54, 64
Serpil KILIC 252
SemaGUL 168
Sibel TATARERKUL 129, 223
Sonay BOYRAZASLAN 179
S

Sahset KUOCUKEFE 64
SUKra KOC 192
T

Tamer KORALAY 106, 239
Tamer RIZAOGLU 210
TaybnAKIN 158
Tugba Arife CALISKAN 59, 229
Tugba BILICT 85, 87
Tugba VELIOGLU 135
Tugbanur OZEN BALABAN 203
Tuncay INCE 212,272
TibyBAK 82
U

Umut Bars OLGEN 140
UsKLOTZLI 223
Utku BAGCI 93
0

Umit YILDIRIM 212,272
Unsal GEMICI 203

\Y



Volkan KARASU 46

Y

Yahya CiFTCI 40
Yahya OZPINAR 61, 126
YalmERSOY 104, 126
YasarKiBICI 79,101, 109, 249
Yesim YicelOZTORK 218
Yiudwm DILEK 123
Yildirm GONGOR 19, 137
Yurdaer BABUCCUOGLU 262
YusufKagan KADIOGLU 106, 114, 132, 135
Yusuf ULUTORK 259
YusufURAS 208, 210
Yu-WeiCHANG 158
YikselORGON 201
Z

Zeynal Abiddin ERGULER 249
Zeynel DEMIREL 199, 247
ZeynepCANSU 158
Zeynep OZDEMIR 172, 268
Zibeyde HATIPOGLUBAGCT 172

Zitheyr KAMACI 229



	KURULLAR 1
	Önsöz_İçindekiler 2
	Kitapçık Bildiriler 3
	Kitapçık İndex 4

