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ONSOZ

Saygideger Meslektaglarim;

Jeokimya ‘yer ve ‘kimya’ kelimelerinden olusan ve kisaca yer kimyasi olarak
tanimlanan, yeryuvari ve ¢evresindeki tiim kimyasal olaylar inceleyip jeolojik bir bakis agis1
ile degerlendirebilen bilim dalidir. Modern anlamiyla jeokimya, temel jeokimya ve
uygulamali jeokimya olmak {izere iki ana dala ayrilmaktadir. Daha genel tanimi ile jeokimya,
yeryuvarini olusturan maddelerin kimyasal igerikleri, elementlerin bu maddeler igerisindeki
dagilimlar1 ve hareketleri, degisik ortam kosullarinda bu dagilimlarin 6zelliklerini denetleyen
yasalar1 incelemektedir.

Gilinimiiz kosullarinda jeokimyasal c¢aligmalarin tiimiinde, modern teknolojik
gelismelerden en {ist diizeyde yararlanarak sonuca ulagmanin gerekli ve kagiilmaz oldugunu
gormekteyiz. Bu nedenle, diger bilim dallar1 gibi jeokimya bilim dali da hizla gelismektedir.
Bu gelisim, jeokimya bilim dali ile ilgilenen degerli bilim adamlarmin organize olmasini
zorunlu hale getirmistir. Tiirkiye’de Jeokimya ile ilgili ilk toplanti ’I. Ulusal Jeokimya
Sempozyumu’’ kapsaminda 2004 yilinda gergeklestirilmistir. Oldukca basarili gecen bu
etkinlik artan bir ilgi ile devam etmektedir.

Kiymetli meslektaslarimizin katkilari ile 77 6zgiin ¢calismanin sunuldugu *’IV. Ulusal
Jeokimya Sempozyumu’’nun basarilt olmasini diler, katilimecilar1 kutlar, sempozyumun
gerceklesmesini saglayan organizasyon komitesine, Firat Universitesi Rektorliigii ve BUTAL
(TUBITAK) Miidiirliigii'ne, ayrica sempozyuma sponsorluk destegi saglayan IGDAS,
Istanbul Maden ve Metal Ihracatcilar1 Birligi (IMMIB), Koza Altin isletmeleri, TUPRAG
Metal ve Madencilik ile Belen Madencilik San. ve Tic. A.S.” ne tesekkiir eder, saygilar

sunarim.

Prof. Dr. Ahmet SASMAZ

Sempozyum Diizenleme Kurulu Baskani1
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Oklo Uranyum Yataklar1 Ornegiyle Dogal Atom Reaktorii ! Nicin ve Neden?

Muharrem SATIR

Tiibingen Universitesi, Yerbilimleri Fakiiltesi Tiibingen, Almanya

1972 yilinda Oklo Uranyum yataklar igerisinde 1.7-1.8 Ga yil dnce “spontan Fission sonucu
zincirleme g¢ekirdek tepkimelerinin olustugu bilimsel olarak saptanmistir. Zincirleme ¢ekirdek tepkimeleri
sirasindaki fiziksel ve kimyasal siirecler aynen enerji iireten ¢agdas reaktorlerde oldugu gibi gelismistir.
Bugiin dogal Uranyum genelde 99.3 % **U ve 0.7113 % **U izotop oranlarin1 verir. Oklo &rneginde
dlgiilen *°U izotopu, 0.7113 % yerine 0.7082 (en diisiik 0.296%) olarak bulununca yérede ayrintil
caligmalar baslatildi. Dogal Oklo reaktoriiniin bilimsel ¢alismalara, insanliga ve 6zelliklede radyoaktif kati
atiklarin nerelere, hangi kosulllarda depolanmasi gerektigi konusunda dnemli bilgiler vermektedir.

Anahtar Kelimeler Uranyum, Oklo, atom reaktorii
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Natural nuclear reactors; why and how?

The Oklo example

Muharrem SATIR

Universitdt Tiibingen, Geowissenschaftliche Fakultit, Tiibingen Germany

A sustainable nuclear reaction chain requires a critical mass of the fissioning isotope. This process
occurs in carefully controlled nuclear reactors. But it can also occur in nature if the required conditions are
met. The only natural know example till 1972 is the Oklo fossil reactors in Gabon that were active some
1.7 — 1.8 Ga ago. They are uranium ore deposits that had operated as natural fission reactors. This is
suggested by isotopes ratios that strongly resemble those in spent fuel generated by modern nuclears
reactors. They are marked by

3U/7%U ratio anomalies of 0.440% and similar anomalies for Nd and Ru isotopes. At present,
natural proportions of **U and **°U amount to 99.3% and 0.7%, respectively. Calculations back to 1.7 Ga
ago, the age of the Oko deposits, indicate 3% content of **°U, a value high enough to permit nuclear fission
to occur, provided other conditions are met. All these show that a modern nuclear reactor-like process had
occured at Oklo and nature effectively contained the radioactive wastes created by the reactions.

Key words Uranium, Oklo, nuclear reactor
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Arkiyen tektonigi ve Erken ve Orta Arkiyen’de kitasal kabuk biiyiimesi, Giineybat1 Grénland: iz
element ve Nd izotop kayitlari

Ali POLAT

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

Giineybat1 Gronland’daki Arkiyen kita kalkani bir kag¢ kez deformasyona ve metamorfizmaya ugramis
3.85-2.65 milyar yil yash granitoyid kokenli gnayslar ve yesilkaya¢ kusaklarindan olusmutur. Erken
Arkiyen (3.8-3.7 milyar yil yasli) Isua ve Orta Arkiyen (3.1-2.9 milyar yil yash) Ivisaartoq ve Fiskenaesset
yesilkayac kusaklart mafik ve ultramafik lavlar ve sillerden meydana gelmistir. Isua kaya¢ kusagi ayrica
volkanik kayaclarlarla ardalanan tabakali demir yataklar1 ve ¢ortleri igermektedir. Lavlar toleyitik bazalt,
bononit ve pikritlerden olusur. Isua ve Ivisaartoq kayac¢ kusaklari amfibolit fasiyesinde metamorfizmaya
ugramustir. Fiskenaesset kusagindaki metamorfizmanin derecesi ise granulit fasiyesine kadar ¢ikmaktadir.
Fiskenaesset kusagindaki yesilkayaglar, anortozit, gabro, piroksenit diinit ve peridotit gibi tabakali sokulum
kayaglari ile birlikte olugmaktadir. Yesilkaya¢ kusaklarindaki bazaltik, pikritik ve bononitik lavlarin iz
element bilesimleri, bu kayaglarin ada-yay1 ve ada-0nii-yay1 ortamlarinda olustugunu gostermektedir. Nd
izotop analizleri, tiim yesilkayag¢ kusaklarmin tukenmis mantodan tiiredigine ve 6nemli bir miktarda kitasal
kirlenmeye maruz kalmadigina isaret etmektedir. Baglangi¢ epsilon-Nd izotop degerleri Erken Arkiyen Isua
kayaglarinda +1 ile +3 arasinda, Orta Arkiyen Ivisaartoq kayaclarinda +0.5 ile +5.0 arasinda ve Orta
Arkiyen Fiskenaesset anortozit, gabro, diinit ve peridotitlerde ise +2.5 ile +5.0 arasinda degismektedir.
Logaritmik La/Th, Sm/Th, Yb/Th ve Nb/Th iz element oranlarina dayali tektonik ortam ayirma
diyagramlarinda, Gronland’daki Erken Arkiyen ve Orta Arkiyen yasli volkanik kayaglar orta-okyanus sirt1
(MORB) bazaltlar1 ile ada-yay1 bazaltlar1 (IAT) arasinda gegis gostermektedir. Bu iki ortam arasindaki
gecis, normal okyanus sirtlarinin altindaki tiikenmis mantonun dalma-batma ile kirlendigini ve dolayisiyla
titkenmis iist mantonun dalma-batma olay1 sonucunda yay-alti mantosu haline doniistliglinii yansitmaktadir.
Tiikenmis ve dalma-batma yoluyla kirlenmis mantodan tiireyen bu Erken ve Orta Arkiyen yash kayagclar,
okyanusal ada-yaylarini olusturmustur. Bu ada-yaylarimin birbirine eklenmesi ve granitoyidlerin magmatik
yaylar i¢ine sokulmasiyla gilineybati1 Gronland’daki Arkiyen kita kabugu meydana gelmistir.

Anahtar kelimeler Arkiyen tektonigi, kabuk biiylimesi, iz element, Nd izotop
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Archean tectonics and growth of Eoarchean to Mesoarchean continental crust, SW Greenland:
Evidence from trace elements and Nd isotopes

Ali POLAT

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

Archean crust in southern West Greenland is composed of multiply-deformed and -metamorphosed 3.85
to 2.65 Ga TTG gneisses and greenstone belts. The Eoarchean (3.8-3.7 Ga) Isua and Mesoarchean (3.1-2.9
Ga) Ivisaartoq and Fiskenaesset greenstone belts are composed mainly of mafic to ultramafic lavas and
sills. In addition, the Isua greenstone belt contains banded iron formation and cherts interlayering with
volcanic rocks. Volcanic rocks of the Eoarchean Isua and Mesoarchean Ivisaartoq greenstone belts are
composed of tholeiitic pillow basalts, boninites, and picrites. The Fiskenaesset volcanic rocks consist
predominantly of tholeiitic basalts. The Isua and Ivisaartoq greenstone belts underwent amphibolite facies
metamorphism, whereas the Fiskenaesset rocks were metamorphosed under granulite facies conditions.
The Fiskenaesset volcanic rocks are spatially associated with layered anorthosites, gabbros, leucogabbros,
dunites, and peridotites. Trace element systematic of basalts, boninites, and picrites are consistent with a
supra-subduction zone (arc and fore-arc) geodynamic origin. Nd isotope compositions of volcanic rocks
from the Isua and Ivisaartoq greenstone belts suggest that they were derived depleted mantle sources, and
crustal contamination was insignificant. Initial epsilon-Nd values of the Eoarchean Isua and Mesoarchean
Ivisaartoq rocks range from +1.0 to +3.0 and from +0.5 to +5.0, respectively. Initial epsilon-Nd values of
the Fiskenaesset anorthosites, gabbros, dunites, and peridotites are between +2.5 and +5.0. On recently
developed new petrogenetic discrimination diagrams, based on the log-transformed ratios of immobile
elements, such as La/Th, Sm/Th, Yb/Th , Nb/Th, Eoarchean to Mesoarchean volcanic rocks display a trend
projecting from mid-ocean ridge basalt (MORB) to island arc basalt (IAB) field. This trend is interpreted as
reflecting the entrainment by induced convection of Archean depleted upper mantle (i.e., the source of
Archean MORB) into a subarc mantle wedge following the initiation of intra-oceanic subduction and arc
migration. Archean continental crust in southern West Greenland was grown by accretion of Eoarchean to
Mesoarchean oceanic island arcs and intrusion of granitoid magmas into these island arcs.

Key words Archean tectonic, crust growth, trace element, Nd isotopes
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Sivilar ve Depremler: Sismojenezin daha iyi anlasilmasi icin jeokimyasal bir yaklasim
Francesco ITALIANO
Istituto Nazionale di Geofisica ¢ Vulcanologia, Sezione di Palermo, via U. La Malfa 153, Palermo, Italy

6 Nisan 2009 tarihinde Orta Italya’da 300°den fazla kisinin &liimiine ve pek ¢ok tahribata neden olan
sismik kriz, ayn1 zamanda Radon gazi verilerine bagli olarak verilen bir alarmin 6nemsenmeyisinden dolay1
cesitli tartigmalar1 da olusturmustur. Bu olay, her ne kadar 6lii sayis1 diger olaylara gore diisiik olsa bile,
diinya 6lceginde sismik tehlikeleri etkili bir sekilde azaltmada bilimsel arastirmalarin roliiniin ne oldugu
temel sorusundan dolay1 unutulmamalidir. Depremlerin 6nceden tahmini, tiim insanlik i¢in, heniiz daha
¢oziimlenmemis diger biiyiik problemler arasinda yer almaktadir.

Depremlerin 6nceden tahmin edilme olasiligi hakkinda pek ¢ok deneysel metotlar teklif edilmekte
olup, bu olasilik 6zellikle deprem riski altindaki bolgelerde yasayan insanlart her zaman etkilemektedir.
Depremlerin dnceden tahmini ile ilgili mevecut durum 6zetlenecek olursa, biz diinya genelinde bu konudaki
tim girisimlerin yararli sonuglar saglamadigi kanaatindeyiz. Nitekim sismik tehlikeleri degerlendiren
istatistiksel yaklasimlar, giiniimiizde depremlerle iliskili kayiplart azaltmak i¢in en uygun maliyetli yontem
olarak tercih edilmeye devam etmektedir. Bununla birlikte boyle bir yaklasim sismojenez boyunca olusan
dogal siirecler hakkinda herhangi bir bilgi saglayamamaktadir.

Sismojenez boyunca farkli kabuk seviyelerinde olusan siiregleri en iyi sekilde kavrayabilmek, yani
deterministik bir yaklasim i¢in, sivilardan elde edilen bilgilere dayali pek cok bilimsel aktivite
gelistirilmistir. Bununla birlikte, sayet “tahmin”, sismik sokun etkileyecegi yer ve zamani kesin olarak
gostermek anlamina geliyorsa, bilim diinyasi bdyle bir tahmin olasiligindan olduk¢a uzakta olduklari
diisiincesindedir.

Kuzey ltalya (Friuli/ Slovenia sinir1), Orta italya (Umbria- Marche- Abruzzo- Latium bélgelerinin
Orta- Kuzey Apeninleri) ve Giiney Apeninler (Basilicata- Irpinia alani, Calabria Bolgesi, Messina bogazi
ve Peloritani- Nebrodi Daglar1 gibi Italya’nin sismik alanlarindan son 15 yil boyunca, uzun siireli
jeokimyasal izlemelerden elde edilen sonuglar sismojenez faylar boyunca hareket eden sivilarin koken,
dolagim ve zamansal degisimlerini yorumlama ve modelleme de kullanilmislardir.

Bu gibi sonuglar1 diger bilim dallar1 (jeofizik, jeoloji, arkeoloji vb.) ile paylasip depremin 6nceden
tahmini problemine disiplinler arasi isbirligi ile yaklasmak dogal siireglerin daha iyi anlagilmasimi
saglayabilir. Sonug olarak, istatistiksel metotlar1 deterministik sonuglarla birlikte kullanmak, sismik tehlike
altinda bulunan alanlar i¢in bu tehlikenin boyutunu 6nemli derecede azaltacak bir adim olacaktir.

Anahtar Kkelimeler Sivilar, deprem, jeokimyasal yaklagim, sismojenez
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Fluids and Earthquakes: the geochemical approach to gain a better insight into seismogenesis
Francesco ITALIANO
Istituto Nazionale di Geofisica ¢ Vulcanologia, Sezione di Palermo, via U. La Malfa 153, Palermo, Italy

On April 6™, 2009, a seismic crisis hit the Central Italy killing more than 300 people among the ruins
and the polemics caused by an unheeded alarm based on radon data. That episode cannot be forgotten not
because the number of victims, lower than in other events, but because at global scale the main question was
what it was the role of the scientific research to effectively reduce the seismic hazard. The Earthquake
prediction still represents one, among the biggest, unsolved problems for the whole humankind.

The possibility of forecasting seismic events has always attracted people living over earthquake-
prone areas, and many empirical methods have been proposed in order to predict earthquakes. Summing up
the situation of the Earthquake prediction we have to agree that the attempts made all over the world did not
provide useful results, thus, statistical approaches to the seismic hazard assessment, continue nowadays to
offer the most cost-effective means to reduce earthquake-related losses. However the limit of such an
approach is that it cannot provide information on natural processes occurring during the seismogenesis.

To gain a better insight of those processes occurring at various crustal levels during the
seismogenesis, namely to develop a deterministic approach, many research activities based on the
information carried by the fluids have been recently developed, although the scientific community have the
feeling to be far from any possibility of predicting an earthquake, if “prediction” means the precise
indication of time and site hit by the seismic shock.

The results of long-term geochemical monitoring carried out during the last 15 years over the Italian
seismic areas of Northern Italy (Friuli/Slovenia border), Central Italy (Central-Northern Apennines of
Umbria-Marche-Abruzzo-Latium Regions), and Southern Apennines (Basilicata-Irpinia area, Calabria
Region, Messina strait and Peloritani-Nebrodi Mountains) has allowed to model and to interpret the origin,
circulation and temporal variations of fluids over seismogenic faults.

To share such kind of results with other scientific information (geophysical, geological,
archaeological etc) thus to have a cooperative multidisciplinary approach to the wide problem of forecast
prediction may provide the most powerful tool to better understand the natural processes. Finally, to couple
the statistical methods with the deterministic results will take a step forward to significantly reduce the
seismic hazard for any seismic-prone area.

Key words Fluid, Earthquakes, geochemical approach, seismogenesis
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Geochemistry of radon
Andrzej T. SOLECKI
University of Wroclaw, Institute of Geological Sciences, 50-204 Wroclaw pl. Maxa Borna 9 Poland.

Radyumun bozunma iiriinii olan Radon (Rn), radyoaktif, renksiz, kokusuz, tatsiz ve yogun (9.73
kg/m®) bir soygazdir. En durayl izotopu **Rn’dir. 3.8 giin yarilanma siiresine sahip “*Rn, “**Ra’ un
(***U’iin bozunma serileri) bozunma iiriinii olup, dogal bir izleyici olarak kullanilir. **°Rn izotopu (thoron),
Ra’nin (P’Th bozunma serisi) bozunma iiriiniidiir ve 55.6 sn yarilanma siiresine sahiptir. Diger
izotoplarin ¢evresel bir énemi yoktur. Cevredeki **Rn miktari, litosferdeki ilksel radyoniikleyid igerigine
baglidir. Uranyum durumuna bagli olarak, litosferde 2.5 ppm (31 Bg/kg), kitasal kabukta 4.8 ppm (60
Bg/kg), okyanusal kabukta ise 0.6 ppm (7.5 Bg/kg) gozlenmektedir (Perelman 1971, Thomas et al,. 1986).
U’ in bozunma serisi i¢indeki serbest denge durumunda, ***Ra ve **Rn iceren tiim radyoniikleidlerin
aktiviteleri uranyumun aktiviteleri ile aymdir. *°Rn’ nin iiretiminin ortalama miktar;, *’Rn ile yaklagik
aymdir ancak *’Rn durumunda minerallerden serbest kalmus radon miktari, daha kisa yarilanma siiresine
sahip olmasindan dolayr **Rn’ den ¢ok daha azdir. Kayaglardaki radon gogii, ana radyum atomlarinin
pozisyonlarina baghdir. Sayet Radyum mineral tanesinin i¢inde ise gézenek bosluguna radon goécii zordur
ve yayilim orami diisiiktiir. Ana radyum izotopunun bozunmasi ile radon olustuktan sonraki ilk donemde,
alfa geri tepkimeleri sebebiyle dnemli mesafelere taginabilir. Geri tepkime enerjisi 100 keV’dir ve kimyasal
baglanma enerjisinden 10* -10 ° kat daha yiiksektir (Michel, 1997). Alfa geri tepkimeleri radondan
atomlarindan olugmasi nedeniyle, mineral iginde 20-70 nm, suda 100 nm ve mineral yapisin1 bozan havada
(Tanner, 1964; Michel) ise 60000-90000 nm hareket edebilir. Alfa pargaciklar1 ve geri tepkime atomlarinin
neden oldugu mineral yapisindaki diizensizlikler, nanoporozitenin artis1 ve kristal yapisindaki eksikler
olarak tanimlanan ‘’metamictisation’” sonucu olabilir. Metamiktize olmus minerallerde yayilim daha fazla
etkilidir. Geri tepkime yolculugundaki radon atomlar1 mineral digindaki bosluk yiizeyine girerse,
mineraldeki bos ve kanalin dis yiizeyine ¢arpabilir. Bosluklarin i¢inde suyun bulunmasi geri tepkime olmus
atomlar1 engeller ve bitisikteki mineral i¢cinde yapismaktan onlarit korur. Diger taraftan, Su icindeki
bosluklar radon atomlarinin uzaga tasmmimlari i¢in daha az uygundur. Bundan dolayi, radon gogii iizerine
suyun etkisi iki kati kadardir ve bosluklarda radon atomlarmin toplanmasina yardim eder ancak ilave
yayilimlar1 geciktirir. Radon atomlari, 1s1 yayilimi ve basing degisimleri gibi etkenlerle sivi akintilari
igerisine girerse litosferden radon ¢ikigi artmig olabilir. Go¢ eden gaz kabarciklari (hava, CO,, metan) yer
alti suyundan radonu toplayabilir ve gerekli yerlere tasiyabilir. Tektonik gerilimlerdeki degisimler
sebebiyle s1v1 gogii, depremi algilanabilir radyoaktif erken uyari sinyali olusturan radonu tasiyabilir. Radon
gbgil, kisa yarilanma siiresi ve metreleri gegmeyen menzili nedeniyle sinirli bir uzantrya sahiptir. Tektonik
gerilimler etkisiyle derinlerden gelen gaz ¢ikislari, litosferin daha ¢ok {ist kisimlarindan radon atomlar ile
beraber tasinabilir. Ancak, toprak gazindaki radonun varlig1 porozite ve kirilmalardaki artis nedeniyle
ozellikle daha yiiksektir. Radonun binlerce Bq/dm® ulasan konsantrasyonlar: yeralti suyuna karisabilir.
Atmosferik havada Hawai adalarindaki 3400 rakiminda 0,02-0,7 Bg/m’> den Kolorado platosunda 27,8
Bg/m® ‘e kadar degisirken (Gessel, 1983; Whittlestone vd., 1992), toprak gazindaki artis1 ise milyonlarca
Bg/m® i bulabilir. Radon insanlarin maruz kaldigi radyasyonun yaklasik % 60’dan daha fazlasindan
sorumludur. i¢ mekanlardaki radon aktivitesi eski yapilarda 400 Bq/m’’ den daha fazladir ve yeni yapilar
icin 200 Bg/m® ¢ogu Avrupa iilkeleri i¢in kabul edilebilir iist simridir. Diger yandan, radon kaplicalar1 pek
cok Avrupa iilkesinde hala ¢ok popiilerdir. Atmosferik radon igerigi havanin kitasal kiitlelerinin izleyicisi
olarak kullanilabilir. Su radon igerigi ylizey ve yer alti sularmin karistigi zonlari g¢alismak igin
kullanilabilir. Toprak radon gaz anomalileri fay zonlarmin bulundugunu alanlar1 gosterebilir ve radon
miktarindaki gegi¢i bu degisiklikler depremin habercilerinden birisi olabilir.

Anahtar kelimeler Radon, jeokimya, deprem
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Radonun Jeokimyasi
Andrzej T. SOLECKI

Radon (Rn), the decay product of radium, is a radioactive colorless, odorless, tasteless, radioactive noble,
high density (9.73 kg/m’) gas. The most stable isotope is ***Rn a decay product of ***Ra (in uranium ***U decay series)
with half-life 3.8 day, which makes it useful natural tracer. The **’Rn isotope (thoron) is a decay product of of **'Ra
(in **Th decay series) with half-life of 55.6 seconds. Other isotopes have no environmental significance. Amount of
*>’Rn in environment depends of the parent radionuclide content in the lithosphere. In the case of uranium it is 2.5
ppm (31 Bg/kg) for lithosphere, 4.8 ppm (60 Bg/kg) for continental and 0.6 ppm (7.5 Bqg/kg) for oceanic crust
respectively (Perelman 1971, Thomas et al,. 1986). In the case of secular equilibrium within uranium 238 decay
series, the activities of all progeny radionuclides including radium ***Ra and *’Rn are the same as the activity of
uranium. The average rate of **’Rn production is about the same as “’Rn but the amount of radon released from
minerals in the case of *’Rn is much lower than that of **’Rn because of the shorter half-life. Radon migration from
rocks depends on the position of parent radium atoms. If radium is inside mineral grains, radon migration to the pore
space is difficult. Diffusion rate of radon inside mineral grains is low. At the first stage after decay of the parent
radium isotope newly born Rn atom can travel significant distance due to the alpha recoil. Recoil energy is of order
100 keV, which is 10*-10 > times higher than chemical binding energy (Michel 1997). Due to the alpha recoil newly
born Rn atom can travel 20-70 nm inside mineral, 100 m in water and 6.10*-9.10* nm in air (Tanner 1964, fide
(Michel 1997) destroying on its way the mineral structure. Defects in the structure of mineral caused by alpha
particles and recoiled atoms can result in its metamictisation - lost of crystalline structure and increase of
nanoporosity. Diffusion in metamictised minerals is much more efficient. If radon atom on its recoil travel enters pore
space outside the mineral grain, it can hit the other side of the pore and stick in its structure. The presence of water
inside pores inhibits recoiled atoms and preserves them of sticking in the next mineral grain. On the other hand, water
inside pores is less favorable for further diffusion of radon atoms. So influence of water upon the radon migration is of
twofold character. It helps to gather radon atoms in pores, but delays their further diffusion. Exhalation of radon from
lithosphere can be increased if radon atoms are included into stream of fluids driven by convection, pressure changes
etc. Migrating gas bubbles (air, CO,, methane) can collect radon from underground water and carry it further on.
Fluids migrating due to changes in tectonic stresses can transport radon with forming detectable radioactive signal
precursory to earthquakes. Radon migration is of limited extent, due to its short half life time its range should not
exceed meters. Gases exhaled from the depth due to tectonic stress can carry with them mostly the radon atoms from
the upper most part of lithosphere. But it is there, where due to increased porosity and fracturation, availability of
radon in soil gas is especially high. Radon can enter groundwater where its concentration can reach thousands of
Bg/dm’. In soil gas its activity can reach millions of Bq/m®, while in atmospheric air varies from 0,02-0,7 Bg/m® at the
altitude of 3400 (Hawaii Islands) to 27,8 Bg/m® at Colorado plateau (Gessel 1983, Whittlestone et al. 1992). Radon
is responsible to more than about 60% radiation dose for humans. Indoor radon activities higher than 400 Bq/m® for
old houses and 200 Bq/m® for new houses are the upper acceptable limit in most of European countries. On the other
hand, radon spa’s still are popular in many countries. Radon atmospheric content can be used as a tracer of continental
masses of air. Radon water content can be used to study zones of mixing of surface and ground water. Radon soil gas
anomalies can indicate the presence of fault zones and their temporal changes can be one of earthquakes precursors.

Key words Radon, geochemistry, earthquake, environment
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Orta Anadolu (Tiirkiye) Granitoyid’lerinin “’Ar/*’Ar jeotermokronolojisi: Orta kabuk derinliginde,
sikisma rejiminden gerilme rejimine hizh gecis nedeniyle olusan Ust Kretase yash magmatizma

Durmus BOZTUG', Matthew T. HEIZLER?

'"Tunceli Universitesi, Jeoloji Mithendisligi Boliimii, 62000 Tunceli, Tiirkiye
*New Mexico Bureau of Geology and Mineral Res. NM Tech, 801 Leroy Place, Socorro, NM 87801, USA

Orta Anadolu’da sikigma rejiminden gerilme rejimine hizl gegis Ust Kretase yash yaygin Granitoyid
magmatizmasini meydana getirmistir. Baslica S, I ve A-tipi Granitoyid’lerden olusan Orta Anadolu
Granitoyid’lerinin hornblend ve biyotit minerallerinde yiiriitiilen *“°Ar/*’Ar jeotermokronolojisi, baslica 79,
73 ve 65 milyon yillik soguma yaslar1 vermistir.

Zirkon U-Pb yaslarmin mevcut oldugu durumlarda, argon yaslari hem zirkon hem de U-Pb
yaslarindan daha geng, hem de yaklasik 80 my 6nce Orta Anadolu Kristalen Kompleksi’nde (CACC)
goriilen hizli soguma ile uyumlu oldugunu goéstermektedir. Daha ¢ok 73 ve 65 milyon yillik soguma
yaslari, 300°C’nin altina kadar sogumus orta kabuk derinligine yerlesmis gen¢ intriizyonlar
gostermektedir. 120°C’nin daha altina kadar sogumaya neden olmus hizli yiizeyleme ise, hali hazirda
yayimlanmis apatite fission track termokronolojisi verileriyle birlestirildiginde, en azindan 62-57 my kadar
devam etmistir.

Orta Anadolu Granitoyid’lerinde bu calismada elde edilen *°Ar/*’Ar jeotermokronolojisi Torid-
Anatolid platformunun Avrasya plakasi ile ilksel kenetlenmesinin yaklagik 80 my civarinda gerceklestigini,
bu siradaki sikisma rejiminin Orta Anadolu’daki iist kabuksal kayaclarin hareketlenmesi ile ani gerilme
rejimine doniistiiglinii gostermekte ve bu ani gerilme rejimi altinda, Orta Anadolu’daki yaygin Granitoyid
magmatizmasini olusturdugunu desteklemektedir. Bu Granitoyid’lerin yiizeye yakin derinliklere kadar
(yaklasik 120°C) sogumasi ise Orta Paleosen’e kadar devam etmistir.

Anahtar Kelimeler “’Ar/*’ Ar termokronolojisi, granitoyid, hizli soguma, ¢arpisma , Orta Anadolu, Tiirkiye
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“Ar/* Ar geothermochronology of Central Anatolia, Turkey: Rapid transition from shortening to
extension triggered Late Cretaceous magmatism in a mid-crustal section

Durmus BOZTUG', Matthew T. HEIZLER?

'"Tunceli Universitesi, Jeoloji Miihendisligi Boliimii, 62000 Tunceli, Tiirkiye
*New Mexico Bureau of Geology and Mineral Res. NM Tech, 801 Leroy Place, Socorro, NM 87801, USA

Rapid tectonic transition from a dominantly compressional regime to that of extension promoted
widespread Late Cretaceous magmatism in Central Anatolia, Turkey. Central Anatolian granitoids (CAG),
that include S- I- and A-type magmatism are dated by the **Ar/*’Ar method and reveal a dominance of 79,
73 and 65 Ma hornblende and biotite ages. Where U/Pb zircon control is available, argon ages are both
younger than and concordant with intrusion ages indicating that accelerated cooling, initiated at about 80
Ma over the entire Central Anatolian Crystalline Complex (CACC). Younger age groupings at 73 and 65
Ma likely represent discrete younger intrusions into an already exhumed (below 300°C) middle crust of the
CACC. Rapid exhumation (below ~120°C) continued until at least 62 to 57 Ma based on published apatite
fission track thermochronology.

The thermochronological data suggest that initial docking of the Tauride-Anatolide platform and
Eurasian plate at about 80 Ma caused removal of upper crustal rocks in central Anatolia with continued
collision resulting in episodic magmatism into an overall middle crustal that reached the near surface by
about the Middle Paleocene.

Key words “’Ar/*’Ar thermochronology, granitoid, rapid cooling, collision, central Anatolia, Turkey
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Akdagmadeni (Yozgat) yoresi kursun-cinko yataklarinda kursun ve kiikiirt izotoplar1 jeokimyasi
incelemeleri

Ahmet GOKCE', Muharrem SATIR?, Giilcan BOZKAYA', Esra UNAL?

'Cumhuriyet Universitesi Miihendislik Fak., Jeoloji Miih. Boliimii, Sivas
2Tl'ibinge”n Universitesi Yerbilimleri Enstitiisii, Almanya
’Bozok Universitesi Miihendislik Fak., Jeoloji Miih. Boliimii Yozgat

Akdagmadeni (Yozgat) Bolgesi iilkemizin en dnemli Pb-Zn+Cu {iiretimi yapilan provenslerinden
birisidir. Bolgede bilinen yataklari, Bagcgatak, Cigekli Tepe (Karapir), Akcakisla, Ortakdy-Asagiculhali ve
Tad Deresi yorelerinde bulunmaktadir. Bolgede, metadetritik, meta-volkanik ve mermerlerden olusan
Akdagmadeni Metamorfitleri (Cokelim yas1; Ust Paleozoik, metamorfizma yasi; Permiyen — Alt Kretase)
ve yerel olarak “Karapir Granitoyiti” ve Akgakisla Granitoyiti” olarak isimlendirilen Yozgat Batolitine ait
granitoyitik kayaglar yaygin birimler olup geng¢ sedimanter birimlerce Ortiilmekte ve geng volkanik
birimlerce kesilmektedirler.

Bascatak yataginda cevherlesme, gnayslar icinde, sistozite diizlemlerine paralel yataklanmis ince
bantlar halinde olup metamorfizma oncesi sedimanter ortamda (Permiyen Oncesi bir donemde) sin-
sedimanter olarak ¢okelmis, daha sonra metamorfizma gecirmis ve metamorfizma sirasindan kismen
remobilizasyon olaylarindan etkilenmis goziikmektedir. Diger yataklar ise granitoyit — mermer
dokunaklarina yakin yerlerde, mermerler ve kalksistler i¢inde, epijenetik olarak olusmus; damarlar, cepler
ve bantlar halinde olugsmuglardir. Cevherlesmelerde galenit ve sfalerit hakim olup az miktarlarda pirit ve
kalkopirit icermektedirler. Bu cevher minerallerine Bascatak yataginda gnaysik yan kayaglara ait silikath
mineraller, diger yataklarda ise epidot, amfibol, pirksen ve granatlardan olusan skarn mineralleri eslik
etmektedirler. Ak¢akisla yataginda, spekiilaritik ve manyetitlesmis hematitler de gézlenmektedir.

Siilfirlii minerallerin 8°'S degerleri -0.7 ile +11.0 °,, araliginda degismekte (ortalama; +3.2 /s, )
olup bu degerler; hem de yoredeki metamorfitler i¢in tahmin edilmis (0.0 ile +5.0 °/,, araliginda), hem de
yoredeki granitoyitler i¢in analiz edilmis (+1.9 ile +15.3 °/,, araliginda) 5**S degerlerine benzemekte olup
incelenen yataklarin yataklanma sekli ve olusum zamani dikkate alinarak degerlendirildiginde; pre-
metamorfik Bascatak yatagindaki siilfiirlii minerallerin yapisinda bulunan kiikiirtiin metamorfizma oncesi
¢okelme ortaminda deniz suyu i¢indeki siilfattan indirgenme siireciyle saglanmig, diger yataklardaki
stilfiirlii minerallerdeki kiikiirtiin ise ya granitoyitlerden veya metamorfitlerden kaynaklanmig olmalidir.

Galenitlerin Pb izotoplar1 analiz sonuglar1 oldukga genis bir aralikta dagilim gostermektedir;
26pp/22ph; 18.430 - 18.841, *’Pb/***Pb; 15.666 - 15.724 ve **Pb/***Pb; 38.452 - 39.048. Bascatak yatagina
ait degerlerin ’Pb/**Pb - 2°Pb/*”Pb ve **Pb/**Pb - **Pb/**Pb diyagramlarinda diger yataklardan
farkli yerlerde konumlanmasi1 ydredeki yataklarda zenginlesen kursunun farkli kaynaklardan geldigine
isaret etmektedir. Bagcatak yatagindaki kursunun manto — orojen karisimi (mantodan etkilenmis orojenik)
rezervuarlara ait degerlere, diger yataklara ait degerlerin ise orojen - iist kabuk karisimi (orojeneje katilmis
tist kabuk) rezervuarlara benzer oldugu goriilmektedir.

Pb-izotoplar1t model yas degerleri, Bascatak yatagi i¢in 316-285 Milyon yil arasinda degismekte olup
Ge¢ Karbonifer - Erken Permiyen donemine karsilik gelmekte olup bu yas araligt Akdagmadeni
Metamorfitleri igin 6nerilen Geg Paleozoyik yasi ile uyumludur. Diger yataklara ait Pb-izotoplari model
yas degerleri, cok genis bir aralikta (105-41 Milyon yil) degisim gdstermekte olup rakamlarin; 105 —77
Milyon yil (Ust Kretase) ve 61-41 Milyon yil (Paleosen — Eosen) araliklarinda 2 farkli kiime olusturduklari
goriilmektedir. Birinci grup degerlerin granitoyitlerin olusum yasi ile uyumlu oldugu, ikinci grup
degerlerin ise granitoyit yerlesiminden daha geng bir olusum yasina isaret etmektedir.

Anahtar Kelimeler Akdagmadeni, Pb-Zn yataklari, Pb ve S izotoplari
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Lead and sulfur isotope investigation of the lead-zinc deposits in the Akdagmadeni (Yozgat)
Province, Turkey

Ahmet GOKCE', Muharrem SATIR?, Giilcan BOZKAYA', Esra UNAL?

'Cumhuriyet Universitesi Miihendislik Fak., Jeoloji Miih. Boliimii, Sivas
2Tl'ibinge”n Universitesi Yerbilimleri Enstitiisii, Almanya
’Bozok Universitesi Miihendislik Fak., Jeoloji Miih. Boliimii Yozgat

Akdagmadeni (YOZGAT) region is one of the important lead-zinc province in Turkey. The known
deposits and prospects are located at the Bascatak, Cicekli Tepe (Karapir), Akgakisla, Asagr Culhali and
Tad Deresi areas.

Akdagmadeni Metamorphics, consist of meta-detritics, metavolcanics and marbles (Upper Paleozoic;
metamorphosed during the Permian to Lower Cretaceous), and Granitoitic intrusives of Yozgat Batolite
(Lower to Upper Cretaceous), locally named as Karapir and Akgakisla Granitoids, are the main rock units
of the region. They are overlined by the younger sedimentary units and cut by younger volcanics.

Bascatak lead-zinc deposit consists of thin ore bands concordant with the schistosity surfaces gneiss
and seems to be formed by pre-metamorphic, synsedimentary proceses, metamorphosed and partly
remobilized during the metamorphism. The other lead-zinc depoits and prospects of the area are
epigenetically occured as ore veins, pods and bands within the marbles and calc-schists by the contacts
with granitoids. Depoists contain galena, sphalerite and minor amonth of pyrite and chalcopyrite as ore
minerals. These minerals are accompained by silicate minerals of host gneiss in Bagcatak deposit, while the
other deposits contains skarn minerals such as; epidotes, amphiboles, pyroxens and garnets. Magnetitezed
hematites and specular hematite are seen within the Akgakisla deposits and in some of the small outcropts
of contact metasomatic rocks.

8**S values of sulfide minerals are in the range of -0.7 to +11.0 %, (avg.; +3.2 %/, ) and are similar to
either the estimated values for metamorphics within the region (0.0 to +5.0 °/,,) or the reported values for
granitoids (+1.9 to +15.3 °/,,). So, the sulfur in sulfides of the pre-metamorphic Bagcatak Deposit might
have suplied by the reduction processes from the sulfate dissolved in contemperaneous sea water, while the
sulfur in other deposits might have derived from either metamorhics or grantoids within the area.

Lead isotope results of galenas are in the range of 18.430 to 18.841 for *°Pb/**'Pb, 15.666 to 15.724
for *’Pb/*™Pb and 38.452 to 39.048 for ***Pb/***Pb. The plots of the Bascatak deposit’s values in different
place then those of others on the *’Pb/***Pb - **Pb/***Pb ve **Pb/***Pb - **Pb/**'Pb diagrams indicate a
different source for lead in ore deposits of the region. The values of Bascatak deposit suggest a lead source
of mixed mantel and orogenic material, while those in other deposits suggest a lead source of mixed
orogenic and upper crust material.

The lead isotope model age values of Baggatak deposit are 316 to 285 Ma. (Late Carnoniferous to
Early Permian) and are in accordance with the geological age of hosting Akdagmadeni metamorphics. The
lead isotope model age values of other deposits are yonger then those Bascatak deposits and dispersed in a
wide range (105 - 41 Ma.), but concentrated in two groups; 105 —77 Ma. (Upper Cretaceouse) and 61-41
Ma (Paleocene — Eocene). The first group fits with the granitoid emplacement while the second one suggest
a formation age younger than granitoid emplacement.

Key words Akdagmadeni, Pb-Zn deposits, Pb and S isotopes
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Akgiiney (Kabaduz-Ordu) Bakir-Kursun-Cinko Yataginin Kiikiirt ve Kursun Izotoplar1 Jeokimyasi
Esra Unal CAKIR, Ahmet GOKCE

'Bozok Universitesi, Miihendislik ve Mimarlik Fakiiltesi Jeoloji Mithendisligi Boliimii Yozgat
?Ahmet GOKCE, Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii Sivas

Akgiiney bakir - kursun - ¢inko yatagi, Dogu Karadeniz Bolgesi’nde bulunan ve giiniimiizde
isletilmekte olan ¢ok sayidaki bakir - kursun - ¢inko yataklarindan birisidir. Bu yataklar, asir1 derecede
bozunmus Ust Kretase yash andezitik kayaglar iginde fay zonlar1 boyunca gelismis damar tipi olusumlar
seklindedirler. Cevher damarlar ileri derecede limonitlesmis ve hematitlesmis kuvars damarlar1 seklinde
yiizeylemektedir.

5% degerleri; piritlerde %o 2,42 ile 3,02 araliginda (n = 2, ort = %o +2,72), kalkopiritlerde %o 0,91 ile
1,77 araliginda (n = 3, ort = %o +1,28), sfaleritlerde %o 0,75 ile 1,72 araliginda (n = 4, ort = %o +1,41),
galenitlerde ise %o -0,63 ile 0,60 araliginda (n = 3, ort = %o -0,09) degismekte olup & **S degerlerinin ve
¢ozelti igindeki H,S’ in tahmini & **S degerlerinin %o 0.0’ a ¢ok yakin olusu ve gok dar bir aralikta
degismesi (homojen) ¢ozeltilerdeki kiikiirtiin magmatik kdkenli oldugunu diigiindiirmektedir.

Galenitlerde Pb izotop oranlart; *’°Pb/**'Pb igin 18.533 - 18.745, **’Pb/**'Pb i¢in 15.633 - 15.657 ve
2%pp/2%PD igin 38.710 - 38.772 araliginda dagilim gostermektedir. Bu degerler, **’Pb/***Pb - **°Pb/***Pb ve
2%pp/2%ph - 2°Pb/2™Pb diyagramlarinda degerlendirilmis olup tiim &rneklere ait degerlerin ortalama
kabuksal Pb-izotop gelisim egrisinin iizerinde kaldiklar1 goriilmiistiir. Ayrica bu degerler, orojenik kokenli
kursuna isaret etmektedirler.

Bu yataklar i¢in hesaplanan Pb izotop model yas degerleri 2 tanesi hari¢ (175 ve -5 Milyon yil) 12 ile
55 Milyon yil arasinda degisim gostermektedir. Bu durumda cevherlesmenin Eosen de olusmaya basladigi
ve Miyosen de sonlandigi sdylenebilir. 175 Milyon yillik tek degerin bolgedeki Jura yasli volkanikler
icindeki siilfiirlii minerallerden yikanmis kursunu temsil ettigi, -5 Milyon yillik degerin ise bu tip
caligmalarda sik karsilagilan ve J tipi kursun olarak nitelenen bir deger oldugu soylenebilir.

Anahtar Kelimeler Akgiiney, Cu-Pb-Zn yatagi, S ve Pb izotoplari
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Sulfur and Lead Isotope Geochemistry of the Akgiiney (Kabadiiz-Ordu)
Cu-Lead-Zinc Deposit

Esra Unal CAKIR, Ahmet GOKCE

' Bozok Universitesi, Miihendislik ve Mimarlik Fakiiltesi Jeoloji Miihendisligi Boliimii Yozgat
* Cumhuriyet Universitesi, Mithendislik Fakiiltesi, Jeoloji Miih. Boliimii Sivas

Akgliney copper — lead — zinc deposit is one of the widely occured and workable deposits in the
Eastern Black Sea Region of Turkey. This deposit consist of ore veins occured along the fault zones hosted
by hardly altered, Upper Cretaceaous andesitic rocks. Ore veins cropt out as hardly limonitezed and
hematitized quartz veins.

8 **S values of pyrite, chalcopyrite, sphalerite and galena are in the range of 2,42 to 3,02 %o (n = 2,
avr.= +2,72 %o), 0,91to 1,77 %o (n = 3, avr. = +1,28 %0), 0,75 to 1,72 %o (n = 4, avr.=+1,41 %o) and -0,63 to
0,60 %o (n = 3, avr. = -0,09 %o) respectivly. These 8°*S values and the estimated 5°*S values of H,S
dissolved in hydrothermal fluids are dispersed in a narrow range very close to zero and suggest a magmatic
source for sulfur in the mentioned sulfide minerals.

Lead isotope ratios of *Pb/**Pb, *’Pb/***Pb and ***Pb/***Pb in galenas are dispersed in narrow
ranges from 18.533 to 18.745, from 15.633 to 15.657 and from 38.710 to 38.772 respectively. These values
plot on the *’Pb/***Pb versues “*°Pb/***Pb and ***Pb/***Pb versues **’Pb/***Pb diagrams above of average
crustal Pb isotope evolution curve. In addition, these values point out an orogenic source of lead.

Calculated Pb-isotope model ages for these deposits, except two values (175 and -5 Ma), range from
55 to 12 Ma. In this case, it can be said that mineralization began to occur in Eosen and terminated in
Miocene. The value of 175 Ma., may represent the lead leached from the galena occured within Jurassic
volcanics in the region. Finally, the value of -5 Ma can be assumed as J type lead, which frequently appear
during this type of studies.

Key words Akgiiney, Cu-Pb-Zn deposit, S and Pb isotopes
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Agac Halkalarmm Karbon ve Oksijen izotop Kayitlari: Anadolu’dan Ornekler

Halim Mutlu®, Unal Akkemik”, Nesibe Kose®, Duru Aral®, Niizhet Dalfes®, Sturt W. Manning’,
Charlotte Pearson®

*Eskisehir Osmangazi Universitesi, Jeoloji Miih. Boliimii, Eskisehir

*fstanbul Universitesi, Orman Botanigi Anabilim Dal1, Bahgekdy, Istanbul

“Istanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisii, Maslak, Istanbul

Malcolm and Carolyn Wiener Laboratory for Aegean and Near Eastern Dendrochronology, Cornell
University, New York

Kuvaterner ¢okelleri (okyanus, gdl, magara ve buzul), buzul karotlar1 (son 200 bin yi1l) ve agag
halkalar1 (son 5 bin y1l) yakin donem iklim degisimlerinin incelenmesinde kullanilan baglica materyallerdir.
Bunlar arasinda, agag¢ halkalarinda 6l¢iilen durayli izotop oranlar yillik ¢6ziiniirliigii yiiksek paleoiklimsel
kestirimlere olanak tanimaktadir. Bu ¢aligmada Bolu, Kiitahya ve Antalya bolgelerindeki karagcam agag
halkalarimin son 200 yillik karbon ve oksijen izotop kayitlari incelenmistir. Her bdlgenin iki farkh
yiikseltisindeki (1000 ve 1400 m) karagamlardan artim burgusu (12 mm ¢apli ve 50 cm boyunda) ile
yaklasik 10 adet agactan karsilikli olmak iizere artim kalemleri g¢ikarilmistir. Odun 6rneklerinin halka
genisliklerinin Olgiilmesi ile her bolgeye yonelik standart kronolojinin olusturulmasindan sonra agag
halkalar1 5-y1llik seksiyonlara béliinerek her seksiyondan seliiloz saflastirilmis ve karbon (8"°C) ve oksijen
(8"*0) izotop analizleri gerceklestirilmistir. Bolu, Kiitahya ve Antalya aga¢ halkasi 6rneklerine ait karbon
izotop degerleri son 60 yil iginde belirgin bir sekilde azalma sergilemektedir. Oksijen izotop zaman serileri
karbon izotoplarina gore daha diiz bir desene sahiptir. Hesaplanan c;/c, oranlar (agac (c;) ve atmosferin (c,)
CO; konsantrasyonlar1) 0.45 ile 0.50 arasinda dar bir aralikta degismektedir. S6z konusu bolgelere ait agac
halkalarindaki CO, konsantrasyonu son 200 y1l boyunca devamli sekilde artmaktadir.

Anahtar Kelimeler Agac halkasi, durayl izotoplar, dendrokronoloji
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Carbon and Oxygen Isotope Records of Tree Rings: Examples from Anatolia

Halim Mutlu®, Unal Akkemik”, Nesibe Kose®, Duru Aral®, Niizhet Dalfes®, Sturt W. Manning’,
Charlotte Pearson®

*Eskisehir Osmangazi Universitesi, Jeoloji Miih. Boliimii, Eskisehir

*fstanbul Universitesi, Orman Botanigi Anabilim Dal1, Bahgekdy, Istanbul

“Istanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisii, Maslak, Istanbul

Malcolm and Carolyn Wiener Laboratory for Aegean and Near Eastern Dendrochronology, Cornell
University, New York

Quaternary deposits (marine, lake, cave and glacial), ice cores (last 200 thousand years) and tree
rings (last 5 thousand years) are the main materials for investigation of recent period climate changes.
Among these, stable isotope ratios measured on tree rings provide paleoclimatic reconstructions of high
annual resolution. In this study, carbon and oxygen isotope records of black pine tree rings from the Bolu,
Kiitahya and Antalya regions were investigated. Black pines from a total of 6 sites at two different
elevations (1000 and 1400 m above sea level) of each region were cored with increment cores (12 mm
diameter and 50 cm length). Following the establishment of standard chronology of the whole woods,
stable isotope ratios of carbon (5"°C) and oxygen (5'*0) were analyzed on cellulose material of 5-year
interval. Results indicate that carbon isotope compositions of samples from the Bolu, Kiitahya and Antalya
forests significantly decreased within the last 60 years. The oxygen isotope time series of the samples are
characterized by more flat patterns. The calculated c;/c, ratios (CO, concentrations of plant, c¢; and
atmosphere, c¢,) are in a narrow range changing from 0.45 to 0.50. CO, concentrations of tree rings in the
studied regions have increased monotonically for the past 200 years.

Key words Tree ring, stable isotopes, dendrochrolonogy
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Agac Halkalarinda Olgiilen Karbon ve Oksijen izotop Oranlari ile iklimsel Parametrelerin
Karsilastirilmasi

Duru Aral', Halim Mutlu', Unal Akkemik? Nesibe Kose”, Niizhet Dalfes®, Sturt W. Manning4,
Charlotte Pearson*

'Eskisehir Osmangazi Universitesi, Jeoloji Miih. Boliimii, Eskisehir

*[stanbul Universitesi, Orman Botanigi Anabilim Dal1, Bah¢ekdy, Istanbul

3[stanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisii, Maslak, Istanbul

*Malcolm and Carolyn Wiener Laboratory for Aegean and Near Eastern Dendrochronology, Cornell
University, New York

Bolu-Mengen, Kiitahya-Simav ve Antalya-Alanya ormanlarinin iki farkli yiikseltisinden yaslar1 en az
200 yi1l olan karagam agaglarindan iklimsel ¢alismalar yapmak iizere aga¢ halkasi odun 6rnekleri alinmustir.
Bu odun 6rneklerinin yillik halka yaslari ile genislikleri hassas bir sekilde belirlenmis ve 5-yillik bélimler
halinde seliiloz saflastirilmistir. Elde edilen selilloz &rneklerinden karbon ve oksijen izotop oranlar
Olclilmiistiir.

Bolu, Kiitahya ve Antalya aga¢ halka genisliklerinin iklimsel parametreler (sicaklik ve yagis) ile
iligkisini belirlemek i¢in halkalarin y1llik standart kronolojileri ile aylik sicaklik ve yagis degerleri biyolojik
yil bazinda (Ekim—Eyliil) karsilastirilmistir. Bolu ve Kiitahya bolgelerinin alt yiikseltileri ve Antalya
Bolgesinin iist yiikseltisine ait orneklerde, biiyiimenin basladigi donem oncesinde (Subat-Mart-Nisan
aylar1) yillik halka gelisimi ile sicaklik arasinda belirgin pozitif iligkiler tespit edilmistir. Ancak sicakliga
verilen tepkinin pozitif oldugu dénemde, yagisa verilen tepkiler genellikle negatif yondedir.

Bolu, Kiitahya ve Antalya yoresi icin elde edilen C ve O izotop oranlar ile her {i¢ yoreye ait
meteoroloji istasyonlarindan elde edilen sicaklik ve yagis verileri karsilastirilmis ve istatistiksel olarak
anlamli aylar belirlenmistir. Yagisa ve sicakliga karsi oksijen ve karbon izotop oranlarinin verdigi tepkiler
benzerdir. Ozellikle Bolu ydresi alt yiikseltisinde bu benzerlik olduk¢a net bir sekilde goriilmektedir.
Sanayilesmenin neden oldugu atmosferik CO,’in izotopik bilesimindeki degisimi goz ardi etmek icin agag
halkalarinda 6lgiilen karbon izotop bilesimleri (8'°C) sanayilesme oncesi yillik atmosferik karbon izotop
degerleri kullanilarak diizeltilmistir. Elde edilen diizeltilmis degerler olgiilmiis karbon izotop oranlarina
gore 2%o’e kadar varabilen ylikselim gostermistir. Calisilan bolgelerde yagis verilerinden saglanan
korelasyonlar sicakliga gore daha yiiksektir. Kasim ay1 sicaklik, Subat ay1 da yagis verileri ile en yiiksek
iligkinin goriildiigii donemlerdir.

Anahtar kelimeler Dendrokronoloji, agag¢ halkasi, durayli izotoplar, iklim
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Comparison of Climatic Parameters with Carbon and Oxygen Isotope Ratios Measured on
Tree Rings
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Tree ring samples were collected from 200 year old black pine trees at two different altitudes from
the Bolu-Mengen, Kiitahya-Simav, Antalya-Alanya forests for climatic geochemical investigations.
Following the annual ring measurements, samples were divided into 5—year blocks from which cellulose
was extracted. This was followed by the measurement of carbon and oxygen isotope ratios on cellulose.

Comparison of standard chronology indexes with oxygen isotope values established for both
elevations of each region reveal low correlations. In order to determine the connection between tree ring
widths and climatological parameters, annual standard chronologies of tree rings and monthly temperature
and precipitation data recorded in the studied regions were compared. In samples from the lower elevations
of the Bolu and Kiitahya regions and upper elevation of the Antalya region significant positive correlations
were observed between the annual ring growth and temperature for the period before which the growth
starts (February-March-April). However, the same period is characterized by negative responses to winter
the precipitation.

Carbon and Oxygen isotope ratios from Bolu, Kiitahya, Antalya and temperature, precipitation data
from local meteorological station were compared, thus statistically reasonable months were identified.
Responses of C and O isotope ratios to precipitation and temperature are similar. Especially this similarity
is very obvious at the lower altitude of the Bolu region.To eliminate the changes in isotopic composition of
CO, resulting from industrialization, carbon isotope values measured in tree rings were corrected to pre-
industrial 8"°C,y, levels. The corrected values show about 2%o increase with respect to measured values.
For all regions, correlations with precipitation are found to be greater than those with temperature.
November and February periods are determined to be significantly correlated with temperature and
precipitation, respectively.

Key words Dendrochrolonogy, tree ring, stable isotopes, climate.
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Hallaglar (Banaz, Usak) Kaolen Yataginin Jeokimyasi ve Kokeni

Can BASARAN' ve Ahmet YILDIZ?

'Afyon Kocatepe Univ., Jeotermal Sular ve Maden Kaynaklar1 Uyg. ve Aras. Merkezi Afyonkarahisar.
*Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi Bliimii, Afyonkarahisar

Usak’in Banaz ilgesine bagli Hallaglar koyiinde bulunan kaolen yatagi Yenikdy formasyonunun
kirintili sedimanter kayaglariyla iligkili olup, hidrotermal olarak olugmus kaolenlerin sedimantasyonu
sonucu meydana gelmis ikincil bir yataktir. Kaolen yataginda tabandan tavana dogru silttasi, saf kaolen,
kum bandi, kaolinit igerikli kumtasi, kumtasi, kaolinit igerikli sittasi, golsel kirecgtasi ve silis sapkadan
olusan 44m kalinliginda stratigrafik seviye Ol¢iilmiistiir. Kaolen yatagmin jeokimyasi ve kokenini
belirlemek i¢in yataktaki degisik stratigrafik seviyelerden ve bdlgedeki volkanik kayaglardan karakteristik
ornekler toplanmis ve bunlara mineralojik, jeokimyasal ve durayli izotop (O ve H) analizleri yapilmistir.

X-1ginlar1 difraktometresi (XRD) ¢aligmalarinda kaolinitin baglica kil minerali oldugu, simektit ve
kloritin de az oranlarda yatakta yer aldig1 belirlenmistir. Ayrica kuvars, muskovit, feldspat, aliinit, kalsit,
dolomit ve hematit mineralleri de kaolende diisiik oranlarda bulunmaktadir. Kaolenlerdeki Ba+Sr oranlari
7637.50ppm ulagmis olup, bu elementler hipojen kokenli kaolen vyataklarinda yiiksek oranlara
ulasmaktadir. Hallaglar kaolenlerinin 8'®0 degerleri 0.2-5.92%0 ve 3D degerleri -91.68 ile -109.45%o
arasinda degismekte olup, bu oranlar hipojen kdkeni isaret etmektedir. Saha gozlemleri ve laboratuar
caligmalar1 Hallaglar yatagindaki kaolenlerin Karaboldere volkaniklerinin hidrotermal alterasyonu sonucu
olustugunu ve daha sonra kaolenlerin Hallaglar bolgesine taginip, burada ¢okeldigini gostermektedir.

Anahtar kelimeler Kaolen, jeokimya, kdken, Hallaglar, Usak
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The geochemistry and origin of Hallaclar (Banaz, Usak) Kaolin Deposit

Can BASARAN' ve Ahmet YILDIZ?

'Afyon Kocatepe Univ., Jeotermal Sular ve Maden Kaynaklar1 Uyg. ve Aras. Merkezi Afyonkarahisar.
*Afyon Kocatepe Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi Bliimii, Afyonkarahisar

A kaolin deposit related to the clastic sedimentary rocks of the Yenikdy formation in the Hallaglar
region (Banaz, Usak) and is considered to be a secondary deposit derived from hydrothermally altered
kaolins. The stratigraphic profile of the deposit is determined and shows from bottom to top a sequence of
siltstone, pure kaolin, sand bed, kaolinite-bearing sandstone, sandstone, kaolinite-bearing siltstone,
lacustrine limestone and siliceous cap. The characteristic samples are collected from different stratigraphic
levels in deposit and volcanic rocks in Hallaglar region and mineralogical, geochemical and stable isotope
(O and H) studies of kaolin were conducted on these samples to reveal its geochemistry and genesis.

It is determined that kaolinite is the major phyllosilicate present, smectite and chlorite occurs in
minor amounts. Accessory minerals are quartz, chlorite, muscovite, feldspar, alunite, calcite, dolomite and
hematite. The Ba+Sr concentrations in samples reach up to 7637.50 ppm and these elements are enriched in
other hypogene kaolin deposits. §'*O of kaolins from Hallaglar ranges from 0.2 to 5.92%o and 3D from -
91.68 to -109.45%0 and O and D isotope data argue that the kaolins of the Hallaglar deposits have a
hypogene origin. Field observations and laboratory studies indicate that the kaolins of the Hallaglar deposit
were formed hydrothermally from Karaboldere volcanics and, then, transported and deposited into the
Hallaglar basin.

Key words Kaolin, geochemistry, origin, Hallaglar, Usak
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Orta Torit Kusagi Pb-Zn Cevher Olusumlarinin Kokeni: Galendeki Kursun ve Kiikiirt
Izotoplarindan Kanitlar

E. Ciftci', N. Ghosh® & A. R. Basu®

'ITU, Faculty of Mines, Department of Geological Engineering, 34469 Maslak-Istanbul, Turkey
2 Department of Earth & Environmental Sciences, University of Rochester, Rochester, NY 14627, USA

Tiirkiye’nin Torit kusagi, 50 den fazla cogunlukla damar tipi Pb-Zn ve baritli-Pb-Zn yatak ve zuhur
icermektedir. Toritlerin orta kesiminde bulunan Pb-Zn cevher olusumlari damar-tipi yataklanmalara tipik
ornek teskil etmekte ve bunlarin bazilar yillardan beri, bir kismi1 da halen ekonomik olarak isletilmektedir.
Cevher olusumlar1 birincil sfalerit, galen, pirit, mindrden esere kalkopirit, tetraedrit (fahler) ve ikincil
serilizit, smitzonit, anglezit, hemimorfit ile kalsit, dolomit, kuvars ve barit gang minerallerinden
olusmaktadir.

Galen &*S degerleri 0 ve +11,4 %ov.cor (6rneklerin biiyiik bir kismi 0 - +7 %oy.cpr arasinda
yogunlagsmaktadir) (Kizildag-Pozanti, Kursuntepe-Hakkari ve Tufanbeyli-Adana cevher olusumlarindan
cok negatif degerler, bunlara ait Pb-izotop verileri olmadig i¢in bu degerlendirmeden hari¢ tutulmustur).

Bu kiikiirt izotop bilesim aralig1, magmatik kaynak bilesenini dnermektedir ki bu magmatik kaynakl
kiikiirtten hem izotopik olarak daha hafif hem de daha agir, muhtemelen evaporit horizonlarindan, kiikiirdi
icermektedir. Magmatik kaynaklara daha yakin olan yataklanmalar daha magmatik karakter
gostermektedir. Galenlerin kursun izotop oranlar1 18.48 - 19.06 (***Pb/***Pb), 15.66 - 15.85 (**’Pb/**Pb) ve
38.60 - 39.43 (***Pb/***Pb) araliklarinda degisim gostermektedir. Bu degerleri bir *’Pb/*”°Pb - ***Pb/**°Pb
diyagraminda, MORB benzeri-manto bileseni ve kitasal kabuk kokenli olarak yorumlanan bir EMII
rezervuar arasinda kuvvetli bir pozitif korelasyon gostermektedir. Galenlerin 8*'S - **Pb/***Pb
diyagraminda ise, daha diisiik **°Pb/***Pb oranlari i¢in daha pozitif 534S degerlerinden, ***Pb/***Pb = 19.06
icin 5*'S ~ 0’e dogru belirgin bir negatife yonelim s6z konusudur ki ikinci durum (*°Pb/***Pb = 19.06 i¢in
8°*S ~ 0) magmatik bileseni isaret etmektedir.

Mevcut jeokimyasal veriler esas alinarak, Orta Toroslardaki Pb-Zn yataklarinin biiyiik bir kismina ait
galen kursunu, Toritlerin evrimi ile iliskili magmatik etkinliklerden kaynaklanmaistir.

Anahtar sozciikler Orta Toritler, kiikiirt, kursun izotoplari, Pb-Zn yataklari

21



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Origin of Central Tauride Belt Pb-Zn Mineralization:
Evidences from Lead and Sulfur Isotopes in Galena

E. Ciftci', N. Ghosh® & A. R. Basu®

'ITU, Faculty of Mines, Department of Geological Engineering, 34469 Maslak-Istanbul, Turkey
2 Department of Earth & Environmental Sciences, University of Rochester, Rochester, NY 14627, USA

The Tauride Belt of Turkey contains well over 50 mostly vein type Pb—Zn and barite-Pb-Zn deposits
and mineralizations. Pb-Zn mineralizations occurring in the central part of the Taurides are typical
examples of the vein type and some of them have been economically mined for years and are currently
being mined. The ore mineralizations contain sphalerite, galena, pyrite and minor to trace amounts of
chalcopyrite, tetrahedrite (fahlore) as primary ore minerals and cerussite, smithsonite, anglesite,
hemimorphite as secondary ore minerals with calcite, dolomite, quartz and barite as gangue minerals.

The measured &°*S values of galena range between 0 and +11.4 %oy.cpr (majority of the samples
between 0 - +7 %oy.cpr) (a few extreme negative 8°*S values from Kizildag-Pozant1, Kursuntepe-Hakkari
and Tufanbeyli-Adana mineralizations are excluded since there are no lead isotope data for those
occurrences). This range of sulfur isotopic composition suggests a magmatic source component that would
involve the leaching of both the isotopically lighter and heavier sulfur from mantle derived magmatic
source and possibly evaporate horizons, respectively. Deposits within the close vicinity of the magmatic
intrusions show more magmatic components. Lead isotope ratios for the galenas range from 18.48 to 19.06
(*Pb/**Pb), 15.66 t015.85 (*”’Pb/**Pb), and 38.60 to 39.43 (***Pb/*”Pb). In a *'Pb/*”Pb versus
2%pp/2%Ph plot, there is a strong positive correlation between a depleted MORB-like mantle component
and an EMII reservoir that is interpreted to be of continental crustal origin. The 8**S versus ***Pb/***Pb plot
for the galenas show a distinctly negative trend from more positive 8°*S values at lower **°Pb/**Pb ratios to
8**S =~ 0 at *Pb/***Pb = 19.06, the latter indicating the mantle component in the galenas.

From the above geochemical data, we suggest a major part of the lead in the Pb-Zn ore deposits of
the Central Taurides was sourced from the igneous activities associated with the evolution of the Taurides.

Keywords Mid Taurides, sulfur, lead isotopes, Pb-Zn deposits
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Alanya Masifi’ndeki Barit, Siilfidli Barit ve Pb-Zn Cevherlesmelerini Olusturan Cozeltilerin
Kokeninin Izotop Jeokimyasi (S, O, Sr, Pb) ile Belirlenmesi

Ovya Cengiz', Ali U¢urum?®, Philippe Muchez’

'Siileyman Demirel Universitesi, Jeoloji Miih. Bél., Batt Kampusu Ciiniir, 32260 Isparta
*Cumhuriyet Universitesi Jeoloji Miihendisligi Boliimii, Kampus, 58140, Sivas
*Katholieke Univ. Leuven Department of Geology, Celestijnenlaan 200 E, B-3001 Heverlee, Belgium

Alanya Masifi’ndeki barit, siilfidli barit ve Pb-Zn cevherlesmeleri, Giindogmus-Alanya ve Gazipasa
(Antalya) ile Anamur (Mersin) arasinda KB-GD dogrultulu, yaklasik 100km uzunluklu ve 15km genislikli
bir zon lizerinde 11 ayr1 yerde bulunur. Bu ¢alismada, barit, galen, sfalerit ve pirit (33 adet) i¢in S izotop
oranlari, barit (19 adet) i¢in O izotop igerikleri, barit (21 adet) i¢in Sr izotop bilesimleri, galen ve pirit (12
adet) icin de Pb izotop oranlar1 Sl¢iilmiistiir. 8 **S degerleri barit i¢in; %o018-20.3 ve %o 27.4-31.8 arasinda
iki ayr1 aralikta, galende; %o 4.6-14.4 arasinda ve pirit igin %o-4.2 degerine sahiptir. Baritlerin & '*O ve
¥7S1/*Sr izotop igerikleri, sirasiyla %012.0-16.3 ve 0.70932-0.71021 arasinda degisir. °****Pb izotop
verileri piritte; 18.279-18.393, galende; 18.301-18.709, 207204py, izotop sonuglar piritte; 15.672-15.710,
galende; 15.670-15.715, *®2%pb izotop verileri piritte; 38.432-38.611, galende 38.450-38.922 arasinda
Ol¢iilmiistiir. Buna gore; barit ve siilfidli mineralleri olusturan ¢ozeltilerin kokeni farkli kaynaklidir. S;
egemen olarak deniz suyu ve kismen seyllerden, Ba ve Sr; deniz suyu ve metamorfik kayaglardan, O; deniz
suyu ve metamorfik kayaglarla karigsmis sularin siilfatindan ve Pb da; kita kabugu malzemelerinden
gelebilir. Sonug olarak, ¢ozeltinin kokeni, Kambriyen-Permiyen karbonatlari ve klastik metamorfik
kayaglar ile etkilesimli deniz suyu ile karigmig hidrotermal ¢ozeltiler olarak yorumlanabilir. Buna karsilik,
cevherlesmeler; yataklanma sekilleri, magmatik kayaglarla dogrudan iligkisinin olmayisi, yaygin olarak
karbonatli kayaglarda bulunmasi ve S izotop oranlari bakimindan kismen Mississippi Vadisi tipi
yataklanmaya da benzerlik gosterir.

Anahtar kelimeler Orta Toroslar, barit ve siilfidli mineraller, izotop oranlar1, karisim sivilari, ¢ozeltilerin
koékeni
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Investigation on Origin of Solutions Formed Barite, Sulfide bearing-Barite and Pb-Zn
Mineralization in Alanya Massive Using Isotope Geochemistry Methods (S, O, Sr, Pb)

Ovya Cengiz', Ali Ucurum®, Philippe Muchez’

'Siileyman Demirel Universitesi, Jeoloji Miih. Bél., Bat1 Kampusu Ciiniir, 32260 Isparta
2Cumhuriyet Universitesi Jeoloji Mithendisligi Bolimii, Kampus, 58140, Sivas
*Katholieke Univ. Leuven Department of Geology, Celestijnenlaan 200 E, B-3001 Heverlee, Belgium

Barite, sulfide bearing barite and Pb-Zn mineralization’s in Alanya Massive are located at eleven
different localities on a zone between Giindogmus, Alanya and Gazipasa (Antalya and Anamur (Mersin)
which has NW-SE trending, approximately 100 km distance and 15km width. S isotope ratios for 33 barite,
galena, sphalerite, and pyrite samples, O isotope contents for 19 barite samples, Sr isotope compositions for
21 barite samples, and Pb isotope ratios for 12 galena and pyrite samples were measured in this study. 5**S
ratios are at two different intervals between 18-20.3%0 and 27.4-31.8%o for barite, and have values between
4.6-14.4%o for galena, and have -4.2% for pyrite. 5'°0 and *’Sr/**Sr isotope contents of barite vary between
12.0-16.3%0 and 0.70932-0.71021, respectively. *°?*Pb isotope data present values between 18.279-
18.393 for pyrite and 18.301-18.709 for galena. *”***Pb isotope results have values between 15.672-15.710
for pyrite and 15.670-15.715 for galena. ***?*Pb isotope data were measured between 38.432-38.611 for
pyrite and 38.450-38.922 for galena. On evaluating results of isotope analyses, origin of solutions occurred
barite and sulfide minerals has different sources. Sulfur sources result from dominant seawater and partly
shale, and Ba and Sr from seawater and metamorphic rocks, O from sulfate of mixing fluids of seawater
and metamorphic rocks, and Pb from continental crust materials. As a result, origin of solution may be
interpreted as hydrothermal fluids of mixing with seawater interacting with Cambrian-Permian carbonates
and clastic metamorphic rocks. However, the mineralization’s show a similarity to partly Mississippi
Valley type deposit in respect of deposition forms, no relation with directly magmatic rocks, deposition in
commonly carbonated rocks, and S isotope ratios.

Key words Central Taurides, barite and sulfide minerals, isotope ratios, mixing fluids, origin of solutions.
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Menderes Masifi’nin (Mugla) Giineyindeki Mermer Yataklarinin Jeolojisi ve izotop (Sr, C ve O)
Jeokimyasi

Metin BAGCI', Ahmet YILDIZ?, Yasar KiBiCi?, Omer AKINCT*

'AKU iscehisar Meslek Yiiksekokulu Mermercilik Programu, iscehisar/Afyonkarahisar

? AKU Miihendislik Fakiiltesi Maden Miihendisligi Boliimii, Afyonkarahisar

3 Dumlupinar Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii, Kiitahya
*Havaci Binbas1 Mehmet Sokak, 9/12, Bostanci, Istanbul

Menderes masifinin (Mugla) ortii serisini olusturan sgistler icerisinde ¢ok genis mermer yataklari
bulunmaktadir. Stratigrafik seviyelerine gore Mugla yoresinde dort onemli mermer yatagi ayirt edilmistir.
Bunlar; (1): Permokarbonifer yaslh siyah renkli mermerler, (2): Triyas yash mermerler, (3): Ust Kretase
yaslt platform tip mermerler ve (3): Paleosen yasli bordo renkli, pelajik mermerler seklindedir. Bu
caligmada, mermer yataklarinin kdkeni ve olusum kosullarimi belirlemek amaciyla degisik mermer
seviyelerinden karakteristik 6rnekler alinarak bunlara mineralojik analiz, major, iz ve nadir toprak element
ve 8"°C ve 80 izotop ve *’Sr/**Sr analizleri uygulanmustir.

3'"°C izotop oranlar1 Triyas yasli mermerlerde %o1.44-4.23, Ust Kretase yasli mermerlerde %o1.31-
2.21 ve Paleosen yasli mermerlerde %o01.30-2.81; 8'°0 izotop oranlar1 Triyas yasli mermerlerde %o-6.13-
2.91, Ust Kretase yasl mermerlerde %o-3.80-2.28 ve Paleosen yash mermerlerde %o-5.11-2.46 ve *'Sr/*Sr
oranlar1 ise Triyas yasli mermerlerde 0.707589-0.707721, Ust Kretase yasli mermerlerde 0.707519-
0.707714 ve Paleosen yash mermerlerde 0.707711-0.707786 arasinda degismektedir. 8"°C ve 8'°0 izotop
degerleri bolgedeki karbonatlarin diyajenezi siiresince meteorik sularin etkili oldugunu gostermektedir.

Anahtar Kelimeler Mermer, izotop, Menderes Masifi, Jeokimya
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The Geology and Isotope (Sr, C & O) Geochemistry of Marble Deposits from The Southern of
Menderes Massif (Mugla)
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*Havaci Binbas1 Mehmet Sokak, 9/12, Bostanci, Istanbul

The vast marble deposits occur in cover sequence of Menderes Massif, SW Turkey. The four major
marble deposits are recognized in Mugla province based on the stratigraphic levels. These are Permo-
Carbonifer aged black marbles (1), Triassic aged marbles (2), Upper Cretaceous aged marbles (3) and
Paleocene aged pelagic marble (4). This study deal with Triassic aged marbles of in the southern part of the
Menderes massif. In this study, the characteristic samples are collected from different stratigraphic levels in
marble deposits and mineralogical and major, trace and rare earth element (REE) analyses of marble,
limestone and schist were conducted on these samples to reveal their petrographical and geochemical
characteristics.

3"C isotope contents are between 1.44-4.23%o in Triassic aged marbles, 1.31-2.21%o in Upper
Cretaceous aged marbles and 1.30-2.81%o in Paleocene aged pelagic marbles. §'*0 isotope contents are
between -6.13-2.91%o in Triassic aged marbles, -3.80-2.28%o in Upper Cretaceous aged marbles and -5.11-
2.46%o in Paleocene aged pelagic marbles. *’Sr/*®Sr isotope contents are between 0.707589-0.707721 in
Triassic aged marbles, 0.707519-0.707714 in Upper Cretaceous aged marbles and 0.707711-0.707786 in
Paleocene aged pelagic marbles. The contents of 3"°C and 3'°O isotopes are shown that meteoric waters
have influence during diagenesis of carbonates in Mugla province.

Key words Marble, Isotope, Menderes Massif, Geochemistry
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Borg¢ka (Artvin) Yoresi Tersiyer Yash Volkanik Kayaclarin Mineral Kimyasi ve Petrokimyasi, Dogu
Pontidler, KD Tiirkiye

Emre Avdincakir' ve Ciineyt Sen’

! Giimiishane Univerﬂsitesi, Jeoloji Miihendisligi Boliimii, 29000 Giimiishane
% Karadeniz Teknik Universitesi, J eoloji Miihendisligi Boliimii, 61080, Trabzon

Borgka (Artvin) yoresindeki Tersiyer yaslt volkanik kayaclar, tiim kaya¢ kimyasal smiflama
diyagramlarina gore, bazalt-bazaltik andezit-bazaltik trakiandezit takimi (BBAT), andezit-trakiandezit
takimi1 (ATT) seklinde baslica iki farkli kayac grubuna ayrilabilirler. (BBAT) takimi bazaltik dayk, bazaltik
lav, yastik lavlardan ve bazaltik volkanik breslerden meydana gelir. Buna karsin (AAT) takimi genel olarak
andezitik dayk ve domlar ile karakterize edilir.

(BBAT) takimi plajiyoklas (Ansj.3), klinopiroksen (Woss45Ensg44Fsg17), hornblend (Mg#I 0.57-
0.72) fenokristalleri ve titanomagnetit icerirken, (ATT) takimini olusturan kayaclar ise plajiyoklas (Ans,.o3),
klinopiroksen, hornblend (Mg’= 0.64-0.71) fenokristalleri, titanomagnetit ve apatit icermektedir. Bu
volkanitlerde; plajiyoklas fenokristallerinde halkali zonlanma, elek dokusu ve kemirilme; hornblend
fenokristallerinin  kenarlarinda gelisen kismi ergime ile olusan pargalanma ve opaklasma ve
klinopiroksenlerdeki bozunma gibi dengesizlik dokulari gdzlenmistir. Tiim bu 6zellikler, volkanitlerin
gelisiminde dengesiz kristallenme ve/veya magma karisiminin 6nemli bir rol oynadigii gostermektedir.

Incelenen volkanik kayaclar, toleyitik ve kalk-alkali gecisli olup, diisiik-orta derecede K,O (% 0.18-
2.0) igerirler. Orneklerin cogunun diisiik Mg-numarasi (0.21-0.51) ile Cr (< 340 ppm) ve Ni (< 100 ppm)
iceriklerine sahip olmasi, bu kayaclarin mantodan tiiremis ergiyiklerden itibaren Onemli oranda
farklilasmaya ugradiklarini isaret etmektedir. Artan SiO,’ye karsi K,O, Na,O, Rb ve Ba igerikleri pozitif,
Ca0O, MgO, Fe,05, ALLO;, P,Os, TiO,, Zr, ve Ni igerikleri negatif korelasyon gostererek, kayaclarin
gelisiminde plajiyoklas, klinopiroksen, hornblend ve Fe-Ti oksit fraksiyonlagsmasinin etkili olduguna isaret
etmektedir. Volkanitlerin N-tipi Okyanus Ortast Sirt1 Bazalti’na gore normalize edilmis iz element
dagilimlari; biiyiik iyon yarigapl litofil element (LILE) ve Th iceriklerinde zenginlesme ile Ta, Nb, Ti ve P
elementlerinde gozlenen fakirlesmeler magma gelisiminde daha Onceki dalma batma ve kabuk katkisi
siireclerinin 6nemli rol oynamis olduklarini diisiindiirmektedir. Volkanitlerin kondrite normalize edilmis
nadir toprak element dagilimlari, kayaglarin benzer kaynaktan tiirediklerini gostermektedir.

Elde edilen jeokimyasal verilerin On degerlendirmesi ile volkanik kayaclarin fraksiyonel
kristallenme, magma karigimi + kontaminasyon/asimilasyon olaylar1 sonucunda gelistiklerini ve
volkanitlerin kaynaginin muhtemelen daha onceden akiskanlar tarafindan metasomatizmaya ugratilmis
zenginlesmis bir kaynak bolgeden (muhtemelen litosferik manto) tiireyebileceklerini ifade etmektedir.

Anahtar kelimeler Dogu Pontid, Borg¢ka, kalk-alkalen volkanitler, jeokimya, mineral kimyasi, Tersiyer
volkanitleri
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Mineral Chemistry and Petrochemistry of Tertiary Volcanic Rocks in the Bor¢cka (Artvin) Area,
Eastern Pontides, NE Turkey

Emre Aydincakir' & Ciineyt Sen’

" Department of Geological Engineering, Giimiishane University, TR-29000 Giimiishane, Turkey
* Department of Geological Engineering, Karadeniz Technical University, TR-61080 Trabzon, Turkey

The Tertiary volcanic rocks in the Borcka (Artvin) area, based on the chemical classification
diagram, can be mainly divided into two rock groups that comprise of basalt-basaltic andesite-basaltic
trachyandesite suite (BBAT) and andesite-trachyandesite suite (ATT). The (BBAT) suite consists of
basaltic dyke, basaltic lava, pillow lava and basaltic volcanic breccia whereas the (ATT) suite is mainly
characterized by andesitic dyke and domes.

The (BBAT) suite contains plagioclase (Ansig;), clinopyroxene (Wosg4sEnsgasFss.17), hornblende
(Mg"= 0.57-0.72) phenocrysts and titanomagnetite microphenocrysts, whereas the (ATT) suite rocks
include plagioclase (Ans,.o3), clinopyroxene, hornblende (Mg"= 0.64-0.71) phenocrysts and titanomagnetite
and apatite microphenocrysts. In these rocks , disequilibrium textures are observed such as oscillatory
zoning, sieve texture and corrosion in plagioclase phenocrysts, breakdown abd opaque in hornblendes and
dissolution in clinopyroxenes. These microscopic features may indicate that dis-equilibrium crystallization
or magma mixing played a significant role during the evolution of the rocks.

The studied volcanic rocks are tholeiitic to calc-alkaline transitional in nature and generally have low
to medium K,O contents (0.18-2.0 wt%). Most samples have low Mg-number (0.21-0.51), Cr (< 340 ppm),
and Ni (< 100 ppm), which indicates that they have undergone significant fractional crystallization from
mantle-derived melts. In binary plots, K,O, Na,O, Rb and Ba show positive correlation, whereas CaO,
MgO, Fe,0;, Al,O;, P,Os, TiO,, Zr, and Ni show negative correlation with silica content of the rocks,
suggesting significant plagioclase, clinopyroxene, hornblende and Fe-Ti oxide fractionation during the
evolution of volcanics. N-type mid-ocean ridge basalt-normalized trace element patterns indicate
enrichment in large-ion lithophile element (LILE) and Th, and negative anomalies in Ta, Nb, Ti and P
elements. This may possibly indicate that the previous subduction event(s) together with the crustal
contributions had played an important role in the magma genesis. The chondrite-normalized rare earth
element patterns suggest a similar source for the volcanics.

The preliminary interpretations of the geochemical data obtained from this study indicate that the
Borgka volcanic rocks evolved by fractional crystallization and magma mixing =+
contamination/assimilation of a parental magma, and the sources of those volcanics are probably derived
from an enriched source region (probably lithospheric mantle) which was previously modified by fluids.

Key words Eastern Pontides, Borgka (Artvin), calc-alkaline volcanics, geochemistry, mineral chemistry,
Tertiary volcanics
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Zara-Susehri (KD Sivas) Yoresi Magmatik Kayaclarinda Hidrotermal Karisik Tabakah Illit-Smektit
Olusumlari

Zeynel BASIBUYUK', Hiiseyin YALCIN?, Omer BOZKAYA’

'Ahi Evran Universitesi, Kaman Meslek Yiiksek Okulu, Kaman-Kirsehir
*Cumhuriyet Universitesi, Jeoloji Miihendisligi Boliimii, TR-58140 Sivas

Neo-Tetis’in kapanmasindan sonra ¢arpisma ile iliskili olarak Orta-Kuzey Anadolu’da Paleosen’de
Orta Anadolu Granitoyidleri ile Orta-Ust Eosen’de Orta Anadolu Siyenitoyidleri ve Orta Anadolu
Volkanitleri gelismistir. Optik mikroskopi, X-1smnlar1 kirmnimi, ana, iz ve O-H izotop verilerine gore;
volkanik ve plitonik kayaglarda gelisen I/S’ler tiiredikleri koken kayaglarma bagli olarak onemli
mineralojik ve jeokimyasal farkliliklar gostermektedir.

Zara-Susehri-Serefiye dortgeninde Karatas volkanitlerine (bazalt, andezit, trakit, fonolit) Kosedag
siyenitoyidinin (alkali feldispat siyenit, kuvarsl siyenit, monzonit) sokulum yapmasi sonucu; hidrotermal
bozugmayla iliskili yaygin fillosilikat/kil (kaolinit, illit, smektit, klorit, karigik tabakali illit-smektit/I-S ve
klorit-smektit/C-S, pirofillit) mineralleri meydana gelmistir.

Volkanik ana kayacli olusumlar genellikle R1 I/S (% I= 65-80, % S= 20-35) ve daha az da R3 I/S (%
I=90, % S= 10), pliitonik ana kayacli olusumlar ise gogunlukla R3 I/S (% I= 90-95, % S= 5-10) ve 2M1 +
1M + 1M, politipine sahip illitler ile temsil edilmektedir. R1 ve R3 I/S’lerin d(os0) degerleri 1.494-1.500 A
(ortalama 1.494 A), oktahedral (Mg+Fe) igerikleri 0.02-0.32 arasinda degismekte olup, biitiiniiyle
dioktahedral bilesimdedir.

Volkanik kokenli I/S’lerde TiO,, Fe,O;, MgO, Na,O, P,Os, Sc, V, Cu, Ge, Sr, Hf, Zr ve Y; pliitonik
kokenlilerde ise SiO,, Al,Os, K,0, Pb, W, Mo, As, Sb, Rb ve U miktar1 artmaktadir. Nadir toprak element
igerikleri volkanik kokenli I/S’lerde pliitonik kokenlilere gore daha fazla zenginlesme gostermekle birlikte;
kondrit normalize dagilimlar1 kdken kayaclarminkine biiylik benzerlik sunmaktadir. O-H durayli izotop
verileri volkanik ve pliitonik kokenli I/S’ler i¢in farkli olup, hidrotermal akigkanin kdkeni magmatik-
meteorik su arasinda degismekte, ancak agirlikli olarak magmatik kokeni temsil etmektedir. Ayrica
volkanik kokenli I/S’ler pliitonik kdkenlilere gore daha diisiik sicaklikta sentezlenmis olup, biiylik dlgiide
koken kayag ile iligkilidir.

Anahtar kelimeler Zara-Susehri, hidrotermal bozusma, illit-smektit olusumlari
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Hydrothermal Mixed Layer illite-Smectite Occurances In The Magmatic Rocks From Zara-
Susehri Area (NE Sivas)

Zeynel BASIBUYUK', Hiiseyin YALCIN?, Omer BOZKAYA’

'Ahi Evran Universitesi, Kaman Meslek Yiiksek Okulu, Kaman-Kirsehir
*Cumhuriyet Universitesi, Jeoloji Miihendisligi Boliimii, TR-58140 Sivas

Central Anatolian Granitoids in the Paleogene, Central Anatolian Syenitoids and Central Anatolian
Volcanites in the Middle-Upper Eocene times are developed in relation to collision after the closure of
Neotethys in the Central-Northern Anatolia. I/S depended on derived-origin rocks show important
mineralogical and geochemical differences with regard to optical microscopy, X-rays diffraction, major,
trace and O-H isotopic data.

Phyllosilicate/clay minerals such as kaolinite, illite, smectite, chlorite, mixed layers illite-smectite/I-
S and chlorite-smectite/C-S, pyrophyllite are commonly occurred related to hydrothermal alterations at the
quadrangle of Zara-Sugehri-Serefiye as a result of intrusion to Karatas volcanites (basalt, andesite, trachyte,
phonolite) of Kdsedag syenitoid (alkali feldspar syenite, quartz syenite, monzonite)

The polytype formations are represented by generally R1 I/S (I %= 65-80, S %= 20-35) in general
and less R3 I/S (I %= 90, S %= 10) in the volcanic-hosted rocks, and usually R3 I/S (I %= 90-95, S %= 5-
10) and 2M1 + 1M + 1My illites in the plutonic-hosted rocks. d(s0) values and (Mg+Fe) contents of R1 and
R3 I/S range from 1.494 to 1.500 A (mean 1.494 A) and from 0.02 to 0.32, respectively, that is of entirely
dioctahedral composition.

The amounts of elements such as TiO,, Fe,O3;, MgO, Na,O, P,0s, Sc, V, Cu, Ge, Sr, Hf, Zr and Y
from the volcanic-originated I-S and SiO,, Al,O;, K,O, Pb, W, Mo, As, Sb, Rb and U from the plutonic-
originated I-S are increased. The chondrite-normalized distributions of I-S present a great similarity to
those of source rocks, although the concentrations of rare earth elements are more enriched in the volcanic
types in comparison with the plutonic ones. O-H stable isotope data are different for the volcanic- and
plutonic-originated I-S and the origin of hydrothermal fluids are between magmatic and meteoric water, but
they offer dominantly magmatic origin. Additionally, volcanic-originated I-S minerals are synthesized in
lower temperatures compared with plutonic-originated ones and significantly related to source rocks.

Key words Zara-Susehri, hydrothermal alteration, illite-smektite occurances
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Dogu Pontid Kuzey Zonu (KD Tiirkiye) Tersiyer Yash Alkalin Volkanitlerin Petrokimyasal
Ozellikleri

Cem YUCEL, Mehmet ARSLAN, irfan TEMIiZEL, Emel ABDIOGLU
Karadeniz Teknik Universitesi, MF Jeoloji Miihendisligi Boliimii, 61080, Trabzon

Dogu Pontidlerde, Tersiyer volkanitleri, litolojik ve petrokimyasal farkliliklar nedeniyle Kuzey
zonda alkalen ve Giliney zonda kalk-alkalen olmak tizere iki farkli provense ayrilmaktadir. Bu ¢aligmada
Dogu Pontidlerin Kuzey Zonunda yer alan Tersiyer yasli volkanitlerin petrokimyasal karakteristikleri
belirlenmistir. Volkanitler, plajiyoklas, klinopiroksen, olivin, 16sit, sanidin, biyotit icerirler ve genellikle
porfirik, mikrolitik-porfirik, hyalo-mikrolitik porfirik, flilidal ve nadiren kiimiilofirik doku gosterirler.

Volkanitler, diisiik-orta alkali afiniteye ve orta yiiksek K icerigine sahipitr. Toplam alkali-silis
diyagramina gore, bazaltik dayklar ve siller, bazaltik lavlar, yastik lavlar ve bazaltik bresler, bazalt, traki-
bazalt ve bazaltik traki-andezit takimi olarak (BTB); andezitik dayk ve domlar, trakitik dayklar, trakit ve
traki-andezit takimi (TT); foidli bresik lavlar ve foid iceren volkanik bresler bazanit-tefrit takimi (BT)
olarak isimlendirilmiglerdir. Kayaglardaki ana ve iz element degisimleri olivin, klinopiroksen, biyotit,
hornblend, sanidin, apatit ve Fe-Ti oksitlerin fraksiyonlagmasiyla aciklanabilir. N-tipi OOSB’na normalize
iz element dagilimlari, yitim zonu zenginlesmesinin izlerini tasiyan biiyiik iyon yaricapli elementlerde (Sr,
K,0, Rb, Ba), Th ve Ce zenginlesme, Zr, Y, Nb, Ta ve TiO, iceriklerinde fakirlesmeyi isaret etmektedir.
Kondrite normalize nadir toptak element (NTE) dagilimlari, diisiik Lay/Luy (2.27-7.95) oranina sahip BTB
ve TT takimlar ve yiiksek Lan/Luy (29-49) oranina sahip BT takimi olmak {izere iki ana dagilim
gostermektedir. Genel olarak hafif nadir toprak elementlerde zenginlesme ve agir nadir toprak elementlerde
fakirlesmeyi isaret eden konkav sekle sahip bu dagilimlar, volkanitlerin gelisimi sirasindaki klinopiroksen
fraksiyonlagsmasini géstermektedir.

Anahtar kelimeler Tiirkiye, Dogu Pontid, Tersiyer volkanitleri, petrokimya, alkali volkanit
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Petrochemical Characteristics of Tertiary Alkaline Volcanic Rocks in the Northern Zone of Eastern
Pontides, NE Turkey

Cem YUCEL, Mehmet ARSLAN, irfan TEMIiZEL, Emel ABDIOGLU
Karadeniz Technical University Department of Geological Engineering, 61080, Trabzon

Tertiary volcanics are divided into two volcanic provinces, alkaline in Northern Zone and
calcalkaline in Southern Zone due to their lithological and petrochemical differences. In this study,
petrochemical characteristics of Tertiary aged volcanics at Northern Zone of Eastern Pontide were
determined. Volcanics generally contain plagioclase, clinopyroxene, olivine, leucite, sanidine, biotite with
porphyritic, microlitic porphyritic, hyalo-microlitic porphyritic, fluidal and rarely cumulophiritic textures.

The volcanics have low to mildly alkaline affinities, and medium to high-K contents. According to
total alkalis vs. silica diagram, basaltic dikes and sills, basaltic lavas, pillow lavas, basaltic breccias are
classified as basalt, trachy-basalt and basaltic trachy-andesite suite (BTB); andesitic dikes and domes,
trachytic dikes are described as trachyte and trachy-andesite suite (TT); foid bearing brecciated lavas and
foid bearing breccias are named as basanite-tephrite suite (BT). Major and trace element variations in the
rocks can be explained by fractionation of common mineral phases such as olivine, clinopyroxene, biotite,
hornblend, sanidine, apatite and Fe-Ti oxides. N-type mid-ocean ridge basalt-normalized trace element
patterns indicate enrichment in large-ion lithophile element (Sr, K,O, Rb, Ba), Th and Ce and depletion in
Zr, Y, Nb, Ta and TiO, contents suggesting a fingerprint of subduction zone enrichment. The chondrite-
normalized rare earth element (REE) patterns depict two main trends with different enrichment-depletion
ratios; BTB and TT with low Lay/Luy ratio (2.27-7.95) and BT with high Lay/Luy ratio (29-49). These
trends have concave shape with marked light REE enrichment and heavy REE depletion, implying effect of
significant clinopyroxene fractional crystallization during the evolution of the volcanics.

Key Words Turkey, Eastern Pontide, Tertiary volcanics, petrochemistry, alkaline volcanics
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Murgul (Artvin) Yoresi Altere Volkanitlerinin Tiim Kaya¢ Jeokimyasi, Alterasyon Minerallerinin
Durayh Izotop Ozellikleri ve K-Ar Yaslandirmalari, KD Tiirkiye

Emel Abdioglu', Mehmet Arslan' & Selahattin Kadir

'Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon, Tiirkiye
*Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Meselik Kampiisii, 26480 Eskisehir,

Dogu Pontidler’de Geg Kretase yash asidik kayaclarla iligkili volkanojenik masif siilfit yataklar
yaygindir. Bu yataklarin en biiyiiklerinden biri olan Murgul (Artvin) madeni yogun olarak hidrotermal
alterasyona ugramis mafik-felsik kayaclarla iligkilidir. Calisma sahasinin tabaninda Jura-Alt Kretase yash
bazalt, andezit ve piroklastitleri yer almaktadir. Bu birim iizerine Senoniyen yash felsik volkanitler
gelmektedir. Cevherlesme Senoniyen felsik volkanitlerinin son evrelerinde olusan yaklagik 200-250 m
kalinliktaki dasitik piroklastitler igerisinde bulunmaktadir. Cevherin ortii kayaglarini yer yer porfirik
dasitler, g¢amurtasi-kirectasi-kumtagi-tiif ile baglayan ince bir tortul seri ve jipsli vitrik tiifler
olusturmaktadir. Tersiyer yasl bazalt ve andezitler tiim birimleri orter. Cevher mercegi genellikle masif,
kismen agsal ve saginimli olup sar1 cevher, siyah cevher ve siiperjen birliktelikten olugsmaktadir. Cevher
mineralleri sfalerit, galen, pirit, kalkopirit, tetrahedrit, bizmut, bizmutit, bornit, dijenit, kovellin, malakit ve
azurit ile temsil edilir.

Murgul masif siilfit yatagi taban ve oOrtli kayaglan toleyitik-gecis, kalkalkalen karakterli olup;
volkanitlerin tiiketilmis okyanus ortasi sirtt bazaltina (NMORB) normalize iz element degisimleri biiyiik
iyon yarigapl litofil elementler (LILE; K, Rb ve Ba) bakimindan zenginlesme, Sr ve Ti bakimindan ise
tiketilme ile karakterize edilir. Kondrite normalize nadir toprak element (NTE) dagilimlarinda agir nadir
toprak elementlerdeki zenginlesme (Lan/Lun=0.81-9.98; Lan/Smy=0.63-7.13) ile pozitif-negatif Eu
(Eun/Eu’y=0.34-1.55) ve Ce (Cen/Ce'n=0.29-1.37) anomalileri belirgindir. Bu durum siilfit-siilfat
cevherlesmesini saglayan akigskanlarin volkanitleri hidrotermal alterasyona ugratmasi ve kismen plajiyoklas
fraksiyonlagsmasinin etkisinin korunmasi ile agiklanmaktadir. Yogun hidrotermal alterasyondan dolayi
volkanitlerde cevhere yaklastikca Na’ca tiiketilme, K ve Si’da zenginlesme, alterasyon indeksi (AI=25.62-
98.09) ve klorit-karbonat-pirit indeksindeki (CCPI=23.00-99.30) artiglar ¢arpicidir.

Cevher zonuna dogru sicakligin artmast ile orantili olarak 8'*0 degerleri azalmaktadur. illitlerde §'*O
%06.6/8.7 ve 8D %o -42/-50; kloritlerde 3'0 %08.6 ve 8D %o-52’dir. Jipslerin &°*S icerikleri %020.3 ile
%020.4 arasinda; 6D degerleri ise %0-92 ile %o0-102 arasinda degisir. Farkli olusum evrelerine sahip
illitlerden yapilan K-Ar yaslandirmalar1 (62-73.3 My) Maastrihtiyen’de baslayip Erken Daniyen’e kadar
devam eden bir killesme siirecine isaret etmektedir.

Anahtar Kelimeler Murgul madeni, hidrotermal alterasyon, durayli izotoplar, K-Ar yaslandirmasi
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Whole Rock Geochemistry of the Volcanics, Stable Isotope Properties and K-Ar Dating of the
Alteration Minerals around the Murgul (Artvin) Area, NE Turkey

Emel Abdioglu', Mehmet Arslan' & Selahattin Kadir

'Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon, Tiirkiye
*Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Meselik Kampiisii, 26480 Eskisehir.

In the Eastern Pontide, volcanogenic massive sulfide deposits accompanying the Late Cretaceous
aged acidic rocks are widespread. The Murgul (Artvin) mine, one of the largest deposits in the region is
surrounded by densely hydrothermally altered mafic-felsic volcanics. Jurassic-Late Cretaceous aged basalt,
andesite and pyroclastics forms the bottom of the study area. This unit is overlain by Senonian aged felsic
volcanics. Ore body is contained by dacitic pyroclastics, varying 200-250 m thickness and generated at
later stage formation of Senonian volcanics. Hanging-wall rocks of the massive sulfide lens are partly
porphyritic dacites, a thin sedimantery unit beginning with mudstone-limestone-sandstone-tuff and
gypsum-bearing vitric tuff. These units are covered by Tertiary aged basalt and andesite. The ore lens
generally is massive, partly stockwork and disseminated, and formed by yellow ore, black ore and
supergene associations. Ore minerals are represented by sphalerite, galena, pyrite, chalcopyrite,
tetrahedrite, bismuth, bismuthite, digenite, covelline, malachite and azurite.

The footwall- and hanging-wall volcanics of the Murgul massive sulfide deposit are tholeiitic-
transitional and calc-alkaline in affinity and N-MORB normalized trace element patterns are pronounced
by considerable large ion lithophile elements (K, Rb, Ba) enrichment, and Sr and Ti and P depletion.
Chondrite-normalized REE patterns of the volcanics exhibit marked HREE enrichment (Lan/Lunx=0.81-
9.98; Lan/Smy=0.63-7.13) with positive/negative Eu (EuN/Eu*N=0.34—1.55) and Ce (CeN/Ce*N=0.29—1.37)
anomalies, reflecting alteration with sulphide-sulfate rich fluids and semi-protected effect of plagioclase
fractionation. Due to the effect of dense hydrothermal alteration, the volcanics show Na depletion, K and Si
enrichment, increases in alteration index (Al=25.62-98.09) and chlorite-carbonate-pyrite index
CCPI=23.00-99.30) with increasing proximity to the ore.

3'%0 values decrease towards the ore horizon because of the rising formation temperature. 8'*0 and
0D compositions are %06.6 to %08.7 and %o -42 to %0-50 for illites, and %08.6 to %0-52 for chlorites,
respectively. 8°*S and 8D values for gypsums vary %020.3 to %020.4 and %0-92 to %o0-102, respectively. K-
Ar dating on illites from different stages (62-73.3 Ma) refers an argillization process from Maastrichtian to
Early Danian time.

Key words Murgul mine, hydrothermal alteration, stable isotopes, K-Ar dating
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Kestanbol Pliitonu (Ezine-Canakkale) ve Mafik Mikrograniiler Enklavlarinin Mineral ve
Tiimkaya¢ Jeokimyasi

Sabah YILMAZ SAHIN', Yiiksel ORGUN?

!istanbul Universitesi, Miih. Fak., Jeofizik Miih. Boliimii, 34320Avcilar, Istanbul,
* {stanbul Teknik Universitesi, Maden Fak., Jeoloji Miih. Boliimii, 34469-Maslak, istanbul

Bati Anadolu’da yaygin olarak gozlenen Miyosen magmatizmasi, ¢arpisma sonrasi jeotektonik
ortami karakterize etmekte olup, kalk-alkalinden-alkaline degisen 6zellikte pliitonik ve volkanik {iriinlerden
olusmaktadir. Kalkalkalin &zellikli Kestanbol granitoyidi ve bu granitoyidin volkanik tiirevleri Ezine
civarinda (Canakkale) yiizeylenmektedir. Kestanbol granitoyidi bolgesel metamorfik temel kayaglar
icerisine sokulum yapmakta ve volkanik-volkano-klastik sedimanter kayaglarla ortiilmektedir. Pliiton,
esyash mafik ve felsik magmalarin heterojen karisim (magma mingling) iiriinleri olan mafik mikrograniiler
enklavlart (MME) ve homojen karisim (magma mixing) tiriinleri olan bazi 6zel dokular igerir ve sik stk
felsik ve mafik dayklarla kesilir. Buna ilaveten, pliitonun bat1 ve dogu kesimleri biiyiik faylarla sinirlanir.

Kestanbol granitoyidi genellikle monzonitik bilesimdedir ancak bu kayaglarin enklavlart monzonit,
monzodiyorit ve kuvars monzodiyorit bilesimdedir. Mineral kimyasi sonuglarina gore, plajiyoklazlar albit-
labrador (Ang.s), amfiboller magnezyo-hornblend ve biyotitler Mg-biyotit bilesimindedirler. Kestanbol
granitoyidi ve MME’da amfibol mineralleri Mg/Mg+Fe™ = 0.55-0.87 ve 0.55-0.74 degerleri arasinda iken;
biyotitlerde FeO'/MgO orani ise, 1.01-1.55 degerindedir. Amfibol ve biyotit mineral jeokimyasina gore
Kestanbol plutonu, yaklasik 1.17 — 3,6 Kbar basing ve 659—799 OC sicaklik kosullarinda, MME’lar ise 1.24
— 3.84 Kbar basing ve 692-766 °C sicaklik kosullarinda olusmus, buna bagl olarak da pliitonun sig
yerlesimli (~12 km derinlik) olabilecegi seklinde yorumlanmustir. Elde edilen bu basing ve sicaklik
degerlerinin birbirine yakin olmasi, felsik ve mafik magmalarin benzer fiziksel kosullar altinda,
birbirleriyle etkilesime ugramis olabilecegini gostermektedir.

Kestanbol pliitonu kayaclari, carpigsma sonrasi kokenli, subalkalin, metaluminali, ve yiiksek K’Iu
kalk-alkalin karakterlidir ve esyasl felsik ve mafik magmalarin farkli magma ortamlarinda, farkli oranlarda
karismasi ile olugsmuslardir.

Anahtar kelimeler Magma mixing/mingling, mineral chemistry, post collision, shallow level intrusion.
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Mineral and Whole-rock Geochemistry of the Kestanbol Pluton and Its Mafic Microgranular
Enclaves (Ezine-Canakkale)
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!istanbul Universitesi, Miih. Fak., Jeofizik Miih. Boliimii, 34320Avcilar, Istanbul,
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Widely observed Miocene magmatism in western Anatolia is characterized post collisional
geotectonic setting and consists of coeval volcanic and plutonic products are varied to from calk-alkaline to
alkaline. Calk-alkaline Kestanbol pluton and its volcanic products are outcrop in western part of Ezine
(Canakkale). It is intruded into the regional metamorphic rocks and it is covered by volcanic, volcano-
clastic sedimentary rocks. Kestanbol pluton also includes mafic microgranular enclaves (MMEs) and some
special textures, formed such as products of minging and mixing of coeval felsic and mafic magmas and
often cut by mafic dykes. In addition, the western and eastern parts of pluton are bordered with defined big
faults.

The Kestanbol pluton is monzonitic composition but their enclaves are formed monzonitic,
monzodioritic and quartz monzodioritic rocks. It is composed of plagioclase (albite-labradorite (Ang.sp),
amphiboles (magnesian-hornblende) and biotite (Mg-biotite) according to the results of mineral chemistry.
Mg/Mg+Fe " ratio of the amphibol minerals in the Kestanbol granitoid and MMEs is between 0.55 and 0.87
and 0.55-0.74, respectively. FeO'/MgO ratio of biotites in these rocks is between 1.01 and 1.55.

The Kestanbol pluton may be formed under the approximately 1.17 — 3,6 Kbar pressure and 659-799
°C temperature and their MMEs are formed 1.24 — 3.84 Kbar pressure and 692-766 °C. It can be
interpretate the Kestanbol unit is shallow level (~12 km depth) pluton. The similar pressure and
temperature conditions in the Kestanbol pluton and their MMEs may be show to interacted to the felsic and
mafic magmas with the each other under the resemble physical conditions.

The rocks of Kestanbol pluton are subalkaline, metaluminous, high-K calk-alkaline charactere, post-
collision origin and derived from hybrid magma that originated from mixing of coeval felsic and mafic
magmas in different ratios and different depths.

Key words Magma mixing/mingling, mineral chemistry, post collision, shallow level intrusion.
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KB Anadolu ve Tokat Yoresi Karakaya Karmasigi Fillosilikatlarinin Jeokimyasi

Sema TETIKER', Hiiseyin YALCIN?, Omer BOZKAYA’

! Batman Univs:rsitesi, Jeoloji Miihendisligi Boliimii, 72100, Batman
? Cumhuriyet Universitesi, Jeoloji Miihendisligi Béliimii, 58140, Sivas

Sakarya Tektonik Birligi igerisinde yiizeyleyen Paleotetis birimlerinden Permo-Triyas yash
Karakaya Karmasig1 iki boliime ayrilmaktadir. Bunlar; KB Anadolu ve Tokat yoresinde epizonal-ankizonal
Alt Karakaya Karmagigi (Niliifer birimi / Turhal Metamorfitleri) ve ankizonal-yiiksek diyajenetik Ust
Karakaya Karmasig1 (Hodul, Orhanlar ve Cal birimleri / Devecidag Karigigi) ile temsil edilmektedir.

Devecidag Karisig1 metavolkaniklerine ait dioktahedral smektit tetrahedralde Si-Al, oktahedralde Al-
Fe-Mg siibstitiisyonuna sahip ve toplam oktahedral katyon miktar1 2’ ye yakindir. Hodul birimi
seyllerinden zenginlestirilen I-S ideal illit bilesiminden sapma goOstermekte ve yaklasik % 5 smektit
tabakasi, ayrica oktahedral Fe ve Mg icermektedir. Cal birimi ve Devecidag Karisigi’na ait sirasiyla seyl ve
kalksleytten elde edilen C-S’de tetrahedral Si-Al, oktahedral Mg-Fe-Al siibstitiisyonu bulunmakta olup;
toplam oktahedral katyon miktar1 dioktahedral bilesime isaret etmektedir. Niliifer birimine ait sleyt ve
Turhal Metamorfitleri’ne ait metatiifitlerde belirlenen kloritlerde tetrahedral Si-Al, oktahedral Mg-Fe-Al
siibstitiisyonu ve toplam oktahedral katyon miktari, ayrica XRD wverileri di-trioktahedral bilesimi
gostermektedir.

Fillosilikat/kil minerallerinin toplam eser element derisimlerinde logaritmik olarak yaklasik 1300 kat
zenginlesme, 50 kat fakirlesme gozlenmekte olup; ortalama degerler smektit-I-S-C-S-klorit yoniinde
artmaktadir. Diger bir ifadeyle, elementsel siibstitiisyon kloritlerde en ¢ok, smektitlerde ise en az diizeyde
gerceklesmektedir. Volkanojenik kloritin eser element igerikleri, metamorfik kdkenli olandan oldukca
yiiksektir. Ortalama derigimlere gore; gecis metalleri (Cr, Ni, Co, Sc, V, Cu, Pb, Zn) volkanojenik kloritte
zenginlesmekte; I-S ve smektitte fakirlesmektedir. Granitoyid elementlerinden Sn I-S, W ise klorit ve C-S
fraksiyonlarinda en bol bulunmaktadir. Karisik davranish elementlerden As miktar1 C-S, Sb ise klorit
fazinda kismen artmaktadir. Kaliciligr diisiik elementlerden Rb, Ba ve Tl potasyum igerigine bagli olarak I-
S’te; Sr, kalsiyum miktart ile iligkili olarak smektitte; kaliciligr yiiksek elementlerden Nb, Zr ve Y C-S’te,
Th I-S’te ve U volkanojenik kloritte en fazla derisime sahip elementlerdir.

Fillosilikatlarin iz element miktarlar1 P ve U hari¢ genellikle NASC’ten daha diisiiktiir. Kondrit-
normalize iz element desenlerine gore, U elementi klorit (Turhal Metamorfitleri) ve C-S (Devecidag
Karig1g1) minerallerinde yaklasik 5600 ve 1837 kata kadar bir zenginlesme gostererek kuvvetli pozitif
anomali sergilemektedir. Tiim kil mineralleri K, Sr ve P icin kuvvetli negatif anomaliye sahiptir.
Fillosilikatlarin REE igerikleri NASC’ten oldukga diisiik olmakla birlikte, kondrite gore artmistir. Kondrit-
normalize REE igeriklerine gore, volkanojenik klorit en az, I-S ise en fazla zenginlesmistir. Toplam REE
konsantrasyonu I-S’te en ¢ok, kloritte en azdir. Ayrica kil minerallerinin LREE konsantrasyonlari, HREE
gore bir azalma gostermektedir. La-Lu i¢in I-S’te 121-17, smektitte 43-6, kloritte 18-2 ve C-S’te 54-6 kat
zenginlesme goriilmektedir. Eu i¢in I-S negatif, buna karsin smektit pozitif anomaliye sahiptir.

Fillosilikatlarin olusumu ve kokeni detritik beslenme, volkanik aktivite ve derinsel bozugsma ve/veya
ylizeysel bozunma siiregleri ile denetlenmektedir.

Anahtar kelimeler KB Anadolu, Karakaya Karmasigi, fillosilikat, jeokimya
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Geochemistry of the pyhllosilicates from Karakaya Complex in the NW Anatolia and Tokat Region

Sema TETIKER', Hiiseyin YALCIN?, Omer BOZKAYA’

! Batman Univs:rsitesi, Jeoloji Miihendisligi Boliimii, 72100, Batman
? Cumhuriyet Universitesi, Jeoloji Miihendisligi Béliimii, 58140, Sivas

Permo-Triassic Karakaya Complex of Paleotethys units outcropped in Sakarya Tectonic Terrane is
divided into two parts. These are represented by Lower Karakaya Complex with epizonal-anchizonal units
(Niliifer unit / Turhal Metamorphites) and Upper Karakaya Complex (Hodul, Orhanlar and Cal units /
Devecidag Melange) with anchizonal-high diagenetic units in the NW Anatolia and the Tokat regions.

Dioctahedral smectite from metavolcanics of Devecidag Melange have substitutions of Si-Al in
tetrahedral and of Al-Fe-Mg in octahedral and the amount of total octahedral cation close to 2. [-S with
smectite layer of approximately 5 % obtained from the Hodul unit shales differs from the composition of
ideal illite and contains octahedral Fe and Mg. The substitutions of tetrahedral Si-Al and octahedral Mg-Fe-
Al are found in the C-S extracted from shale and calcslate in the Cal unit and Devecidag Melange,
respectively, and its content of total octahedral cations indicates dioctahedral composition. Chlorite
determined in the slate of Niliifer unit and metatuffite of Turhal Metamorphites shows di-trioctahedral
components based on the substitutions of tetrahedral Si-Al and octahedral Mg-Fe-Al, and the quantity of
total octahedral cations, and also the XRD data.

The total concentrations of trace elements in the phyllosilicate/clay minerals are logarithmically
observed an enrichment of nearly 1300 times and a depletion of about 50 times, and mean values increase
in the direction of smectite-1-S-C-S-chlorite. In other words, elemental substitutions are taken place in the
chlorites at most and in the smectite at least levels. Trace element contents of volcanogenic chlorite are
higher than those of metamorphic origin. According to the average concentrations, transition metals (Cer,
Ni, Co, Sc, V, Cu, Pb, Zn) are enriched in the volcanogenic chlorite but are depleted in the smectite and I-
S. Sn from granitoid elements are abundantly found in the I-S, and W in the chlorite and C-S fractions.

As and Sb amounts from the miscellaneous elements partly increase in the C-S and chlorite phase,
respectively. Low and high field strength elements have maximum concentrations that these are Rb, Ba and
Tl depending on the potassium content in the I-S, Sr related to the amount of calcium in the smectite, and
Nb, Zr and Y in the C-S, and Th and U in the I-S volcanogenic chlorite. Except for P and U, amounts of
trace elements of phyllosilicates generally are lower than those of NASC. According to the chondrite-
normalized trace element patterns, U element is enriched approximately up to 5600 times in the chlorite
(Turhal Metamorphites) and 1837 times in the C-S (Devecidag Melange) and shows a strong positive
anomaly.

All clay minerals have a strong negative anomaly for K, Sr and P. REE contents of phyllosilicates
increase, compared to chondrite, although they are lower than those of NASC. On the basis of chondrite-
normalized REE amounts, they are mostly enriched in the volcanogenic chlorite, but less in the I-S. Total
REE concentrations reach maximum in I-S and minimum in the chlorite. In addition, the LREE
concentrations of clay minerals show a decrease in comparison with HREE. The enrichments for La-Lu are
of 121-17 times in the I-S, 43-6 times in the smectites, 18-2 times in the chlorites, and 54-6 times in the C-
S. Eu has negative and positive anomalies for I-S and smectite in order.

The occurrence and origin of the phyllosilicates have been controlled by detrital feeding, volcanic
activity and alteration and/or weathering processes.

Key words NW Anatolia, Karakaya Complex, pyhllosilicate, geochemistry
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Yildizeli (Sivas) Yoresi Karako¢ Mafik/Ultramafik Plutonikleri’nin
Mineraloji-Petrografi ve Jeokimyasi

Nazmi OTLU', Hiiseyin YALCIN', Omer BOZKAYA', irfan SAKAR?, Hiilya YESiLDAG®

'Cumhuriyet Universitesi, Jeoloji Miihendisligi Boliimii, 58140 SIVAS
2Curnhuriyet Universitt;si, Fen Bilimleri Enstitiisti, 58140 SIVAS
?Afsin-Elbistan Linyit isletmesi 46500 KAHRAMANMARAS

Calisma alami, Yildizeli Ilgesi (Sivas) giineybatisindaki Karakog¢ Koyii civarinda yer almaktadur.
Bolgede Kirsehir Blogu' nun Mesozoyik-oncesi kabuksal metasedimentleri, Ge¢ Kretase-Erken Tersiyer
yaslt ¢arpigsma ile iligkili Orta Anadolu Granitoyidleri ve Sivas Baseni’nin Geg¢ Paleosen-Kuvaterner yasl
ortli sedimentleri mostra vermektedir. Bu stratigrafik dizilim i¢inde, mineralojik-petrografik ve jeokimyasal
ozelliklerine gore tanimlanan Karakog¢ Mafik (gabro, monzogabro, diyorit, monzodiyorit ve monzonit) /
Ultramafik (hornblendit ve kismen piroksenit) Pliitonikleri metasedimentleri kesen 1-5 m kalinliginda ve
yaklagik dogu-batt uzaniml sillerden olusmaktadir.

K/Ar radyometrik yontemi ile Karako¢ Mafik/Ultramafik Pliitonikleri’nden 69.7+1.8 Ma
(hornblend), bunlarla birlik olusturan dayk konumundaki siyenit-aplitlerden 67.8+1.7 Ma (tiimkayag) ve
pirometasomatik kayaclardan ise 60.1+1.6 Ma (flogopit) yaslar elde edilmistir. Bu veriler, ultramafik
kayag-felsik dayk sokulumu ve buna bagli hidrotermal alterasyon sirasini1 vermektedir.

Karako¢ Mafik/Ultramafik Pliitonikleri’nin koyu renkli bilesenlerini hornblend, arfvedsonit,
egirin/egirin-ojit ve enstatit; acik renkli bilesenlerini plajiyoklaz, skapolit ve nefelin, tali mineralleri ise
biyotit, zirkon, titanit, apatit, topaz, ksenotim ve opak mineraller olusturmaktadir. Felsik pliitonik kayaclar
baslica ortoklaz, plajiyoklaz, mikroklin ve kuvars, kismen hornblend, arfvedsonit, egirin/egirin-ojit, biyotit,
muskovit ve eser miktarda granat, zirkon, titanit, apatit, topaz, ksenotim ve opak mineraller igermektedir.
Pirometasomatik kayaclarin bilesenlerini bolluk sirasina gore granat, epidot, hornblend, plajiyoklaz,
mikroklin, ortoklaz, kuvars, ojit, biyotit, klorit ksenotim, titanit ve opak mineraller temsil etmektedir.

Bu magmatik birlik, ¢arpisma sonrasi donemde, levha i¢i granitoyid yerlesimi ile gelismis, hem
alkali, hem de subalkali (toleyitik ve kalkalkali) karakterlidir. Ana elementlerin ikili degisimleri, 6nce
alkali, sonra artik magmadan da subalkali birimlerin olustugunu gostermektedir. iz element bulgularina
gore Karako¢ Mafik/Ultramafik Pliitonikleri'nin gerilme ile iligkili levha i¢i magmatikleri temsil ettigi
diistiniilmektedir.

Anahtar Kelimeler Orta Anadolu, magmatizma, ana-iz elementler, K/Ar
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Mineralogy-Petrography and Geochemistry of The Karako¢ Mafic/Ultramafic Plutonics
In The Yildizeli (Sivas) Area
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The study area is located at around Karako¢ Village from southwestern Yildizeli, Sivas. Pre—
Mesozoic crustal metasediments of the Kirsehir Block, Late Cretaceous—Early Tertiary collision-related
Central Anatolian Granitoids and Late Palaecene—Quaternary aged cover sediments of the Sivas Basin
outcrop in the region. In this stratigraphic sequence, Karako¢ Mafic (gabbro, monzogabbro, diorite,
monzodiorite and monzonite) / Ultramafic (hornblendite and partly pyroxenite) Plutonics determined on the
basis of mineralogic-petrographic and geochemical properties consist of sills with a thickness of 1-5 m
cutting the metasediments and approximately east-west trending.

The ages are obtained by using the K/Ar radiometric method such as 69.7+1.8 Ma (hornblende) from
the Karako¢ Mafic/Ultramafic plutonics, 67.8+1.7 Ma (whole-rock) from the dikes of syenite aplites and
60.1+1.6 Ma (phylogopite) from the pyrometasomatik rocks that are associated with each others. These
data give an order of ultramafic rock-felsic dike intrusion and its hydrothermal alteration.

The Karako¢ Mafic/Ultramafic Plutonics are mainly composed of hornblende, arfvedsonite,
aegerine/aegerine-augite and enstatite from dark-colored components, and plagioclase, scapolite and
nepheline from light-colored constituents, and biotite, zircon, titanite, apatite, topaz, xenotitme and opaque
from accessory minerals. Felsic plutonic rocks contain chiefly orthoclase, plagioclase, microcline and
quartz, partly hornblende, arfvedsonite, acgerine/aegerine-augite, biotite and muscovite, trace amounts of
garnet, zircon, titanite, apatite, topaz, xenotitme and opaque minerals. Pyrometasomatik rocks are
represented by garnet, epidote, hornblende, plagioclase, microcline, orthoclase, quartz, augite, biotite,
chlorite, xenotitme, titanite and opaque minerals in order of abundances.

This magmatic suite has both alkaline and subalkaline (tholeiitic and calcalkaline) in character and is
developed by within-plate granitoid emplacement in the period of the post-collision. The bivariate plots of
major elements show that alkaline units first occurred and then subalkaline ones solidified from residual
magma. Karakog¢ Mafic/Ultramafic Plutonics are thought to represent within-plate magmatics related to
extension according to the findings of trace elements.

Key words Central Anatolia, magmatism, major and trace element, K/Ar
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Delicay ve Tarsus Cay1 Arasinda Yeralan Delta Cokellerinin Kokensel Farkhiliklar::
Jeokimyasal ve Mineralojik Kanitlar

Mehmet Ali KURT', Musa ALPASLAN', Abidin TEMEL? ve Ciineyt GULER'

" Mersin Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 33343 Ciftlikkoy, Mersin
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Calisma alan1 Mersin O33 paftasi igerisinde yer almakta olup; bu alan, batida Deligay, doguda
Tarsus Cay1, kuzeyde Mersin-Tarsus karayolu ve giineyde Akdeniz arasinda kalan yaklasik 200 km*’lik bir
alan1 kapsamaktadir. Bu ¢alismada, Delicay ile Tarsus Cay1 arasindaki bolgede yeralan delta ¢okellerinin
mineralojik ve jeokimyasal Ozelliklenin belirlenmesi ve kokensel farkliliklarinin ortaya konulmasi
amaglanmistir. Caligma alan1 ¢okellerinin mineralojisini belirmek icin 40 noktadan ve ii¢ farkli derinlikten
toplam 120 6rnek alinmistir. Ayrica, ¢alisma alani yiizey (0-15 cm) ¢okellerinin dokusal ve jeokimyasal
Ozelliklerini belirlemek amaciyla toplam 208 6rnek alinmigtir. Delta ¢okellerinin mineralojik bilesimleri
XRD yontemi ile, dokusal 6zellikleri hidrometre yontemi ile ve jeokimyasal 6zellikleri ise ICP-MS
yontemi ile belirlenmistir. Elde edilen veriler bir Cografik Bilgi Sistemleri (CBS) yazilimina aktarilarak
cesitli dagilim haritalar1 olusturulmustur. Ayrica Ni, Cr ve Co elementlerinin ikili degisim diyagramlari
olusturulmustur. Dagilim haritalar1 ve degisim diyagramlarinin yorumlanmasi sonucunda; ¢alisma
alanindaki delta ¢okellerinin mineralojik ve jeokimyasal olarak iki farkli kokenden kaynaklandigi
belirlenmistir. Bu koken farkliligina gore; delta ¢okelleri jeokimyasal ve mineralojik bilesim olarak dogu
ve bat1 bolimii ¢okelleri olarak ikiye ayrilmigtir. Bu ayrimi; delta ¢okellerinin olusumunda rol oynayan
Delicay ve Tarsus Cayr’min farkli kaynaklardan getirdikleri jeolojik malzeme saglamistir. Delicay ile
Tarsus Cay1 arasinda kalan bolgedeki delta cokelleri, kuzey-giiney yonde c¢okellerdeki tane boyu
bakimindan; dogu-bat1 yoniinde ise jeokimyasal ve mineralojik olarak farkliliklar gostermektedirler.

Anahtar Kelimeler Delicay, Tarsus cayi, delta ¢okelleri, mineraloji, jeokimya, I[CP-MS.
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Differences in the Origins of the Delta Deposits in the Area Between Delicay and Tarsus Rivers:
Geochemical and Mineralogical Evidence
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The study area is located within O33 topographic sheet and bordered by Delicay river on the west,
Tarsus river on the east, Mersin-Tarsus motorway on the north, and the Mediterranean sea on the south,
covering an area about 200 km”. Aims of this study were to determine mineralogical and geochemical
properties of the delta deposits found in the area between Delicay and Tarsus rivers and to find out
differences in their origins. To determine the sediment mineralogy of the study area, a total of 120 samples
were collected from 40 different sampling points and from three different sampling depths. Furthermore, a
total of 208 samples were collected to determine textural and geochemical properties of the surface (0-15
cm) sediments of the study area. Mineralogical composition of the samples was determined by XRD
method, their textural properties by hydrometer method and geochemical properties by ICP-MS method.
The data obtained by this study have been transferred to a Geographic Information Systems (GIS) software
to prepare various thematic maps. Additionally, bivariate plots of Ni, Cr and Co elements were also made
to find out if there are any trends. Interpretation of thematic GIS maps and bivariate plots revealed that
delta sediments in the study area are from two different origins both mineralogically and geochemically,
which affect the sediments of the area in the west and east parts differently. The differences in the
properties of the sediments in west and east parts can be attributed to differences in the geologic materials
brought by Delicay and Tarsus rivers. The delta sediments found in the area between Deligay and Tarsus
rivers are distinctly different in grain-size in the north-south direction and with respect to geochemical and
mineralogical properties in the east-west direction.

Key words Delicay river, Tarsus river, delta deposits, mineralogy, geochemistry, ICP-MS.
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Abisal ve yitim karakterli manto peridotitleri, Harmancik ofiyoliti, Bursa, KB Tiirkiye
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'Giimiishane Universitesi, Jeoloji Miihendisligi Boliimii, 29100 Giimiishane, Tiirkiye
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Harmancik ofiyolitine ait manto peridotitleri, mineral bilesimleri ve tiim kayag¢ jeokimyalar1 esas
alinarak, tiiketilmis lerzolit ve tiikketilmis harzburjit olmak {izere ikiye ayrilmaktadir. Bazi uyumsuz iz ve
agir nadir toprak elementler (ANTE), bu peridotitlerin tiim kaya¢ MgO icerikleri ile negatif korelasyon
sunmaktadir. Lerzolit bilesimindeki orneklerin Al,O5; ve CaO igerikleri (%1.58-2.17; ort: 1.93 ve %0.73—
2.31; ort: 1.90), harzburjit bilesimindeki érneklerinkine kiyasla (%0.75-1.44; ort: 1.03 ve %0.58—1.30; ort:
0.90) daha yiiksektir. Her iki kayag tiiriinden bazi 6rneklerin ¢ok kismen yiiksek Al igeriklerine karsilik
diisiik CaO degerleri sunmasi, serpantinlesme sirasindaki Ca tiiketilmesine isaret etmektedir. Tiiketilmis
lerzolitlere ait spinel ve piroksen kristallerinin Cr# degerleri (Cr#*™ = 18-25, Cr#%™ = 4-12, Cr#™ = 10—
20) diisiiktiir ve bu kayaglarm piroksenleri yiiksek Al (AL O™ = %1.64-4.91 ve ALO;*P" = %2.45-6.09)
ve Ti (Ti0,*"" < %0.10 ve TiO,*P" %0.05-0.17) igerigine sahiptir. Ayrica lerzolitlerin modal klinopiroksen
bolluklar1 ile uyumlu olarak, tiim kaya¢c CaO (%0.73-2.31) ve Al,O3 (%1.58-2.17) igeriklerinin yiiksek
oldugu goriilmektedir. Tiiketilmis lerzolitlerden elde edilen veriler, bu kayaglarin abisal peridotitler
benzerlik sundugunu gostermektedir. Tiiketilmis harzburjitler ise, yay ile iligkili peridotitlerle uyumlu
olarak, yiiksek Cr# (36.6-56.0) degerleri sunarlar. Tiiketilmis harzburjitlerdeki pirokselerin Al igerikleri
(ALO;PT = %1.47-3.21, ALO;*P"= %1.88-3.67) ve Ti igerikleri oldukea diisiiktiir (TiO,*"" < %0.10 ve
TiO,*P" < %0.17).

Tiim kayag jeokimyalar1 ve mineral bilesimleri dikkate alindiginda, tiiketilmis lerzolitlerin, okyanus
ortasi agilma rejimine bagli olarak gelisen, ilksel {ist mantonun diisiik derecelerdeki kismi ergimesi (%5—
10) sonucu geride kalan tiiketilmis manto peridotitleri olduklari, buna karsilik tiiketilmis harzburjitlerin ise,
daha yiiksek kismi ergime dereceleri (%15-25) ile, yitim zonu peridotitlerine benzerlik sunduklar
gorilmektedir. Tiiketilmis harzburjitlerdeki spinellerinin Cr# degerlerindeki artisa bagli olarak TiO,
igeriklerindeki artis ve tiim kayag hafif nadir toprak element igeriklerindeki zenginlesmeler, bu kayaglarin,
Neotetis okyanusun kapanmasi siirecinde okyanus olusumu esnasinda kismen tiiketilmis {ist mantoya
(tliketilmis lerzolit) yiten okyanusal kabugunun sebep oldugu kismi ergime sonucu olusan Izu Bonin
Mariana ada yay1 toleyitleri bilesimindeki ergiyikler ile etkilesime girdiklerini gostermektedir.

Anahtar Kelimeler Manto peridotitleri, jeokimya, mineral kimyasi, kismi ergime, ergiyik-kayag¢ etkilesimi,
Harmancik
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Mantle peridotites of supra-subduction and abyssal affinities from the Harmancik ophiolite,
Bursa NW- Turkey

Ahmet Diindar SEN', ibrahim UYSAL? Orhan KARSLI'

'Department of Geological Engineering, University of Giimiishane, 29100-Giimiishane, Turkey
*Department of Geological Engineering, Karadeniz Technical University, 61080-Trabzon, Turkey

In the mantle section of the Harmancik ophiolite two groups of peridotites have been recognized,
on the basis of mineral composition and whole-rock geochemistry, i.e. depleted lherzolites, depleted
harzburgites. Some incompatible trace and heavy rare earth elements (HREE) in whole rock have negative
correlation with MgO. Al,O; and CaO concentrations in lherzolite samples (1.58-2.17 wt%; avg: 1.93 and
0.73-2.31 wt%; avg: 1.90, respectively) are higher than those in harzburgites (0.75-1.44 wt%; avg: 1.03
and 0.58-1.30 wt%; avg: 0.90, respectively), consistent with the degree of depletion, although some
samples from the two rock types have very low CaO contents for the given Al,O; contents, reflecting Ca
depletion during the serpentinization. Depleted lherzolites are represented by low Cr# in spinel (18-25.3)
and in pyroxenes (4.0-11.7) and also relatively higher content of Al (ALO;°™ = 1.64-4.91 wt% and
ALO;™ = 2.45-6.09 wt%) and Ti (TiO,°™ < 0.10 wt% and TiO,“™ 0.05-0.17) only in pyroxenes.
Therefore, bulk composition have higher content of CaO (0.73-2.31 wt%) and Al,O3 (1.58-2.17 wt%),
consistent with the modal abundace of clinopyroxene, and are plotted within the undepleted abyssal
peridotite field. However, depleted harzburgites are represented by higher Cr# of spinel (36.6-56.0) which
is similar to the SSZ-type peridotites from elsewhere. Pyroxenes in these rocks are poor in Al (Al,O;°P* =
1.47-3.21 wt% and Al,O;"* = 1.88-3.67 wt%) and Ti (TiO,°"<0.10 wt% and TiO,"*<0.17wt%).

Whole-rock geochemistry and mineral compositions, as well as spinel composition imply that
depleted lherzolites are the residue of low degrees partial melting (5-11%) of primitive upper mantle
formed beneath ocean spreading center. However, depleted harzburgites are assumed to be the residue of
higher degrees partial melting (15-25%), related with the SSZ environment. Spinel Cr# vs TiO;
relationships and enrichmetns in whole rock LREE concentrations show that some of the refracter
perodotites of the Harmancik ophiolites reacted with IBM-IAT like melts percolated during the subduction
of oceanic crust into the depleted upper mantl.

Key words Mantle peridotites, geochemistry, mineral chemistry, partial melting, melt-rock interaction,
Harmancik
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Giineydogu Anadolu Orojenik Kusaginda Yeralan Ispendere (Malatya) Ofiyoliti’nin Tektonik
Ortami ve Onemi
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Ausret Nurlu g g g y
Sevean Kiiriim®

' Adiyaman pniversitesi, Mesleki ve Teknik Egitim Fakiiltesi, 02040 Adiyaman, Turkey
2Cukurova Universitesi, Jeoloji Miithendisligi Boliimii, 01330 Balcali, Adana, Turkey

3Siiteii imam Universitesi, Jeoloji Mithendisligi Boliimii, 46100 Kahramanmaras, Turkey “Mersin
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Dogu Toroslar’da Neotetis okyanusal kabugunun kalintilarindan birini temsil eden Geg Kretase yaslh
Ispendere ofiyoliti Giineydogu Anadolu’da Malatya’nin dogusunda yer almaktadir. Ispendere ofiyoliti
dogusunda yeralan Kémiirhan ve Guleman ofiyolitleri ile kokensel iliskiye sahiptir. Ispendere ofiyoliti
giineye dogru Orta Eosen yasli volkano-sedimanter Maden grubu iizerine bindirmekte ve bdlgesinde Orta
Eosen-Oligosen yasl Kirkgecit formasyonu tarafindan uyumsuz olarak iizerlenmektedir.

Bolgede yiizeyleyen Ispendere ofiyoliti tam bir okyanusal litosfer kesiti sunmakta olup tabandan
tavana dogru; tektonitler, ultramafik-mafik kiimiilatlar, izotrop gabrolar, izole diyabaz dayklar1 levha dayk
kompleksi, plajiyogranitler ve volkaniklerden olugmaktadir. Manto kayaglar1 harzburjitik o6zelliktedir.
Ultramafik-mafik kiimiilat kayaglar1 verlit, dunit, troktolit, olivinli gabro ve gabrolarla temsil edilmektedir.
Kiimiilatlardaki kristallesme sirasi olivin (Fogs.g;) Zkrom spinel, klinopiroksen (Enso4s, Fsos, Wo049.43), Ve
plajiyoklas (Angy.7) seklindedir. Kiimiiliis ve postkiimiilis mineraller kayda deger bir zonlanma
gostermemektedirler. Kiimiilat kayaclar icerisinde yiiksek An igerikli plajiyoklaslarin varligi okyanusal
kabuk gelisimi sirasindaki sulu ortami isaret etmektedir.

Volkanik kayaclar ve Levha dayklarinin Zr/Ti ve Nb/Y oranlarina dayali olarak yapilan jeokimyasal
siniflandirmalar; volkanik kayaclarin basalt, bazaltik andezit ve andezitler ile levha dayklarinin ise diyabaz
ve mikrodiyoritler ile temsil edildigini gdstermektedir. Tiim bu kayaclar toleyitik karakter sunmaktadir
(Nb/Y oranlar levha dayklart i¢in 0.05-0.16 arasinda volkanik kayagclar i¢in ise 0.05-0.23 arasindadir).
Levha dayklar1 ve volkanik kayaglar genellikle yataya yakin veya hafif nadir toprak elementlerince
tiketilme (Levha dayklar igin (La/Lu)y= 0.67-0.96 ve volkanik kayaglar icin (La/Lu)y=0.71-1.12)
gostermektedirler. Bu kayaglar N-MORB’a gore normalize edilmis 6riimcek diyagramlarinda ise Rb ve Th
gibi baz1 yiiksek iyon c¢apli elementlerce (LILE) zenginlesme ve Nb bakimindan tiiketilme
gostermektedirler.

Kiimiilat kayaclarda kalsiyumca zengin plajiyoklaslarin (Angy 76) varligi, yliksek Mg icerigine sahip
olivin (Mg#gs.s1) ve klinopiroksenler (Mg#o.s3), klinopiroksenin plajiyoklastan once kristallenmesinin
yaninda volkanik kayaglar ve levha dayklarinin jeokimyasal 6zellikleri; Ispendere ofiyolitinin Giiney
Neotetis’te Geg Kretase’de okyanus i¢i dalma-batma zonu (SSZ) iizerinde olustugunu ve ada yayi toleyitik
(IAT) magmasindan tiiredigini isaret etmektedir.

Anahtar kelimeler Neotetis, Giineydogu Anadolu, Ofiyolit, Ispendere, Malatya.
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Late Cretaceous Ispendere ophiolite, one of the Neotethyan oceanic crustal remnants from the
Eastern Tauride Mountains, is located to the east of Malatya in the southeast Anatolia. The Ispendere
ophiolite has a genetic link with the K&miirhan and Guleman ophiolites to the east. The Ispendere ophiolite
is a thrust over the Middle Eocene volcano-sedimentary Maden Group to the south and unconformably
overlain by Middle Eocene-Oligocene aged Kirkgecit formation.

The Ispendere ophiolite in the region presents an intact oceanic lithospheric section and from bottom
to top comprises tectonites, ultramafic to mafic cumulates, isotropic gabbros, isolated diabase dykes,
sheeted dyke complex, plagiogranitic rocks and volcanics. The mantle tectonites are harzburgitic in
composition. The ultramafic-mafic cumulate rocks are represented by wehrlite, dunite, troctolite, olivine
gabbro, and gabbro. The crystallization order within the cumulates is olivine (Fogs.g;) chromian spinel,
clinopyroxene (Ensg4s, Fso.s, Wo49.43), and plagioclase (Angy.76). The cumulus and postcumulus minerals do
not show significant zoning. The presence of An-rich plagioclases in the cumulate rocks indicates hydrous
conditions at the time of oceanic crust generation.

The geochemistry of the volcanic and sheeted dyke rocks of the Ispendere ophiolite shows that the
volcanic unit comprises basalt, basaltic-andesite and andesite whereas the sheeted dykes are represented by
diabase and microdiorite based on Zr/Ti vs Nb/Y ratios. All these rocks are tholeiitic in character (Nb/Y=
0.05-0.16 for the sheeted dykes and 0.05-0.23 for the volcanics). The sheeted dykes and volcanics generally
show flat to light rare earth element (LREE) depleted patterns [(La/Lu)y=0.67-0.96 for the sheeded dyke
rocks and (La/Lu)y=0.71-1.12 for the volcanics)]. The N-MORB normalized spider diagrams for these
rocks show some selected large ion litophile element (LILE) enrichments (Rb, Th) and Nb depletion.

The presence of Ca-plagioclases (Angy.7), highly magnesian olivines (Mg#ss.g1), clinopyroxenes
(Mgts3), the crystallization of clinopyroxene before plagioclase in the cumulate rocks as well as the
geochemistry of volcanics and sheeted dykes suggest that the Ispendere ophiolite formed in a intraoceanic-
subduction zone (SSZ) and was derived from an island arc tholeiitic (IAT) magma source in southern
Neotetis during Late Cretaceous

Key words Neotethys, Southeast Anatolia, Ophiolite, Ispendere, Malatya
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Malatya bolgesindeki (Dogu Anadolu-Tiirkiye) yay ve carpisma sonrasi acilma ile iliskili
granitoyidlerin olusum zamani ve magmalarinin kaynagi

Biinyamin Akgiil
Firat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, 23000, Elaz1g

Bu calismada, Malatya bdlgesinde (Dogu Anadolu-Tiirkiye) yiizeylenen, yaslari ve tektonik
ortamlar1 birbirinden farkli iki granitoyid pliitonu ayrintili olarak incelenmistir. Bunlardan Sisman
granitoyidi Malatya’nin dogusunda Sisman koyili civarinda yiizeylenir ve diisiik-K toleyitik serinin
gabrodan tonalite degisen bilesimdeki kayaglarini icerir. Diger pliiton Malatya’nin batisinda yiizeyleyen
Polat granitoyidi olup, orta-K’lu kalkalkalen karakterli diyorit, kuvarsdiyorit ve tonalit bilesimli
kayaclardan olusur. Hornblend ve biyotitlerde yaptirilan K-Ar yas tayinlerine gore Sigman pliitonu igin
84.3+2.5 ila 83.0+4.7 My ve Polat pliitonu i¢in 59.7+1.0 ila 43.7£1.8 My soguma yaslari elde edilmistir.

Sisman pliitonik kayaglari gabrolardan tonalitlere dogru HFS eclementlere gore LIL elementler
bakimindan zenginlesmistir. Pliitonun farkli kayag tiirleri arasinda goriilen iz element (6zellikle LIL
elementler) miktarlarindaki farkliliklara ragmen, biitiin kayaclar yitimle iliskili magmalarin karakteristik
Ozelligi olan negatif Nb, Ta ve Ti anomalisi sunarlar. Polat granitoyidi de yitimle iliskili tektonik
ortamlarda olusmus magmalarin karakteristigi olan LIL element zenginlesmesi, HFS element tiiketilmesi
ve negatif Nb, Ta ve Ti anomalilerine sahip olmakla beraber, bu elementlerin bagil zenginlesme ve
tiikketilme miktar1 ada yayr magmalarina gore daha diisiik, HFSE icerikleri daha yiiksektir. Diisiik Nb/Ta
(8.14-12.00; ortalama 9.33) oranlari, Sigsman granitoyidinin diisiik-Mg amfiboliin olasilikla ergime kalintis1
olarak kaldig yitilen bir granatli amfibolit kaynagin kismi ergimesi sonucu olustuguna isaret eder. Aksine,
Polat granitoyidine ait kayaclar ilksel manto degerine (16.7) yakin Nb/Ta (11.67-22.67; ortalama 16.29)
oranlarina sahiptir. Bu durum, Polat granitoyid magmasmin ya OIB benzeri astenosferik bir kaynaktan
veya daha onceki yitim magmasinin iretilmesinden sonra arta kalan diigilk-Mg amfibol iceren granath
amfibolitin boliimsel ergimesinden tliremis olabilecegini isaret etmektedir.

Ana ve iz element igeriklerindeki farkliliklara ragmen, Sisman ve Polat granitoyidleri benzer ilksel
¥7St/**Sr izotop oranlarma sahiptir. Bu oran, Sisman granitoyidinde 0.70454 ila 0.70502 arasinda, Polat
granitoyidinde ise 0.70429 ila 0.70475 arasinda degigsmektedir. Sisman granitoyidi Polat granitoyidine gore
daha diisiik Pb izotop oranlarma sahiptir. Pb izotop bilesimleri Sisman granitoyidi i¢in ***Pb/***Pb (18.74-
18.91), *”’Pb/™Pb (15.60-15.65) ve **Pb/***Pb (38.56-38.84), Polat granitoyidi i¢in “**Pb/***Pb (19.36-
19.78), 2"Pb/**Pb (15.66-15.68) ve ***Pb/***Pb (39.59-39.78) degerleri arasinda degismektedir.

Sr-Pb izotop bilesimleri ve jeokimyasal Ozelliklerine dayanarak, Sigsman granitoyidinin dalan
okyanusal kabuk ve daha az miktarda da okyanus sedimanlarindan tiireyen akiskanlarla metazomatize
olmus litosferik mantonun kismi ergimesinden, Polat granitoyidinin ise, carpisma sonrasi litosferik
genlesme ve astenosferik yiikselmeye bagli olarak, daha once dalan levhadan tlireyen eriyik ve/veya
akigkanlar ve sediman eriyiklerinin ilavesiyle zenginlesmis olan litosferik mantonun kismi ergimesinden
kaynaklandigi sdylenebilir.

Anahtar Kkelimeler Yay granitoyidi, carpigsma sonrasi granitoyid, Pb-Sr izotoplari, Sisman-Polat- Malatya
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Timing and magma sources of the arc and post-collisional extension related granitoids in Malatya
region (Eastern Anatolia-Turkey)

Biinyamin Akgiil
Firat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, 23000, Elaz1g

In this study, two granitoid plutons from the Malatya region (Eastern Anatolia-Turkey) which
differ from each other in terms of age and tectonic setting have been investigated in detail. One of these,
namely Sisman granitoid, crops out at the vicinity of Sisman village to the east of Malatya, covers a
compositional range from gabbro to tonalite of low-K tholeiitic series. The other one is the Polat granitoid,
exposed to the west of Malatya, consists mainly of diorites, quartz-diorites and tonalites in medium-K
calc-alkaline character. Hornblende and biotite K-Ar dates yield cooling ages ranging from 84.3+£2.5 to
83.0+4.7 Ma, and from 59.7+1.0 to 43.7+1.8 Ma for the Sisman and Polat plutons, respectively.

The Sisman plutonic rocks show enrichment in large ion lithophile elements (LILE) relative to high
field strength elements (HFSE) from the gabbros to tonalites. In spite of the large variations in trace
element (especially in LILEs) abundances within the different rock types of the pluton, all rocks exhibit
remarkably negative Nb, Ta and Ti anomalies, which are typical of subduction related magmas. The Polat
granitoid is also characterized by enrichment in LILEs and depletion in HFSEs, with negative Ta, Nb and
Ti anomalies, indicating affinities with magmas generated in subduction-related tectonic settings, but the
extent for relative enrichment and depletion is lower and the HFSE contents are larger than those of island
arc magmas. The low Nb/Ta (8.14-12.00; average 9.33) ratios of the Sigsman granitoid rocks indicate that
their magmas originated from the melting of subducted garnet amphibolite, probably reflect the presence of
low-Mg amphibole bearing residue. In contrast, the Polat granitoid rocks have high Nb/Ta (11.67-22.67;
average 16.29) ratios which are close to the primitive mantle value of 16.7, indicating that their magmas
were derived either from an OIB-like asthenospheric source or partial melting of the subducted low-Mg
amphibole bearing garnet-amphibolite residues from which a previous subduction related magma has been
extracted.

In spite of different major and trace element contents, the Sigsman and Polat granitoids have similar
initial *Sr/**Sr isotopic ratios ranging from 0.70454 to 0.70502 and from 0.70429 to 0.70475, respectively.
The Sisman granitoid has relatively lower *°Pb/**'Pb (18.74-18.91), *Pb/**Pb (15.60-15.65) and
2%pp/2%Ph (38.56-38.84) isotopic compositions than those from the Polat granitoid (***Pb/**Pb= 19.36-
19.78, 2’Pb/**Pb= 15.66-15.68 and ***Pb/***Pb= 39.59-39.78).

Based on Sr-Pb isotope compositions and geochemical characteristics, it can be proposed that the
Sigman granitoid derived from partial melting of the metasomatized lithospheric mantle by fluids ascending
from the subducted oceanic crust and small fraction of oceanic sediment, whereas the Polat granitoid
originated from partial melting of a previously enriched lithospheric mantle by slab-derived melts and/or
fluids and sediment melt addition, in response to post-collisional lithospheric extension and asthenospheric
upwelling.

Key words Arc granitoid, post-collisional granitoid, Pb-Sr isotopes, Sisman-Polat-Malatya-Turkey
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Pertek intriizifleri gabro, diyorit, kuvarsdiyorit, tonalit, kuvarsmonzodiyorit, siyenit, adamellit ve
kuvarsdiyoriti kesen granitik damar kayaclarindan olugmaktadir. Alkalen karekterli siyenit digindaki tiim
kayaglar subalkalen ve metaliiminli olup, I-tipi 6zelliktedir.

Ana oksitlerin SiO, ile diizenli degisimleri fraksiyonel kristallesmenin magmanin petrojenetik
evriminde O6nemli rol oynadigina isaret etmektedir. Biitiin 6rneklerin LILE zenginlesmesi ve belirgin
negatif Nb ve Ti anomalilerine sahip olmalar1 adayayr magmatizmas: iiriinii olduklar1 yoniinde verilerdir.
Diize yakin kondrite normallestirilmis REE gidigli ve pozitif Eu anomalisine sahip bazi mafik bilesimle
gabro ve dioritler harig, biitiin drnekler diisiik HREE ve hafifce pozitif ile negative arasinda degisen Eu
anomalilerine sahip olup, fraksiyonlasmis REE desenleriyle karakterize edilirler. Nb, Y, Rb, Hf, Th
degerleri ve La/Nb oranlari, bu kayaglar olugturan magmanin kaynaginda hem litosferik hem de dalma ile
zenginlesmis astenosferik mantonun kismi ergimesinin etkili oldugunu isaret etmektedir.

Granitik bilesimli damar kayac1 harig, '*Nd/'**Nd oranlar1 (0.5124 ile 0.5128 arasinda) ve *'Sr/**Sr
oranlart (0.70407 ile 0.70791 arasinda) da bu hibrid magmanin varligmi yansitmaktadir. Daha ¢ok
adamellit, kuvarsmonzodiyorit ve kuvarsdiyoritler ile granitik bilesimli damar kayacinin Sr izotop oranlari,
bu kayaglari olugturan magmanin kabuga yerlesim siirecinde, fraksiyonel kristallesmenin yani sira,
kabuksal materyalleri de 6ziimledigini gostermektedir.

¥7Sr/*Sr - ¥Rb/**Sr diyagraminda ii¢ adet tiim kayag ornegi (granit, adamellit ve diyorit) izokron
olusturmus, bu izokrondan 0.70716+0.00021 ilksel **°Sr degeri ve 68.6+5.6 milyon yil yas elde edilmistir.

Anahtar Kkelimeler I-tipi granitoyid, Jeokimya, Nd-Sr isotoplari, Pertek-Tunceli.
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The Pertek intrusive province covers a wide variety of rock types, including gabbro, diorite, quartz-
diorite, tonalite, quartz-monzodiorite, syenite, adamellite, and felsic dikes intruding into the quartz-diorite.
Except for syenites having alkaline character, all the other plutonic rock units are of sub-alkaline,
metaluminous and I-type character.

The covariations of major oxides with SiO, clearly indicate that fractional crystallization played an
important role in their petrogenetic evolution. All samples are enriched in LILE and display prominent
negative Nb and Ti anomalies which are typical characteristics of island arc magmas. Except for some of
mafic (gabbro and diorite) samples showing nearly flat chondrite-normalized REE patterns with positive
Eu anomalies, all of the samples are characterized by fractionated REE patterns with low HREE and
slightly positive to negative Eu anomalies. The low HREE contents (Ybcn<10) indicate that garnet is
present in the residual phase, however the lack of significant Eu anomalies precludes the presence of
plagioclase in their mantle source residuum. Nb, Y, Rb, Hf and Th contents and La/Nb ratios indicate that
the magma source of these rocks was formed by the mixing of the partially melted litospheric mantle and
metasomatized asthenospheric mantle by subduction related components.

Except for the felsic dykes, '“Nd/"**Nd (between 0.5124 and 0.5128) and *’Sr/*Sr (between
0.70407 and 0.70791) ratios are also confirm the presence of an hybrid magma. Sr isotopic compositions of
particularly adamellite, quartz-monzodiorite and quartz-diorite, and felsic dykes indicate that the
combination of assimilation and fractional crystallization (AFC) processes took place during their
emplacement within the crust.

In the *’St/**Sr - *Rb/**Sr diagram, three whole rock samples (granite, adamellite and diorite)
exhibit an isochrone which reveals initial *”**Sr value of 0.7071620.00021 and 68.6+5.6 Ma.

Keywords I-type granitoid, Geochemistry, Nd-Sr isotopes, Pertek-Tunceli.
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Kuzeybati Anadolu’da yiizeylenen farkh kusak granitoyidlerin jeokimyasal denestirmeleri

Daghan CELEBI, Nezihi KOPRUBASI, Aykut GUCTEKIN

Kocaeli Universitesi Miih. Fak., Jeoloji Miihendisligi B6l., Umuttepe Kampiisii 41380 KOCAELI

Kuzeybati Anadolu’da kuzey kusakta bulunan granitoyitik kiitleler D-B uzanimli Armutlu, Kapidag
ve Biga yarimadalarinda yiizeylenmektedir. Bu kiitlelerin hemen giineyinde Izmir-Ankara kenet zonunun
hem batisinda hemde dogusunda yine D-B uzanimli ayr1 bir granitoyitik kusak (Ilica, Cataldag ve Orhaneli
granitoyidleri) mevcuttur. Kiitlelerin tamanmi Paleozoyik-Mesozoik yasli metamorfik bir temel iizerinde Ust
Kretase Tersiyer yaslt ofiyolitik bindirmeleri ve volkanitleri intriizif olarak kesmektedir. Genellikle kalk-
alkali, metaliiminus-diisiik peraliiminus ve I tipi karakterli bu granitoyidler hornblendli granit ve granitten
granodiyorite kadar degisen bir bilesim aralig1 sunmaktadir.

Kuzeybati Anadolu granitoyidlerinin su ana kadar yapilmig calismalardan elde edilen kimyasal
bilesimleri, pliitonik kiitlelerin ¢arpigma sonrasi, aliminyumca zengin kabuk bilesenlerinin asimilasyonu ile
birlikte fraksiyonel kristallenmeyle ilksel mantodan tiiredigini gostermektedir. Pliitonlarin manto kokenli
mafik magmanin fraksiyonel kristallenme ve bununla es zamanli, sig veya orta¢ derinliklerdeki manto
odalarinda kabuk ergiyikleriyle kontamine olmus bir jeneze isaret ettigi sOylenebilir. Manto ve kabuk
kokenli ergiyiklerin s1§ manto odalarinda hibritlesmesiyle, yliksek silisli granitler ve monzogranitlerden
olusan tiriinler meydana gelmistir.

Anahtar kelimeler Kuzeybati Anadolu granitoyidleri, jeokimya, petrojenez
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Geochemical investigation of granitoids from different belts of NW Anatolia

Daghan CELEBI, Nezihi KOPRUBASI, Aykut GUCTEKIN

Kocaeli Universitesi Miih. Fak., Jeoloji Miihendisligi B6l., Umuttepe Kampiisii 41380 KOCAELI

The plutonic bodies in northwest Anatolia are exposed in the Armutlu, Kapidag, and Biga peninsulas
where they form an E-W trending magmatic belt. Further south in the region a number of granitic
intrusions form a separate magmatic belt. These plutonic bodies are exposed in both eastern and western
parts of the Izmir-Ankara suture zone. These plutonic bodies crop out in and around the towns of Ilica,
Cataldag and Orhaneli.

The plutonic bodies intrude Paleozoic—Mesozoic metamorphic basement rocks overthrust by Upper
Cretaceous—Tertiary ophiolite fragments. The plutons are generally calc-alkaline, metaluminus, and I-type,
and range in composition from hornblende-monzogranite and granite to granodiorite. Recent studies
suggest that chemical compositions of these granites are consistent with an origin containing differentiation
of compositionally similar parental magmas by fractional crystallization, combined with assimilation of
alumina-rich crustal components.

On the basis of chemical data, it has been suggested that the post-collisional granitoids were formed
by fractional crystallization of mantle-derived mafic magma with simultaneous contamination with crustal
melts (AFC) in lower to middle crustal magma chambers. Further hybridization of mantle and crust-derived
melts in shallower magma chambers led to the formation of higher-silica granites in northwest Anatolia.

Key words Granitoids, NW Anatolia, geochemistry, petrogenesis
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Dogu Pontidler’de Kampaniyen yash A-tipi granitoyidlerin kokeni, KD Tiirkiye: yitim zonunda
hibrit A-tipi granitoid olusumu icin kayitlar

Orhan Karslt', Semsettin Caranz, Raif Kandemirl, Hakan Cobanz, Abdurrahman Dokuz'

lGiimiishane Univers_itesi, Jeoloji Miihendisligi Boliimii, 29000 Giimiishane, Tiirkiye
*Siileyman Demirel Universitesi, Jeoloji Miihendisligi Boliimii, 32000 Isparta, Tiirkiye

Dogu Pontid orojenik kusagi, Ge¢ Mesozoik ila Erken Senozoik zamanlar1 arasinda genis yayiliml
intruzifler ile karakteristiktir. Bolgedeki intruzif kiitlelerin ¢ogu, I-tipi karakterli granitoyidlerdir. Ancak,
yorede bu kayaglar ile es yasli A-tipi granitlerin var olup olmadig1 halen aragtirilmamistir. Bu ¢alismada,
Dogu Pontidlerde, Artvin yoresinde ilk kez bir A-tipi granitoid olusumu tanimlanmigtir. Calisma ile
kayaclarin kaynak kaya ve jeodinamik gelisimlerinin arastirilmast amaglanmistir. A-tipi Pirnalli
plitonu’nda SHRIMP zirkon U-Pb yontemiyle, yaklasik 81.2 £ 1 My yaslar elde edilmistir. Pliiton, granit,
siyenit ve kuvars monzonit (SiO, =63.72-71.28 ag. %) ile monzonit (Si0, =59.09 ag. %) bilesimli kayak
kapanimlarindan olugmaktadir. Yiiksek Ga/Al ve diisiik Mg#(<42) degerlerine sahiptir. Pliitondan derlenen
ornekler cogunlukla metalumin 6zellikli olup, sosonitik ve asirt potasik bilesim sunarlar. Kondrit’e gore
normalize edilmis NTE diyagramlarinda, HNTE’lerce zenginlesme ile birlikte dnemli bir Eu anomalisine
(Ew/Eu*=0.33-0.92) gozlenir. Genellikle yats1t NTE modelleri sunarlar. Kayaglarin N-MORB’a gore
normalize edilmis Oriimcek diyagramlari, negative Ba, Nb, Sr ve Ti anomalileri gostermektedir. A-tipi
Pirnall1 plutonu’ndan alinan kayag¢ kapanimi ve ana kayaglarin Sr-Nd izotopik bilesimleri olduk¢a benzedir
(Isr = 0.70693 to 0.70736, eng(81 Ma) = -2.6 to -2.0, Tpv= 0.94 to 1.12 Ga). Bilesimler, protolitin daha ¢ok
mafik bir alt kabuk mineralojisine benzedigini, bununla birlikte az miktarda manto ergiyiginin de olusumda
miimkiin olacagina isaret etmektedir. Bu tarz bir olusum igin, kitaalt1 litosferik mantonun genisleme
tektoniginin etkisiyle, mafik magmanin olusmus olabilecegini 6nermekteyiz. Daha sonra, alt kabugun altina
sokulan mafik magma, kabugun alt kisminin ergimesine sebep olur ve asir1 potassik ve sosonitik kayaglarin
gelisimine imkan saglar. Bu zamanda, biiylik olasilikla, yay gerisi gerilmeleri ile iligkili okyanusal
litosferin geri ¢ekilmesi (slab rollback), astenosfer yiikselimine ve kitaalt1 litosferik mantonun ergimesine
neden olmus olabilir. Bdylece, iist mantoda olusan mafik magma ve astenosferin olusturdugu termal etki,
alt kabugun kismi ergimesiyle A-tipi magmalarin olusumuna sebep oldugu sanilmaktadir. Sr-Nd isotopik
modellemesi, ~ % 82-90 mafik bir alt kabuk ve ~ % 10-18de kata alt1 litosferik manto ergiyiklerinin kabuk
derinliginde karistiklarini onermektedir. Daha sonra, bu hibrit ergiyik, fraksiyonlasarak kabugun sig
derinliklerinde, monzonitten granite kadar degisen kayaclari olusturmugtur. Bolgesel caligmalar ile
birlestirilen U-Pb zirkon yas1 ve tim jeokimyasal veriler, Dogu Pontidler’de, hibrit A-tipi Pirnall
plittonu’nun, Orta Kampaniyen zamaninda (81 My), carpisma sonrasi gerilme sathasindan ziyade, aktif kita
kenarina ait bir yay gerisi ortamini karakterize eden gerilmeli sathada olustugunu 6nermektedir.

Anahtar kelimeler Hibrit A-tipi granitoyid, alt kabuk ergimesi, radyojenik izotoplar, yitim ortami, yay
gerisi gerilme ortami, Dogu Tiirkiye
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Origin of Campanian A-type granitoids from the Eastern Pontides, NE Turkey: records for
formation of hybrid A-type granitoids in a subduction setting

Orhan Karslt', Semsettin Caranz, Raif Kandemirl, Hakan Cobanz, Abdurrahman Dokuz'

lGiimiishane Univers_itesi, Jeoloji Miihendisligi Boliimii, 29000 Giimiishane, Tiirkiye
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Pontide orogenic belt is characterized by the presence of large volumes of intrusive rocks that
formed in late Mesozoic to early Cenozoic times. Most of the intrusive bodies in the region are I-type
granitoids but it is still unclear whether there are contemporary A-type granitoids. Here, we present first
unambiguous discovery of A-type granitoid from the Artvin area in the Eastern Pontide region, aiming to
determine its source region and geodynamic evolution. The A-type Pirnalli pluton has SHRIMP zircon U-
Pb ages of 8§1.2+1 Ma. The pluton is composed of granite, syenite and quartzmonzonite (Si0,=63.72-71.28
wt %), with only monzonite mafic microgranular enclaves in composition (Si0,=59.09 wt %). It has
elevated Ga/Al ratios and low Mg# (<42). The samples are dominantly metaluminous (A/CNK=0.88-1.00)
and belong to shoshonitic and ultra-potassic series. On the chondrite-normalized REE diagrams, the pluton
is enriched in LREE, with a significant negative Eu anomaly (Eu/Eu*=0.33-0.92) and shows relatively flat
patterns. Their N-MORB normalized spidergrams display negative Ba, Nb, Sr and Ti anomalies. The host
rocks and their enclaves from the the A-type Pirnalli pluton have nearly identical whole-rock Sr-Nd
isotopic compositions (Is; = 0.70693 to 0.70736, eng(81 Ma) = -2.6 to -2.0, with Tpy= 0.94 to 1.12 Ga),
suggesting that the magma has a dominantly lower crustal source, though a minor mantle contribution is
possible. We suggest that the extensional events resulted in melting of the enriched subcontinental
lithospheric mantle and consequently mafic magma formed. The underplating of the lower crust by mafic
magmas played a significant role in the generation of ultra-potassic and shoshonitic magmas. Possibly
continental back-arc extension related to slab rollback caused upwelling of ashenospheric mantle triggering
melting of mantle wedge. Hence, thermal anomaly induced by underplated basic magma into a hot crust
would cause partial melting in lower part of the crust to produce A-type magmas. Sr-Nd isotope modeling
shows that ~82-90 % of the lower crustal-derived melt and ~10-18 % of subcontinental lithospheric mantle
melt were mixed at depth. Then, the melts, which subsequently underwent a limited fractional
crystallization process, could ascend to shallower crustal levels to generate a variety of rock types ranging
from monzonite to granite. Geochemical data and U-Pb zircon age, combined with regional studies indicate
that the hibrit A-type Pirnalli granitoid formed at an extensional phase of a back-arc environment in active
continental margin rather than an extensional regime of post-collisional setting during the middle
Champanian time (~81 Ma) in the Eastern Pontides.

Key words Hybrid A-type granitoid, lower crustal melting, radiogenic isotopes, subduction setting, back-
arc extensional environment, Eastern Turkey
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Topkaya Granitoidindeki Mafik Dayklarin Kokeni, Eskisehir - Sakarya Levhasi, Tiirkiye

Bahattin GULLU ve Yusuf Kagan KADIOGLU

Ankara Universitesi Jeoloji Miithendisligi Boliimii
Ankara Universitesi Yer Bilimleri Aragtirma ve Uygulama Merkezi (YEBIM), 06100 Tandogan, Ankara

Topkaya Granitoidi Eskisehir ilinin dogusunda, Kuzeybati Anadolunun dogu kesiminde Sakarya
kitast igerisinde yer almaktadir. Granitoid kiitlesi yar1 elips sekilli olarak yaklasik 35 km*lik bir alani
kaplamaktadir ve K10D’dan K30B araliginda degisen yonlere sahip felsik ve mafik dayklar tarafindan
kesilmektedir. Topkaya Granitoidi holokristalin granular ve porfiritik dokuya sahip olup, igerisinde gabro,
diyoritik-gabro, diyorit ve kuvars diyorit kompozisyonlaria sahip, boyutlari 1 ile 60 cm arasinda degisen
mafik mikrogranular anklavlar icermektedir. Birka¢ yliz metre uzunlugunda ve 1 cm’den 2 metreye kadar
degisen kalinliklarda goézlenen ve tim plutonu kesen mafik dayklar Topkaya Granitoidini ana
karakteristigini olusturmaktadir. Bu mafik dayklar mikrogabroporfir, mikro-diyoritporfir, diyoritporfir ve
granodiyoritporfir bilesime sahip olup porfirik doku 6zelligi gostermektedirler. Mafik dayklar, mikroskop
altinda labrador, andezin, amfibol ve iskelet dokulu piroksenden olusan mineral bilesimine sahiptirler.
Mafik dayklar, bol miktarda kuvars ve K-feldispat iceren ana kayayla keskin dokanakli olarak
gozlenmektedir.

Yapilan tiim kaya jeokimyasal analizler, mafik dayklarin kalkalkaliden toleyitik karaktere dogru
gecisli oldugunu gostermektedir. Mafik dayklar, metaaliimin ve Mg’ca zengin magmatik ozelliklerde
olmasi, Topkaya granitoyidinden ayrimlastigin1 yansitmaktadir. ORG’a gore normalize edilen iz element
dagilimlarim gdsteren spider diyagramlarinda; biiylik iyon yarigapli litofil elementlerde (LIL) bir
zenginlesme gozlenirken, kalicilig1 yiiksek elementlerde (HFS) ise fakirlesme goze carpmaktadir. Ayrica,
Kondrit’e gore normalize edilen Nadir toprak element dagilim desenlerine bakildiginda, hafif nadir toprak
elementleri, agir nadir toprak elementlerine gore dnemli bir zenginlesme gosterir.

Tiim bu jeolojik, petrolojik ve jeokimyasal veriler Mafik dayklarin ana granitoyid magmasindan
farklilagan, manto karakterli {iriinler oldugunu ve Erken Senozoyik magmatizmasinin ge¢ evre iriinleri
olarak yerlestigini ortaya koymaktadir.

Anahtar kelimeler Topkaya Granitoyidi, mafik dayk, jeokimya, petroloji
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Nature of Mafic Dykes within the Topkaya Granitoid, Eskisehir Sakarya Continent, Turkey

Bahattin GULLU ve Yusuf Kagan KADIOGLU
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Earth Sciences Application and Research Center of Ankara University, 06100 Tandogan, Ankara

Topkaya Granitoid is exposed to the east of Eskisehir City within the Sakarya Continent at eastern
part of Northwest of Anatolia. The granitoid covers an approximately an area of 35 km” as semi elliptical
shaped and cut by felsic and mafic dykes with direction of ranging from NIOE to N30W. Topkaya
granitoid has holocrystalline granular and porphyritic texture and has mafic microgranular enclaves ranging
from 1 cm upto 60 cm in sizes in the composition of gabbro, dioritic gabbro, diorite and quartz diorite in
composition. The presence of mafic dykes is the main characteristic features of Topkaya granitoid which
are cut all the whole pluton ranging from 1 cm upto 2 m in width with several hundred meters. These dykes
have porphyritic textures and in the compositions of microgabbro porphyry, microdiorite porphyry, diorite
porphyry and granodiorite porphyry. Labradorites, andesine, amphibole with the relict of the pyroxene are
forming the typical mineralogical compositions of these dykes under the microscope. They have sharp
contact with their host rock and differ from the host rock by the presence granular texture and abundance of
quartz and K-feldspar in the composition.

Whole rock geochemical analyses reveal that the mafic dykes have transitional geochemical
features ranging from calcalkaline towards tholeiitic magma nature. The metaaluminus and Mg rich
magmatic features of mafic dykes may reflect to differentiate from the Topkaya granitoid. ORG normalized
elemental patterns of mafic dykes reveal enrichment with Large lone Lithophile Elements with respect to
High Field Strength Elements. Furthermore, chondrite normalized elemental patterns of Rare Earth
Elements show prominent enrichment of Light Rare Earth Elements with respect to Heavy Rare Earth
Elements.

The geology, petrology and geochemical data suggest that the mafic dykes of Topkaya granitoid
are differentiated from the source magma of the main granitoid body and may derived from mantle
signature products and injected to the main body at late stage of the early Cenozoic magmatism.

Key words Topkaya Granitoid, mafic dyke, geochemistry, petrology

56



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Buzlukdag Siyenitoidindeki Ge¢ Mesozoyik Alkalen Kayaclarin Petrolojik Ozellikleri,
I¢c Anadolu, Tiirkiye

Kivmet DENIZ, Yusuf Kagan KADIOGLU

Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii
Ankara Universitesi Yerbilimleri Uygulama ve Aragtirma Merkezi

Alkalen intriizif kayaclar Ge¢ Mesozoik magmatizmasmin iiriinleri olup ve I¢ Anadolu’nun ig
kisimlarinda gozlenmektedir. Buzlukdagi Pliitonu i¢ Anadolu’daki Kirsehir 1li’nin Alisar ve Tatarilyas
koylerinin glineyindeki en biiyiik alkalen intriizif kiitlelerden birini temsil etmektedir. Kiitle yaklasik olarak
yuvarlak seklinde Buzluk Tepe’de gozlenmekte ve yaklasik olarak 15.75 km?’lik bir alan1 kaplamaktadir.
Foid iceren siyenitoid bilesiminde I¢ Anadolu’nun metamorfik temeline sokulmaktadirlar. Migmatit ve
mermer kontakt metamorfizmanm iiriinleri olarak dis zonlarda gozlenebilir. Intriizif kiitle doku
Ozelliklerine ve tane boyutlarma gore ii¢ alt guruba ayirilmistir. Bunlar iri kristalen foid siyenit, orta
kristalen foid siyenit ve ince kristalen foid siyenittir.

Buzlukdag: siyenitoidleri farkli renklerde ve farkli mineral oranlarinda benzer mineral bilesimine
sahiptir. Iri kristalen, orta kristalen veince kristalen foid siyenitler sirasiyla pembemsi, pembemsi gri ve gri
renktedir. Cogunlukla nefelin, K-Feldispat, oligoklaz, piroksen, biyotit, amfibol ile az oranda melanit,
kankrinit, sfen ve opak minerallerden meydana gelmektedir.

Felsik dayklar ve florit igeren hidrotermal damarlar neredeyse ¢alisma alanindaki tiim alt gruplari
kesmektedir. Tiim kaya jeokimya verileri Buzlukdag: intriizif kayaglarinin tiim alt gruplarmin silikaca
doygun olmayan alkalen kokende oldugunu belirtmektedir. Cogunlukla peralkalen kayaglarla temsil
edilmektedirler. Tektonik siniflama diyagrami levha ici granit kokenini gostermektedir. Oriimcek
diyagramlarindaki iz elementlerin ORG’a gore normalize edilmis elementel modelleri LIL ve HFS
zenginlesmesiyle ilgili olarak alkalen kokeni isaret etmektedir.

Jeoloji, petrografi ve jeokimyasal veriler Buzlukdag: alkalen intriizif kayaclarinin silikaca doygun
olmayan fiiriinler oldugunu ve Ge¢ Mesozoik ve Erken Senozoik devirlerinde i¢ Anadolu’daki kabuksal
incelmeden tiiremis olabilecegini gostermektedir.

Anahtar Kelimeler Buzlukdag: Pliitonu, petrografi, jeokimya, alkalen kayaglar.
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Petrological Signature of Late Mesozoic Alkaline Rocks in Buzlukdag: Syenitoid,
Central Anatolia, Turkey
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Ankara Universitesi Yerbilimler Uygulama ve Aragtirma Merkezi

Alkaline intrusive rocks are products of Late Mesozoic magmatism and crop out at the inner part of
Central Anatolia. Buzlukdagi Pluton is represented one of the largest alkaline intrusive body of Kirsehir
City south of Alisar and Tatarilyas villages in Central Anatolia. The body is typically observed at Buzluk
hill as circular in shape and covers an area of approximately 15.75 km” They are intruded to the
metamorphic basement of Central Anatolia in the composition of foid bearing syenitoid. Migmatite and
marble may observe at the outer zone as a product of contact metamorphism. The intrusive body is
differentiated to three subgroups according to their texture features and grain sizes. These are coarse
crystalline foid syenite, medium crystalline foid syenite and fine crystalline foid syenite.

They have similar mineral compositions with different mineral proportions and colors. Fine
crystalline, medium crystalline and coarse crystalline foid syenites are pinkish, pinkish gray and gray in
color respectively. They are mainly composed of nepheline, K-feldspar, oligoclase, pyroxene, biotite,
amphibole with rare amount of melanite, cancrinite, sphene and opaque minerals.

Felsic dikes and fluorite-bearing hydro-thermal veins cut the almost all the subunits of the research
area. Whole rock geochemical data reveal silica undersaturated alkaline nature of all the the subunits of
Buzlukdag: intrusive rocks. They are mostly dominated by peralkaline rocks. Tectonic variations diagram
suggests Within Plate Granite nature. The ORG normalized elemental patterns of trace elements in spider
diagrams reveal an alkaline nature with enrichment of LILE with respect to HFSE.

The geology, petrography and geochemical data suggest that the Buzlukdag alkaline intrusive rocks
are products of silica undersaturated and may derived from crustal thinning of Central Anatolia during the
late period of Mesozoic and early Cenozoic.

Keywords Buzlukdagi Pluton, petrography, geochemistry, alkaline rocks.

58



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Giinyiizii (Eskisehir) Intruzif Kiitlesinin Jeolojisi ve Petrolojisi
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Giinyiizii Intruzif kayaclar1 Sakarya levhasma sokulum yapan, Sivrihisar ilcesi ve cevresinde
yeralan, intruzif kiitleyi temsil etmektedir. Bu kiitle Eskisehir ilinin 80 km GD sunda yeralmakta ve
oldukca genis yayilim gostermektedir. Giinyiizli intruzif kiitlesi; arazi gézlemleri, petrografi ve mineral
bilesimlerine gore birbirleriyle dereceli dokanak iligki sergileyen; Tekdren granodiyoriti, Kadincik
granodiyoriti, Dinek granitporfiri ve Karacadren granodiyoriti olmak {izere dort alt birime ayrilmaktadir.
Tim alt birimler diyorit porfir, diyabaz ve ince kristalin alkali feldspat granit bilesimindeki dayklar
tarafindan kesilmektedir. Ince taneli mafik magmatik anklavlar ana kiitle icerisinde koyu renkte
gozlenmekte olup, diyorit, kuvars diyorit ve monzodiyorit bilesimindedirler. Anklavlar ana kaya ile keskin
dokanak iligkisi sergilemekte ve boyutlar bir santimetreden metre boyutuna kadar degismektedir.

Yapilan jeokimyasal irdelemeler sonucunda Giinyiizii Intriizif Kiitlesi; metaaluminyumlu, Yiiksek
K serisi iginde yeralan Kalkalkalen karekterli kayaglardan olusmaktadir. Tektonik yerlesim
diyagramlarinda (Y-Nb, Y-+Nb-Rb, SiO,-Y, SiO,-Nb) ise dalma-batmaya bagl olarak gelisen Volkanik
Yay Granitleri (VAG) grubunda yeraldig1 goriilmektedir. Mineralojik, petrografik ve jeokimyasal analiz
sonuclarma gore Giinyiizii Intriizif Kiitlesinin igermis oldugu anklavlar felsik ve mafik magma karisim
tiriinii oldugu ve ana kayadan farkli bir magmadan tiiredigi goriilmektedir. Eser elementlerin ORG’a gore
normalize edilmis Oriimcek diyagraminda (spider diyagram) LIL elementlerce zenginlesmesi ve HFS
elementlerce fakirlesmesi ve yine eser elementlerin kondirit’e gore normalize edilmis Oriimcek
diyagramlarinda ise hafif nadir toprak elemenlerin agir nadir toprak elementlere oranla zenginlesme
gostermesi kaynak magmanin kita kabugundan kaynaklandig1 ve manto etkilesim izlerini gostermektedir.

Anahtar kelimeler Giinyiizii, intruzif kayaglar, anklav, iz element
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Glinyiizli Intrusive rocks are intruded into Sakarya Plate and exposed in the vicinity of Sivrihisar
Town at North West of Anatolia. The intrusive body is located 80 km SE of Eskisehir and covering a wide
area on the geological map. The field geology, petrography and mineral compositions reveal that the
Gilinylizii Intrusive body is mainly Tekdren granodiorite, Kadincik granodiorite, Dinek granite porphyry
and Karacadren granodiorite with transitional contact. Diorite porphyry, Diabase and fine crystalline alkali
feldspar granite cut both subunits in the form of thin dykes. Mafic microgranular enclaves can be observed
as dark color within the main host rock in the compositions of diorite and quartz diorite. These enclaves
have sharp contact with their host rocks and ranging in size from 1 cm upto 1 meter.

The results of the geochemical data of Giinylizii Intrusive rocks display a calkalkaline magma nature
within high K series with metealuminous character. Tectonic discrimination diagrams of Y versus Nb,
Y+Nb versus Rb, SiO, versus Y and SiO, versus Nb exhibit Volkanic Arc Granitoid (VAG) nature
implying to subduction metasomatized magma product. The results of mineralogical, petrographical and
geochemical analyses reveal that the enclaves of Giinyiizii Intrusive body are products of felsic and mafic
magma mixing products and have different nature than the main host magma. The ORG normalized
elemental patterns of trace elements in spider diagrams reveal a calkalkaline nature with enrichment in
LILE and depletion in HFSE. Chondirite normalized elemental patterns of trace elements in spider
diagrams reveal with enrichment in LREE with respect to HREE suggesting that Giinyiizii intrusive suite
generated from crustal source magma with a signature of mantle.

Key words Giinyiizii, intrusive rocks, enclave, trace element
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Magma Kristallesme Siirecinin Konfokal Raman Spektroskopi (KRS) Yontemi ile Yorumu :
Tiirkiye’den Ornekler

Yusuf Kagan KADIOGLU

Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii
Ankara Universitesi Yerbilimleri Uygulama ve Arastirma Merkezi

Yerbiliminin nesnel ilkesi dogal diinyanin temel seklini kesfetmekle yiikiimlidiir. Kita kabugu
diizenli bir bi¢cimde her etkinin sonucu ile degismektedir. Kaya¢ ve mineraller kita kabugu kdkeninin kiiglik
bir kismmi temsil etmekte ve Yerkiirenin tarihinde 6nemli rol oynamaktadir. Minerallerin kimyasal
bilesimleri ve kristal sistemleri bilinmesine ragmen kaynak bdlgelerinin ve kdkenlerinin agiklanmasinda ve
baska mineral gruplarindan ayirt edilebilmesini saglayan ozellikler kisithdir. Kristalizasyon; varolan kayag
ve minerallerin bilesimleriyle birlikte gelisen magma kristallesme siireci ile ilgili sorularin ve olaylarin
cevabr olabilir. Mineraloji uygulamalarindaki son teknikler kristalizasyon ve alterasyon boyunca
minerallerin farkli davraniglarinin nedenlerini anlamaya 6nemli 6l¢iide yardimci olmaktadir. Mikroskop
altindaki ayrintili petrografik tanimlama, minerallerin alterasyon nedenini anlatmaya yeterli olmamaktadir.
Konfokal Raman Spektroskopisi (KRS) kayaclarin kimyasal bilesimi, minerallerin kimliklerinin
belirlenmesi ve magmanin kristalizasyon ge¢misiyle ilgili birgok sorulara cevap verebilmektedir. Konfokal
Raman Spektroskobisi 6rnek {izerinde tahribatsiz bir sekilde analiz yapmaya olanak saglamakta ve ayrica
kii¢iik orneklerin analizlerine imkan vermektedir. KRS; her mineralin kimyasal bilesimini, kimligini ve
spektrumu ile birlikte verebilmektedir. Elde edilen analiz sonucu ile beraber magma kaynaginin
aciklanmasina, magma odasindaki kristallesen mineralin konumuna, tim magmatik kiitle igerisindeki
mineral ¢esitliliginin agiklanmasina kadar cevap verebilmektedir. KRS yontemi; elde edilen sonuglar ile
ana magmatik kiitlenin mineralojik ve petrografik tanimlamalarinin yaninda; kdken, kaynak ve her hangi
bir plutonun kristalizasyon siiresince dogal yerini bulmaya yardimci olmaktadir.

Key words Konfokal Raman Spektroskobisi, kimyasal bilesim, mineralojik-petrografik tanimlama
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Use of Confocal Raman Spectroscopy (CRS) in the Interpretation of Magma Crystallization:
Examples from Turkey

Yusuf Kagan KADIOGLU

Ankara University Faculty of Engineering Geological Engineering Department, Turkey
Earth Sciences Application and research Center of Ankara University-Turkey

The principle objective of the earth science is to discover the fundamental patterns of the natural
world. The earth crust works in an orderly fashion in which every effect has a cause. Rocks and minerals
represent the pinpoints the nature of the crust. They have a significant role in the history of the earth.
Although they have known chemical compositions and crystal systems they have their own fingerprints
which may lead them to differ from others explaining their nature and their source region. The
composition of the rocks and minerals for crystallization history may answer the questions of magma
crystallization history with their systems. The latest techniques on the application of the mineralogy and
petrography cause to a full understanding of the reasons different behavior of the minerals during their
crystallization and alteration. Detail petrographical description under the microscope, understanding the
reason of the alteration of the minerals, chemical composition of the rocks, by the spectrometers and
identification of the minerals and other objects by the Confocal Raman Spectroscopy (CRS) can be
answered many questions of the crystallization history of the magma during the differentiations. Confocal
Raman Spectroscopy which offers the possibility of fully non-destructive analysis or at least, the analyses
of small samples would therefore appear to have much to offer. The CRS offer the chemical compositions
of each mineral with their spectra and led them to explain the source, position of the chamber, type of the
minerals within this whole magmatic body. All the petrographical and mineralogical descriptions through
CRS analyses serve the nature, sources and native place of the pluton during the crystallization.

Key words Confocal Raman Spectroscopy, chemical composition, mineralogical-petrographical
descriptions
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Mehmetalan Ofiyolitinin (Van-Ozalp) Jeolojisi ve Mafik Dayklarinda Yay Gerisi Havza
Karakteristiklerinin Jeokimyasal Bulgulari

Ali Riza COLAKOGLU' Kurtulus GUNAY', Uner CAKIR?

Yiiziincii Y_}l Universitesi, Jeoloji Miihendisligi Béliimii, Zeve Kampiisii, TR-65080 Van, Tiirkiye
*Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, TR-06530, Beytepe-Ankara, Tiirkiye

Mehmetalan ofiyoliti Van Go6li’niin dogusunda, Dogu Anadolu Yigisim Kompleksi igerisinde yer
alir. KB-GD gidisli, 150-180 km genislikte bir kusak seklinde gézlenen Dogu Anadolu Yi1gisim Kompleksi
Ust Kretase—Oligosen doneminde, kuzeye dogru Avrasya kitasi altina dalan Neotetis okyanusal litosferi
tizerinde gelisen bir karmagsik olarak yorumlanmaktadir. Kompleksin kuzey ve kuzeybatisi geng volkanik
birimler ile ortiiliidiir. Mehmetalan ofiyoliti, y1g151m kompleksinin kuzey — giiney sikigsma rejimi altinda
gelisen bindirme hatlar1 boyunca, tektonik karmasik haline doniismiis bir ¢ok ofiyolitik melanjindan biridir.

Mehmetalan ofiyoliti kuzey ve batisinda Maastrichtian — Lutetian yasli Sehittepe formasyonu ile
bindirmeli sinir iligkisine sahiptir. Sehittepe formasyonu altta kumtasi-kiltagi ardalanimi ile baglar ve iist
zonlarinda platform tipi karbonatlar1 kapsar. Mehmetalan ofiyoliti giiney’de Pliyosen — Pleyistosen yaslt
Saray formasyonu ve aliivyonlar ile értiilmektedir. Saray formasyonu karasal kirintili kayaglardan meydana
gelir. Caligma alaninda genis diizliikler ve yamaglar gliniimiiz ¢okelleriyle kaplidir. Bu ¢okeller genel
olarak akarsu ¢okelleri ve etek molozlarim1 kapsar. Mehmetalan ofiyolitinin ultramafik birimleri tektonit
dokulu serpantinlesmis harzburjit, diinit ve piroksenitler ile temsil edilirken, mafik kiimiilatlar1 normal
gabro ve olivin gabrolardan olugmaktadir. Mehmetalan ofiyolitinin peridotit istifi yaklasik dogu bati
uzanimli izole dolerit dayklar ile kesilmektedir.

Mafik dayklar, alterasyondan goreli olarak etkilenmedikleri diisiiniilen iz element (Zr, Ti, Nb, Y)
igeriklerine gore sub-alkalin bazalt sinifinda yer alir. P,Os-Zr igeriklerine gore toleyitik karakterlidirler.
Cesitli iz elementlerin (Th, Nb, Hf, Zr, Ta) kullanildig1 tektonomagmatik ayirtman diyagramlarinda ada
yay1 toleyitik alanlarda yer almaktadirlar. N-MORB’a gore normalize edilerek hazirlanan ¢oklu element
oriimcek diyagramlarinda iri katyonlu litofil (LIL- Cs, Rb, K, Ba, Sr) elementlerde belirgin bir zenginlesme
goriiliir. Coklu element 6riimeek diyagramlarinda Th elementinde zenginlesme, goreli olarak Nb ve Ta’da
tilkketilme trendleri izlenir. Nb/Th oranlariyla dalma batma zonu bileseni etkisi yansitan mafik dayklar, Ti
icerikleriyle ada yay1 toleyit (IAT) ve okyanus ortasi sirt bazaltlar1 (MORB) arasinda ge¢is ortaminda
bulunurlar. Mafik dayklar, bazi iz elementlerin (Ce, Nb, Th, Yb, La) kullanildig1 ayirtman diyagramlarinda
yay gerisi bazaltlar alaninda yer almaktadir. Orneklerin Kondrit’e gore normalize edilmis nadir toprak
element (REE) dagilim desenlerinde, agir nadir toprak elementlere gére (HREE-Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu) hafif nadir toprak elementlerce (LREE-La, Ce, Pr, Nd, Pm, Sm) ¢ok belirgin olmayan bir
zenginlesme trendi bulunur. Mafik dayklarin kondrit’e normalize edilmis REE dagilim desenleri yay gerisi
bazaltlar ile uyumludur.

Anahtar kelimeler Yigisim kompleksi, ofiyolitler, toleyitik bazaltlar, mafik dayklar, yay gerisi havza.
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Geology of Mehmetalan Ophiolite (Van-Ozalp) and Geochemistry of Mafic Dykes: Evidence for
Back Arc Basin Characteristics

Ali Riza COLAKOGLU' Kurtulus GUNAY', Uner CAKIR?

Yiiziincii Y}_l Universitesi, Jeoloji Miihendisligi Béliimii, Zeve Kampiisii, 65080 Van, Turkey
*Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, 06530 Beytepe-Ankara, Turkey

The Mehmetalan ophiolite is situated within the Eastern Anatolian Accretionary Complex (EAAC),
east of Lake Van. The EAAC has a 150-180 km wide belt trending in a NW-SE direction and is interpreted
as a remnant of a large accretion complex which has been developed on the Neotethys ocean lithosphere
that has subducted northward to the Eurasian continent during the Late Cretaceous-Oligocene. The northern
and northwestern parts of the EAAC have been covered by young volcanic units. The Mehmetalan
ophiolite is one of the several mélange units which has became a tectonic complex as a result of a north-
south compression regime along a thrust boundary.

The Mehmetalan ophiolite is thrust over Maastrichtian-Lutetian aged Sehittepe formation at north of
the map site. The Sehittepe formation consist of sandstone-claystone and carbonate units. The Mehmetalan
ophiolite is covered by Pliocene-Pleistocene aged Saray formation and alluvium at the southern part. The
Saray formation consists of terrestrial clastic sediments. Slopes and the plains are covered by recent
sediments. Ultramafic unit of the Mehmetalan ophiolite is made up of tectonic-textured serpentinized
harzburgite, dunite and pyroxenite. Mafic cumulates are represented by cumulate-textured gabbro and
olivine gabbros. The ultramafic units are cut by east-west trending isolate dolerite dykes. These dykes
shows generally lens shaped 2-3 meter wide and 8-10 meter long.

Mafic dykes plot sub-alkaline basalt area according to trace element (Zr, Ti, Nb, Y) content that is
thought to be not affected from alteration. The whole dykes show tholeittic characterization on the P,Os
versus Zr diagram. They also plot island arc tholeittic field on the tectonomagmatic diagrams using on
several trace elements (Th, Nb, Hf, Zr, Ta). A large ion lithophile elements (LIL- Cs, Rb, K, Ba, Sr) shows
a distinct enrichment in spider diagram that normalized according to N-MORB. In spider diagrams, while
Th is enriched, Nb and Ta relatively depleted. Nb/Th rate of the mafic dykes exhibit subduction zone
effects, besides Ti contents show a transition between island arc toleittic (IAT) and mid-ocean-ridge
basalts. Mafic dykes plot back arc basin basalt field in tectonomagmatic diagrams using on trace elements
such as Ce, Nb, Th, Yb, La. Chondrite-normalized rare earth element (REE) patterns of the samples show
slightly enrichment of LREE (light rare earth element-La, Ce, Pr, Nd, Pm, Sm) relative to HREE (high rare
earth element-Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu). Chondrite - normalized REE pattern of mafic dykes are
consistent with back arc basin basalts.

Key words Accretionary Complex, ophiolites, tholeittic basalts, mafic dykes, back arc basin basalt.
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Toprak Jeokimyasi Prospeksiyonu ve Self Potansiyel Teknikleri ile B.Anadolu Metalloid Provensi
GOmiilii Antimon Birikimlerinde Hedef Saptama

Sel¢uk Tokel
Kocaeli Universitesi, Jeoloji Miithendisligi Boliimii, TR-41380 Kocaeli (E-mail: stokel@kocaeli.edu.tr)

Tirkiye’ deki bor birikimlerinin tamami, antimon ve arsenik birikimlerinin tamama yakini “Bati
Anadolu Metalloid (B, As, Sb) Provensi” diyebilecegimiz bir alanda goriilmektedir. Bu provens Menderes
Masifi’ nin kuzeyinde, kenet kusagi lizerinde, ¢arpigsma granitoidlerini i¢ine alan bir bolgeyi kapsar.

Anadolu’da antimon birikimleri her zaman si1g felsik sokulumlar, metamorfik temel ve
kiregtaslariin birbirine yakin goriildiigii tiglii dokanak i¢inde goriiliirler.

Bat1 Anadolu Metalloid Provensi iginde yer alan Hisarcik (Kiitahya) Neojen havzasindaki karbonatli
ortii kayaclar icerisinde s1g gdmiilmiis antimon birikimlerinin ortaya ¢ikarilmasi amaciyla jeokimyasal
prospeksiyon uygulanmistir. Bu bdlge birikimlerindeki antimonun Neojen yash “ge¢ carpisma” ile
eszamanli felsik sokulumlarin olusturdugu hidrotermal sistemler nedeniyle temel metamorfik kayaclardan
sokiildiigii diigiiniilmektedir. Diizensiz damar seklindeki bu antimon birikimleri hidrotermal akiskanlarin
karbonatl kayaclarla temaslarinda olusabilir.

Saha prospeksiyonu iki etapta yiiriitilmiistiir. Birincide yaklagik 240 km® lik alan 1 km. lik
araliklarla karelajlanarak 6rneklenmistir. Verilerin yorumlanmasi sonucu belirlenene anomali bolgesinin en
yogun kisminda yaklasik 2km?’ lik bir alan ayrica 100 mt.” lik araliklarla tekrar 6rneklenmistir. Toplam
300 &rnegin basta B, As, Sb olmak iizere 12 element icin analizleri yapilmistir. Ornekler topragin “B”
zonundan alinmig, ¢ozdiirme A.R. ¢ozeltisiyle yapilmis ve element derisimleri ICP-MS teknolojisiyle
Olclilmiistiir.

Antimonun topraktaki ortalama degeri 2 ppm.’ dir. Bolgedeki temel deger 1 ppm.’ dir. Bolgesel esik
deger 7 ppm., esik deger ise 50 ppm. olarak degerlendirilebilir. Anomali alani iginde 790 ppm.’ e kadar
ulasan anomali degerleri 6l¢lilmiistiir.

Anomali bolgesi iginde se¢limis (200x200 m.) bir alan i¢inde yapilan 6zdireng ve self potansiyel
Olglimleri birlikte yorumlandiginda mineralizasyonun sekli, hacmi ve gomiilme derinligi ortaya
cikarilmistir. Ozdireng degerleri ortii kayaclarin altinda 40-60 m. derinliklerde kristalen bir temelin
varligini igaret etmektedir.

Bu caligma, toprak jeokimyasi prospeksiyonunun ozdireng self potansiyel yontemiyle birlikte
kullanildiginda gomiilii antimon mineralizasyonlarinda hedef saptayabilecegini gostermistir.

Anahtar Kelimeler Toprak Jeokimyasi, self potansiyel, antimuan, hedef saptama
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Target Definition for Buried Antimony Deposit in Metalloid Province of W. Anatolia Using
Geochemical Soil Survey and Self Potential Measurements

Sel¢uk Tokel
Kocaeli Universitesi, Jeoloji Miithendisligi Boliimii, TR-41380 Kocaeli (E-mail: stokel@kocaeli.edu.tr)

All the known borate deposits and almost all the antimony and arsenic deposits of Turkey were
deposited within the specified part of W.Anatolia which can be named “Western Anatolian Metalloid
Province”. This province were developed on the collisional suture and include fragments of northern part of
Menderes Massif and late collision Neogene magmaties.

Known antimony deposits in Anatolia always occur in the triple contact where shallow felsic
intrusions metamorphic basement and limestones are seen near each other.

Geochemical soil survey were applied in order to find new buried antimony deposit in the cover
rocks of Neogene basin of Hisarcik (Kiitahya) area which is a part of this province. Antimony is assumed
to be derived from leaching of the basement metamorphic rock by hydrothermal system associated with the
collisional felsic intrusions of Negene age. These irregular vein type deposits form where hydrothermal
fluids interact with carbonate wall rocks.

The survey was carried out in two steps. At first, samples were collected using square grid with 1
km intervals covering approximately of 240 km” area. After reconnaissance statistical evaluation, the
intensely anomalous area was sampled with 100 m. equal intervals. A total of 300 soil samples were
analyzed for 12 elements including B, As and Sb. Samples were collected from B horizon. Decompositions
were made by A.R. solution and measurements were conducted by ICP-MS.

Normal background value in soil is about 2 ppm. Regional threshold value is about 7 ppm.
Anomalous values in the area were measured up to 700 ppm.

Electrical resistivity and self potential measurements interpretations, carried out on the localized
anomalous area (200x200 m.), revealed shape, volume and burial depth of the mineralization. Electrical
resistivity measurements indicate the presence of crystalline basement at 40-60 m. depth under the cover
rocks around the measurement area.

This research has shown that soil geochemistry can be used to pinpoint the buried shallow
antimony mineralizations if combined with evaluated self potential data.

Key words Soil geochemistry, self potantial, antimony, target definition

66



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Bat1 ve Dogu Kef (Guleman — Elazig) Krom Yataklarimin Mineralojisi ve Jeokimyasi

Ahmet DURSUN, Mehmet ALTUNBEY

Firat Universitesi Miih. Fakiiltesi Jeoloji Miih. Boliimii, 23119 ELAZIG

Elaz1g ilinin 90 km gilineydogusunda bulunan Guleman krom yataklari, Tiirkiye'nin en énemli krom
yataklarindandir. Bu bolgedeki krom yataklar1 dort ana bolgeye ayrilir. Bunlar; Golalan, Piityan, Rut-Lasir-
Ayipmari, Kefdag-Kapin-Sabata kesimleridir.

Kef bolgesinde otokton birim olarak Lice Formasyonu, yakin ¢evresinde ise allokton birimler
olarak Guleman Grubu, Hazar Karmasigi ve Maden Karmasigi gozlenir. Alt Miyosen yash Lice
Formasyonu kumtasi, kiregtasi, seyl ve marn ardalanmasindan olusur. Jura - Alt Kretase yasli Guleman
Grubu genel olarak; diinit, harzburjit ve bunlarin alterasyon iiriinii olan serpantinitleri igerir. Ust
Meastrihtiyen - Alt Eosen yagli Hazar Karmasig1 yer yer volkanik ara katkili kumtagi, kiltasi, seyl, marn ve
killi kirectas1 ardalanmasindan olusur. Orta Eosen yasli Maden Karmasig1 ise kumtasi, kirectasi, gamurtas,
yastik lavlar, aglomera, tiif andezit - bazalt seviyesi ve Nummulitli kiregtaglarindan olusur.

Kef bolgesi kromit cevherlesmeleri bazik - ultrabazik kayaclarla iliskili Alpin (podiform) tipi
yataklardir. Kromit cevherlesmeleri diinit ve harzburjitler igerisinde izlenmektedir. Bu kayaclar yer yer
alterasyona ugrayarak serpantinlesmislerdir. Cevher kiitleleri genellikle damar ve mercek seklinde bir
geometri sunmakta olup, D-B dogrultulu ve 80-85° ile G’ye egimlidirler. Kalinliklar1 1 m’den 40 m’ye
kadar degismektedir. Kromit cevherleri genelde masif olup, daha az olarak sacinimli, bantli dokuda
izlenmektedir.

Calisma alanindaki ana cevher minerali kromittir. Bunun disinda az miktarlarda nikel mineralleri
bulunmaktadir. Kromit taneleri genellikle &6zsekilsiz ve tektonizmanin etkisi ile pargalanmis olarak
izlenirler. Kef bolgesindeki 6rneklerin Cr,Oj; igerikleri % 29,17-53,04 arasinda degismekte olup, ortalama
tenord % 39,00°dur.

Anahtar kelimeler Podiform, Peridotit, Alpin Tipi Kromit, Ortomagmatik, Guleman Krom Yatag1
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Mineralogy and Geochemistry of the Chromite Deposits of West and East Kef (Guleman-Elaz1g)

Ahmet DURSUN, Mehmet ALTUNBEY

Firat Univ., Miih. Fak., Jeoloji Miih. Béliimii, 23119 ELAZIG

Guleman area which is 90 km SE Elazig city settlement, is one of the most important chrome district
of Turkey. Guleman Chromite deposits are divided into 4 major groups. These are Golalan, Piityan, Rut-
Lasir-Ayipinart and Kefdag-Kapin-Sabata.

In the area, autuchtonous Lice Formation, allochtonous Guleman Group, Hazar Complex and Maden
Complex make up the Lithologies. Lower Miocone aged Lice Formation is made of alternate layers of
sandstone, limestone, shale and marl. Jurassic - Cretaceous Gulemen Group corsist generaly of dunite,
harsburgite and their alteration products serpentinite. Upper Measterichtian - Lower Eocene Hazar
Complex is composed of volcanic interbeddet in places, alternates of sandstone, claystone, shale marl and
clayeylimestone. Litologies of Middle Eocene Maden Complex are sandstone, limestone, mudstone, pillow
lavas, andesite-basalt flows agglomeate, tuff and Nummilitie limestone.

Kef Chromite mineralizations are Alpin (podiform) type and associated with basic-ultrabasic rocks.
Choromite mineralizations occur in harzburgite and dunite. These rocks are serpentinited in places. The ore
bodies have generally streak and lens form. The ore bodies have E-W strike directions and S dips with
angles about 80-85°. The thicknes vary between 1 m and 40 metres, along the strike and dip directions. The
ore is generaly massive but dissemineted and also common. The chromite levels are cut and displaced by
small size faults.

The dominant mineral is chromite and very scarcely minure crystals of Ni minerals. The chromite
grains are unhedral and fractured by tectonic movements. Cr,O; contents of studied samples vary between
53,04 and 29,17 and mean value is 39,00 .

Key words Podiform, Peridotite, Alpin Type Chromite, Orthomagmatic, Guleman Choromite Deposits
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Hasancelebi (Konukdere-Hekimhan-Malatya) ve Buzlukdag (Bayindir-Kirsehir) Cevresi Alkali
Kayaclar ve Karbonatitlerle Ilgili Skarn Olusumlarinin Petrolojisi, Nadir Toprak Elementleri (NTE)
Jeokimyasi ve Olasi Cevher Odaklarinin Belirlenmesi

Ismet (")zgenc;l, Ahmet Sasmazz, Murat Tokgaerl, Mehmet Akbulutl, Tolga Oymanl,

1Doku% Eyliil Universitesi Miih. Fak. Jeoloji Béliimii, Tinaztepe Kampiisii, 35160-Buca /Izmir.
? Firat Universitesi Miihendislik Fak. Jeoloji Miih. Boliimii 23119. Elazig.

TUBITAK-YDABAG 105Y076 koduyla desteklenen bu projenin amaci Hasangelebi-
Basoren(Malatya) ve Buzlukdag(Kirsehir) bdlgelerindeki Alkalen Pliitonlar ¢evresinde gelisen Kontak
Zonlarmi ayrintili incelemek ve Onceki aragtirmacilar tarafindan Metazomatit olarak isimlendirilen ve
yilksek NTE degerleri igeren bu zonlardaki HNTE derisimlerinin kaynagimi ve olast ekonomik
potansiyellerini ortaya koymaktir.

Her iki bolgedeki metamorfik fasiyesler AE-Hfls, Hbl-Hfls ve PX-Hfls olarak belirlenmis ve pik
metamorfizma kosullari, Hasangelebi bolgesi i¢in Xco, = 0.2-0.4, P=3- 4 kbar, T= 550-600 °C ve
Buzlukdag bolgesi i¢in T = 600-650 °C,  Xco, = 0.1 olarak belirlenmistir. Hasangelebi skarnlari
Endoskarn zonlarinda gelisir. Sivi kapanim verileri ve mineral parajenezi de goz Oniine alindiginda
prograd skarn alterasyon kosullari T= 600°C, Xco,= 0.1 ve P = 1-3 kbar olarak, retrograd (gerileyen)
alterasyon kosullar1 da T = 500-550 °C ve Xco,= 0.3-0.5 ve P = 1 kbar olarak verilebilir.

Buzlukdag skarnlari Ekzoskarn zonlarinda gelisir ve prograd skarn alterasyonunda Skapolit
bilesiminin % 50-70 Me (Meiyonit) olmasi durumunda olusum sicakligi 600- 650 °C civarindadir. Ancak
skapolit bilesimine Ma (Marialit-Na skapolit) girmesiyle Skapolit dengesi 525 °C seviyelerine kadar devam
etmektedir. Bu kosullarda Prograd skarn alterasyonunda T= 550-600 °C ve retrograd alterasyonda T = 500-
550 °C (Skapolit-Vollastonit-Veziivyanit-granat dengesi) olarak verilebilir.

Her iki bolgedeki AE-Hfls zonlar1 potansiyel NTE zonlaridir. Buzlukdag Granat-skapolit-apatit-
skarn zonlar1 ile Bagéren Karbonatitlerine ait Silikat Apatit damarlar1 (Britolitler) ekonomik HNTE
zonlaridir.

Anahtar kelimeler Hasangelebi, Buzlukdag, karbonatit, skarn mineralleri, NTE.

69



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

The petrology, Rare-Earth Element (REE) geochemistry of skarns related with alkaline rocks and
carbonatites near Hasancelebi(Konukdere-Hekimhan-Malatya) and Buzlukdag( Bayindir-Kirsehir)
and designate possible ore localization.

Ismet (")zgenc;l, Ahmet Sasmazz, Murat Tokgaerl, Mehmet Akbulutl, Tolga Oymanl,

1Doku% Eyliil Universitesi Miih. Fak. Jeoloji Béliimii, Tinaztepe Kampiisii, 35160-Buca /Izmir.
? Firat Universitesi Miihendislik Fak. Jeoloji Miih. Boliimii 23119. Elazig.

The scope of this research project supported by TUBITAK(YDABAG-105Y076), is to investigate in
detail previously reported LREE-rich metasomatite rocks around the Hasangelebi and Buzlukdag plutons
and to designate possible REE-rich localities.

The metamorphic facies the both of two regions have been identified as AE-Hfls, Hbl-Hfls and PX-
Hfls. Peak metamorphic conditions of Xco, = 0.1-0.2, P=3- 4 kbar, T= 550-600 °C was found for
Hasangelebi region while peak metamorphic conditions of T = 600-650 °C, Xco, = 0.3-04 for Buzlukdag
region.

The diagnostic endoskarn mineral assemblages, geochemistry and fluid inclusion data reveal that the
Hasangelebi prograde skarn alterations were formed at T= 600°C, Xco,= 0.1 ve P = 1-3 kbar while the
diagnostic egzoskarn mineral assemblages of Buzlukdag region at T= 600-650 °C, Xco, 0.1-0.15 for
prograde skarn alteration. The temperature is really high the plausible temperature range in the contact
aureole but scapolite stabiliy field can be expanded to the lower temperature by introduction marialite
component, and so that T = 500-550 °C (Scapolite WollastoniteVesuvianite stability) for retrograde skarn
alteration.

The large zone of AE-Hfls facies both of two regions have REE rich epidote minerals and to be
tought for future evaluation. The Garnet-scapolite- -apatite- skarns in Buzlukdag have REE-rich
apatites (Briholite-Silicate Apatite) and Basoren region has carbonatite hosted britholite veins. Both of two
regions have economic importance for REE mineralization

Key words Hasangelebi, Buzlukdag, carbonatites, skarn minerals, REE.
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Laurit (RuS;)’ce zengin Yiiksek-Cr Ofiyolitik Kromititleri, Islahiye, GD-Tiirkiye: Cevher
Mikroskobisi ve Elektron Mikroprob Verileri

Ibrahim Uysall, Federica Zaccarini’, Necla Kiipriibasl3 , Utku Bagc14, Tamer Rlzaoglus, R. Melih
Akmaz', Ahmet D. Senl, Giorgio Garuti’, Oskar Thalhammer®

! Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR—61080 Trabzon, Turkey

? University of Leoben, Dep. Applied Geol. Sci. and Geopyhsics, A—8700 Leoben, Austria

3 Kocaeli Universitesi, Jeoloji Miihendisligi Boliimii, TR—41380 Kocaeli, Turkey

* Mersin Universitesi, Jeoloji Miithendisligi Béliimii, TR—33342 Mersin, Turkey

° Kahramanmaras Siitcti imam Universitesi, Jeoloji Miihendisligi Boliimii, TR—46100 Kahramanmaras

Ofiyolitlerle iliskili podiform kromititler kiigiik boyutlarda, diisiik dereceli ve yari-ekonomik
yataklardan, Bushweld stratiform kromititlerinin ardindan, yiizmilyon tondan fazla rezervleri ile diinyada
ikinci sirada tiretim yapabilen devasa yataklar olusturabilirler. Ofiyolitik kromititler, platin grubu element
icerikleri bakimindan son 20-30 yildir potansiyel hedef durumuna gelmistir. Her ne kadar su ana kadar
rapor edilmis PGE konsantrasyonlar1 yari-ekonomik boyutlarda kalmis ve daha diisiik fiyatli Ir-grubu
PGE’ler (IPGE) bakimindan zenginlesmis iseler de, nadir de olsa, daha degerli ve yiiksek fiyatli Pt, Pd ve
Rh bakimindan bdlgesel zenginlesmeler de s6z konusudur. TUBITAK tarafindan desteklenen 109Y219
numarali proje kapsaminda yiiriitiilen ¢aligmalar sirasinda, Islahiye (Gaziantep, GD-Tiirkiye) civarinda
kii¢iik boyutlu bir kromit cevherlesmesi gézlenmistir. Alinan kromitit 6rneginden hazirlanan iki adet parlak
kesitin (2.5 cm c¢apinda) sistematik olarak incelenmesi sonucunda, kromit kristalleri biinyesinde birincil
kapanimlar seklinde ve kromit kiriklar1 boyunca konumlanmis, boyutlart 25 [m’a varan 23 adet platin
grubu mineral (PGM) gozlenmistir. Kromit ve PGM’lerin kimyasal bilesimleri elektron mikroprob ile
belirlenmistir. Kromit kristalleri, yiiksek Cr# (72.0-73.8) ve Mg# (56.5-58.9) degerleri ve diisiikk TiO, (%
ag 0.06-0.09) ve Fe 05 (% ag 0.11-0.59) igerikleri ile metalurjik tiptedir. Nitel tanimlamalar sonucu, laurit
kristallerinin PGM parajenezinin 6nemli bir boliimiinii olusturdugu ve nadir olarak, tanimlanmamus Ir-siilfit
ve muhtemelen oksijen iceren Ru-Fe bilesikleri ile ¢oklu fazlar ¢oklu fazlar seklinde bulundugu
belirlenmistir. Ofiyolitik kromititlerde sik¢a rastlanan Os-Ir alagimlart gdzlenmemistir. S6z konusu kromitit
orneginin tiim kayag¢ Pt ve Pd igerikleri kismen yiiksek (Pt: 43.2 ppb ve Pd: 12.4 ppb) olmasina ragmen, Pt
ve Pd igeren spesifik fazlara da rastlanilmamistir. Laurit kristalleri benzer bilesimde olup (Ruyg go-0.80080.02-
0.04110.01-0.03RN0.03Pdo.04-0.05)S> formiilii ile temsil edilir. Genellikle taze kromit kristalleri biinyesinde tek fazl
veya laurit-silikat (klinopiroksen, amfibol ve klorit) ve laurit-baz metal mineral (millerit, pentlandit ve
kalkopirit) birliktelikleri seklinde ¢oklu fazlar olarak gdzlenir. Ir-siilfit ve Ru-Fe (oksit?) fazlar1 bu ¢oklu
fazlarin bir kismini olusturur. Laurit kristallerinin Ni-Fe-Cu siilfit fazlar1 ile olan yakin iligkisi, kromit
kristalizasyonunun yiiksek sicaklikta (~1200° C) ve kismen yiiksek fS, kosullarinda gergeklestiginin agik
kanitidir. Bu durum, laurit kristallerinin ¢ok diisiik Os igerikleri ile uyumlu olmayip, osmiyumun kromiti
kristallendiren ergiyigin Os bakimindan daha dnceden tiiketildigine isaret eder. Bu tiiketilmenin sebebi
heniiz agiklanamamustir. 2.5 cm ¢apinda hazirlanmig 2 adet parlatilmig kromitit 6rneginde gézlenen yiiksek
miktardaki PGM, bu kromitit 6rneginin yaklasik 2-3 ppm civarinda toplam PGE igerigine sahip
olabilecegini gostermektedir. Diisiik degerli PGE birliktelikleri (Ru+Ir) ve PGM’lerin kromit kristalleri
bilinyesinden mekanik olarak ayrilmalarina giinlimiiz teknolojisinde miisaade etmeyen dokusal 6zellikleri,
bu kromititleri PGE igerikleri bakimindan atraktif kilmamaktadir. Ancak, bazi ofiyolitik kromititler
ofiyolitik masif/tekli cevher Kkiitlesi oOlgceginde diizensiz dagilimlar sunan Pt+Pd zenginlesmeleri
sunmaktadir. Bu sebeple, her ne kadar kromitit olusuklar1 PGE agisindan yari-ekonomik boyutlarda ise de,
PGE fiyatlarinin uluslararasi piyasalarda giin gectik¢e artacagi diisiiniildiigiinde, bu bdlgedeki kromititlerin
sistematik bir sekilde arastirilmasi ve PGE igeriklerinin belirlenmesi 6nerilmektedir.

Anahtar Kelimeler Laurit, kromitit, platin grubu element, platin grubu mineral, GD-Tiirkiye
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Laurite (RuS;) enriched Cr-rich Ophiolitic Chromitites from the Islahiye, SE-Turkey:
Ore Microscopy and Electron Microprobe Data
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Akmaz', Ahmet D. Senl, Giorgio Garuti’, Oskar Thalhammer®
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Ophiolite related podiform chromitites vary in size from small, low grade, sub-economic
occurrences up to large ore bodies of more than hundred million tons, being the second world class
producers of chromite ore, after stratiform chromitites of the Bushveld type. During the last three decades,
ophiolitic chromitites have become a potential target for the recovery of platinum-group elements (PGE).
Although so-far reported concentrations are usually sub-economic with prevalence of the low-priced IPGE
(Os, Ir, Ru), occasional enrichment in the more precious Pt, Pd and Rh has been locally observed. During
field work in the frame of the project supported by TUBITAK (109Y219), chromitite samples were
collected from a very small occurrence in the vicinity of Islahiye (Gaziantep, SE Turkey). As a result of the
systematic investigation of two polished blocks (2.5 cm in diameter) obtained from one chromitite sample,
a total 23 grains of platinum-group minerals (PGM), up to 25 [m in size, were detected as primary
inclusions in chromite crystals and along its cracks. Chromite and PGM compositions were determined by
electron microprobe analyses. Chromite is of metallurgical type, having high Cr# and Mg# in the ranges
72.0-73.8 and 56.5-58.9, respectively, with low contents of TiO, (0.06-0.09 wt %) and Fe,O; (0.11-0.59
wt %). Qualitative identification indicates strong prevalence of laurite in the PGM assemblage,
occasionally accompanied by unknown Ir-sulfide and a Ru-Fe compound possibly containing oxygen. The
Os-Ir alloys, which commonly occur in ophiolitic chromitites, were absent. Neither specific PGM species
of Pt and Pd were found, although preliminary bulk ore assays had yielded up to 4.1 and 2.0 ppb of Pt and
Pd respectively. Laurite has constant composition close to (Ruy g9.0.89050.02-0.04110.01-0.03RN0.03Pd0.04.0.05)S2. It
may occur included in fresh chromite either as single-phase grains or composite aggregates consisting of
the associations: laurite+silicate (clinopyroxene, amphibole or chlorite) and laurite+base metal sulfides
(millerite, pentlandite, chalcopyrite). The Ir-sulfide and the Ru-Fe (oxide?) occasionally are part of these
composite inclusions. The close association of laurite with Ni-Cu-Fe sulfides apparently indicates relatively
high fS, conditions in the chromite forming-system at high temperature (~1200° C). This would not be
consistent with the Os-poor nature of the laurite, and possibly suggests that the chromite parent melt was
initially depleted in Os. The reason for that remains an open question. The high frequency of PGM
observed in two polished section of 2.5 cm in diameter suggests that the investigated chromitite may have
bulk-PGE concentrations up to 2—3 ppm. Unfortunately, the low valuable PGE association (mainly Ru+Ir),
and the PGM texture, unsuitable for mechanical liberation of grains, make this chromitite not attractive for
PGE recovery. However, some ophiolitic chromitites have been found to contain punctual and unevenly
distributed high concentrations of Pt+Pd at the scale of ophiolite complexes and/or single ore bodies. For
this reason, systematic exploration of chromitites in this region of Turkey is advisable, despite of their sub-
economic size, and in consideration of an expected raise in the PGE’s price on the international market.

Key words Laurite, chromitite, platinum-group element, platinum-group mineral, SE-Turkey
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Rheic SSZ Okyanusal Litosfer (320 My) kalintilari, izmir-Ankara-Erzincan Kenet Zonu, KD
Tiirkiye: Refahiye-Erzincan Ofiyolitinden Yeni Jeokimyasal ve Re-Os Izotop Verileri
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Tirkiye’nin kuzeydogusunda bulunan ve Refahiye-Erzincan Ofiyolitini (REO) olugturan iist manto
peridotitleri ve ultramafik-mafik kiimiilatlara ait yeni jeokimyasal, Re-Os izotopu ve mineral kimyasi
verileri elde edilmis ve bu kayalarin Dogu Akdeniz Bolgesi’ndeki degisik okyanus kalintilarmin tektonik
evrimiyle olan iligkileri tartisilmistir. REO, Giineyde Gondwana’dan kopmus Torid-Giiney Ermenistan kita
seridiyle Kuzeyde Rodop-Pontid mikrokitas arasindaki Izmir-Ankara-Erzincan Kenet Zonu’nun (IAEKZ)
bir pargasidir. Bu ofiyolit, giiney ve kuzey dokanaklar1 boyunca kitasal platformlarin kenarlarina tektonik
olarak iki tarafli bindirmeler seklinde yerlesmistir. IAEKZ, genellikle Neotetis kdkenli olarak kabul
edilmesine ragmen, yaslar1 Permo-Triyas’tan Ge¢ Kretase’ye kadar degisen kita ici bazaltlan (KiB),
okyanus ortasi sirt1 bazaltlar1 (OOSB), adayay1 toleyitleri (IAT)-Boninit, okyanus adasi bazaltlar1 (OIB),
okynusal plato bazaltlar1 (LIP) ve okyanusal litosfere ait parcalar igerir. REO, harzburjit ve dunitlerden
olusan iist manto peridotitleri, Moho gecis zonunu temsil eden ultramafik-mafik kiimiilatlar, izotropik
gabrolar, plajiyogranitler ve levha dayklarindan olusur. Ofiyolitik istifte volkanik kayaglar gozlenmez,
ancak yapisal olarak REO nin altindaki ofiyolitik melanjda yastik bazalt bloklarina rastlanilmistir. REO’de,
abisal ve yitim karakterli (SSZ) olmak iizere iki tip manto peridotitleri gézlenmistir. Daha az tiiketilmis
klinopiroksence zengin manto harzburjitleri, daha yiiksek Al (%1.75-2.12 Al,O;) ve Ca (% 0.43-1.53
Ca0) igeriklerine sahip olup, Cr# degerleri 33.2-37.8 arasinda degisir. Bu abisal peridotitler, ilksel {ist
mantonun OOS-tipi okyanusal kabuk olusumu sirasinda diisiitk dereceli kismi ergimesi sonucu olusan
manto kaltilarini temsil eder. Buna karsilik bazi peridotit 6rnekleri klinopiroksence oldukga fakir olup,
yitim (SSZ) peridotitlerinin karakteristik 6zelligine uygun olarak ¢ok diisiik Al (%0.16-0.89 Al,O;) ve Ca
(%0.07-0.77 CaO) igcermektedir. Bu 6rneklerdeki spinel fazlarmin Cr# degerleri 57.0-73.5 arasinda olup,
daha onceden kismen tiiketilmis peridotitlerin yiiksek dereceli kismi ergimesine isaret eder. Her iki
peridotit grubu diisik REE igerikleriyle karakteristiktir. Abisal peridotitler, baz1 6rneklerde HNTE’ler
bakimindan kismen zenginlesme gostermesine ragmen, genellikle Lu’dan Tb’ye diiz bir yonseme ve
Tb’den La’ya negatif bir yonseme sunarlar. Yitim-tipi (SSZ) tiiketilmis peridotit drnekleri benzer HNTE
iceriklerine sahipken ANTE ve o6zellikle ONTE icerikleri abisal peridotitlere nazaran onemli ol¢iide
tiketilmistir. Bu peridotitlerin U-gekilli NTE dagilimlar1 yay-6nii peridotitlerine benzemektedir. REO
manto peridotitlerinin PGE igerikleri diisiik olmakla birlikte gabrolarin PGE igeriklerine nazaran daha
yiiksektir. Bu peridotitlerdeki '*’Os/"**Os izotop orani (0.1195-0.1240) tiikketilmis manto degerlerine benzer
olup, kiimiilat gabrolardaki orandan (0.2074—0.5842) ¢ok daha diigiiktiir. Manto peridotitleri ve kiimiilat
gabrolarm tiim kayac izotopik bilesimleri '®'Re/'**0s - "’0s/'™0s izokron diyagramuinda lineer bir
yonseme sunar. Bu orneklerden elde edilen 32016 Ma izokron yasi, ergiyik olusumu ve REO’ne ait yitim
karakterli (SSZ) ultramafik-mafik birimlerinin kristalizasyonunun Ge¢ Karbonifer yasl olabilecegini
gosterir. Gondwana ve Avrasya Kitalar1 arasindaki Geg Karbonifer yash ve yitim karakterli (SSZ) manto
litosferinden elde edilen bu yeni bulgular; (1) Rheic Okyanus kalintilarinin, Dogu Akdeniz Bolgesindeki
Tetis kusagma kadar gozlenebilecegine, (2) IAEKZ’nun, Rheic, Paleotetis ve Neotetis okyanusal
basenlerinde yarilma-siiriiklenme, sorgu¢ ve yitim-eklenir prizma tektonik ortaminda gelismis bir¢ok
litosferik materyali iceren ¢ok heterojen karaktere sahip olduguna isaret eder.

Anahtar kelimeler Refahiye-Erzincan Ofiyoliti, ultramafik seri, mineral kimyasi, Re/Os-izotopu
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Remnants of the Rheic SSZ Oceanic Lithosphere (320 Ma) Within the Izmir-Ankara-Erzincan
SutureZone in NE Turkey: New Geochemical and Re-Os Isotope Data From the Rehafiye-Erzincan
Ophiolite
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We report on new major-trace-REE and Re-Os isotope compositions and mineral chemistry data
from upper mantle peridotites and ultramafic-mafic cumulate rocks in the Rehafiye-Erzincan ophiolite
(REO) in NE Turkey, and discuss their siginificance for the tectonic evolution of various oceanic tracts in
the eastern Mediterranean region. The REO is part of the Izmir-Ankara-Erzincan Suture Zone (IAESZ)
between the Gondwana-derived Tauride-South Armenian ribbon continent to the south and the Rhodope-
Pontide micro-continent to the north. It shows bidivergent thrusting along its southern and northern
boundaries, resting tectonically on the margins of these continental masses. The IAESZ includes fragments
of oceanic lithosphere with WPB, MORB, IAT-Boninite, OIB and LIP affinities that range in age from the
Permo-Triassic to the latest Crecateous, although it is commonly interpreted as Neotethyan in origin. The
REO consists of upper mantle peridotites including harzburgite and dunite, ultramafic-mafic cumulate
rocks making up a transitional Moho, isotropic gabbro, plagiogranites, and sheeted dikes. Extrusive rocks
are missing in the ophiolite sequence but occur as blocks of pillow basalts in an ophiolitic mélange
structurally beneath the REO. We have identified two types of upper mantle peridotites, abyssal and SSZ,
in the REO. Less depleted, clinopyroxene-rich mantle harzburgites have higher concentrations of Al (1.75—
2.12 wt.% Al,O;) and Ca (0.43—1.53 wt.% CaO) and contain spinel phases with Cr# ranging between 33.2
and 37.8. These abyssal peridotites represent a mantle residue of low degrees of partial melting of primitive
upper mantle during MOR-type oceanic crust formation. Some peridotite samples, on the other hand, are
highly depleted in clinopyroxene and display extremely low contents of Al (0.16-0.89 wt.% Al,O3) and Ca
(0.07-0.77 wt.% CaO), characteristic of SSZ peridotites. Spinel phases in these samples have Cr# ranging
between 57.0 and 73.5, indicating high degrees of partial melting (in a mantle wedge) of previously
depleted peridotites. Both types of peridotites are characterized by low REE contents. Abyssal-type
peridotites display a flat pattern from Lu to Tb and negative-flat pattern from Tb to La, although some
samples show slight LREE enrichment. SSZ-type, depleted peridotite samples are characterized by nearly
similar LREE concentrations, whereas their HREE and especially MREE concentrations are significantly
depleted with respect to those of the abyssal peridotites. These rocks show U-shaped REE patterns,
reminiscent of forearc peridotites. The PGE content of mantle tectonites in the REO, although low, are
significantly higher than those presented by the cumulate gabbros. The '®’Os/'®*Os isotope ratio of these
peridotites (0.1195-0.1240) is typical of the depleted mantle and much lower than those of the cumulate
gabbros (0.2074-0.5842). Whole-rock samples from the mantle tectonites and cumulate gabbros display a
well-defined linear trend in a ""Re/"**Os vs. "’0s/'™0s isochron diagram. These samples collectively
define an isochron with a best-fit age of about 320+16 Ma, suggesting that the melt evolution and
crystallization of the SSZ ultramafic-mafic units of the REO may be as old as the late Carboniferous. This
new finding of a late Carboniferous SSZ mantle lithosphere between the Gondwana and Eurasia continental
masses in NE Turkey indicates: (1) the existence of Rheic Ocean relics farther away in the Tethyan realm
of the eastern Mediterranean region than previously considered; (2) a highly heterogeneous character of the
IAESZ, containing some lithospheric material that evolved in rift-drift, plume and subduction-accretion
tectonic settings of the Rheic, Paleotethyan and Neotethyan Ocean basins.

Key words Refahiye-Erzincan Ophiolite, ultramafic series, mineral chemistry, Re/Os-isotope
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Cihanpasa-Biiyiik Mahal-Derbent (Yozgat) Bolgelerindeki Manganez Cevherlesmelerinin
Jeokimyasal Ozellikleri
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Cihanpasa-Biiyiilk Mahal-Derbent (Tiirkiye-Yozgat) manganez cevherlesmesi, Alt Kretase yerlesimli
ofiyolit karmasiginin {iyelerinden olan radyolaritli ¢ortler icerisinde bulunmaktadir. Cevherlesme, tabakali
ve mercek seklindedir. Bolgedeki cevherlesme ile ilgili jeokimyasal inceleme ilk defa bu calismada
yapilmis olup, cevherlesmelerin kokenini belirlemek i¢in ana eser ve NTE (Nadir Toprak Elementleri)
igeriklerine gdre ¢esitli tanimsal diyagramlar ¢izilmistir. Bunlardan yararlanilarak cevherlesmenin kokeni
belirlenmeye ¢alisilmistir. Ayrica NTE degerlerine gore ¢izilen spider diyagramlarinda ise, 6zellikle Ce ve
Eu anomalileri degerlendirilmistir. Buna gore, Cihanpaga-Biiyiik Mahal bolgesindeki drneklerin tamami
kuvvetli negatif Ce anomalisi gosterirken, Derbent bolgesindeki 6rneklerin bir kismi ¢ok yliksek negatif Ce
anomalisi, bir kismi ise pozitif Ce anomalisi gostermistir. Eu ise, her ii¢ bolgede negatif anomali
gostermigtir. Bu anomali degerleri Ce ig¢in, Cenom/[2/3Lanom.+1/3Pryom ] esitligi ile, Eu igin ise,
Etgorm/[2/3Smy0rmt1/3Gd o] esitligi ile her {i¢ bolge igin ayr1 ayri hesaplanmistir. Bunlara ilave olarak,
Ceamom=log[3xCen/(2xLan+Ndy )] formiilityle hesaplanan veriler ile de cevherlesmenin kokeni hakkinda
bilgi edinilmigtir. Bu c¢alismadaki ilk veriler 1s18inda, Derbent bélgesi manganez mineralizasyonunun
hidrojenik ve hidrotermal o6zellik gosterdigi, Cihanpasa ve Biiyiikmahal bolgesi manganez
mineralizasyonunun ise, yalnizca hidrotermal 6zellik gosterdigi belirlenmistir.

Anahtar kelimeler Manganez cevherlesmesi, ofiyolit, jeokimya, hidrojenetik, hidrotermal, Eymir
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Geochemical Characteristics of Cihanpasa-Biilyiik Mahal-Derbent (Yozgat) Manganese
Mineralizations

"Nursel Oksiiz, “Alpay Karakus

'Bozok University, Department of Geological Engineering, Divanli Road TR-66200 Y ozgat-Turkey
*Ankara University, Department of Geological Engineering, TR-06100 Ankara-Turkey

The Cihanpasa-Buyuk Mahal-Derbent manganese deposit in Yozgat (Turkey) occurs within
radiolarite cherts of the lower Cretaceous ophiolite complex. The mineralization is layered and lenticular.
In this study, the origin of deposit was examined using various descriptive diagrams constructed based on
major trace and rare earth element contents. Ce and Eu anomalies were also evaluated. Results show that
all samples from the Cihanpasa-Buyuk Mahal area are represented by strong negative Ce anomaly but
samples from the Derbent area yield both positive and strong negative Ce anomalies. Europium is
characterized by negative anomaly in all the arecas. Anomaly values were computed with equations of
Cenorm/[2/3Lanom.t1/3Pryom,] for Ce and Eunom/[2/3Smyomt+1/3Gdporm] for Eu. In addition using data
computed with the formula of Ce,,,n= log [3 x Cen/ (2 x Lay + Ndy )] information was obtained on the
origin of manganese mineralization. Results indicate that manganese mineralizations in the Derbent area
are represented by both hydrothermal and hydrogenous types but the Cihanpasa and Buyuk Mahal
manganese mineralizations show only hydrothermal characteristics.

Key words Manganese mineralization, ophiolite, geochemistry, hydrogenous, hydrothermal, Eymir
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Kocali Karmasigi Icerisindeki Mangan Cevherlesmelerinin Kokenine Bir Yaklasim
Burcu Goren', Mustafa AkylldlZl, Nail Yildirim? & Semiha ilhan'

" Cukurova Universitesi, Jeoloji Mithendisligi Boliimii, Balcali, TR-01330 Adana
*MTA Orta Anadolu 4. Bolge Miidiirliigii, Malatya

Bu calismada Adiyaman iline bagli Kocgali kdyiinlin kuzeyinde yer alan Cagalali ve Bezerdagi
mangan yataklarinin kdkenine dair aragtirmalar yapilmistir. Cevherlesmeler Giineydogu Anadolu Orojenik
Kusag igerisinde ki Ust Kretase yash Kogali Karmagig1 igerisinde yer almaktadir. Inceleme alaninda
temeli, bolgeye gravite kaymalariyla yerlesmis allokton konumlu Kocgali Karmasigina ait spilitik yastik
lavlar (Tarasa Formasyonu) ile radyolaritler (Konak Formasyonu) olusturmaktadir. Kogali Karmasigi’nin
istiine ¢ok kalin olmayan Germav Formasyonu ile Gerciis Formasyonu gelirken tiim bu birimlerin {istiinde
nummulitli kiregtaglarindan olusmus Midyat Formasyonu bulunur.

Cevherlesmeler diizensiz mercekler ve D-B/30K konumlu, diizensiz mercekler ve ardalanmali
tabakalar halinde radyolaritler igerisinde stratiform-stratobond seklinde bulunmaktadirlar. Cevherlesme
parajenezleri olarak; pirolusit, psilomelan, manganit ve hematitten olusmustur. Cevherlesmeyi olusturan
minerallerin tane boylar1 degisken olup masif ve c¢atlak dolgusu seklinde gozlenmektedir. Cevherlesmeler
jeokimyasal olarak incelendiginde ana oksit igerikleri (MnO: %8.98-73.64, SiO,: %3.26-%86.19) denizaltt
hidrotermal yataklara benzemektedir. Fe/Mn 0.001-0.019 araliginda degismekte olup, oldukca diisiiktiir.
Fe/Mn oranlar1 denizalt1 hidrotermal merkezlerde hidrotermal ¢ozeltilerden hizla ¢okelimle olusmus olan
yataklarin oranlarina benzemektedir. Ana ve iz elementler kullanilarak olusturulan diyagramlar iizerinde de
cevherler hidrotermal alanlar igerisinde yogunlagsmaktadir. Cevherlesmelerin iz element igerikleri ile
toplam NTE igerikleri de diigiiktiir. Ayrica tiim 6rnekler hafif negatif Eu anomalisi gostermekte, gozlenen
bu negatif Eu anomalileri cevherlerin ¢okelmis oldugu ¢ozeltinin sicakhiginin 250 °C nin {izerine
cikmadigim gosterir.

Yapisal, stratigrafik, petrografik ve jeokimyasal verilere gore Cagalali ve Bezardag:
cevherlesmelerinin; Kogali Ofiyolitik Karmasigi’nin olusumuna neden olan okyanus tabani yayilmasi
sirasinda ki denizalti volkanizmasina bagli olarak Kibris Tipi Masif Siilfit yataklarin1 da olusturan
hidrotermal eriyiklerden olustugu diisiiniilmektedir. Volkanizma ile es yash deniz tabani hidrotermal sistem
dongiisii ile deniz suyu okyanusal kabugun iist kesimindeki kiriklardan igeri siiziilmiis ve dolagim sirasinda
1sinmig ve bazik volkanitlerden metal ¢ézmistiir. Bu hidrotermal eriyikler daha sonra deniz tabanina
dokiilmiislerdir. Hidrotermal eriyikler tiimiiyle deniz suyuyla karistiginda metalik Fe ve Mn oksitler
¢Okelmektedir.

Anahtar kelimeler Kocali, Mangan, Adiyaman, Hidrotermal
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An Aproach To The Origin Of The Manganese Depositions in Kocali Melange
Burcu Goren', Mustafa AkylldlZl, Nail Ylldmmz, Semiha ilhan'

'Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, Balcali, TR-01330 Adana, Tiirkiye
*MTA Orta Anadolu 4. Bolge Miidiirliigii, Malatya

The scope of this study is investigatiing the origin/source of the Cagalali and Bezerdagi manganese
ore deposits located at north of Kocali village in Adiyaman city. The study area is geologically located in
Kogali Melange, obducted on to Arabian platform in the Southeast Anatolian Orogenic Belt at Late
Cretaceous time. In the study area, the basement consists of radiolarian cherts (Konak formation) and
spilitic pillow lavas (Tarasa formation) which belong to allochtonous Kogali Melange, settled as a result of
tensile sliding. In the upper part of the succession the Germav Formation has moderate thickness and the
Gercilis Formation discordantly lies on to the Kogali Formation. The Midyat Formation consisting
Nummilitic limestone was formed on all these units.

Mineralizations are observed as irregular lenses and alternately bedded and concordant with wall-
rocks, oriented along E-W/30N direction. The ore paragenesis is; pyrolusite, psilomelane, manganite,
hematite. The grain sizes of the ore minerals are variable; they are mainly massive and formed as crack
fillings. Whole rock geochemistry of the mineralizations (MnO: 8.98%-73.64%, SiO;: 3.26%-86.19%) are
akin to the ocean floor hydrothermal deposits. The Fe/Mn ratio of the representative samples, varying
between 0.001 and 0.019 are too low. The Fe/Mn ratios are similar to the deposits formed at the ocean floor
centres with a rapid precipitation velocity. Ore minerals are populated at the hydrothermal areas in the
diagrams made for major and trace elements.

According to structural, stratigraphic, petrographic and geochemical data; the Cagalali and the
Bezardagi ore deposits were derived from hydrothermal solutions, which also led to the formation of the
Cyprus-type Massive Sulfide deposits, sourced from submarine volcanism during seafloor spreading where
Kocali Melange originated. The seafloor hydrothermal cycling together with co-eval volcanism, the sea
water intruded in to the oceaniv crust from the veins in the upper parts and during the cycling the sea water
boiled and dissoluted the metals from basic volcanites. Afterwards, these hydrothermal solutions precipated
on the seafloor. The metalliferous Fe and Mn oxides precipated when the hydrothermal solutions
completely mixed with sea water.

Keywords Kocali, Manganese, Adiyaman, Hydrothermal

78



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Kocali Ofiyolitik Karmasig’min Metalojenik (Cu-Au) Onemi

Nail YILDIRIM', Yunus AY', Cevdet CAKIR?, Semiha ILHAN®, Cahit DONMEZ?,
Esra YILDIRIM*

'MTA Orta Anadolu 4. Bélge Miidiirliigii, TR44100, Malatya

2 MTA Genel Midiirligii, Maden Etiit ve Arama Dairesi, 23119, Ankara
3 Cukurova Universitesi, Jeoloji Miithendisligi Boliimii, 01330, Adana
*Firat Universitesi, Jeoloji Mithendisligi Boliimii, 23119, Elaz1g

Inceleme alan1 Adryaman il sinirlari igerisinde olup, Giineydogu Anadolu Bindirme Kusag: ile Toros
Orojenik Kusagi sinirinda yer almaktadir. Inceleme alaninda temelde Jura-Alt Kretase yashi Kogali
Karmasig1 bulunmakta ve bu birimin {izerine Arap plakasima ait Ust Maestrihtiyen-Miyosen yas araligina
sahip otokton c¢okeller (Terbilizek, Besni, Germav, Midyat, Lice Formasyonu) uyumsuzlukla gelmektedir.
Kogali Karmasigi igerisinde MTA tarafindan bdlgede yapilan ¢alismalarda kiigiik-orta 6lgekli ¢ok sayida
Cu cevherlesmeleri belirlenmistir. Kogali Karmasigi Hatay’dan Hakkari’ ye kadar bindirme kusag:
boyunca uzanmaktadir. Bu birim; Neotetisin giineyindeki bir kol olarak kabul edilmekte ve Ust Kretase
sonunda kuzeye dogru yitimle bu okyanusun dilimlenerek allokton kiitleler halinde Kastel havzasina
taginmasiyla olusmustur. Bu cevherlesmeler, Kibris Tipi VMS yataklarinin genel 6zelliklerini sergilemekte
ve kok zonu, stockwork zonu, masif cevher zonu ile gossan seviyelerini icermektedir. Bolgedeki
cevherlesmeler; Tut-Incekoz mevkiinde levha dayk karmasig1 icerisinde catlak dolgusu seklinde izlenirken,
Adiyaman-Kocgali mevkiinde spilitik yastik lavlar igerisinde stockwork ve masif cevher seklinde
izlenmektedir. Sincik-Ormanbagi Tepe mevkiinde ise genellikle tasinmig mercegimsi ve tabakamsi sekilde
yer almaktadir. Cevherlesmelerin etrafindaki yan kayaglarda, deniz tabani volkanitlerinde sik¢a goriilen
kloritlesme, karbonatlasma, silislesme, limonitlesme, hematitlesme ve epidotlagsma izlenmektedir. Cevher
mineralleri olarak; pirit, markazit, manyetit, kalkopirit, bornit, kalkozin, kovellin, fahlerz ve sfelarit
bulunmaktadir. Dokusal olarak ta masif siilfit yataklarina 6zgii kolloidal, kataklastik ve zonlu dokular
gozlenmistir. Cevherlesme alanlarinda ki yiizey ve sondaj orneklerinde; Au-Ag-Cu-Zn elementlerinin
ulastigi en yiiksek degerler sirasiyla 3480 ppb, 23,5 ppm, % 3,9, % 12 seklindedir. Cevherlesmelere ait tiim
jeokimyasal analiz sonuglart degerlendirildiginde bolgede ki cevherlesmelerin 6zellikle Cu agisindan
onemli olabilecegi goriilmiistiir. Farkli cevherlesme alanlarindan alinan 6rneklere ait jeokimyasal veriler
discriminasyon diyagramlarinda degerlendirilmis ve tamaminin Kibris Tipi VMS alaninda yer aldigi
goriilmiistiir. Yine ayni1 6rnekler primitif mantoya gore normalize edilmis spider diyagramlarinda da Kibris
Tipi VMS yataklarmma benzer bir egilim gdstermektedir. Ozellikle cevherlesmelere ait masif pirit
orneklerinin iz element igeriklerine bakildiginda, Kibris Tipi VMS vyataklarinin karakteristik
ozelliklerinden biri olan Co/Ni>>1 ’in oldukc¢a iizerinde oldugu goriilmektedir. Diinya iizerinde
tanimlanmis 200°den fazla ofiyolitin, en az 25’i dnemli VMS cevherlesmeleri igermektedir. Ozellikle Tetis
kenet zonu iizerinde bulunan Kibrista’ki Trodos Ofiyoliti’ nde 90 yatak, Oman’daki Semail Ofiyoliti’ nde
150 yatagin bulundugu g6z oniine alinirsa, ayni kenet zonu iizerinde yer alan Kogali Karmasigi igerisinde
MTA tarafindan belirlenen cevherlesmelere ilave olarak orta ve kiiciik 6lgekte bircok yatagin eklenmesi
kac¢inilmazdir. Bu durum Kogali Ofiyolitik Karmasiginin metalojenik 6nemini ortaya koymaktadir.

Anahtar Kelimeler Kibris Tipi VMS, Kogali Karmasigi, Metalojenik, Adiyaman
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The Metallogenic (Cu-Au) Importance of Kocgali Ophiolitic Complex

Nail YILDIRIM', Yunus AY', Cevdet CAKIR?, Semiha ILHAN®, Cahit DONMEZ?,
Esra YILDIRIM®
'"MTA Orta Anadolu 4. Bolge Miidiirliigii, TR44100, Malatya
2 MTA Genel Midiirliigii, Maden Etiit ve Arama Dairesi, 23119, Ankara
3Cukurova Universitesi, Jeoloji Miihendisligi Béliimii, 01330, Adana
*Firat Universitesi, Jeoloji Mithendisligi Bolimii, 23119, Elazig

The studied area is located at Adiyaman and is located in the South East Anatolia Thrust Zone and
Taurus Orogenic Belt.. At the bottom, there is Jurassic- Lower Cretaceous Kocali Complex and the Upper
Maastrichtiene-Miocene autochthonaus sediments, belong to the Arabian Plate (Terbiizek, Besni, Germav,
Midyat, Lice Formations), are located on Kogali Complex discordantly.

It is defined that there are alot of small and medium scaled Cu mineralizations in the Kocali
Complex in this studies at this region, made by MTA. Kogali Complex, skirt along the thrust zone from
Hatay to Hakkari. Kogali Complex was formed as follows; during the end of Upper Cretaceous a South to
North subduction commenced, Neotethis Ocean closed and the allochtonous bodies moved to the Kastel
Basin. This mineralizations shows the general characteristics of Cyprus Type VMS deposits and contains
root zone, stockwork zone, massive ore zone and gossans.

The mineralization bodies are fracture fillings shaped within sheeted dyke complex at Tut-Incekoz
region, and they are massive ore and stockwork within spilitic pillow lavas at Adiyaman- Kogali region.
And at Sincik- Ormanbasitepe the mineralization bodies are either lens shaped or stratiform.
Chloritization, carbonatization, silisification, hematization, limonite and epidote alterations observed in
wall rocks near mineralizations. These alteration types usually seen in seafloor volcanics. The observed ore
minerals are: pyrite, marcasite, magnetite, chalcopyrite, bornite, chalcosine, covellite, fahlerz and
sphalerite. Colloidal, cataclastic and zonal textures observed.

In drilling samples of the mineralization area, the maximum value of Au-Ag-Cu-Zn are in order
3480 ppb, 23,5 ppm, % 3,9 and %12. Analysis indicate that the mineralizations in there are important for
especially Cu. All of the samples, from different mineralization areas, located at Cyprus Type VMS field
in discrimination diagrams. The same samples likes Cyprus Type VMS deposits on primitive mantle
normalized spider diagrams. Besides, Co/Ni content of massive pyrite samples are quite high than 1. It is
the characteristic speciality of Cyprus Type VMS deposits.

Minimum 25 ophiolites contains VMS mineralizations at the World. There are 90 deposits in Trodos
ophiolites at Cyprus which located at Tethis suture zone, and 150 deposits in Semail Ophiolites at Oman.
Kogali Complex is located at the same zone. Because of this, rising of the number of deposits in this
complex, is inevitable. It shows the metallogenic importance of Kogali Complex.

Key words Cyprus Type VMS, Kogali Complex, Metallogenic, Adiyaman
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Tiirkiye’de Altin ve Altin Madenciligi ve TUPRAG Metal Madencilik
Mehmet YILMAZ
Tiiprag Metal Madencilik Sanayi ve Ticaret A.S. Iran Cad. Turan Emeksiz Sok. No :1, G.O.P. Ankara
Bu calismada, diinyada, Avrupa’da ve Tirkiye’deki altin madenciligi ve merkezi Kanada’da
bulunan Eldorado Gold Corporation firmasinin Tiirkiye’de kurulu olan sirketi Tiiprag Metal Madencilik’in
altin madenciligine olan yaklasimi, sirketin sahip oldugu Avrupa’nin en biiyiik altin madeni Kigladag Altin
Madeni ve Izmir’deki Efemcukuru Altin madeni projeleri konu almmus, Kisladag ve Efemcukuru’nun

jeolojisi ve cevherlesmesi hakkinda bilgi verilmistir.

Key words Altin, Tiiprag, Efemcukuru, Kisgladag

81



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Gold and Gold Mining in Turkey and TUPRAG Metal Mining
Mehmet YILMAZ
Tiiprag Metal Madencilik Sanayi ve Ticaret A.S. Iran Cad. Turan Emeksiz Sok. No :1 G.O.P. Ankara
In this study, gold mining in the world, in europe, in Turkey and the approach to the gold mining of
Tiiprag Metal Madencilik ( wholly owned by Eldorado Gold-Canada ), project informations, geology and
ore composing of Kisladag Gold Mine (which have the largest gold reserve in Europe at the present time)

and Efemcukuru Gold Mine project is introduced.

Key words Gold, Tiiprag, Efemc¢ukuru, Kigladag
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Jeokimyasal Orneklerde Eser Element Analizleri ve Onemi
Seref GUCER"?

'Uludag Universitesi Fen-Edebiyat Fakiiltesi Kimya Béliimii 16059 Goriikle-BURSA
*TUBITAK-Bursa Test ve Analiz laboratuar1, 16190 Osmangazi-Bursa

Jeolojik olusumlar icersinde olusan jeolojik Orneklerde dagilan eser elementler Jeokimyacilara
onemli bilgiler verebilmektedir. Ancak bu element diizeylerinin dogrulugu ve esinligi yiiksek metotlarla
tayin edilmesi ihtiyaca yonelik modellerin kurulmasinda ve ileriye yonelik isabetli Ongoriilerin
sunulmasinda gerekli olmaktadir. Calismamizda Atomik spektroskopik tekniklerden Atomik Absorpsiyon,
Indiiktif eslesmis Atomik Emisyon ve kiitle spektrometrelerle yapilan eser analizlerde gdzlenebilecek
analitik sorunlar 6zetlenmeye caligilmaktadir. X-1ginlar1 spektrometresi ile galigilabilme sirlar1 verilirken
kiitle, spektrometreleri ile gerceklestirilen izotop oranlar tayinlerine de deginilmektedir. Sonug olarak
kalite ve akreditasyon olusumlar1 icersinde jeokimyasal Ol¢iim verilerimizin degerlendirilmesi
Ozetlenmektedir.

Anahtar Kkelimeler Jeokimyasal 6rnek, atomik spektrometri, izotop analizleri
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Current State of Trace Elements Analysis and Their Importance in Geochemistry
Seref GUCER'?

'Uludag Universitesi Fen-Edebiyat Fakiiltesi Kimya Béliimii 16059 Goriikle-BURSA
*TUBITAK-Bursa Test ve Analiz laboratuar1, 16190 Osmangazi-Bursa

The trace elements distribution in geological samples which were formed in geological processes
are able to provide important information to scientists. However, the element levels have to be determined
with a method that shown high accuracy and precision in order to establish a correct model predictions. In
our study, the applications of atomic spectroscopic techniques such as Atomic Absorption, Atomic and
Inductively coupled plasma mass spectromety in geological samples were outlined. Some examples of
analytical problem were summarized. Beside this techniques X-rays spectrometric trace element analysis as
well as isotope dilution analysis are also discussed. Finally, quality of results and acreditation of laboratory
and interperatation of results related with geochemical needs were also discussed.

Key words Geochemical samples, Atomic spectrometry, X-ray spectrometry, isotope analysis
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Jeokimyasal analizlerde coziicii asit interferanslarimin ICP-OES teknigi kullanilarak incelenmesi
D. Demirhisar, M. Cételi, A. Giintiirk, A. Yavuz
MTA Jeokimya Birimi, Universiteler Mah. Dumlupinar Bul. No:139 06800 Cankaya, Ankara

Jeokimyasal orneklerin analizinde pek c¢ok analitik metot kullanilarak eser element tayini
yapilmaktadir. Numunelerin ¢0ziilmesi esnasinda kullanilan yontem ve asitler analiz sonucunun
dogrulugunu etkilemektedir. Bu ¢aligmada farkli asit bilesimlerinin kullanimi ile (HCI, HNO;, HCIO,, ve
HCI:HNO;, 3:1 (Kral suyu)) ICP-OES sisteminde analizi yapilan analitin sinyaline kullanilan asit
bilesiminin etkisi incelenmistir.

Bu amagla uluslararas1 sertifikali materyaller (CRM-051-050, CRM-LKSD-3, CRM-STSD-3)
kullanilarak Al, B, Ba, Ca, Co, Cu, Er, Fe, K, La, Li, Mg, Mn, Nd, Ni, P, Si, Sr, Th, Ti, V, Y, Zn
elementleri icin asit-interferans etkileri incelenmistir. ICP-OES sisteminde ¢alisma sartlari;

Plazma Giici: 1410 W
Pompa Hizi: 2 ml/dk.
Coulant Flow: 12 L/dk.
Axialary Flow: 1 L/dk.
Nebulizer Flow: 0.82 L/dk.

Al: 396.152, B:249.773, Ba:233.527, Co0:228.516, Cu:327.395, Er:337.271, Fe:259.941, Ga:342.274, K:
766.491, La:408.572, Li:870.780, Mg:285.213, Mn:257.811, Nd:401.225, Ni: 221.548, P: 213.518,
Si:251.012 Sr: 407.771, Th: 401.913, Ti: 335.121, V: 282.454, Y: 371.030, Zn: 213.856 (nm)

Calisma sonucunda, secilen CRM’lerin kullanilan asite bagl interferans etkisinin HCIl kullanilan
cbzme yoOnteminde en az oldugu, ayrica analit sinyallerinin materyalin matriks yapisina bagli olarak

degistigi, dolayisiyla ¢ok yiiksek karbonat icerikli numunelerde HCI’in daha etkin oldugu, diger sediman
ve toprak gibi 6rneklerde ise kral suyu ¢6zme yonteminin etkin oldugu bulunmustur.

Anahtar kelimeler ICP-OES, ¢6zme metotlari, matriks etkileri
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The effect of different mineral acid interferences on geochemical analysis by ICP-OES Technique
D. Demirhisar, M. Cételi, A. Giintiirk, A. Yavuz

MTA Jeokimya Birimi, Universiteler Mah. Dumlupinar Bul. No:139 06800 Cankaya, Ankara

In geochemical samples, trace element analysis is done by using many different analytical methods.
The accuracy of the analysis results are affected by the methods and acids used for the digestion of the
samples.

In this study, by using different acid contents (HCl, HNO;, HCIO4, and HCI:HNOs;, 3:1) for the
digestion of the samples, the effect of the acid content on the analyte signal is investigated by ICP-OES.

For this purpose, the acid interference effect is studied for Al, B, Ba, Ca, Co, Cu, Er, Fe, K, La, Li,
Mg, Mn, Nd, Ni, P, Si, Sr, Th, Ti, V, Y, Zn by using certificated materials (CRM-051-050, CRM-LKSD-3,
CRM-STSD-3).

Consequently, the effect of the interference is observed less for HCI method, furthermore the analyte
signal is changed as a result of sample matrix, so the effect is more pronounced for HCI method in samples
containing high carbonate content and for HCI:HNO; (3:1) in sediment and soil samples.

The operating conditions of ICP-OES is given below.

Plasma Power: 1410 W
Sample flow rate: 2 ml/min
Coolant Flow: 12 L/min
Auxilary Flow: 1 L/min
Nebulizer Flow: 0.82 L/min

Key words ICP-OES, acid digestion, matrix effects
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Colakh (Elaz1g) cevresindeki Pb-Zn-Cu cevherlesmeleri ile iliskili kuvarslarda sivi kapanim
incelemeleri

Belgin Aydin YILDIRIM, Leyla KALENDER, Ahmet SASMAZ
Frrat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 23119 Elazig

Inceleme alani Elazig ilinin 25 km kuzeyinde yer almaktadir. Cevherlesmeler, Koniasiyen-
Kampaniyen (80-82 My) yasli Elaz1g Magmatitleri’ne ait biyotit porfir ve diyoritler icerisinde, kirik ve
catlak zonlarma yerlesmis damarlar halinde bulunmaktadir. Cevherlesmelerde gozlenen baslica cevher
mineralleri, spekiilarit, pirit, kalkopirit, galen, sfalerit, frayberjit ve fahlers veya tetrahedrittir. ikincil
mineraller ise, simitsonit, limonit, serusit, anglezit, kovellin ve kalkozindir.

Bu c¢aligma kapsaminda, cevherlesme ile iligkili kuvars oOrneklerinde sivi kapanim g¢aligmalari
yapilmustir. Birincil sivi kapanimlarinda homojenlesme sicakligi ve tuzluluk degerleri saptanmuistir.
Kapanimlar, icerdikleri fazlara gore dort farkh tipe ayrilarak Tip I (siv1 fazca zengin), Tip II (gaz fazca
zengin), Tip III (tuz kristalleri, gaz ve sivi fazli) ve Tip IV (siv1, gaz, tuz ve opak mineral) incelenmistir.
Tip I kapanimlarinda olusum sicakligi, cevherli damarlarin intruzyondan uzakligina gore 145-600 °C; Tip
II kapanimlarinda 150-376 °C; Tip III ve Tip IV 270- 600 °C dir. Kapanimlarin tuzluluk miktar1 % 25-44
NaCl esdegeri araliginda belirlenmistir. Yogun alterasyon kusaklarindaki kuvarslarda olusum sicakligi 145-
244°C ve tuzluluk degerleri % 0,88- 5,7 NaCl esdegere kadar diismektedir.

Sonug olarak, bolgede yiizeyleyen cevherlesmelere ait kuvarslarda, magmatic kiitleye yakinliklarina
gore, merkezden disa dogru; plutonik kiitleye yakin cevherlesmelere ait kuvarslarda; yiliksek sicaklik ve
yiiksek tuzluluk degerleri; Kopriiciik cevherlesmelerine ait kuvarslarda, orta sicaklik ve orta tuzluluk
degerleri; en distaki Colakli cevherlesmelerine ait kuvarslarda ise diisiik sicaklik ve diisiik tuzluluk
degerleri saptanmigtir. Baglangicta hidrotermal ¢ozeltilerin magmatik kokenli oldugu ancak giderek
meteorik kokenli sular ile karistigi disiiniilmektedir. Bu nedenle, cevher olusumunda, farkli fiziko-
kimyasal 6zelliklere sahip ve farkli evreleri temsil eden hidrotermal ¢ozeltilerin kirik sistemi igerisinde
dolasimindan s6z etmek mimkiindiir.

Anahtar Kelimeler: Elazig, Colakli, Pb-Zn-Cu cevherlesmeleri, s1vi kapanim
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Fluid inclusion studies in the quartz crystals associated with the Pb-Zn and Cu mineralizations
around Colakh, Elazig

Belgin Aydin YILDIRIM, Leyla KALENDER, Ahmet SASMAZ
Frrat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 23119 Elazig

Study area is located 25 km north of Elazig city. Mineralizations occur as vein type fillings in the
fracture zones biotite porphyries and dioritic rocks from Elazig Magmatites (Coniacian-Campanion; 80-82
Ma). The main major mineral assemblages of the veins are specularite, pyrite, galena, chalcopyrite,
sphalerite, freibergite, fahlez or tetrahedrite group minerals. During weathering, secondary minerals are
simitsonite, limonite, serusite-anglesite, covelline and chalcocite.

This study includes fluid inclusion studies in quartz associated with the mineralizations. Different
salinity and homogenization temperature values were determined in the primary fluid inclusions. Fluid
inclusions were classified according to phases within inclusions as Type I (liquid-rich), Type II (vapor-
rich), Type III (halite bearing intrusions), Type IV (liquid, vapor, halite and daughter minerals-rich).
Homogenization temperatures were determined according to distance from the biotite porphyr of the
fissure-filling veins; range 145 to 600°C for type I inclusions; range 150 to 376°C for type II inclusions;
range 270 to 600°C for type III and type IV inclusions. Salinity values are between 25 and 44 equiv. wt %
NaCl. Due to processes weathering, homogenization and salinity values were determined 145-244°C and
0.88-5.7 equiv. wt % NaCl, respectively.

As a result the homogenization temperatures and salinity values were determined in quartzes
associated with mineralizations in three different district according to distance from the biotite porphyry.
High homogenization temperature and high salinity values were determined in quartzes of the
mineralizations in within or near the pluton, moderate homogenization temperature and moderate salinity
values in Kopriiciik mineralizations and low homogenization temperature and low salinity values in
quartzes from Colakli mineralizations at relatively great distance from pluton. In the beginning, the
hydrothermal fluids may be magmatic origin but more and more the hydrothermal fluids may be diluted
with meteoric water mixing. That is why; the occurrence of mineralizations may be related to circulate in
the hydrothermal system at the different times of the hydrothermal fluids in the different physico-chemical
features.

Key words Elazig, Colakli, fluid inclusions, Pb-Zn-Cu mineralizations
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Porfiri Tip Alterasyon Zonlarindaki Metal Zenginlesmelerin Takibinde Sivi Kapanim
Petrografisinden Nasil Yararlanilmaktadir ? Bir Ornek; Inanmis Sahasi (Erzurum-Oltu)

Giilay Sezerer Kuru', ismet Cengiz?, Mehmet Aslan® ve Alper Sakitas4

"Turkey Mineral Exploration, TR-06520 Ankara, Turkey

2Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, TR 060800 Ankara
*Maden Tetkik ve Arama Genel Midiirliigii, Malatya Bolge Miidiirliigii, TR 44100, Malatya
“Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi Baskanligi, TR-060800 Ankara.

Calisma alani, Dogu Pontitlerin G-D kesiminde yer almaktadir. Bolgedeki KD-GB dogrultulu
yapisal zonlarla smirlanan, Jura-Kretase yasli birlikler kuzeyden giineye dogru, Hopa-Bor¢gka zonu,
Artvin-Yusufeli zonu, Olur-Tortum zonu ve Erzurum-Kars ofiyolit zonu olmak iizere dort zon olarak
gruplandirilmistir (Konak ve dig.,2001). Erzurum Oltu ilgesinin yaklasik 25 km batisindaki, Camlibel ve
Inannus koyleri arasinda bulunan Inanmis bélgesi, Oltu Ekayli Zonu i¢inde (OEZ) yeralmaktadir. Bu
zonu giineyden sinirlayan Tersiyer istifleri altta Eosen yasli denizel kirintili ve volkanik kayalardan, iistte
ise Oligo- Miyosen yash karasal evaporitik kirintli kayalar ve andezitik—bazaltik volkanitlerden olusur.
Bolgede yer alan en geng birimler Ge¢ Miyosen yash ¢esitli volkanik kayalar ve Pliyo—Kuvaterner yaslh
cOkellerdir. Bolgede gozlenen, Jura-Kratese yasli bazik karekterli volkanikler, ayn1 yasli Meydantepe
kiregtasi, Eosen yash kirintili kayaglar ve biitiin bunlart kesen asidik ve bazik kayaclar gozlenir (Konak ve
dig.2001). Jura-Kratese yash bazik volkanikler, ¢ogunlukla porfirik dokulu ve asidik, ortag ve bazik
bilesimli kayaglar ile kesilerek, yaygin bir alterasyona ugramiglardir. Killesme, limonitlesme,
hematitlesme, piritlesme, kloritlesme ve epidotlagma gdzlenen yaygin alterasyonlardir. Bu alterasyonlarin,
bolgede hakim olan KD-GB tektonik hatlara verev olarak geligsmis olan tektonik zonlar ve dayklarla iligkili
olarak gelistikleri diisliniilmektedir.Magmanin kristallenmesi sirasinda magmatik-hidrotermal sistem i¢inde
kapanlanan sivi kapanimlar tahmin edilebilmektedir. Bu genel diisiincenin kullanilmasi ile alterasyon
zonlart ve Ozellikle cevher zonlar kolayca belirlenebilmektedir. Porfiri bakir yataklarindaki sivi
kapanimlarn dagilimlart ve tipleri derinlerdeki yerlesimle degisikler gostermektedir. Ornegin, daha
derinlerde olusmus, en yasl sivi kapanimlar, orta tuzluluga sahip, kalkopiritten olusan daughter mineralleri
igeren sivica zengin Ui¢ fazli sivi kapanimlar igerirken, daha yiizeyde ise geng sivi kapanimlar orta tuzluluga
sahip kalkopiritli gazca zengin ii¢ fazli sivi kapanimlar ile en yilizeyde bulunan sivi kapanim birliktelikleri
ise bunlar daha yiiksek tuzluluga sahip magmatik sivilardan itibaren ve coexisting halicte ve buharca
zengin FIA’lardan olugmaktadir. Porfiri bakir yataklarinda gozlenen sivi kapanim birlikleri (FIA) PCD
yataklarin olusumlar sirasinda zaman ve mekan arasinda meydana gelen sistematik degisikler, FIA’ larin
bu yataklarin arastirilmasinda etkili olarak kullanilmasina izin vermektedir. Dolayisiyle cevherlesme ile
ilgili tiim verileri elde edebilir ve cevherlesmeyi takip edebiliriz (Bodnar, 1982). Bu amagla bolgede gelisen
alterasyon zonlarindan alinan 6rneklerde, sivi kapanim petrografisi yardimiyla bolgedeki alterasyonlara ve
cevherlesmeye neden olan ¢ozeltilerin, kayaglarda meydana getirdigi jeokimyasal degisiklikler yanal ve
diisey olarak ortaya konularak cevherlesmenin varligi irdelenmis ve bu altere zonlarda gelismis olan sivi
kapanim birlikteliklerinin yanal ve diisey olarak dagilimlar1 belirlenmistir. Alterasyon petrografisi ile fillik
zonu karekterize eden quartz, pirit, muskovite-illit, klorit, hematit ve anhidrit mineral toplulugu tespit
edilmistir. Bodlgeden alinan altere Orneklerin fillik alterasyon zonunu temsil ettigi ve fillik alterasyon
zonuna ait sivi kapanmim birliklerini icerdigi, ancak cevherlesme zonunu temsil eden sivi kapanim
birliklerine rastlanmadig1 belirlenmistir.

Anahtar Kelimeler Sivi kapanim birlikleri (FIA), porfirik tip alterasyon zonlari, porfiri bakir yataklari
(PCD).
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How is used fluid inclusion petrography for tracing metal enrichments within porphyry-type
alteration zones ? A specific example: Inanmis Field (Erzurum-Oltu)

Giilay Sezerer Kuru', ismet Cengizz, Mehmet Aslan® ve Alper Sakitas*

"Turkey Mineral Exploration, TR-06520 Ankara, Turkey
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The study area is located in the south-eastern part of Eastern Pontides. Bordered by structural zones
with a trend of NE-SW in the region, Jurassic-Cretaceous units are distinguished by four zones as Hopa-
Borgka zone, Artvin-Yusufeli zone, Olur-Tortum zone and Erzurum-Kars ophiolite zone from north to
south (Konak ve dig.,2001). Inanmis field, which is about 25 km distant in the west from Oltu district of
Erzurum, is situated between Camlibel and Inanmus villages and located within Oltu Overthrusted Zone
(OEZ). This zone in the south is enclosed by Tertiary successions, represented by lower marine clastics and
volcanic rocks of Eocene and upper terrigenous evaporitic clastic rocks and andesitic-basaltic volcanic
rocks of Oligo-Miocene. Youngest units in the region are various volcanic rocks of Late Miocene and
deposits of Plio-Quaternary. There are observed outcrops of Jurassic-Cretaceous basic volcanic rocks,
coeval Meydantepe limestone, clastic rocks of Eocene and acidic and basic rocks, intruding all them
(Konak ve dig.2001). Basic volcanic rocks of Jurassic-Cretaceous are often intruded by porphyritic-
textured acidic, intermediate and basic rocks in composition, and subjected to a common alteration.
Argillitization, limonitization, hematitization, pyritization, chloritization and epidotization are commonly
observed alterations. It is assumed that these alterations were generated by tectonic zones and dykes,
developed transverse to dominant NE-SW tectonic lineaments. It is possible to determine that whether
there were fluid inclusions trapped within a magmatic-hydrothermal system during the crystallization of
magma or not. Alteration zones, and particularly ore mineralization zones can be easily determined using
this general assumption. Fluid inclusions located at porphyry-type copper deposits have a varying
distribution and type with their emplacement in depth. For instance, the deeper-occurring oldest fluid
inclusions contain mildly-saline, liquid-rich triphase fluid inclusions with daughter minerals of
chalcopyrite, while shallower-occurring younger fluid inclusions bear mildly-saline, gas-rich triphase fluid
inclusions with chalcopyrite, and the shallowest fluid inclusion assemblages (FIA) are built from high-
saline magmatic fluids together with co-existing halite- and vapour-rich FIAs. Fluid inclusion assemblages
(FIA) observed at the zones of porphry-type copper deposits inform us on temporal and spatial systematic
variations of PCDs, allowing the efficient utilization of FIAs for the exploration of deposits. Therefore, we
can obtain all data related with ore mineralization, and trace it (Bodnar, 1982). In order to do this purpose,
analyses were conducted on the samples taken from alteration zones in the region. These resulted in
revealing lateral and vertical geochemical changes generated by solutions, which cause to produce regional
alterations and ore mineralizations. Hence, it is questioned that whether there is an existing ore
mineralization or not, and then both lateral and vertical distribution of fluid inclusion assemblages occurred
in these altered zones are determined. By means of petrography on alterations, a mineral assemblage built
from quartz, pyrite, muscovite-illite, chlorite, hematite and anhydrite, characterizing a phyllic zone, is
determined. It is inferred that altered samples taken from the region represent a phyllic alteration zone as
well as its fluid inclusion assemblages but bear no those representing any ore mineralization zone.

Key words Fluid inclusion assemblages (FIA), porphyry-type alteration zones, porphyry-type copper
deposits (PCD).
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Bigadi¢ Borat Yataklarinda Sivi Kapanim Calismalar

ismail Kocak', Siikrii Kog?,

'Bozok Universitesi, Miihendislik-Mimarlik Fakiiltesi, Jeoloji Miih. BSliimii, 66100, Yozgat
?Ankara Universitesi, Miihendislik Fakiiltesi, J eoloji Miih. Boliimii, 06100, Tandogan, Ankara

Inceleme alan1 Balikesir’in giiney dogusunda, Balikesir-izmir karayolu iizerinde ve Balikesir'e 37
km uzaklikta olan Bigadig ilgesinin K-KD’sunda yer almaktadir. Bolgenin jeoloji daha dnceki ¢alismalarda
detayli olarak calisilmistir (Alaca ve Helvaci 1991; Helvaci, 1995). Bolgede volkano-sedimanter
havzasinin temelinde Paleozoyik-Mesozoyik iizerine Miyosen uyumsuzlukla oturmaktadir. Miyosen yaslh
birimlerin alttan iiste dogru taban volkaniti birimi, taban kirectasi, alt tiif birimi, alt boratli zon, st tiif, Gst
borath zon, bazalt ve biitlin bunlarin uyumsuzlukla gelen geng aliivyonlar seklinde siralamislardir. Bor
cevherleri kiltagi, ¢amurtasi, tiif ve ince katmanl kirectas: ile ardalanmali olup, genel olarak merceksel
yapilar sunarlar. Her iki cevher zonunda da kolemanit ve iileksit baskin mineraller olup, reedmergnerit
(NaBSi;0g), searlesit (NaBSi,O6H,0), kalsit, kuvars, hidrohalit, analsim, montmorillonit ve illit
mineralleri borat ¢okelimine eslik etmektedir (Kog vd. 2009; Kogak 2009).

Bigadi¢ yoresinde yapilan sivi kapanim olgiimleri Simav ve Tiilii ocaklarinda kolemanit minerali,
Acep ocaginda ise iileksit minerali {izerinde gerceklestirilmistir. Bu mineraller daha 6nce Helvaci (1995,
2004) tarafindan da belirtildigi iizere birincil olusumludur. Sivi kapanim g¢aligmalar1 bu birincil mineraller
iizerinde gergeklestirilmigtir. Sivi kapanim c¢aligsmalarinda yiiksek homojenlesme sicakliklari (>200°C)
Ol¢iilmiistiir. Bilindigi {izere iileksit 25°C, kolemanit 38°C’de olugmaktadir. Diger borat mineralleri de 25—
45°C de olugmaktadir (Bowser 1964). Bu yiiksek sicaklik verileri hidrotermal c¢ozeltilerin etkisiyle
aciklanabilir. Kolemanit ve iileksit minerallerinin olusum siirecinde yiiksek sicakliktaki c¢ozeltiler
kristallere sizma seklinde katilarak yar1 ikincil (pseudo secondary) kapanimlarin olugmasini saglamigtir.

Anahtar Kelimeler Bigadic, borat yataklari, sivi kapanim
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Fluid Inclusion Studies in Bigadi¢c Borate Deposits
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The study area is located at south-east of Balikesir, 37 km away from Balikesir, which is in the
north-northeast of the Bigadig at Balikesir-Izmir highway. The region's geology has been studied in details
in previous studies (Alaca ve Helvac1 1991; Helvaci, 1995). Miocene placed onto Paleozoic - Mesozoic
volcano-sedimentary basin basement with discordance. The Miocene aged volcano-sedimentary sequence
consists of (from bottom to top) basement volcanics, lower limestone, lower tuff, lower borate zone, upper
tuff, upper borate zone, basalt and alluvion. Boron ore deposits which are intercalated with claystone,
mudstone, tufa and fine layered limestone show lens shape. Colemanite and ulexite are dominant minerals
at all ore zones and reedmergnerite (NaBSi3Og), searlesite (NaBSi,O6H,0), calcite, quartz, hidrohalite,
analcime, montmorillonite and illite minerals are paragenesis with borates. (Kog¢ vd. 2009; Kogak 2009).

Measurements of the fluid inclusion were carried out on colemanite mineral in region Tiili and
Simav mines and on ulexite mineral in Acep mines. These minerals as stated previously by Helvaci (1995,
2004) are the primary process. Fluid inclusion studies were conducted on these primary minerals. Fluid
inclusion studies of high homogeneous temperature (> 200 ° C) were measured. As it is known, Ulexite and
Colemanite are formed at 25 © C and 38 © C respectively. Other borate minerals are formed at 25-45 ° C
(Bowser 1964). This high-temperature data can be explained by the effect of hydrothermal solutions. And
high temperature during the formation of Colemanite Ulexite mineral crystals in the solutions in the form
of infiltration by joining half the secondary (pseudo secondary) has provided inclusions to occur.

Key words Bigadic, borate deposits, fluid inclusion
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Giresun (KD Tiirkiye) Yoresi Masif Siilfit Yataklar1 Cevresindeki Bitki ve Cokellerin Jeokimyasi

Muazzez Celik Karakaya ve Necati Karakaya

Selguk Universitesi Muh.-Mim. Fakiiltesi Jeoloji Miih. Boliimii, Konya, 42079, Tiirkiye

Dogu Karadeniz volkanojenik projensi, Ust Kretase yash andezitik, dasitik ve kismen riyolitik,
riyodasitik lav ve piroklastiklerden olusur. S6z konusu provens igerisinde volkanojenik masif siilfit ve
damar tipi siilfit yataklan ile iligkili olarak yaygin ve yogun hidrotermal alterasyonu gozlenir. Bolgedeki
maden yataklar yakininda yaygin ve yogun sekilde gozlenen alterasyonlar 6zellikle Geg Kretase yaslh
dasitik lav ve piroklastikleri igerisinde gelismis olup polimetalik masif-damar tipi siilfit tiirii cevher
yataklarini igermektedir. Volkanik kayaglarin kimyasal bilesiminde olusan degisikliklerin belirlenmesi
yaninda bitki, mineralize sularin ¢okelleri {izerinde mineralojik analizlere ilaveten kimyasal analizler (ana
ve REE ile birlikte iz element analizleri yapilarak) yapilmustir.

Mineralize sularin akis giizergahlarinda ve cevherli kayaglar iizerinde kalinliklart 30cm bulan
yosunlarin gelistigi gdzlenmistir. Bu yosunsu bitkilerin elektron mikroskopta yapilan incelemelerinde bal
petegini andiran dokusal 6zellikler gosterdigi tespit edilmistir. EDS analizinde kimyasal analiz sonuglarina
paralel veriler elde edilmistir. Kimyasal analizlerle yosunlarda 6zellikle agir metallerin (Mo, Zn, Pb, Cu,
Fe, As, Sb, Mn ve kismen Co ve Hg) ve kismen Se ve Ba un zenginlestigi belirlenmistir. Findik ve musir
yapraklarinda ise bu elementlerin zenginlesmedigi, ancak kismen Hg, Ag ve Mn igeriklerinin yiiksek
oldugu belirlenmistir. Cokellerde ise Fe, Pb, Zn, Cu, As ve Sr konsantre olmustur. Ancak madenlerden
gelen sularin fiziksel ve kimyasal 6zellikler ile iligkili olarak bazi elementlerin (Cd, Au, Zr, Th, W, Tl, Bi,
Ni, Hg ve Zn) igeriklerinde 6nemli farkliliklar gézlenmistir.

Ozellikle yosunlarda bulunan agir metal iceriklerinin ¢ok yiiksek olmasi, bu bitkilerin agir metal
tutucu 6zellikte oldugunu ve bu bitkilerin agir metal kirliliginin 6nlenmesinde kullanilabilecegini, findik ve
misir yapraklarinda ise asir1 bir zenginlesmenin olmamasinin bu bitkilerin iirlinlerinin tiikketiminde saglik
acisindan bir problem olmayacagi sonucuna varilmustir.

Anahtar Kelimeler Agir metal, Giresun, masif siilfit, toksik element, yosun
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Geochemistry of Sediments and Plants at Around of Massive Sulfide Deposits of Giresun, NE
Tiirkiye)

Muazzez Celik Karakaya, Necati Karakaya

Selcuk Universitesi Muh.-Mim. Fakiiltesi Jeoloji Miih. Boliimii, Konya, 42079, Tiirkiye

The eastern Black Sea volcanogenic province consists of Upper Cretaceous andesitic, dacitic and
partially rhyolitic, rhyodacitic lavas and pyroclastics. Widespread and intense hydrothermal alterations
occurred within this province in relation to volcanogenic massive sulfide and vein type sulfide deposits.
These alterations developed near the ore deposits in the region are especially prominent within the Late
Cretaceous dacitic lavas and pyroclastics, including polymetallic massive and vein-type sulfide ore
deposits. Volcanic rock, plant and mineralized water samples were to determine chemical and
mineralogical features and elucidate further changes during the alteration process.

Moss covers with a thickness of 30 cm developed in the flow direction of mineralized waters and on
mineralized rocks. These mossy plants show honey-comb texture under the electron microscope. Electron
diffraction spectrometric analysis results are consistent with the results of chemical analyses. Heavy metals,
such as Mo, Zn, Pb, Cu, Fe, As, Sb, Mn and to some extent Co, Hg, Se and Ba, were enriched in mossy
plants. For comparison, out of these elements, only Hg, Ag, and Mn were enriched in leaves of corn and
nut trees growing in the district. Precipitates from mineralized waters also showed high concentrations of
Fe, Pb, Zn, Cu, As and Sr. However, the concentrations of some elements, such as Cd, Au, Zr, Th, W, T],
Bi, Ni, Hg and Zn, showed important differences in relation to the physico-chemical properties of the
mineralized waters.

The very high concentrations of heavy metals in mossy plants suggest that these plants behave as
acceptors of heavy metals. Therefore, this moss could be used to prevent pollution by heavy metals. It is
concluded that corn and nut plants may be consumed without toxicity problems.

Key words Heavy metal, Giresun, massive sulfide, moss, toxic element
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Gorgii (Yesilyurt-Malatya) Kursun — Cinko Yatagi Cevresinde Toprak ve Baz Bitkilerde
(Euphorbia Macroclada ve Cruciata Taurica) Ag, Ba, Cd, Pb ve Zn Dagilim
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*Firat Universitesi Egitim Fakiiltesi Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii, Elazig

Inceleme alam Malatya ilinin yaklasik 20 km batisinda yer almaktadir. Calisma alaninin giiney
boliimiinde Gorgili Pb-Zn yatagi bulunmaktadir. Permo-Karbonifer yasli Malatya Metamorfitleri igerisinde
yer alan bu yatak, karbonatli ve siilfitli Pb-Zn cevherlesmeleri igermektedir. Baslica cevher mineralleri
simitsonit, zinkit, hidrozinkit, anglezit-seriizit, sfalerit, galen, pirit, markazit ve limonittir.

Bilindigi gibi bitkiler, biinyelerinde yiiksek oranda metal biriktirebildiklerinden, biyojeokimyasal
yontemle cevher aranmasinda, c¢evre iyilestirilmesinde (phytoremeditation) ve c¢evre kirliligi
arastirilmalarinda etkili bigimde kullanilmaktadirlar. Bu calismada Gorgii Pb-Zn yatagi ve g¢evresinden
siitlegen (Euphorbia macroclada) ve peynir mayast (Cruciata taurica) bitki ornekleri ve bu bitkilerin
beslenmis oldugu topraklardaki metal miktarlar1 incelenerek bitki — cevherlesme arasindaki
biyojeokimyasal iligkiler ortaya ¢ikarilmaya ¢alisilmistir.

Asagida bu bitkilerin yetistigi topragin ve bu bitkilerin kok ve yapraklarinin Ag, Ba, Cd, Pb ve Zn
ortalama igerikleri verilmistir. Cruciata taurica bitkisindeki (toprak, kok ve yaprak sirasiyla) Ag: 4904.2;
209.3; 73.8 ppb, Ba: 627.4; 84.8; 95.6 ppm, Cd: 161.6; 11.8; 4.94 ppm, Pb: 3707.3; 646,4; 297.2 ppm ve
Zn: 6405; 635.8; 453.2 ppm dir. Euphorbia macroclada bitkisindeki (toprak, kok ve yaprak sirasiyla) Ag:
9614.8; 406.5; 81.8 ppb, Ba: 692.6; 31.0; 35.8 ppm, Cd: 222.6; 16.5; 4.2 ppm, Pb: 6572; 920.3; 243.8
ppm ve Zn:>10000; 1013.5; 352.4 ppm dir.

Calisma alaninda incelenen Euphorbia macroclada ve Cruciata taurica Dbitkilerinin kok ve
yapraklarinda Ag, Ba, Cd, Pb ve Zn metalleri degisik oranlarda birikebilmektedir. Incelenen metallerin
topraktaki miktarlar1 ile bu bitkilerin ilgili organlarindaki element igerikleri arasinda iyi derecede pozitif
korelasyon bulunmaktadir. Yataktaki cevherlesmelerin ana bilesenlerinden olan bu elementler, bolgedeki
cevherlesmeler i¢in belirtgen (indikatdr) olarak kullanilabilirler.

Anahtar Kelimeler Biyojeokimya, belirtgen, siitlegen, peynir mayasi, Gorgii.
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Element Dispersion In The Soil and Some Kind of Plants (Euphorbia Macroclada and Cruciata
Taurica) Around Gorgii (Malatya — Yesilyurt) Pb-Zn Deposits

Giillii Kirat', Cemal Boliicek’, Leyla Kalender’, Ahmet Sagiroglu’, ismail Tiirkoglu*

'Bozok Universitesi Miihendislik - Mimarlik Fakiiltesi Jeoloji Miihendisligi Boliimii, Yozgat
*Balikesir Universitesi Miihendislik - Mimarlik Fakiiltesi Jeoloji Miihendisligi Boliimii, Balikesir
*Firat Universitesi Mithendislik Fakiiltesi Jeoloji Mithendisligi Boliimii, Elazig

*Firat Universitesi Egitim Fakiiltesi Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii, Elazig

The studied area is situated in abaut 20 km West of Malatya. Gorgii Pb-Zn deposits are located in the
South of the study area and placed in Permo-Carboniferous Malatya Metamorphites. The deposits are
composed of carbonate and sulphide ore minerals; mainly smithsonite, zincite, hydrozinkite, anglesite —
sericite, sphalerite, galena, pyrite, marcasite and limonite.

As it is well known as plants can take up in high amounts metals, they are effectively used in the
search of the ore deposits in biogeochemistry method, phytoremeditation and surroundings contamination.
In this study, Euphorbia macroclada and Cruciata taurica plant samples and the metal ratio of the soil
related to the plants were examinated and the biogeochemistry relationships between the plants and the are
deposits were found out around Gorgili Pb-Zn deposits.

Ag, Ba, Cd, Pb and Zn mean values of the metals in the soil and plants (leaf and root) are below.
Cruciata taurica in the plant (soil, root and leaf, respectively) are; Ag: 4904.2; 209.3; 73.8 ppb, Ba:
627.4; 84.8; 95.6 ppm, Cd: 161.6; 11.8; 4.94 ppm, Pb: 3707.3; 646,4; 297.2 ppm and Zn: 6405; 635.8;
453.2 ppm. Euphorbia macroclada in the plant (soil, root and leaf, respectively) are; Ag: 9614.8; 406.5;
81.8 ppb, Ba: 692.6; 31.0; 35.8 ppm, Cd: 222.6; 16.5; 4.2 ppm, Pb: 6572; 920.3; 243.8 ppm ve Zn:
>10000; 1013.5; 352.4 ppm.

In the study area, Ag, Ba, Cd, Pb ve Zn elements in the root and leaves of the Fuphorbia macroclada
ve Cruciata taurica plants can be collected in different proportions. The soil contents of these elements
show positive correlations with the element contents in the relevant parts of plants. These elements, the
main composition of the deposit can be used as indicator elements for the ore deposits around the area.

Key words Biogeochemistry, indicator, spurge, cheese ferment, Gorgii.
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Kiiciikfindikpinar-Erdemli-Mersin Bolgesinde Yetisen Pinus nigra (Karacam) Bitki Tiirii ile Fe, Zn,
Mn, Cu, Ni, Co, Cd, Cr ve Pb i¢in Biyojeokimyasal Anomalilerin Incelenmesi

Cihan Yurteri, Zeynep Ozdemir ve Erkan Demir
Mersin Universitesi Miih. Fakiiltesi Jeoloji Miihendisligi Béliimii, Ciftlikkdy-Mersin

Maden yataklarinin aranmasinda kullanilan biyojeokimyasal yontemler, bitki 6rneklerinin kimyasal
analizi ilkesine dayanmaktadir. Bu ¢aligmada; Kiiclikfindikpinari- Erdemli- Mersin bolgesinden alian
bitki ve toprak orneklerinde Fe, Zn, Mn, Cu, Ni, Co, Cd, Cr ve Pb igerikleri alevli atomik absorbsiyon
spektrofotometresi ile belirlenmis olup, bu elementler agisindan bitki ve toprak arasindaki iligki istatistiksel
olarak incelenmistir. Cu, Ni, Co, Cd ve Pb elementleri i¢in bitki ve toprak arasinda istatistiksel agidan
onemli bir iligki bulunamamuis, ancak Pinus nigra (karagam) bitki tiiriiniin dal ve yapraklarmdaki Fe, Zn,
Mn ve Cr igerigi ile topraktaki Fe, Zn, Mn ve Cr igerigi arasinda anlamli bir iligki goézlenmistir. Fe igin
n=12, r= 0,6966, %95 giivenirlikle; Zn i¢in n=8 r= -0,7981, %95 giivenirlikle; Mn i¢in n=10, r= -0,7437,
%095 giivenirlikle; Cr igin n=14, r= 0,6683, %99 giivenirlikle dogrusal bir iliski oldugu, bu bitki tiiriiniin Fe,
Zn, Mn ve Cr i¢in belirleyici bitki oldugu ve biyojeokimyasal prospeksiyonda basarili bir sekilde
kullanilabileceginin yaninda ¢evresel monitor olarak de kullanilabilecegi onerilebilir.

Anahtar kelimeler Fe, Zn, Mn, Cu, Ni, Co, Cd, Cr ve Pb, Biyojeokimyasal Anomali, Kii¢iikfindikpinar-
Erdemli-Mersin
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Investigation of Biogeochemical Anomalies for Fe, Zn, Mn, Cu, Ni, Co, Cd, Cr and Pb by Pinus nigra
at the Kiiciikfindikpinari- Erdemli, Mersin

Cihan Yurteri, Zeynep Ozdemir ve Erkan Demir
Mersin Universitesi Miih. Fakiiltesi Jeoloji Miihendisligi Béliimii, Ciftlikkdy-Mersin

Use of biogeochemical methods in mine prospecting is based on chemical analysis of vegetation. In
this study, soil and plant species samples were collected from the Kiigiikfindikpmari-Erdemli-Mersin area
and concentration of Fe, Zn, Mn, Cu, Ni, Co, Cd, Cr and Pb were determinated by flamme atomic
absorption spectrophotometer. Data for the statistical significance of between plant and soil relationship for
these elements were investigated. The Cu, Ni, Co, Cd and Pb concentration in all plants organs are not
found stastistically significant for soil / plant relationship. However, the Pinus nigra species for Fe, Zn, Mn
and Cr showed highly significant (for Fe: n=12, r= 0,6966 %95 reliability; for Zn: n=8, r= -0,7981, %95
reliability; for Mn: n=10, r= -0,7437, %95 reliability; for Cr: n=14, r= 0,6683, %99 reliability)
relationship. Therefore, this species is a good indicator plant for the Fe, Zn, Mn and Cr, it should be
successfully used for biogeochemical prospecting and environmental monitoring.

Key words Fe, Zn, Mn, Cu, Ni, Co, Cd, Cr ve Pb, Biogeochemical Anomalies, Kii¢iikfindikpinar-Erdemli-
Mersin
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Himmetoglu Formasyonu (Goyniik-Bolu) Organik Kayaclarinda Element Zenginlesmeleri

Melike OZLUK ve Ali SARI

Ankara Universitesi Miih.Fak. Jeo. Miih. Bél., 06100 Tandogan, Ankara

Goyniik (Bolu) ilgesinin giineyinde yer alan Himmetoglu baseni, bir gol havzasi 6zelligindedir.
Himmetoglu formasyonu tipik gdl ve bataklik tortullariyla temsil edilmektedir. Formasyon, organik madde
igerigi agisindan oldukca zengin olup, birim bitlimlii seyller ve komiirli seviyelerden olugmaktadir. Birime
ait bitiimlii seyllerin Corg degerleri 13,9 ile 56,34 arasinda iken, komiirlerde Corg degeri 12,54 ile 91,84
arasinda degismektedir. Toplam organik karbon degerlerine gore gerek bitiimli seylere ve gerekse
komiirler ¢ok iyi ve miikemmel kaynak kaya potansiyeline sahiptir. Formasyondaki organik madde
zenginligi, Himmetoglu g6l havzasimin Miyosen doneminde miikemmel derecede organik iiretkenlige ve
ortamin redoks kosullar1 da organik maddenin korunmasi ve depolanmasi agisindan miikemmel kosullara
sahip olduguna isaret eder. Calisilan bitlimlii seyl ve komiir 6rneklerinde elementlerin ortalama seyllere
gore zenginlesme faktorleri hesaplanmistir: Bitiimlii seyllerde zenginlesme faktorleri EF Vi (2,69; 32,24),
EF Feo: (8,94; 9,69), EF Cro (5,96; 19,81), EF Moo (5,33; 56,14), EF Mn,, (1,02; 8,23) seklindedir.
Komiirlerde ise zenginlesme faktorleri EF V. (8,67; 2,64), EF Fe, (10,21; 3,00), EF Cr,y (8,31; 2,08), EF
Mo, (6,21; 8,10), EF Mn,, (0,46; 0,59) seklindedir. V/Cr, Ni/Co ve V/V+Ni igeriklerine gore depolanma
sartlarinin disoksik ve oksik oldugu belirlenmistir.

Anahtar Kelimeler Organik madde, organik karbon, bitiimli seyl, element zenginlesmesi
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Element Enrichments In Organic Rocks of Himmetoglu Formation (Goyniik-Bolu)
Melike Ozliik ve Ali SARI

Ankara Universitesi Miih.Fak.Jeo.Miih.B51.,06100. Tandogan/Ankara

Himmetoglu basin is located in the southern part of Goynuk (Bolu) and exposed lake characteristics.
The Himmetoglu formation represented typical lake and marsh sediments, rich in organic matter content,
consists of bituminous shales and coal levels. C,, values in the bituminous shales are 13.9 and 56.34 wt %,
while this values in coal levels changes between 12.54 and 91.84 wt %. According to C,, values
bituminous shale and coal levels have very good and excellent source rock potential. The richness of
organic matter in the formation indicate that during the Miocene time Himmetoglu lake basin has a
perfectly organic productivity, and redox conditions of the lake environment is perfect for the protection
and storage of organic matter. According to the average shale the element enrichment factors are calculated
in the analyzed samples of the formation. Enrichment factors (EF) of the bituminous shale as follows: V
(2.69, 32.24), Fey (8.94, 9.69), Croy (5.96, 19.81), Moy (5.33, 56.14 ), Mn,, (1.02, 8.23). Enrichment
factors in the coal samples as follows: V. (8.67, 2.64), Feq:(10.21, 3.00), Cryy (8.31, 2.08), Mo, (6.21,

8.10 ), Mn,, (0.46, 0.59). According to V/Cr, Ni/Co and V/V+Ni ratio redox conditions of the basin are
generally dysoxic and oxic.

Key words Organic matter, organic carbon, bituminous shale, element enrichment
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Giineydogu Anadolu Bélgesi Smir Petrollerinin Karbon Izotop ve Biyolojik Fosiller (Biomarkers)
Kullanilarak Degerlendirmesi ve Suriye Petrolleri ile Kargilagtirmasi

Aysegtil Canatali
Tiirkiye Petrolleri Anonim Ortakligi, Arastirma Merkezi, Jeokimya Miid., Cankaya, Ankara

Giineydogu Anadolu (GDA) Boélgesi Suriye siirinda yer alan petrol sahalarindan (Camurlu, Yolagan,
B.Kozluca, vs.) derlenen toplam oniki adet petrol Ornegi c¢esitli temel ve molekiiler parametreler
kullanilarak jeokimyasal agidan degerlendirilmistir.

Bolge petrolleri, diisiik API graviteli (9.1-14.9°), yiiksek siilfiir igeren agir petrollerdir. Diisiik Pr/Ph,
yiiksek Tm/Ts, NH/H, C,4/Cys (S+R),C35/Cs4, diislik yeniden diizenlenmis steran oranlari bu petrollerin
kaynak kayasmin karbonat oldugunu vurgulamaktadir. Ayrica yiiksek Tm/Ts oram ile birlikte yiiksek
pregnan konsantrasyonu, yiiksek gamaseran ve Cy;, Cy, Cys BB steranlarin mevcudiyeti (oo izomerlere
gore) kaynak kaya c¢okelme ortaminin ¢ok tuzlu evaporitik bir ortam oldugunu da isaret etmektedir.
Petrollerin doymus karbon izotop degerleri -30.37 ile -27.03 arasinda, aromatik karbon izotop degerleri ise
-29.84 ile -26.76 arasinda degismektedir. Bu izotop kompozisyonu ise denizel ortamda ¢okelmis karbonat
bir kaynak kayayi isaret etmektedir. Bolgede bu 6zelliklere sahip sedimanlar Cudi Grubu birimlerine aittir.
Fakat bugiine kadar bu birimlerin kaynak kaya potansiyeli tasidigini gosteren jeokimyasal bir veri elde
edilememistir.

Bu ¢alismada ayrica, jeokimyasal karakterizasyonu yapilan GDA Sinir Petrolleri ile Kuzeydogu Suriye
petrollerini temsil eden Hamza Sahasi’na ait bir petrol jeokimyasal olarak karsilastirilmig, her iki petrol
grubunun benzer oldugu saptanmistir. Sahip oldugu daha yiiksek olgunluk diizeyi nedeniyle Hamza
petrolii, GDA Petrollerine gore daha yiiksek API (20°) graviteye ve daha diisiik siilfiir (% 3) miktarina
sahiptir. Her iki gruba ait molekiiler parametre ve oranlar ise hemen hemen aynidir. Bu nedenle Tiirkiye
Snir Petrolleri ile Kuzeydogu Suriye petrollerinin ayni kokene sahip oldugu, baska bir deyisle ayn1 kaynak
kayadan tiiredigi kanisina vartlmistir.

Anahtar sozciikler Cudi Grubu, GDA petrolii, Suriye petrolii, petrol-petrol korelasyonu, GC, GC/MS,
Biyolojik Fosil, Karbon Izotop
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Characterization of Southeast Anatolian Border Oils and Correlation with Syrian Oils by Using
Carbon Isotopes and Biomarkers

Aysegiil Canatah
Turkish Petroleum Corporation, Research Center, Cankaya, 06100 Ankara, Turkey.

Twelve oil samples collected from the oil fields (Camurlu, Yolacan, W.Kozluca, etc.) located in
Southeast Anatolia (SEA), near Surian border (Turkish Border Oils) have been characterized by using
several gross and molecular geochemical parameters.

Oils in this region are heavy, showing low API gravity (9.1-14.9°) and high sulphur concentrations.
Low Pr/Ph, high Tm/Ts, NH/H, C,4/Cys (S+R), C35/C34 and low rearranged sterane ratios indicate that the
source rock of these oils is carbonate in lithology. Also, high pregnane, high gammacerane concentrations
and the presence of C,7, Cyg, Cos B steranes in higher abundances (compared to aa isomers) suggest highly
saline evaporative depositional environment. The saturated carbon isotope values change between -30.37
and -27.03; the aromatic carbon isotope values change between -29.84 and -26.76, so this isotope
composition also shows that carbonate source rock deposited in marine environment for these oils. The
only unit in this region having these distinct geological characters is Cudi Group units. However, no
geochemical data have been found to date that these units have source rock potential.

Moreover, the studied oils located near Surian border (Turkish Border Oils) have been correlated
geochemically with the Hamza Field oil representing Northern Syria Oils and found that the oils are very
similar. Due to its higher maturity level, Hamza Field oil has higher API degree (23°), lower sulphur (3%)
concentrations compared to those of Turkish Border oils. However, the molecular parameters are almost
the same in two goup of oils. Thus, it has been concluded that the both group of oils have the same origin,
in other words, they have been generated from the same source rock.

Keywords Cudi Group, SE Anatolian oils, Syria oil, oil-oil correlation, GC, GC/MS, Biomarker, Carbon
Isotope
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Kepeztepe (Nallihan, Ankara) Civar1 Organik Kayaglarinin Redoks Depolanma Kosullar1

Derya Koca', Ali Sari’, Berna Yavuz', Stikri Koc;2

' Ankara Uni. Fen Bilimleri Enstitiisii, 06100 Tandogan/Ankara
?Ankara Uni. Miih. Fak. Jeo. Miih. B6l., 06100 Tandogan/Ankara

Kepeztepe civar1 organik kayaclari, zayiftan miikkemmele (% 0.24 ile % 11.31 arasinda) kadar
degisen organik karbon igerigine sahiptir. Organik maddece zengin kayaglarda yapilan elementel analiz
verileri ¢esitli elementlerin (6rnek; Ni, Cr, Ca, Co, U) zenginlestigini gostermistir. Kepeztepe Bolgesi
organik kayaglar1 karbon, siilfiir ve iz elementler arasinda farkli iligkiler sergiler. Elde edilen element
degerleri kullanilarak cesitli parametreler yardimiyla sediman birikiminin depolanma kosullar1 hakkinda
bilgiler elde edilmistir. Depolanma ortaminin paleoredoks kosullarinin belirlenmesinde V/(V+Ni), V/Cr,
Ni/Co, U/Th ve V/Sc gibi gesitli jeokimyasal oranlar kullanilmistir. Bu verilere gore incelenen organik
kayag 6rneklerinin genellikle oksik-suboksik ortam kosullarinda depolandig1 goriilmektedir.

Anahtar Kelimeler Redoks kosullar, depolanma ortami, organik karbon, iz element, Kepeztepe
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Redox Depositional Conditions of the Organic-Rich Rocks in the Environs of Kepeztepe (Nallthan,
Ankara)

Derya Koca', Ali Sarlz, Berna Yavuz', Siikrii Koc;2

! Ankara Uni. Fen Bilimleri Enstitiisii, 06100 Tandogan/Ankara
2 Ankara Uni. Miih. Fak. Jeo. Miih. Bél., 06100 Tandogan/Ankara

Organic rocks of Kepeztepe environs have organic carbon contents from poor to excellent values
(0.24 — 11.31 wt.%). The element datas of organic-rich rocks showed that several elements were enriched,
like Ni, Cr, Ca, Co, U. Organic rocks of Kepeztepe have different relation between carbon, sulphur and
trace elements. Informations about sediment depositional conditions were obtained by several parameters
with elements values. Several geochemical ratios as V/(V+Ni), V/Cr, Ni/Co, U/Th and V/Sc are used for
determining the paleoredox conditions of deposition environment. According to these values organic rock
samples are generally deposited in oxic — suboxic conditions.

Key words Redox conditions, depositional environment, organic carbon, trace element, Kepeztepe
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Kepeztepe (Nallihan, Ankara) Civar1 Organik KayaclarindaElement Zenginlesmeleri
Derya Koca', Ali Sarlz, Berna Yavuz', Siikrii Koc;2

! Ankara Uni. Fen Bilimleri Enstitiisii, 06100 Tandogan/Ankara
2 Ankara Uni. Miih. Fak. Jeo. Miih. Bél., 06100 Tandogan/Ankara

Kepeztepe bolgesinde bulunan Paleosen — Eosen yaslt kayaglar1t % 0.24 ile % 11.31 wt. arasinda
degisen organik karbon degerlerine sahiptir. Incelenen &rneklerde organik madde tipi Tip I kerojen olarak
belirlenmistir. Kepeztepe civarinda 30 6rnek lizerinde yapilan jeokimyasal analizlerden ana ve iz element
miktarlar belirlenmis olup, ortalama seyle gore Kepeztepe drneklerinde Ni>Cr> Co>U>Cu>Th>V >
Pb > Zn > Mo seklinde zenginlesme siralamasi elde edilmistir. Kepeztepe civart organik kayaclarinda
ortalama seyle gore hesaplanan zenginlesmeleri su sekildedir; W, Mg, Ni, Cr, Ca, As, P, Se, Si, Co, Sr, Na,
U, Tm, Ag, Mn, Se, Cu, Th, Hf, Vi Fe, Cs, Eu, Er, Yb, Pb, Y, Ti, Pr, Dy, Ta, Sb, K, Nd elementlerinde
zenginlesme; Ce, Ga, Ho, Zn, Cd, Ba, Tb, Sm, Zr, Gd, Lu, Rb, Be, Mo, Hg, Sn, La, TI, Nb elementlerinde
tiikketilme belirlenmistir. Formasyonda belirlenen element icerikleri organik maddece zengin, anoksik ortam
kosullarinda depolanmis olan ¢esitli havzalara ait seyl 6rnekleri ile karsilastirilmis ve zenginlesme oranlart
belirlenmistir.

Anahtar Kelimeler Organik madde, element zenginlesmesi, Kepeztepe, ana ve iz element
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Element Enrichments in Organic-Rich Rocks in the Environs of Kepeztepe
(Nallihan, Ankara)

Derya Koca', Ali Sarlz, Berna Yavuz', Siikrii Koc;2

! Ankara Uni. Fen Bilimleri Enstitiisii, 06100 Tandogan/Ankara
2 Ankara Uni. Miih. Fak. Jeo. Miih. Bél., 06100 Tandogan/Ankara

Paleocene — Eocene rocks of Kepeztepe have organic carbon values which change among 0.24 and
11.31 wt.%. The organic matter type of analyzed samples is Type I. 30 samples of Kepeztepe were
analyzed for major and minor element values and an enrichment rank, like Ni > Cr > Co > U > Cu > Th >
V > Pb > Zn > Mo, in comparison with average shale is determined in Kepeztepe samples. According to
the comparisons with average shale, the results of the samples of Kepeztepe samples, it is determined that
elements such as W, Mg, Ni, Cr, Ca, As, P, Se, Si, Co, Sr, Na, U, Tm, Ag, Mn, Se, Cu, Th, Hf, Vi Fe, Cs,
Eu, Er, Yb, Pb, Y, Ti, Pr, Dy, Ta, Sb, K and Nd were enriched; Ce, Ga, Ho, Zn, Cd, Ba, Tb, Sm, Zr, Gd,
Lu, Rb, Be, Mo, Hg, Sn, La, Tl and Nb were decreased. Element values of Kepeztepe were compared with
shale of different basins which are rich in organic matter and were deposited in anoxic conditions, and their
enrichment rates were determined.

Key words Organic matter, element enrichments, Kepeztepe, major and minor element
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Cayirhan (Ankara) Bolgesindeki Bitki Cesitliligi ve Bolgedeki Organik Maddece Zengin Kayaclarla
olan Jeokimyasal Iliskisi

Berna Yavuzl’z, Siikrii Kog:z, Esra Ergin3, Leyla Ag:lk3’ Mecit Vural’, Yusuf Kagan Kadlogluz, Derya
Koca’, Vedat Gok*

'Bozok Universitesi Miithendislik Mimarlik Fakiiltesi Jeoloji Mithendisligi Boliimii, 66100 Yozgat

2 Ankara Universitesi Mithendislik Fakiiltesi Jeoloji Miithendisligi Boliimii 06100, Tandogan Ankara *Gazi
Universitesi Fen Edebiyat Fakiiltesi Biyoloji Béliimii, Besevler, Ankara “CINER
Grup Park Termik, 06922 Cayirhan-Nallithan/Ankara

Ankara’nin yaklagik 100 km kuzeybatisinda Beypazar1 - Nallihan yolu iizerinde yer alan Cayirhan
Bolgesi ozellikle linyit ve bitiimlii seyl olusumlari bakimindan dikkat ¢eken bir bolgedir. Havza iginde
linyit seviyesi Burdigaliyen-Serravaliyen donemi i¢inde olusan Boyali formasyonunda olusmustur. Bu
formasyon iizerinde yer alan ve topografik olarak yiizeyleyen volkano-sedimenter istif Orta Miyosen yasl
Hirka Formasyonu olup, ¢cogunlukla kiltasi, siyah seyl, trona, ¢camurtasi, olusuk i¢i ¢akiltasi, dolomitik
kiregtasi, silttasi ve piroklastik kayalardan olugsmaktadir.

Arazi calismalarinda bolgede yilizeyleyen bu Hirka Formasyonu iizerinde, Sideritis gulendamiae
H.Dumand&Karavel [1] (local endemic), Centaurea virgata Lam. [2], Euphorbia macroclada Boiss. [2],
Echinops pungens Trautv. var. pungens [2], Reseda lutea L. var. lutea [2], Eryngium campastre L. var.
virens Link [2] Reichardia glauca Matthews [2], Echinophora tournefortii Jaub.&Spach [2], isimli biri
lokal endemik olmak iizere 8 farkli bitki toplulugu belirlenmistir.

Bu ¢aligmada, XRF ve ICP-MS teknikleri ile bitki ve kayag¢ 6rneklerinde Na, Mg, Al, Si, P, S, Cl, K,
Ca, Ti, V, Cr, Mn, Fe, Co, N1, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Nb, Mo, Cd, In, Sn Sb, Te, I, Cs,
Ba La, Ce, Hf, Ta, W, Hg, Tl, Pb, Bi, Th ve U gibi elementlerin igerikleri belirlenerek birbirleriyle
kiyaslanmistir. Hirka Formasyonuna ait organik maddece zengin kaya¢ 6rneklerinin ortalama seyllerle gére
zenginlesme faktorleri de hesaplandiginda Mg, Mn, Pb, Fe, Si, Zr, P, Sr, K, Ca, U, Cu, Ni, As, V, Co ve
Mo gibi elementlerinin zenginlestigi tespit edilmistir. Bolgedeki bitki 6rnekleri ise ortalama bitki element
igeriklerine gore zenginlesme faktorleri hesaplandiginda Bi, T1, Cd, Pb, U, Th, Sn, Y, Co, Mo, Ni, Cu, As,
Sb, Zn, Rb, Ba, Zr ve Sr gibi elementlerin degisen oranlarda zenginlestigi tespit edilmistir.

Anahtar Kelimeler Cayirhan, Bitki ¢esitlilig, organik madde, jeokimya
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Plant Diversity in Cayirhan (Ankara) Region and Geochemical Relationships of Rich Organic
Matter Contain Rocks in There

Berna Yavuzl’z, Siikrii Kog:z, Esra Ergin3, Leyla Ag:lk3’ Mecit Vural’, Yusuf Kagan Kadlogluz,
Derya Koca?, Vedat Gok*

'Bozok Universitesi Mithendislik Mimarlik Fakiiltesi Jeoloji Mithendisligi Boliimii, 66100 Yozgat
2 Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Mithendisligi Boliimii 06100, Tandogan Ankara
3Gazi Universitesi Fen Edebiyat Fakiiltesi Biyoloji Béliimii, Besevler, Ankara

*CINER Grup Park Termik, 06922 Cayirhan-Nallthan/Ankara

Cayirhan Region is located on the way Beypazar1 — Nallithan and approximately 100 km northwest
of Ankara. The region is particularly notable in terms of the lignite and bituminous shale formation. Level
of lignite in the basin occurred in Boyali Formation during the period Burdigalian-Serravalian. Middle
Miocene aged Hirka Formation is located on this formation that is outcrop to be a volcano-sedimentary
stack that is generally comprised of claystone, oil shale, trona, mudstone, intra-formation pebblestone,
siltstone and pyroclastic rocks.

The plants, which were collected on Hirka Formation outcrops in the field work in the area, were
named according to Flora of Turkey. Eight different plant communities were identified. The site contains
one local endemic plant. The collected plants names are Sideritis gulendamiae H.Duman&Karavel [1]
(local endemic), Centaurea virgata Lam. [2], Euphorbia macroclada Boiss. [2], Echinops pungens Trautv.
var. pungens [2], Reseda lutea L. var. lutea [2], Eryngium campastre L. var. virens Link [2] Reichardia
glauca Matthews [2], Echinophora tournefortii Jaub.&Spach [2].

In this study, Na, Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga,Ge, As, Se,
Br, Rb, Sr, Y, Zr, Nb , Mo, Cd, In, Sn Sb, Te, I, Cs, Ba La, Ce, Hf, Ta, W, Hg, T, Pb, Bi, Th and U
contents of plant and rock samples were determined by XRF, ICP, respectively and compared with each
other. According to the average shale enrichment factors account of Hirka Formation’s organic matter-rich
rock samples are identified to enrichment of elements such as Mg, Mn, Pb, Fe, Si, Zr, P, Sr, K, Ca, U, Cu,
Ni, As, V, Co and Mo. Examples of plants in the region, when they are calculated enrichment factors
according to the average element content of plants in the world, they are identified to enrichment in varying
proportions of elements such as Bi, Tl, Cd, Pb, U, Th, Sn, Y, Co, Mo, Ni, Cu, As, Sb, Zn, Rb, Ba, Zr and
Sr.

Key words Cayirhan, plant diversity, organic matter, geochemistry
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Hirka Formasyonu’na ait Organik Maddece Zengin Orneklerin Derinlige Bagh Jeokimyasal
Paleoredoks Degisimleri (Beypazari-Ankara)

Berna Yavuzl’z, Siikrii Kog:z, Ali Sarlz, Derya Koca®

'Bozok Universitesi Miihendislik Mimarlik Fakiiltesi Jeoloji Miih. Boliimii, 66100 Yozgat
?Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Béliimii 06100, Tandogan Ankara

Miyosen donemi diinyada anoksik depolanma siireglerinin sonuncusu olmasi ve petrol/gaz
iiretkenligi sebebiyle organik madde yigisimi agisindan son derece 6nemlidir. Beypazar1 (Ankara) bolgesi
Hirka Formasyonu (Orta Miyosen) petrollii seylerin de C-S ve bazi iz element iliskileri (Ni/Co, V/Cr ve
V/(V+Ni)) kullanilarak ortamin jeokimyasal redoks sartlari oksik, disoksik, sub-anoksik, anoksik ve
Oksinik olarak ayirt edilmistir.

Bu calismada R-744 sondajina ait 6rneklerin toplam karbon miktar1 (TOT-C) % 6,31-45,96 arasinda,
toplam organik karbon miktar1 (TOC) ise % 2,08-15,68 arasinda degismektedir. Orneklerin ortalama
seyllere gore Mn, Mg, Pb, Si, Sr, Zr, K, Ca, Na, U, Ba, Cu, Ni, As, V, Co, Mo, Rb Fe, P, Ti, Sb ve Cd
elementlerinin zenginlestigi, Cr ve Zn elementlerinin ise tiiketildigi tespit edilmistir. Zenginlesen
elementler bakimindan dikkate deger olan bu Ornekler depolanma ortaminin paleoredoks sartlarmin
belirlenmesi i¢in Ni/Co, V/Cr ve V/(V+Ni) gibi bazi paleoredoks belirtegleri kullanilarak jeokimyasal
ortam yorumu yapilmistir.

TOC ve redoks elementleri arasindaki belirlenen iligkiler organik madde birikiminde anoksik
sartlarin 6nemli rol oynadigimi gdstermektedir. R-744 sondajina ait petrollii seyllerinin sedimantasyonu
genellikle anoksik sartlar altinda gerceklesmistir. Tiim sondaj boyunca incelendiginde ise depolanma
kosullarinin  oksikten-anoksik sartlara kadar degiskenlik gosterdigi goriilmektedir. Burada farkli
jeokimyasal redoks kosullarinin goriilmesinin nedeni; su kimyasi, ¢cevresel iklim sartlari ve gol ylizeyindeki
organik iiretkenlik ile degisen paleoredoks sartlaridir.

Anahtar Kelimeler Hirka Formasyonu, organik madde, paleoredoks degisimi
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Geochemical Paleoredox Variations Dependent Upon Depth of Samples Contain Rich Organic
Matter in Hirka Formation (Beypazari — Konya)

Berna Yavuzl’z, Siikrii Kog:z, Ali Sarlz, Derya Koca®

'Bozok Universitesi Miihendislik Mimarlik Fakiiltesi Jeoloji Miih. Boliimii, 66100 Yozgat
?Ankara Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Béliimii 06100, Tandogan Ankara

Miocene period is extremely important in terms of productivity of oil & gas in the world and
organic matter accumulation due to the lastest becoming anoxic storage period. Hirka Formation (Middle
Miocene) oil shales of Beypazari (Ankara) region has been distinguished as oxic, disoksik, sub-anoxic,
anoxic and euxinic for the geochemical redox conditions of the environment from using C-S and trace
element relationships (Ni/ Co, V/Crand V / (V + Ni)).

In this study, R-744 borehole’s samples have varied total carbon content (TOT-C) between 6,31-
45,96%, total organic carbon content (TOC) between the 2.08-15.68%. According to the average shale
enrichment factors account of sample are identified to enrichment of elements such as Mn, Mg, Pb, Si, Sr,
Zr, K, Ca, Na, U, Ba, Cu, Ni, As, V, Co, Mo, Rb Fe, P, Ti, Sb and Cd, however, to consume of elements
such as Cr and Zn. Geochemical environment comment is made of using some paleoredoks markers such
as Ni/ Co, V/ Crand V / (V + Ni) for determination of storage media paleoredoks conditions in this
samples the remarkable in terms of enriched elements.

Determined relationships between TOC and redox elements show that anoxic conditions play an
important role of in the accumulation of organic matter. Sedimentation of oil shales in R-744 boreholes
occure generally under anoxic conditions. When all borehole was examined from the floor to the ceiling, it
was observed diversity from oxic to anoxic of storage conditions. The reason seeing different geochemical
redox conditions in here are water chemistry, environmental-climatic conditions, organic productivity on
lake surface and changing paleoredoks conditions.

Key words Hirka Formation, organic material, paleoredox variation
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Giineydogu Anadolu Ana Yapisal Kusaklar’’nda Sicaklik Gradyan Dagilim
M. Kaya Coban
TPAO Arama Dairesi S6giitozii Mah. 2.cad. No:86 ANKARA

Bu calismada Giiney Dogu Anadolu’da kuzeyden giineye uzanan ana yapisal kusaklarda *’Bindirme,
Kivrim ve On Ulke”’ sicaklik gradyanimnin diisey - yanal yayilimi ve degisimleri karsilastirmali olarak
ortaya konulmustur. Yapisal kusaklar boyunca bdlgenin basen tipi — evrimi, tektonik-yapisal konumu,
litoloji ve akigkan ozellikleri gibi temel jeolojik niteliklerinin slcaklik gradyaniyla olan iliskileri neden ve
sonuglartyla sorgulanmistir. Saptanan sicaklik gradyani profili grafiksel yontemler yardimiyla komsu Dogu
Anadolu ve Adana-iskenderun Neojen Basenleri’yle denestirilmistir. Calismada cogunlugu TPAO olmak
tizere ve diger petrol sirketlerince agilan toplam 1050 kuyunun farkl derinliklerinde kaydedilen Kuyu Dibi
Sicaklik’lart kullanilmistir. Sondaj siiresince sondaj ¢amurunun kuyu duvarini sogutmasi nedeniyle
loglardaki sicaklik kayitlart formasyonlarin gergek degerlerinden diistiktiir. Bu nedenle, dncelikle kuyu dibi
sicakligi kayitlar grafiksel yontem kullanilarak bu etkiden arindirilmis ve gergek degerlerine yakin Statik
Formasyon Sicaklik degerlerine cevrilmistir. Degerlendirmede sicakliklar ”°F” ve derinlikler ise “feet”
cinsinden alinmistir.. Sicaklik diizeltmelerinde Amerikan Jeolojik Arastirmalarit Kurumu’nun (U.S.G.S)
¢ok sayida kuyudan yaptigi dlglimler sonucunda kabul ettigi standart, yontem ve sinirlar dikkate alinmisgtir.
Her tektonik kusakta elde edilen kuyu dibi sicakliklarindan hesaplanan Statik Formasyon Sicakligi
degerleri derinlige bagh olarak %2 - %13 arasinda artislar sergilemektedir. Bu aralik Amerikan Jeolojik
Arastirmalar Kurumu’nun kabul ettigi % 10-%15 st sinirlarinin igerisinde kalmaktadir. Yiizey sicakliklar
her bir tektonik kusak icin ortalama degerler olarak secilmistir. Yiizey sicakliklari Bindirme Kusagi’nda:
63.5 °F, Kivrim Kusagi’nda: 64.4 °F ve On iilke’de 66.2 °F olarak alinmistir. Hesaplanan Statik Formasyon
Sicakligr degerleri, diisey eksen iizerinde derinlige karsi noktalanarak sicaklik gradyan profili egrisi elde
edilmistir. Degerlendirmelerin 1518inda, yapisal kusaklarda sicaklik gradyanimin yiizeyden derine dogru
azalarak ve gradyan egrisinin egiminin ise artarak uzandigi saptanmistir. Bu durum Tirkiye nin diger
basenlerinde (Trakya,Tuzgélii ve Dogu Anadolu Tersiyer ve Adana - Iskenderun Neojen Basenleri)
sicaklik gradyan egrisinin belirgin bir karekteridir. Bazi ¢aligmalarda gosterildigi gibi yiizeye yakin
seviyelerden elde edilen sicaklik gradyani degerlerinin, yeraltina dogrusal karakterde uzanmadigini
saptanmistir. S0z konusu {i¢ ana yapisal kusakta temel istatistiksel yontemlerle yapilan degerlendirmeyle,
sicaklik gradyanin egrisinin degisiminin (mod, medyan, aritmetrik ortalama ve standart sapma) derinlige
gore farkli bes aralikta toplandigi saptanmustir ; 1: Yiizey—1.500 ft, 2: 1.500-3.000 ft, 3: 3.000-5.000 ft, 4:
5.000-10.000 ft ve 5:10.000 ft ve asagisi. Bolgenin diinya sedimenter basenlerin ortalama sicaklik
gradyani degerlerinin ( 1,4 °F/100feet) {izerinde oldugu saptanmistir. Kuzeyde Bindirme Kusagi’ndan
giineyde On iilke’ye dogru uzanan alanda sicaklik gradyam degerlerinin belirgin bir sekilde diistiigii
goriilmektedir. Bu durum yanlizca derinlige karsilik yapilan diisey sicaklik gradyani noktalamasinda degil,
ayni zamanda basen 6lgeginde her bir derinlik aralig1 i¢in hazirlanan yanal degisiminin gézlendigi sicaklik
gradyan1 haritalarinda da belirgindir. Bindirme kusaginda 06zellikle bindirme dilimlerinin altindaki
korunmus formasyonlarda yiiksek sicaklik gradyami degerleri belirgindir. Bu kusakta iist bindirme
dilimlerinde sicaklik gradyani degerleri normal sedimenter basen sicaklik gradyani degerlerine yakin yada
biraz altinda seyretmektedir. Kivrim kusaginda sicaklik gradyanmi degerleri hemen her derinlikte diinya
ortalamalarinin iizerindedir. On iilkede sicaklik gradyam degerlerinde belirgin diisiisler gostermektedir. Bu
durum ¢ogunlugu dogrultu atimli fay mekanizmalarinin etkili oldugu geng tektonik hareketlerle, yeniden
sekillenen ve yiikselen yapi bloklarinda belirgindir. Giiney alanlardaki petrollii yapilarda meteorik su
hareketleri ¢ok belirgin sicaklik disiisleri ve petroliin fiziksel ve kimyasal 6zelliklerinde bozulmalara sebep
olmustur. Bir diger 6nemli noktada ayn1 derinliklerde yer almalarina ragmen petrollii formasyonlarin, sulu
formasyonlara gore daha yiiksek sicaklik gradyani degerleri yansitmalaridir. Her derinlik araliinda GD
Anadolu yapisal kusaklarinda saptanan sicaklik gradyani profili Adana Neojen Baseni sicaklik
degerlerinden yiiksektir. Iskenderun Neojen ve Dogu Anadolu Tersiyer Basenleri’nde sicaklik gradyan
profiliyle es gradyan degerleri goriilmektedir.

Anahtar kelimeler Kuyu dibi sicakligi, statik formasyon sicakligi, sicaklik gradyani, sicaklik profili, mod,
medyan, aritmetik ortalama, standart sapma
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Geothermal Temperature Gradient Distribution In the Major Structural Belts (Thrust Belt, Folded
Belt and Foreland) of South Eastern Anatolia Region

M. Kaya Coban
TPAO Arama Dairesi S6giitozii Mah. 2.Cad. No:86 Ankara

In the study, temperature gradient distribution has been evaluated at the major structural belts of
South East Anatolia which are extended from north to south as “Thrust Belt, Folded Belt and Foreland’’.
The results of temperature gradient distribution along the structural trends were examined and compared
such as parameters of basin evaluation, tectonic and structural developments of the trends, lithology and
fluid content of the sediments. This study is based on temperature data (e-logs, GR-BHC, FDC-CNL, CDR,
Temperature logs) recorded from various depths in 1050 wells drilled by TPAO and other oil companies in
South Eastern Anatolia Basins. Since circulating mud cools down and decreases the temperature through
the wellbore, temperature records from logs are lower than true bottomhole temperature. Therefore, a
correction in the recorded bottomhole temperatures is required to convert them to static formation
temperatures using graphical methods. In temperature gradient evaluations, temperatures are taken in °F
and depths are taken in feet. In temperature corrections, standard methods and limits set by USGS have
been used. In both basins, calculated static formation temperatures using show a depthwise change of about
2-13%. In each belt, following average surface temperature values have been used: in Thurst Belt: 63.5 °F,
in Folded Belt: 64.4 °F and in Foreland 66.2 °F. This variation stays within upper limit (10-15%) set by
USGS. A cross plot has been prepared using both bottomhole temperatures and static formation
temperatures using plotted against depth. This plotting shows that temperature gradient decreases while
slope of temperature gradient curve increases with depth. This is a very characteristic configuration of the
South East Anatolian Basins. Similar trends of gradient distribution has been observed in the Adana —
Iskenderun Neogene, and Eastern Anatolia Tertiary Basins. Evaluation of temperature gradient curve by
using basic statistical methods (Mod, Median, Average and standard deviation) led me to group
temperature gradient values in five depth ranges: 1- surface to 1500 feet, 2- 1500-3000 feet, 3- 3000-5000
feet, 4- 5000-10.000 feet and 5- below 10.000 feet. In this study, not only changes in the vertical profile of
temperature gradient is evaluated, but also basin wide lateral change has been defined using constructed
temperature maps. By doing so, relation of temperature gradient change with basin type and evolution,
structural framework, tectonic, lithology and petrophysical features of fluid content have been evaluated
and discussed. In general, temperature gradient values has cumulated above the world avarage gradient line
( 1,4 °F/100feet) in each major stuctural belts of South East Anatolia. Results of this study has shown that
temparature gradients decreases laterally from “’Thrust Belts’’ on the north to “’Fore Land’’ on the south.
Temperature gardient represents high- very high values at each level of the Thrust Belt. There are some
exceptions on the uppermost slices of the thurst which has rather decreasing values. Temperature gradient
also represents high values at each depth ranges of the Fold Belt. Fore Land region has low temperature
gradient values. Late tectonic movements affected and deformed old structures in the region. In this period,
mostly the strikeslip faults has played an important role in uplifling and deforming the structures in the
south. The continous meteoric water movements in the area resulted in decreasing hydrocarbon holding
capacity of the traps. In such places, oil lost its favorable physical and chemical properties by destructive
meteoric water flow and temperature gradient decreased. Geothermal Temperature gradient values are
higher than Adana Neogene Basin at each level of depth. But it has approximately similar temperature
gradient trends together with Iskenderun Neogene, and East Anatolia Tertiary Basins.

Key words Bottom hole and static formation temparature, temparature gradient, temparature, gradient
profile, Mode, Median, Average, Standart Deviation

112



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Trabzon ili CO,’ce zengin kaynak sularinda su-kayag iliskisi

Fatma Giiltekin, Arzu Firat Ersoy, Esra Hatipoglu

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR-61080 Trabzon

Genellikle volkanik kayaglarin yiizeylendigi Trabzon ve cevresinde ¢ok sayida diisiik mineral
icerigine sahip kaynaklar bulunmaktadir. Bu sular ada yay1 volkanizmasi iriinii olan volkanik kayag¢lardan
yiizeye ¢ikmaktadir. Kretase- Eosen araliginda olusmus genellikle bazalt, andezit, dasit, riyodasit ve
bunlarin piroklastiklerinden meydana gelen bu kayaglar, kumlu kirectasi, kiltasi, marn, tiifit ve kirmizi
kirectast ardalanmasindan olusur. Kimyasal analizlere gore bazaltik kayaglarda SiO, %43- 59, Al,05; %12-
14, Ca0O %5-8, MgO %3-11 ve Na,O %2-3 arasinda iken dasitik kayaglarda SiO, %62-63, Al,O3; %11-16,
CaO %0.3-4, MgO %0.6-0.9, Na,O %0.8-5 arasindadir. Marnlarda ise en yiiksek oksit %39 degeri ile CaO
dir. Diisiik debili bu kaynaklar volkanik kayaclardaki faylarla yiizeye ulagmaktadir. Bunlar Bereketli
(13°C), Durali (14°C), Akoluk (13°C), Yanlica (14°C), Kisarna (15°C) ve Ikisu (18°C) kaynaklaridir. CO,
icerigi ve toplam ¢0ziinmiis madde miktar1 normal yer alt1 sularina oranla fazla olan kaynaklar NaHCO; ve
CaMgNaHCO;s tipindedir. Sularda elektriksel iletkenlik degeri 400-5070 pS/cm, toplam ¢dziinmiis madde
miktar1 340- 5100 mg/1, ¢6ziinmiis oksijen degerleri 0.6- 6.72 mg/l, pH degerleri 5.51-6.23 arasinda degisir.
Akoluk ve Yanlica kaynaklarinda en yiiksek katyon Ca™" iken, Ikisu ve Kisarna kaynaklarinda Na" dur.
Bereketli ve Durali kaynaklarinda ise katyonlar birbirine yakin degerlerdedir. Kaynaklarin hepsinde en
yiiksek anyon HCO;" tiir. Su kayag etkilesiminde diisiik pH degeri ve CO, etkilidir. Yiiksek Na' igerigine
sahip Ikisu ve Kisarna kaynaklarmmn dasit ve riyodasit tiirii kayaclarla, yiiksek Ca™" icerigine sahip olan
Akoluk ve Yanlica kaynaklarinin ise kirectasi, kiltagi, marn, tiifit ve kirmiz1 kiregtagi ardalanmasi ile uzun
siireli temas halinde oldugu sdylenebilir. Ikisu kaynag:i cevresindeki demir ¢okelimi disinda kaynak
¢evrelerinde herhangi bir ¢okelim gézlenmemektedir.

Anahtar Kelimeler Su- kayag etkilesimi, kaynak sular, Trabzon
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Water Rock Interaction of CO,-rich springs in Trabzon

Fatma Giiltekin, Arzu Firat Ersoy, Esra Hatipoglu

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR-61080 Trabzon

Trabzon and its vicinity where volcanic rocks are outcropped, have many low mineral water springs.
These water discharges are mainly associated with volcanic rocks which constitute volcanic arc. These
rocks consist of basalt, andesite, dacite, riodacite and its pyroclastics which formed Cretaceous- Eocene
time period. Sandy limestone, claystone, marl, tuffit, red lime stones are interbedded with volcanic rocks.
According to the chemical analysis while basaltic rocks contain SiO, %43-59, Al,O; %12-14, CaO %5-8,
MgO %3-11 and Na,O %?2-3, dacitic rocks contain SiO, %62-63, Al,O; %11-16, CaO %0,3-4, MgO %0,6-
0,9 and Na,O %0,8-5. The highest oxide is CaO (%39) in marl. The springs which have low flow rate reach
to the surface through the faults in the volcanic rocks. These springs are Bereketli (12°C), Durali (14°C),
Akoluk (13°C), Yanlica (14°C), Kisarna (15°C) and ikisu (18°C). The springs NaHCO; and
CaMgNaHCO; water type, have higher CO, and TDS than normal groundwater. The electrical
conductivity (EC) values are in the range 400- 5070 puS/cm, TDS contents are between 340 and 5100 mg/1,
dissolved oxygen values are in the range 0.6- 6.72 mg/l and pH values are between 5.51 and 6.23 in the
springs. While Akoluk and Yanlica springs are characterized by high Ca™, ikisu and Kisarna springs are
characterized by high Na". In the Bereketli and Durali springs the cations have approximately same value.
Among the major anions, HCO; dominates all the water springs. Water-rock interaction process was
effected by low pH values and CO, contents. The high Na" values in Ikisu and Kisarna springs suggest that
springs have long residence time in the dacitic rocks. On the other hand, Akoluk and Yanlica springs have
high Ca™" content show that springs have long circulation time in the limestone, marl, clay stone and tuffit.
There is no precipitation in the vicinity of the springs except the iron deposits near the Ikisu spring.

Key Words Water-rock interaction, spring water, Trabzon
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Kapadokya (Nevsehir, Turkiye) turistik bolgesindeki kapal alanlarda radon aktivite gozlemlerinin
ilk sonuclari

Andrzej T. Solecki', Ahmet Sasmazz, Dagmara E. Tchorz-Trzeciakiewicz'

'University of Wroclaw, Institute of Geological Sciences, 50-204 Wroclaw pl. Maxa Borna 9
*Firat Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii 23119 Elazig

Kapadokya bolgesi I¢ Anadolu Bolgesi’nde yer almakta olup, essiz goriintiisii nedeniyle diinyada
jeoturistik olarak gidilebilecek en popular yerlerden birisidir. Kapadokya bolgesinde, yaslar1 1500 yildan
daha eski olan pek ¢ok yeraltisehri ve yerlesim alani bulunmaktadir. Bolgedeki yumusak tiiflerin kolay
kazilabilmesi ve termal izalasyon 6zellikleri, bolgede genis ve ¢ok amagli yer alti yapilarinin ingasina
neden olmustur.

Kapadokya bolgesi, uzun ekseni yaklasik 300 km olan Kapadokya Volkanik Provensine (KVP) ait
Neojen-Kuvaterner volkanik kayaclar1 tarafindan ortiilmiistiir. Ust Miyosen’den Kuvaterner’e kadar olan
donemde Avrasya ve Arap levhalarmin sikismalan iliskili olarak bolgede riyolit-dasitik ignimbiritler ve
andezitik law akintilar1 pliskiirmiistiir. K’ca zengin riyolitik ve dasitik ignimbiritler genellikle golsel
sedimentlerle, nadir olarak ise andezitik lavlarla i¢ i¢e gozlenmektedir.

Orta Anadolu Volkanik Provensi’nin volkanik kiil ve tiiflerinin erozyon kalintilari uzun yillar
boyunca, meshur yeralt1 yapilarinin insasinda kullanilmistir. Bu iglemler sadece ge¢miste degil giiniimiizde
de otel ve restauranlarin tiifit tabakalar1 igerisinde kazilmasina devam etmektedir. Bolgede genis alanlar
kaplayan pumis tabakalarinin jeokimyasal karakteristikleri Steinhauser vd. (2007) tarafindan ayrintili
olarak calisgilmistir. Bu sonuglara gore bolgedeki kayaglar 6nemli uranyum ve toryum igerigine sahiptir ve
yoredeki uranyum ortalamasi 3.5 ve 7 ppm olan iki ayri topluluk olusturmaktadir. Uranyum ve toryum
arasindaki kuvvetli korelasyon her iki topluluk arasinda da goriilmektedir ve 0.95 gibi yiiksek Pearson’mn
korelasyon katsayisi ile de uyusmaktadir. Orneklerde Th/U oram 3.4 olup, bu da kitasal kabuk oranima
yakindir. Bu degerler asit volkanik kayaglarin normal degerleridir ancak tiifitlerin yiiksek permeabiliteye
sahip olmalar1 ve yapilarin yeraltindaki degisken karakterler sergilemeleri nedeniyle yiiksek radon
konsantrasyonlari beklenilmistir.

Yoredeki radon 6l¢iimleri, Solecki vd. (2007) tarafindan tanimlanmig yontem olan, LR-115 Kodak
filmleri yardimiyla sonbahar mevsiminde (15 Ekim 2009 ve 15 Ocak 2010) gerceklestirilmistir. Elde edilen
sonuglar, ortalama radon konsantrasyonlu 509 Bg/m’ ve 1460 Bq/m’ olan iki yapi toplulugunu ortaya
koymustur. En yiiksek deger ise Kaymakli yeralti sehri igerisinde 2319 Bg/m’ olarak ol¢iilmiistiir.
Yapilarm % 4.8’in radon aktivitesi 250 Bg/m’’dir ve bu da konutlar icin kabul edilmis olan iist limitin
altindadir.

Anahtar kelimeler Kapadokya, yer alt1 yapilari, kapali alan, radon aktivite gdzlem sonuglari

115



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Preliminary results of indoor radon activity studies in the tourist area of Cappadocia, Turkey
Andrzej T. Solecki', Ahmet Sasmazz, Dagmara E. Tchorz-Trzeciakiewicz'

'University of Wroclaw, Institute of Geological Sciences, 50-204 Wroclaw pl. Maxa Borna 9 Poland
*Firat Universitesi Mithendislik Fakiiltesi Jeoloji Miihendisligi Boliimii 23119 Elazig

Cappadocia is situated in the Central Anatolia area of Turkey and it is one of the most popular of
geotouristic destinations in the world due to its unique landscape. Many underground cities and semi-
underground settlements, most of which are more than 1500 years old, exist in the Cappadocia region. Easy
carving and thermal isolation properties of these soft tuffs have been the main reasons for the extensive
multi-purpose underground settlement in this region from past to present.

The Cappadocia Region is generally underlain by Neogene—Quaternary volcanic rocks belonging to
the Cappadocian Volcanic Province and has a long axis of about 300 km. Rhyolitic to dacitic ignimbrites
and two andesitic lava flows were erupted from Upper Miocene to Quaternary times, in relation to the
collision of the Arabian and Eurasian plates. K-rich rhyolitic and locally Na-rich dacitic ignimbrites are
commonly intercalated with lacustrine sediments and, more rarely, with andesitic lava flows.

Erosional remains of Central Anatolian volcanic ash and tuffs have been used for years for
construction of famous underground dwellings. Not only monuments of the past but nowadays active hotels
and restaurants have been carved inside tuff layers. Geochemical characteristic of pumice layers of these
tuffs has been published by Steinhauser et al. (2007). Their results indicate that local rocks are of
significant uranium and thorium content with two populations of average uranium content of 3.5 and 7.0
ppm. Strong correlation between uranium and thorium content exists for both populations with Pearson
correlation coefficient as high as 0.95. Th/U ratio equal 3.4 is typical for the continental crust. These values
are in the normal range of acid volcanic rocks, however due to significant permeability of tuffs and the
underground character of dwellings high radon concentrations were expected.

Radon monitoring have been performed in autumn season (15.10.2009-15.01.2010) by means of
Kodak films LR-115 in the way described by Solecki et al. (2007). Obtained results indicate that two
population of dwelling with average radon activity concentration of 509 Bq/m® and 1460 Bq/m’ exist there,
with single anomalous highest result of 2319 Bq/m’ measured in Kaymakli underground city. Radon
activity of only 4.8% of dwellings is below 250 Bq/m®, which is reasonable upper limit commonly accepted
for flats of permanent human residence.
Key words Cappadocia, underground settlements, indoor, radon activity studies
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Banth Travertenlerin Jeokimyasi ve Kokenleri Hakkinda Goriisler: Denizli Havzasi’ndan (Bati
Anadolu) Ornek Bir Calisma

Mehmet Ozkul', Kele Sandor %, Ali Gﬁkgﬁzl, Mehmet Orug Baykaral, Istvan Forizs’

"Pamukkale Universitesi Miih. Fak. J eoloji Miih. B6liimii, TR-20070-Denizli, Turkey
2Hungarian Academy of Sciences, Inst. for Geochemical Research, H-1112 Budapest, Budaérsi ut 45.,
Hungary

Fay diizlemleri ve catlaklar, yeraltindaki akiskanlarin yilizeye ulagmak ig¢in kullandiklar1 dogal
yollardir. Bantli travertenler, sicak sularin fay diizlemlerinde ve agilma catlaklarinda depoladiklari
kalsiyum karbonat ¢okelleridir. Denizli havzasi’nda normal fay diizlemlerini ve bunlarla iligkili a¢ilma
catlaklarini dolduran banth travertenler Yenicekent, Golemezli, Cukurbag, Akkdy (Pamukkale) ve Kocabag
sahalarinda gozlenir. Banthi traverten dolgulari, genellikle diisey konumludurlar, ancak bazi durumlarda
tabaka sinirlar1 boyunca sokulmus damarlar olarak rastlanir. Catlak dolgusu bantl travertenler kalsit, kalsit-
aragonit ya da bazen sadece aragonitten olugsmustur ve yer yer bunlara traverten bresleri, sal tipi traverten
parcalar1 ve temele ait kayac kirintilar1 eslik eder. Banth traverten 6rneklerinde Sr elementi en fazla 7392
ppm diizenyindedir. En yiiksek Sr degerleri, bantli travertenlerin aragonitik bilesimli olanlarindan elde
edilmistir. Orneklerin §"°C degerleri +3.7 ile +5.8 (%oPDB) arasinda degisir ve oldukgca tek diize bir dagilim
sunarlar. Buna karsilik 8'%0 degerleri +13.8°den +19.5’¢ (%SMOW) degisen genis dagilima sahiptir.
Bantli travertenlerin olusumunda, pozitif 5"°C degerleri termojen kokeni, 8'°0 izotop degerleri ise derinden
kaynaklanan CO, ile zenginlestirilmis yerel meteorik sulari isaret eder. Bolgedeki fay ve catlaklar sadece
sismik aktivite sirasinda degil, sakin donemlerde de hidrotermal akiskanin ¢ikis yollart olmuslardir.
Dolayisti ile fay ve catlaklar bosalan sular hem bantli hem de diger tip travertenleri ¢okeltmislerdir. Ayrica,
bantli travertenler ve beraberindeki ¢okeller, yorede tekrarlanan sismik olaylarin izlerini tasirlar.

Anahtar Kelimeler Bantli traverten, jeokimya, Denizli, Pamukkale
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Geochemistry of banded travertines and considerations on their origins: A case study from the
Denizli Basin (Western, Anatolia, Turkey)

Mehmet Ozkul', Kele Sandor %, Ali Gﬁkgﬁzl, Mehmet Orug, Baykaral, Istvan Férizs’

"Pamukkale Universitesi Miih. Fak. J eoloji Miih. B6liimii, TR-20070-Denizli, Turkey
2Hungarian Academy of Sciences, Inst. for Geochemical Research, H-1112 Budapest, Budaérsi ut 45.,
Hungary

Fault planes and fractures are natural pathways where fluids use to ascend to the surface. The
banded travertine is calcium carbonate deposit precipitated through fault planes and fractures by thermal
waters. The banded travertine filled normal fault planes and interconnected fractures, are occurred at
Yenicekent, Golemezli, Cukurbag, Akkoy (Pamukkale) and Kocabas localities in the Denizli basin. The
banded travertines are usually in vertical position, but in some localities, they are followed as intruded
veins along the bedding boundaries. The banded travertines filling fractures are formed of calcite, calcite-
aragonite coupled and in some cases only aragonite, and in some places, travertines breccia, the pieces of
raft and fragments derived from bedrocks have attended to the banded travertine. The Sr content of the
banded travertine is up to 7392 ppm. The highest Sr values were obtained from the bands formed of
aragonite. The 8"°C values of the samples range between +3.7 and +5.8 (%o PDB) and show a highly
uniform distribution. On the other hand, 5'*0 values show a wide range from +13.8 to +19.5 (%eSMOW).
The positive 5"°C values indicate thermogene origin, while the 3'*0 values imply deeply circulated local
meteoric waters, rich in CO,. Faults and fractures in the region have been pathways for the ascending
hydrothermal fluids not only during seismic activity, but also in quiet periods. Consequently, the
hydrothermal fluids ascending from the fractures and faults have precipitated both banded (or vein)
travertines and other types. In addition, the banded travertines and associated deposits keep in the traces of
recurrent seismic events in the region.

Key words Banded travertines, geochemistry, Denizli, Pamukkale
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Erzurum-Bingol Civarindaki Jeotermal Potansiyel: Tekman Jeotermal Sahasi

Liitfi TASKIRAN', Galip YUCE?

'"M.T.A Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi,06520-Ankara
*Eskisehir Osmangazi Universitesi Jeoloji Miithendisligi Boliimii, Meselik-Esksehir

Dogu Anadolu’da, Erzurum ve Bingo6l illeri arasinda yaklagik KD-GB uzanimli bir dizi jeotermal alan
bulunmaktadir. Bing6l’de Karliova civarindan baslaylp Erzurum’da Pasinler’e kadar uzanan alanda
sicakliklar1 30 °C-68 °C arasinda degisen jeotermal kaynaklar ve kuyular bulunmaktadir. Bu calisma,
Erzurum KB’s1 ile Bing6l KD’su arasinda, Erzurum-Tekman ilgesi giineybatisindaki sicak su kaynaklarinin
bulundugu alanin jeotermal enerji olanaklar1 agisindan incelenmesi ve degerlendirilmesini kapsamaktadir.
Caligma kapsaminda sahanin jeolojisi, hidrojeolojisi ve jeotermal enerji unsurlar ile sahada yer alan sicak
su kaynaklari, hidrojeotermometre uygulamalariyla ve sicak su-soguk su karisim oranlari incelenerek
rezervuar sicakliklart hakkinda degerlendirmeler yapilmistir. Calisma alaninda temel birim olarak Hinis
Metaofiyoline ait peridotitler bulunmaktadir. Bu temel birimin {izerine tektonik uyumsuzlukla Tersiyer’e
ait kaba kirmntili, kirectasi, ince taneli sedimanter birimler ve volkanik kayaglari igeren birimler
gelmektedir. Bu birimler birbirleriyle diisey ve yanal gecislidirler. Bu birimlerin {izerine diskordansla
Miyosen ve Pliyosen yasl volkanitler gelmektedir. Tiim bu birimlerin de iizerine yine agisal uyumsuzlukla
Kuvaterner yasl traverten, yama¢ molozu ve aliivyon gelmektedir. Inceleme alaninda en belirgin faylar,
sahanin hemen giineybatisinda yer alan Kuzey Anadolu ve Dogu Anadolu fay zonlarina paralel 6zellikler
gosteren dogrultu atimhi faylar olup, genel uzanimlar1 kuzeydogu-giineybati ve kuzeybati-giineydogudur.
Sicak sular, bu faylarmn etkisiyle olusan ve bu fay zonlarma paralel ikincil makaslama faylar1 boyunca
yiizeye ¢ikmaktadir. Inceleme alanindaki Adilcevaz formasyonu eklem, kirik ve catlak sistemleriyle
rezervuar kayag 6zelligi tasirken, Miyosen yash volkanitler, altere olmamus, diisiikk poroziteli yapisiyla ortii
kayag¢ Ozelligindedir. Isitict kiitle ise, sahadaki tek volkanik ¢ikis olan Bingdl Dagi’nin lavlarinin ¢iktigi
magma odas1 olarak degerlendirilmistir. Kuvaterner birimleri akifer 6zelligi tasimaktadir. Inceleme
alanindaki sicak sularmn yiizeye ¢ikis sicakliklari 29-57 °C arasinda degismektedir. Uygulanan gesitli
jeotermometre yontemleri ile hesaplanan hazne kaya sicakliklari, Cerme i¢in 160-170 °C, Gokoglan ve
Kigihamzan i¢in 100-110 °C arasinda degismektedir. Ayrica silis-entalpi grafigine gore Ilipinar ve Cerme
sularina soguk sular karigmaktadir. T{im bu verilere dayanarak bolgede Gokoglan ve Kigihamzan’dan
Cerme’ye dogru artan (yaklasik 160 °C) orta- yiiksek entalpili bir jeotermal rezervuardan soz edilebilir.
Dolayisiyla sahada yapilacak derin sondajlarla bu jeotermal potansiyel ortaya ¢ikarilip artirilabilir. Caligma
alanindaki Ihipmnar ve Cerme sicak sularmin Na ve Cl degerleri yiiksek oldugundan sularin kullanimi
sirasinda ¢evreye olan etkileri arastiriimalidir.

Inceleme alani igindeki jeotermal alanlarin &zellikle termal turizm ve balneolojik uygulamalarda
kullanimi bdlgenin ekonomisine ve ¢evreye olumlu yonde etki saglayacaktir.

Anahtar kelimeler Tekman, jeotermal potensiyel, hidrojeotermometre

119



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Geothermal Potential of Erzurum-Bingol Area: Tekman Geothermal Area

Liitfi TASKIRAN', Galip YUCE?

'"M.T.A Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi,06520-Ankara
*Eskisehir Osmangazi Universitesi Jeoloji Miithendisligi Boliimii, Meselik-Esksehir

A number of geothermal areas occur in Eastern Anatolia and they elongate NE-SW directions in
Erzurum-Bing6l Provinces. The temperature of the geothermal waters in this district varies from 30 °C to
68 °C. The purpose of this study aims at the investigation of geothermal energy facilities of the area studied
which extends Southwest of Tekman (Erzurum) and Northeast of Karliova (Bingol).

Geological and hydrogeological features of the area and its geothermal energy potential were examined
by this study. It was calculated reservoir temperatures using hydrogeothermometers and the mixing ratio of
hot-cold water was also performed. The basement unit is peridotite of the Hinis Metaophiolite. Tertiary
aged limestone, sedimentary and volcanic rocks overlain this basement unit. The Tertiary units wedge out
(interfinger) each others by perpendicular and horizontally. The Miocene and Pliocene units cover the
Tertiary units by discordance. The youngest unit in the area is Quaternary aged alluvial deposits that cover
all oldest units by discordance. The Adicevaz formation is the reservoir rock with its agreeable joint, crack
and fissure systems in the study area. The volcanites in Miocene aged are the cover rocks that have
undestroyed structure and low porosity. The heater mass is the magma chamber of Bingél Mountain lavas.
The major faults in study area are parallel to the North Anatolian and East Anatolian fault zones that are
strike slip faults at the Southwest of the study area. Their directions are NE-SW and NW-SE. The thermal
springs in the area come out to surface along the oblique faults which are parallel to the fault zones.
According to stable isotope composition of water sample, thermal waters have meteoric origin. In the
study area the thermal springs have 29-57 °C temperatures at the surface. Application of some various
geothermometer methods, the reservoir rock temperature is estimated between 60 °C and 170 °C for Cerme
and 100-110 °C for Gokoglan and Kigithamzan. According to the silica-enthalpy graphic, there is also a
mixture with cold water which causes cooling of Ilipinar and Cerme thermal springs. On the basis of
chemical analyzing results, it can be said that there is a reservoir has an increment temperature
(approximately 160 °C) from Gokoglan-Kigihamzan to Cerme. Accordingly, it is worth to search
geothermal potential and increased by deep geothermal investigation drillings. Because of a high Na and Cl1
contents of Cerme and Ilipinar thermal waters, negative environmental effects should be considered and
examined. Utilization of the thermal springs for thermal tourism and balneological purposes will provide
positive effects to the region in view of both economical and environmental aspects.

Key words Tekman, geothermal potential, hydrogeothermometers
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Firat Universitesi Kampus Alamindaki Yeralti Sularinin igme Suyu Olarak Kullaniminin
Incelenmesi

Sevim OZULUKALE', Bahattin CETINDAG?

'Bozok Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Bol., YOZGAT
? Firat Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Bol., ELAZIG

Bu calismada, Elazig 1li Firat Universitesi Kampiis Alani’ndan almis oldugumuz yeraltt suyu
orneklerinin hidrojeokimyasal 6zellikleri incelenmistir. Sularda anyon ve katyon analizleri i¢in laboratuar
caligmas1 yapilmistir. Sicaklik, pH, elektriksel iletkenlik gibi bazi su kalitesi parametreleri yerinde
Olciilmiistiir. Elde edilen sonucglara dayanarak incelenen sularin igme suyu olarak kullanilabilirligi
standartlar (TS-266, WHO, EPA) ve Su Kirliligi Kontrolii Yonetmeligi (SKKY) dogrultusunda
degerlendirilmistir.

Sularin igme suyu olarak kullanilabilirligine yonelik katyon ve anyonlardan bazilarinin, SKKY, TS-
266, WHO ve EPA standartlarindaki limitleri astigindan Temmuz-2008 doneminde 1-5 ve 8 nolu 6rnekler
ile Kasim-2008 ve Aralik-2008 donemlerindeki 2-4 ve 8 nolu su oOrnekleri “icilemez su” niteligi
tagimaktadir. Kirliligin evsel atik su ve hayvansal giibre kaynakli olabilecegi sdylenebilir.

Anahtar kelimeler Hidrojeokimya, yeralti suyu, su kalitesi parametreleri
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Investigation of Use As Drinking Water of Groundwater in the Campus Area of Firat University,
Elazig, Turkey

Sevim OZULUKALE', Bahattin CETINDAG?

'Bozok Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Bol., YOZGAT
? Firat Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Bol., ELAZIG

In this study, the hydrogeochemical properties of the underground water samples taken from Firat
University in the administration province of Elazig have been examined. The anions and cations laboratory
analyzes of these waters have been carried out. Some of the water quality parameters such as temperature,
pH, and electrical conductivity have been measured. Base on the results, waters which were studied have
been evaluated according to the availability to be used as drinking water via standards (TS-266, WHO,
EPA) and Water Pollution Control Regulation (WPCR after that).

Because some of the anions and cations bases have exceeded TS-266, WHO, EPA standards and
WPCR limits when considering the waters’ availability of drinking, the 1%-5" and 8" samples in the July-
2008 term; 2" 4™ and 8™ samples in the November-2008 and December-2008 terms have the undrinkable
characteristics. It can be said that the reason of the pollution is originated from animal faeces and domestic
waste water.

Key words Hydrogeochemistry, groundwater, water quality parameters
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Eskipazar (Karabiik) bolgesinde sismik aktivitelere bagh olarak meydana gelen yeraltisuyu
degisimleri

Tiilay EKEMEN KESKIN
Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, SIVAS

Eskipazar (Karabiik) sinirlari i¢erisinde ve Kuzey Anadolu Fay Zonu’na yaklasik 3-5 km mesafede
bulunan Akkaya Hamami Kaynagi ve Acisu Maden Suyu’'nin farkli parametrelerinde, 2007-2009
donemleri arasinda calisma alaninda meydana gelen kiigiilk magnitiidlii depremler ile iligkili olarak
degismeler gozlenmistir. 50, §°H, *H izotop analiz sonuglar1 kaynaklarin meteorik kdkenli ve uzun yeralt:
dolagimina sahip olduklarini gostermektedir. Eskipazar ¢evresinde meydana gelen, biiyiikligi 2.8-3.2
arasinda degisen ti¢ farkl sismik aktiviteler 6ncesinde Akkaya Hamami Kaynagi’nin sicakliginda 0.4-1 °C
araliginda artis gozlenmistir. Kaynaklara en yakin noktada meydana gelen 28.09.2007 tarihindeki ilk
sismik aktivite ile iligkili olarak, muhtemelen baska sularin karigmasina bagli olarak Akkaya Hamamu
Kaynagi’nin debisinde bir miktar artis gézlenmis ve bu debi artisiyla birlikte kaynagin EC, TDS, Ca ve
HCO; Al, Mn, Fe, PC degerlerinde azalmalar ve trityum, Se degerinde ise artiglar saptanmustir. Yine ayni
depremle iliskili olarak Acisu Maden Suyu’'nun EC, TDS, Na, Ca ve HCO; degerlerinde ise bir miktar
azaliglar gozlenmistir. Ayrica diger sismik aktivitelere oranla daha sig derinlikte meydana gelen ve
Eskipazar halki tarafindan hissedilen 23.04.2008 tarihindeki depremin birka¢ giin dncesinde, Akkaya
Hamami Kaynagi'nda 1 °C’lik sicaklik artisi ve debi, trityum, °C ve Si degerlerinde ise azalmalar
gozlenmistir. Kaynaklarin farkli parametrelerinde meydana gelen bu degisimlerin, olasilikla bolgesel stres
farklilagmasina bagli mikro ¢atlak olusumlar, akiferin gozeneklilik, permeabilite, gozenek basinci, akim
yolu vb. parametrelerinin degisiminden kaynaklanan farkli kokenli sularin karigim oranlarinin degisime
baghh oldugu disinilmektedir. Sismik aktiviteler Oncesinde-eszamanli ve/veya sonrasinda, farkli
parametrelerinde degisimler gosteren Akkaya Hamami Kaynagi’min siirekli gozlem altinda tutulmasi
depremin 6nceden tahmin edilmesi ¢aligmalarinda yararli olabilecegi diisiiniilmektedir.

Anahtar Kelimeler Eskipazar, yeraltusuyu degisimi, sismik aktivite
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Groundwater changes in relation to seismic activities in Eskipazar (Karabuk) region
Tiilay EKEMEN KESKIN
Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, SIVAS

Between 2007-2009, changes were observed in different parameters of Akkaya Hamami Spring
and Acisu Mineral Water located in the Eskipazar and ~3-5 km to the NAFZ, relation to small magnitude
earthquakes. According to 80, 8°H and “H analysis results, springs have meteoric origin and long
underground travel time. A temperature increase of 0.4-1°C was observed in Akkaya Hamami Spring
before three different seismic activities that took place around Eskipazar within a magnitude range of 2.8-
3.2. There was a slight increase in the discharge of the Akkaya Hamami Spring, probably due to mixing of
other water, with respect to the first earthquake on 28.09.2007, which occurred closest to the spring. This
led to a reduction in EC, TDS, Ca, HCO;, 8"°C, Al, Mn, and Fe concentrations of the spring, whereas
tritium and Se values increased. Due to the first seismic activity, there were a slight decrease in the EC,
TDS, Na, Ca and HCO; values of the Acisu Mineral Water. In additional a few days before the seismic
activity that occurred on 23.04.2008 at deeper points compared to the other seismic activities and felt by
the residents of Eskipazar, a temperature increase of 1°C and decrease of discharge, tritium, >C and Si
values was observed in the Akkaya Hamami Spring. Such changes at different parameters of the springs are
probably considered to be resulting from changes in the mixing ratio of different genesis water, depending
on exchanges of porosity, permeability, pore pressure, flow path etc. of aquifer due to regional stress
changes. Constant supervision of Akkaya Hamami Spring that undergoes changes during pre-seismic,
coseismic and/or post-seismic activities is regarded as potentially useful in studies of earthquake
precursors.

Key words Eskipazar, groundwater changes, seismic activities
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Gec¢ Miyosen yash paleosol (eski toprak) istifinin (Denizli-Cal, GB Anadolu) karbon izotoplar (6°0)
ve Ge¢ Miyosen Ekolojisi

Sonay BOYRAZ', Hong WANG?

' Ankara Universitesi, Miih. Fak. Jeoloji Miih. Bél. Tandogan, 06100 Ankara-TR
*Ilinois State Geological Survey, University of Illinois, Champaign, Illinois, 61820 USA

Karbon izotop analizleri Cal civart (Denizli, GB Anadolu) Ge¢ Miyosen paleosol istiflerinden
alman pedojenik (sekonder) karbonat ve toprak oOrneklerinin organik maddeleri iizerinde yapilmustir.
Paleosoller arazide lifsi, nodiiler-kokresyonel ve bazi seviyelerde masif kaligler seklindeki pedojenik
karbonat (sekonder) yapilari ile tipiktirler. Karbon izotoplari yerel bitki sistemleri hakkinda bilgi elde
etmede bir belirte¢ olarak kullanilir. Bu ¢aligmanin amaci, toprak organik maddesi ve pedojenik karbonatin
karbon izotopik (**C) bilesenini kullanarak, paleoekosistemi yorumlamaya ¢alismaktir. Karasal bitkiler,
farkli karbon izotop degerlerine gore ii¢ farkli grupta (C;, C4 ve CAM) siniflandirilirlar.

inceleme alanindaki toprak organik maddesinin 3"°C degerleri, -22 %o ile -30%o arasmndadir. Bu
degerler, palesollerin izotopik olarak oldukga hafif organik maddeye sahip oldugunu gosterir. Pedojenik
karbonattan elde edilen §°C (PDB) degerleri, -4.46%o ile -10.13 %o arasindadir. C; bitkilerin 8'"°C degerleri,
toprak organik maddesi i¢in -20%o ile -35%o0 (Deines,1980); pedojenik karbonat icin -8 %o ile -14 %o
arasindadir (Cerling and Quade 1993). Bu sonuglar, inceleme alaninda pedojenez boyunca tiimiiyle C;
bitkilerin (agaclar, ¢ogu ¢alilar) egemen oldugunu gosterir. Inceleme alaninda elde edilen bazi fazla negatif
8"C degerleri, kapali orman kosullarin1 yansitmaktadir (Medina and Minchen, 1980; van der Merwe and
Medina, 1989. Ancak, daha pozitif olan degerler, acik agaglik alanlar1 yansitir ve bu degerler C; bitkilerde
dénemsel olarak 6nemli oranda ">C zenginlesmesi oldugunu gostermektedir.

Anahtar kelimeler Palesol, Pedojenik karbonat, Karbon (C) izotopu, Paleoekosistem
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The carbon isotopes of Late Miocene aged paleosol sequence (Denizli-Cal, SW Anatolia) and ecology
of late Miocene

Sonay BOYRAZ', Hong WANG?

' Ankara Universitesi, Miih. Fak. Jeoloji Miih. Bél. Tandogan, 06100 Ankara-TR
*Ilinois State Geological Survey, University of Illinois, Champaign, Illinois, 61820 USA

Carbon isotope analyses were done on pedogenic (secondary) carbonate and organic matters of soil
samples collected from late Miocene paleosol sequences in Cal around (Denizli, SW Anatolia). Paleosols
are typical in the field with pedogenic (secondary) carbonates structures such as fibrous, nodules-
concretions and massive caliches in some horizons. The carbon isotopes have been used as a indicator for
obtaining information about local plant systems. The aim of this study is to interpret the paleoecosystem
using the carbon isotopic (*C) composition of soil organic matter and pedogenic carbonates in soils. The
terrestrial plants can be classified into three distinct groups (Cs;, C4 and CAM) according to their different
carbon isotopic values.

In study area, the 5"°C values of soil organic matter ranges from -22 %o to-30%o. This means that
they have isotopically light organic matter. The 3"°C values of pedogenic carbonate are between -4.46%o to
-10.13%o. The 8"°C values of C; plants for soil organic matter are between -20%o to -35%o (Deines, 1980);
for pedogenic carbonates are between -8 %o to -14 %o (Cerling and Quade 1993). These results show that in
study area local ecosystem was completely dominated by C; plants (all trees, most shrubs) during the
pedogenesis. Some more negative 8'°C values in study area reflect a closed forest canopy (Medina and
Minchen, 1980; van der Merwe and Medina, 1989). However, more positive values of 3"°C imply in open
woodland and these values display seasonally significant °C enrichment in C; plants
Key words Paleosol, Pedogenic carbonate, Carbon (C) isotope, Paleoecosystem
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Diyadin (Agr1) ve Cevresinin Jeotermal Enerji Yoniinden incelenmesi

Suzan PASVANOGLU ve Sunay GULER

Kocaeli Universitesi, Jeoloji Miih. B6]. Umuttepe izmit

Tiirkiye’nin dogusunda yer alan Diyadin Agri’nin 7 km giiney dogusundadir. Diyadin jeotermal
sahasi genc¢ neotektonik hareketlerin yogun oldugu bir kusak iizerinde yer almaktadir. Sahada K-G
sikigmasina bagl olarak dogrultu atimli faylar ve beraberinde agilma catlaklar1 gelismistir. Inceleme
alaninda birbirlerine yakin mesafede bir¢cok sicak ve mineralli su kaynaklari bulunmaktadir. Bunlarin
sicakliklar1 24-64°C arasinda olup, debileri 0.5-10 1/s arasindadir. Bu kaynak yerleri sabit olmayip su ¢ikis
noktalarinda CaCO; ¢okelimi nedeniyle sular siirekli yer degistirmektedir. Bolgede Yilanl kiregli, Koprii,
Davutlu, Kusburnu, Tazekent ve Molakir 6nemli sicak ve mineralli su kaynaklardir. Kaplica alaninda sicak
su arama ve iiretim amacli olarak MTA ve de Diyadin Entegre jeotermal 1sitma (Dogan Jeotermal) projesi
olarak 1998 de yili igerisinde 6 adet sondaj kuyusu agilmistir. Kuyularin hepsi artezyen olup derinlikleri
77-215 m, sicaklik ve debileri ise sirasiyla 62-78°C ve 560 1/s dir. Bunlara ilave olarak Diyadin Kusburnun
‘dan 15 km uzaklikta Mola kir koyiinde sicakliklari sirastyla 40- 60°C ve 37-73°C arasinda degisen sicak su
kaynaklari ile 2 adet sondaj bulunmaktadir. Diyadin jeotermal alaninda sicak su kaynaklar1 ve baz1 kuyular
sondaj teknigine uygun agilmadigi i¢in sicak su kontrolsiiz olarak bosa akmaktadir. Bu ¢aligmada Diyadin
jeotermal akiskanin olusturdugu kaynak ve sondajlardan ornekler alinarak kimyasal ve izotop analizleri
yaptirilmis ve bu analizleri bugiin literatiirde kullanilmakta olan yontemlerle degerlendirmeye calisarak
jeotermal sistemi olusturan akiskanin kimyasal karakteri, izotopik 6zellikleri ve bu verilerden yararlanarak
sistemin kavramsal modeli ortaya konmustur. Ayrica bu alanda sularmn kontrolsiiz kullanimi sonucu
cevresel acidan olusturacagi tehlikelerin giindeme getirilmesidir.

Anahtar kelimeler Termal kaynaklar, hidrojeokimya, karstik ¢okiintii, Diyadin
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Geothermal Energy Investigation of Diyadin (Agr1) and Its Vicinity

Suzan PASVANOGLU ve Sunay GULER

Kocaeli Universitesi, Jeoloji Miih. B6]. Umuttepe izmit

Diyadin, in the Eastern part of Turkey, is located 7 km SE of Agri. Diyadin geothermal field is
located on an active Neotectonic zone. Strike slip faults and tensional cracks developed due to the N-S
compression in the region. Therfore, thermal water and gases come out from the most of the cracks to the
surface. In the study area there are lots of thermal and mineralized water springs close to each other. Their
temperatures is 24-64°C and their flowrate is 0.5-10 1/s. The discharge locality of thermal water springs can
frequently be change due to CaCO3 depsition on the outlets of the springs. Yilanl kiregli, Koprii, Davutlu,
Kusburnu, Tazekent, Dibekli and Mola Kir thermal springs are observed at the Diyadin geothermal field.
Drilling studies in the Diyadin area were started in 1998 by General Directorate of Mineral Research and
Exploration of Turkey MTA and as Diyadin Integrated geothermal heating (Dogan Geothermal) project.
As a result of drilling of 6 wells with a depth of 72-215 m, thermal water with a discharge of 560 /s and
with a temperature of 62—78°C was produced. In addition of these 15 km away from Diyadin Kusburnu
there are thermal water springs with a temperature between 40 and 60°C and two drilling wells in which
temperatures vary between 37 and 73°C in Mola Kir village. In the Diyadin geothermal field, thermal water
is used in an uncontrolled manner and waters from some of wells flow out of control. In this study,
Samples were taken from sources and drillings formed by Diyadin Geothermal fluid and Isotop and
chemical analysis were conducted. These analysis were evaluated by methods used in the current literature
to find the chemical character and Isotop properties of the fluid that is forming the Geothermal system.
Using all of these data the conceptual model is formed. Also to bring up its possible enviromental threats
that formed by uncontrolled use of thermal waters in the area.

Key wards Thermal springs, hydrogeochemistry, karstic depression, Diyadin
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Zilan (Ercis) Sicak ve Mineralli Su Kaynaklarinin Hidrojeokimyasal incelemesi
Suzan PASVANOGLU, Sunay GULER
Kocaeli Universitesi, Jeoloji Miihendisligi B6l. Umuttepe, Izmit/Kocaeli

Zilan jeotermal alan1 Van ili Ergis ilgesinin 30 km kuzeyinde Zilan deresi igersinde yer almaktadir.
Calisma alaninda gozlenen en yasgh birim Paleozoik yasli metemorfiklerdir. Yesil sist fasiyesinde
bagkalagima ugramis olan bu birimin iizerinde, kumtasi, kirectasi, kiltagi, marn ve ultrabazik birimlerden
olusan Eosen yash Gergili formasyonu uyumsuz olarak yer almaktadir. Bolgede Neojen; Alt ve Orta
Miyosen yash Kizildere ve Ust Miyosen Alt Pliyosen yash Yoreli formasyonlar ile temsil edilir. Yéoreli
Formasyonunun Kizildere formasyonu {izerindeki konumu uyumsuzdur. Aliivyon ve travertenler
Kuvaterner yasli birimleri olusturur. Bélgede plutonik kaya olarak Eosen yasli granodiyorit sokulumlarinin
yani sira Miyosen yasli Sorkdy, Yalindam, Doganci, Ilica lavi ile Pliyosen’e iligkin Aladag lavi,
ignimbritler ve Zilan lavi magmatik etkinligin temsilcileridir. Van Ercis jeotermal alan1 dogu Anadoluda
yer alan Onemli jeotermal alanlardan biri olup, kaynaklarin olusumu, biiyiik dl¢lide yodrenin tektonik
ozellikleri ile ilgilidir. Zilan vadisi boyunca diisey hareketlerle D-B ve KB-GD uzanimhi gen¢ faylar
bulunmaktadir. Sicak su kaynaklar1 Zilan vadisi igerisinde Hasanaptal, Sorkdy ve Gergili kdyleri arasinda
yer almaktadir. 1988-2000 yillar1 arasinda alanda MTA tarafindan 4 adet sicak su sondaji yapilmistir.
Kuyular artezyen olup derinlikleri 264.70-1172.7 m, sicakliklar1 80-104.92°C ve debileri 4-40 1/s dir. Ercis
kaplica sularinin akifer kayaci, intriizifler ile kumtaslar1 ve kirectaslaridir. Sorkdy lavi, altere tiifer ve
Miyosen yasli Kizildere formasyondaki ¢okeller gecirimsiz olup &rtii kaya niteligindedir. Isitic1 ise Ust
Miyosenden Kuvaterner’e kadar etkinligini siirdirmiis olan Tendiirek volkanizmasidir. Alandaki sicak
sularin sicakliklar1 33-78°C, pH ve EC degeri sirasiyla 5.1- 6.9 ve 360-9560 puS/cm dir. Soguk sularin ise
pH ve EC degeri sirasiyla 6.4-7.12 ve 900- 4350 puS/cm arasindadir. Bu sular AIH siniflamasina gore” Na,
Ca, HCO;, B, SiO, I sicak ve mineralli su” olup CO, gaz1 icermektedir. Cevresel izotop (‘*O, *H, *H)
sonuglarina gore sicak sular meteorik veya magmatik sokulum olan bir kupolden yayilan sicaklik ile 1sinan
meteorik kokenlidir. Meteorik sular, yerin altina catlak, kirik ve faylar boyunca siizilmekte ve bu siiregte
jeotermal gradyanla da isinarak kendisine hidrotermal kanal 6devi goren fay veya etkili ¢atlaklar boyunca
yiikselerek yeryiiziine dondiigii anlagilmistir.

Anahtar Kelimeler Termal kaynaklar, hidrojeokimya, Er¢is, Van
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Hydrogeochemical Investigation of Zilan (Van-Ercis) Thermal and Mineralized Waters

Suzan PASVANOGLU, Sunay GULER
Kocaeli Universitesi, Jeoloji Miihendisligi B6l. Umuttepe, Izmit/Kocaeli

Zilan geothermal field is located 30 km North to Ercis of Van province in the Zilan valley. Paleozoik
metamorphics rocks comprise the basment in the area. On this unit metaphormised into green schist facies
an Eosen aged Gergili formation of Sandstone, Limestone, Claystone, Marl and ultrabasic units exist
unconformably. Neogene in this region, is represented by Yoreli formations of Upper Miocene - Lower
Pliocene aged, and Kizildere formation of Lower and Middle Miocene aged. The position of Yoreli
formation on the Kizildere formation is unconformable. The upper most part is represented by Quaternary
alluvium and travertines. Existing as plutonic rocks in the region, the Eocene aged grandiorite intrusion as
well as Miocene aged Sorkdy, Yalindam, Doganci, Ilica lava and Pliocene related Aladag lava, ignimbrites
and Zilan Lava are representatives of magmatic activity. Van Ercis geothermal field is one of the important
geothermal fields in East Anatolia. The formation of resources is highly related to tectonic properties of the
the region. Young faults with vertical movement and E-W, NW-SE direction exist along Zilan Valley.
Thermal water resources inside Zilan valley exist between Hasanaptal, Sorkdy and Gergili villages.
Drilling studies in the area were started in between 1988 to 2000 by General Directorate of Mineral
Research and Exploration of Turkey MTA. As a result of drilling of 4 artesian wells with a depth between
264.70-1172.7 m, thermal water with a discharge of between 4 - 40 I/s and with a temperature of 80—
104.92°C was produced. Aquifer rocks of Ercis thermal springs waters are intrusives, sandstones and
limestones. Sorkdy lava, alterated tuffs and the precipitation in Miocene aged Kizildere formation are
impermable and they are featured as covering rock. The heat source is Tendiirek Volcanism that have
continued its activity from Upper Miocene to Quaternry.

The temperature, pH and EC values for thermal waters are between 33-78°C, 5.1- 6.9 and 360-
9560 uS/cm respectively. The pH and EC values for cold water spring is between 6.4-7.12 and 900- 4350
puS/cm respectively. These thermal and minearized waters are ”Na, Ca, HCO;, B, SiO, and CO, gas
bearing. According to results of environmental isotopes ('*O, *H, *H), thermal waters are of meteoric origin
and heated by an intrusive-cupola or some of rainwater is infiltrated downward through fractures and fault
systems and heated and rise to the surface along fault and effective fractures that act as hydrothermal
conduits.

Key wards Thermal springs, Hydrogeochemistry, Ercis, Van
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Baskil (Elaz18) ve Yakin Cevresindeki Tarim Arazilerinde Kullanilan Giibrelerin Yeralti Sularina
Etkileri

Seda Bakir, Ozlem Oztekin Okan
Frrat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 23119 Elazig

Bu ¢alismada, 6zellikle bahge tariminin yogun oldugu Baskil (Elazig) ilgesinde kullanilan giibrelerin
yeralt1 ve yiizey sularinda olusturdugu etki aragtiritlmistir. Bu amagla, ¢alisilan bolgedeki tarim arazilerinde
giibreleme donemini temsil eden Nisan (2009) ve giibrelemeden sonraki donemi temsil eden Temmuz
(2008) aylarinda 8 kuyudan yeralt1 suyu ve biri mevsimsel olmak iizere 2 nehirden de ylizey suyu 6rnekleri
almmustir. Bolgedeki tarim arazilerinde kullanilan giibre tiirleri belirlenerek bunlarin yeralti ve ylizey
sularinda olusturdugu/olusturacagi etki ortaya cikarilmaya calisilmistir. Sularin elektriksel iletkenlik,
sicaklik ve pH degerleri 6rnek noktalarinda yerinde; Na®, Ca™, Mg™, K*, SO42, CI, NH4-N, NO,-N, NO;-
N ve PO4-P degerleri Nova 60 cihaziyla spektrofotometrik olarak laboratuarda ol¢ilmistir. HCO;™ ise
titrasyon yontemiyle tespit edilmistir. Kimyasal analiz sonuglar1 TS 266 (2005) ve Su Kirliligi Kontrolii
Yonetmeliginin Kita i¢i Su Kaynaklari’na (2008) gore degerlendirilmistir. Sularin kimyasal analizleri
sonucunda K" un Temmuz (2008) déneminde, Nisan (2009) dénemine gore artis gosterdigi gdzlenmistir.
Bu artisin sebebi ¢aliyma alaninda kullanilan K™ bilesimli giibrelerden kaynaklaniyor olabilecegi
diisiiniilmiistiir. Bunun yaninda, K* iyonundaki bu artis K" un yeralt: suyunda yagish dénemlerde diisiik
konsantrasyonlarda, kurak donemlerde ise yliksek konsantrasyonlarda bulunmasina baglanabilir. Calisma
alaninda kullanilan giibreler, yeraltt ve yiizey sularmin NH4-N, NO,-N, NOs-N ve PO,-P
konsantrasyonlarinda belirleyici bir etki gostermezken, farkli donemlerde alinan su &rneklerinin her iki
donemde de farkli degerlere sahip olduklar1 goézlenmistir. Bu farklilik 6zellikle NO,-N ve NOs;-N
konsantrasyonlarinda belirgin olarak goriilmiistir. Su Kirliligi Kontrolii Yoénetmeligine gore; NO,-N,
Temmuz (2008) doneminde, sadece 1 nolu 6rnek 2. kalite su sinifina girerken, Nisan (2009) doneminde
1,2,5,6,7,8 ve 9 nolu ornekler 2. kalite su sinifina girmektedir. NOs-N ise Temmuz (2008) doneminde 4 ve
6 nolu oOrneklerde, Nisan (2009) doneminde ise sadece 6 nolu Ornekte, Su Kirliligi Kontrolii
Yonetmeliginin 1. kalite sular sinir degerinin iizerinde tespit edilmistir. Donemler arasindaki bu deger
farkliliklari, calisma alaninda kullanilan giibrelerin yeralt1 sulari iizerinde az da olsa bir etki gosterdigini ve
bu etkinin gelecekte yeralti sular1 lizerinde bir kirlilik tehlikesi olusturabilecegini diigiindiirmektedir.

Anahtar kelimeler Baskil, giibre, yeraltisuyu, kirlilik, nitrat, nitrit, fosfat, potasyum
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The Effects of Fertilizers, Used in Agriculture Areas, To Groundwater at Baskil (Elaz1g) and Its
Close Vicinity

Seda Bakir, Ozlem Oztekin Okan
Frrat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii, 23119 Elazig

The effects of fertilizers especially used in garden farming to groundwater and surface water in
Baskil(Elaz1g) district were investigated in this study. The water samples were taken in two periods that the
month of April, 2009 represents the fertilizing period of the agriculture areas at Baskil district and the
month of July, 2008 represents the period after the fertilizing of the agriculture areas at Baskil district.
There are 8 groundwater samples were taken from wells and 2 surface water samples were taken from
rivers that one of them is intermittent. The chemical composition of the fertilizers have been determined
and the effects of these kind of fertilizers to ground and surface water have been investigated. The electrical
conductivity, temperature and pH values of groundwater and surface water samples were measured in-situ;
Na®, Ca™?, Mg™? K', SO4% CI, NH,-N, NO,-N, NOs-N and PO,-P values of waters were analysed
spectrophotometrically with Nova 60 in laboratory. HCO; was determined by the titration method. The
chemical analysis of waters have been evaluated with the TS 266 (2005) standarts and with the Water
Pollution Control Regulations of The Continental Interior Water Resources (2008). An increase was
observed in K* concentrations of groundwaters taken in July 2008 period compare to April, 2009 period.
The reason of this increase may be due to the chemical composition of the fertilizers used in the agriculture
areas. Besides this reason, an other cause of this increase may be the low concentrations of K* ion in
groundwater in rainy periods and high concentrations of K ion in dry periods. There is no significant effect
of fertilizers was determined in NH4-N, NO,-N, NO;3;-N and PO4-P concentrations in groundwater and
surface water in the studied area. But, there are some differences have been observed in the concentrations
of NH4-N, NO,-N, NO;-N and PO,-P in the periods of April 2009 and July, 2008. There is a significant
difference has been observed especially in the NO,-N and NO;-N concentrations. According to the Water
Pollution Control Regulations, groundwater sample, numbered 1 is in the second quality water class in
July, 2008 and the samples numbered 1, 2, 5, 6, 7, 8 and 9 are in the second quality water class in April,
2009 respect to NO,-N concentration. In July, 2008 the samples numbered 4, 6 and in April, 2009 only the
sixth sample has been exceeded the limit concentration of NOs-N of the first quality class waters. These
differences of NO,-N and NO;-N concentration in groundwaters respect to the periods indicate the effects
of the fertilizers to groundwater, and this effect may be a serious danger on groundwater pollution in the
future.

Key words Baskil, fertilizer, groundwater, pollution, nitrate, nitrite, phosphate, potassium
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Tekman (Erzurum) Giineybatisindaki Sicak Su Kaynaklarinin Hidrojeokimyasal Ozellikleri
Liitfi TASKIRAN', Galip YUCE?

'"M.T.A Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi,06520-Ankara
*Eskisehir Osmangazi Universitesi Jeoloji Miithendisligi Boliimii, Meselik-Esksehir

Bu ¢alisma Tekman (Erzurum) giineybatisindaki yaklasik 400 km*’lik bir alanin jeolojisi ve bu alanda
yer alan sicak su kaynaklarmin hidrojeokimyasal ve kokensel o&zelliklerinin degerlendirilmesini
kapsamaktadir. Calisma alaninda temel birim olarak Hinis Metaofiyoline ait peridotitler bulunmaktadir. Bu
temel birimin iizerine tektonik uyumsuzlukla Tersiyer’e ait kaba kirmntili, kiregtasi, ince taneli sedimanter
birimler ve volkanik kayaglari igeren birimler gelmektedir. Bu birimler birbirleriyle diisey ve yanal
geciglidirler. Bu birimlerin {izerine diskordansla Miyosen ve Pliyosen yasli volkanitler gelmektedir. Tiim
bu birimlerin de iizerine yine agisal uyumsuzlukla Kuvaterner yash traverten, yama¢ molozu ve aliivyon
gelmektedir. inceleme alaninda en belirgin faylar, sahanin hemen giineybatisinda yer alan Kuzey Anadolu
ve Dogu Anadolu fay zonlarina paralel 6zellikler gosteren dogrultu atimli faylar olup, genel uzanimlar
kuzeydogu-giineybati ve kuzeybati-giineydogudur. Sicak sular, bu faylarin etkisiyle olusan ve bu fay
zonlarina paralel ikincil makaslama faylar1 boyunca yiizeye ¢ikmaktadir. Su 6rneklerinden yapilan analiz
sonuglarina gore galigma alanindaki sicak sular iki ayr1 hidrokimyasal fasiyeste olup, Cerme ve Ilipmar
kaynaklar1 Na-CI’lii, diger sular Ca-Mg-HCOj5’l1ii su tipindedir. Yoredeki sicak sularin pH degerleri genelde
7°nin iizerinde olup 6,37 ile 8,17 arasinda degismektedir. Inceleme alanindaki sularda yapilan gevresel
izotop analiz degerlerine gore tiim sular meteorik kdkenli olup, soguk sular ve Yigitlerdeki sicak su drnegi
ayni kokenli ve s1g dolagimli; Kigthamzan, Meman, Gokoglan ve Cerme kaynaklar1 da aym kokenli ve
derin dolagimli sular olarak yorumlanmustir.

Anahtar kelimeler Tekman, sicak sular, hidrojeokimya, ¢cevresel izotoplar
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Hydrogeochemical Properties of Thermal Springs In Southwest of Tekman (Erzurum)
Liitfi TASKIRAN', Galip YUCE?

'"M.T.A Genel Miidiirliigii Enerji Hammaddeleri Etiit ve Arama Dairesi,06520-Ankara
*Eskisehir Osmangazi Universitesi Jeoloji Miithendisligi Boliimii, Meselik-Esksehir

The aim of the study was to assess geological and hydrochemical properties of the area by
approximately 400 km” which is located in the southwest of Tekman near Erzurum city. The basement unit
in the study area is peridotite of the Hinis Metaophiolite. Tertiary aged limestone, sedimentary and
volcanic rocks overlain this basement unit. The Tertiary units wedge out (interfinger) each others by
perpendicular and horizontally. The Miocene and Pliocene units cover the Tertiary units by discordance.
The youngest unit in the area is Quaternary aged alluvial deposits that cover the oldest units by
discordance. The major faults in study area are parallel to the North Anatolian and East Anatolian fault
zones that are strike slip faults at the Southwest of the study area. Their directions are NE-SW and NW-SE.
The thermal springs in the area come out to surface along the oblique faults which are parallel to the fault
zones. On the basis of obtained chemical analysis of thermal waters in the area, two types of water can be
distinguished. Cerme and Ilipinar thermal waters consist of Na-Cl type while others are Ca-Mg-HCO;
type. According to environmental isotope analysing results of water samples, all waters have meteoric
origin. While the Yigitler thermal water and cold water show similar origin and having a shallow
circulation, the Kigihamzan, Meman, Gokoglan and Cerme thermal waters have a deep circulation and the
same origin.

Key words Tekman, thermal waters, hydrogeochemistry, environmental isotopes
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Zonguldak (KB Tiirkiye) Yoresindeki Cevresel Faktoriin Kanser Uzerine Etkisi
Selahattin Kadir', Piril Onen-Hall’, Nihal S. Aydin®

'Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Meselik 26480 Eskisehir
*Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 06531 Ankara
*Maden Tetkik ve Arama Genel Miidiirliigii, 06800 Ankara

Bati Karadeniz bolgesi Zonguldak yoresindeki Kretase-Eosen yasli volkano-tortul birimler
subalkalen andezit, tiif ve kumtaslarindan meydana gelmektedir, bu kayaglarda egemen olarak smektit,
kaolinit, eser miktarda klorit, illit, mordenit, analsim, feldspat, kuvars, opal-CT, amfibol ve kalsit eslik
ettigi petorgrafi, X-iginlar1 difraktometresi (XRD), Diferansiyel Termal Analizi-Termal Gravimetresi
(DTA-TG), Taramali Elekton Mikroskopu (SEM-EDX) ve jeokimyasal analiz yontemleri saptanmustir.
Petrografik ve mikromorfolojik determinasyonlarda andezitik ve tiiflii birimlerde yeralan cam kiymikca
zengin hamur ile feldspat ve klinopiroksen fenokristallerin alterasyonu sonucu kaolenlesme, kloritlesme,
serizitlesme, albitlesme, Fe-Ti oksitlesmesi ile zeolit, epidot ve illitin olustugu gézlenmistir. Feldspat ve
camin, smektit ve kaolinit ile birlikteligi ve feldspatlarin yonlenmesi, kirilma eksenlerine dogru kaolinit
levhalarinin paralellesmesi otijenik olarak olusmus smektit veya kaoliniti gostermektedir. Yukar1 dogru
alterasyon derecesinin artmasi ile alterasyonu takip eden muhtemel diyajenez ve hidrotermal aktiviteden
dolay1 Al, Fe, Ti kazanilmis ve Si, Na, K, Ca tiiketilmistir. Mikromorfolojik olarak altere birimlerde lifsi
mordenit ve konutlarin yapitaslart ile ¢imentolarinda krizotilin varliginda kanser vakalariin yasandigi
tespit edilmistir. Buna ek olarak, kanser hassasiyet ayirim modeline gore, yoredeki ¢evresel etki ve genetik
yatkinlik olasilikla tanimlanamayan bir genin etkisinin onemi ydredeki kanser insidansinin artmasina neden
olmaktadir.

Anahtar kelimeler Bati Karadeniz, Cevresel Etki, Hidrotermal alterasyon, Jeokimya, Kanser, Mineraloji,
Zonguldak.
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Environmental Effect on Cancer Predisposition in Zonguldak Region, NW Turkey

Selahattin Kadir', Piril Onen-Hall’, Nihal S. Aydin®

'Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Meselik 26480 Eskisehir
*Orta Dogu Teknik Universitesi, Jeoloji Miithendisligi Béliimii 06531 Ankara
*Maden Tetkik ve Arama Genel Miidiirliigii 06800 Ankara

The Cretaceous-Eocene volcano-sedimentary units of the Zonguldak region of the western Black Sea
consist of subalkaline andesite and tuff, and sandstone dominated by smectite, kaolinite, accessory chlorite,
illite, mordenite and analcime associated with feldspar, quartz, opal-CT, amphibole and calcite. The
mineralogical characteristics were examined using polarized-light microscopy, X-ray diffractometry
(XRD), differential thermal analysis and thermal gravimetry (DTA-TG) and scanning-electron microscopy
(SEM-EDX), as well as by chemical methods. Textural and micromorphological images show that
kaolinization, chloritization, sericitization, albitization, Fe-Ti-oxidation, and presence of zeolite, epidote
and illite in andesitic rocks, and tuffaceous materials developed as a result of degradation of a glass shards
matrix, enclosed feldspar and clinopyroxene-type phenocrysts, due to alteration processes. The association
of feldspar and glass with smectite and kaolinite, and the suborientation of feldspar-edged, subparallel
kaolinite plates to fracture axes may exhibit an authigenic smectite or kaolinite. Increased alteration degree
upward in which Al, Fe and Ti are gained, and Si, Na, K, and Ca are depleted, is due to the alteration
following possible diagenesis and hydrothermal activities. Micromophologically, fibrous mordenite in the
altered units and the presence of needle-type chrysotile in the residential buildings in which cancer cases
lived were detected considered an environmental effect, and probably unidentified gene also increased
cancer incidence in the region.

Key words Cancer, Environmental Effect, Geochemistry, Hydrothermal alteration, Mineralogy, Western
Black Sea, Zonguldak.

136



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Elmadagbeli, Mentes, Kartalkaya ve Magarabeli Demir Yataklarinda Jeotermometrik Calismalar
(Kayseri-Adana Havzasi, Tiirkiye)

Serdar KESKIN"? Taner UNLU? & Ebru COSKUN?

"Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06520, Balgat, Ankara

2 Ankara Universitesi, Mithendislik Fakiiltesi, J eoloji Miihendisligi Boliimii, 06100, Tandogan, Ankara

> Maden Tetkik ve Arama Genel Miidiirliigli, Maden Analiz ve Teknolojileri Dairesi, 06520, Balgat,
Ankara

Bu calisma, Dogu Toroslar’in batisinda yer alan Elmadagbeli, Mentes, Kartalkaya ve Magarabeli
demir (siderit, hematit, gitit) yataklarindan alinan barit érneklerindeki jeotermometrik 6l¢lim ¢aligsmalarini
kapsamaktadir. Birincil cevher, Emirgazi Formasyonu igerisinde yer alan bitiimli seyler ile uyumlu syn-
sedimanter olusumlu sideritlerden olusur. Ge¢ evre demir cevherlesmeleri ise daha geng birimleri kat eder
durumdadir. inceleme alanindaki fay sistemleri bu maden yataklarin1 yapisal ve tektonik olarak kontrol
etmektedir. Fay zonlarina yakin yerlerden alinan barit 6rneklerinde sivi kapanim calismalar yiiriitilmiistiir.
S1tv1 kapanim c¢aligmalari, 6rnegin ince-orta tane boyuna sahip seffaf ve yar1 seffaf olan barit kristallerinde
gerceklestirilmistir. Incelemelerde birincil kokenli kapanimlarin biiyiik ¢ogunlugunu tek fazli (s1vi)
kapanimlar olustururken, iki fazli (s1vi+gaz) kapanimlar daha az bollukta izlenmektedir. Olgiim yapilan iki
fazli (sivi+gaz) kapanimlarin boyutlar1 yaklasik 2-36 mikron arasinda degismektedir. Tiim yataklardaki
barit minerallerinden yapilan mikrotermometrik ¢alismalar 100-300°C civarlarinda homojenlesme
sicakliklarmi (Th’C) gostermektedir. Ayrica baritlerdeki tek fazli (sivi) kapanimlarm iki fazli (sivi+gaz)
kapamimlara gére oldukca fazla bulunmasi, ortamun sicakligmm 100°C’nin altina diistiigiinii ve/veya altinda
oldugunu gostermektedir. Sogutma deneyleri sonucunda baritleri olusturan ¢ézeltilerin tuzlulugu %0.9 -
%7.2 NaCl esdegerleri arasinda degismektedir.

Tim veriler birlikte degerlendirildiginde, barit minerallerinin ilk olusmaya olasilikla 300°C
civarinda basladigin1 ve daha diisiik sicakliklarda da devam ettigini gdstermektedir. Orneklerdeki diisiik
tuzluluk degerleri sistemde meteorik ¢ozeltilerin de etkili oldugunu gostermektedir. Cevherlesme sonrasi
fay zonlarinda dolasan bu meteorik ¢ozeltiler, derinden gelen daha yagh birimlere 6zgii metal tasiyan
sistemleri islemis ve bugiin ki konumlartyla sekillenmesinde etken olmustur.

Anahtar Kelimeler Dogu Toroslar, sivi kapanim, barit, tuzluluk, cevherlesme, fay
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Geothermometric Studies of Elmadagbeli, Mentes, Kartalkaya and Magarebeli Iron Deposits
(Kayseri-Adana Basin, Turkey)
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"Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06520, Balgat, Ankara
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This study includes geothermometric measurements in the barite samples taken from Elmadagbeli,
Mentes, Kartalkaya and Magarabeli iron (siderite, hematite, goethite) deposits, located on the western part
of Eastern Taurus. The primary ore is derived from syn-sedimentary siderites comformable with bitumen-
shale of Emirgazi Formation. However, late-stage Fe-mineralisations cut across younger units. These ore
deposits are structurally and tectonically controlled by fault systems in the study area.

Fluid inclusion studies are carried out on the fine-medium grained, transparent and semi-
transparent barite crystals near the these fault zones. Generally, primary inclusions are mostly single phase
(liquid) inclusions whereas two phase (liquid+gaseous) inclusions are observed less abundance. The
measured two phase (liquid+gaseous) inclusions size range from 2 to 36 microns. Microthermometric
studies are performed on barite minerals, taken from all deposits, indicate the 100 - 300°C homogeneous
temperatures (Th’C). Moreover, the further abundance of single phase (liquid) inclusions than two phase
(liquid+gaseous) inclusions indicates that ambient temperature was below 100°C and/or fell below 100°C.
In consequence of cooling experiments, the salinity of solutions forming the barite samples varies between
%0.9 - %7.2 NaCl equivalent.

When all data evaluated together, the barite minerals began to have occurred at temperatures near
300°C and continued to occurred at less temperatures. Low salinity values of the samples provide evidence
for contribution of meteoric fluids to system. The meteoric fluids circulating throughout the post-
mineralised fault zones, interacted with the ascending metalliferous fluids and give rise to present-day
deposits in the study area.

Key Words Eastern Taurus, fluid inclusion, barite, salinity, mineralisation, fault
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Isparta Bolgesi Manganez Cevherlesmelerinin Jeokimyasal Ozellikleri
Yeliz Teker', Mustafa Kuscu®

'Bagbakanlik Afet Ve“Acil Durum Yonetimi Bagkanligi, Ankara
*Siileyman Demirel Universitesi, Jeoloji Miih. Boliimii, Isparta

Manganez cevherlesmeleri Isparta ili Aksu ilgesine bagh Bagilli ve Havutlu koyleri ile Isparta iline
bagli Imrezi koyiinde bulunmaktadir. Havutlu manganez cevherlesmesi ve Bagilli manganez cevherlesmesi
Ladiniyen (Triyas) yasli Tesbihli formasyonunda, Imrezi manganez cevherlesmesi Triyas-Jura yash
Ispartacay formasyonunda yer almaktadir. Cevherlesme genellikle radyolaritler icerisinde agsal, mercek ve
katman seklinde gelismistir. Manganez cevherlesmelerinde pirolusit, psilomelan, braunit, todorokit,
kriptomelan, rodokrozit, mangan fosfid, yakobsit, manganokalsit, pirit, magnetit, hematit ve gotit cevher
mineralleri saptanmustir.

Manganez zuhurlarinda MnO orani ortalama % 20.19, Fe,O5 oran1 ortalama % 2.98 ve SiO, orani ise
ortalama % 70.63’diir. Manganez cevherlesmelerinin iz elementler kullanilarak hazirlanan diyagramlarda
cogunlukla hidrojenetik alana diistiigii belirlenmis ve bu durum cevherlesmelerin Fe/Mn orani ile de
desteklenmistir.

Anahtar kelimeler Manganez katmani, yan kayag, mineral parajenezi, Fe/Mn orani
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The Geochemical Properties of Manganese Occurences of Isparta
Yeliz Teker', Mustafa Kuscu2

'Basbakanlik Afet ve Acil Durum Yonetimi Baskanligi, Ankara
*Siileyman Demirel Universitesi, Jeoloji Miih. Boliimii, Isparta

The manganese occurences of Isparta are located in Bagilli, Havutlu and Imrezi areas. Havutlu
manganese occurence and Bagilli manganese occurence are found in Tesbihli formation of Ladinian
(Triyassic), Imrezi manganese occurence are found in Ispartacay formation of Triyassic-Jurassic.
Manganese mineralizations are seen generally cutting radyolarite in stockwork, lenticular and normal vein
forms. Pyrolusite, psilomelane, braunite, todorokite, cyrptomelane, rhodochrozite, manganese phosphide,
jacobsite, manganocalcite, pyrite, magnetite, hematite and goethite are determined as ore minerals in the
manganese occurences.

In the manganese occurences, average composition is 20.19 % MnO, 2.98 % Fe,0; and 70.63 %
Si0O,. The diagrams prepared by using trace elements show that manganese mineralizations are determined
in the hydrogenetic area and this also supported with the ratio of Fe/Mn of mineralizations.

Key words Manganese layer, host rock, mineral paragenesis, Fe/Mn ratio
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Diizce (Akcakoca)-Trabzon Arasi Kiy1 Tortularinin Ana ve iz Element Jeokimyasi
Tiilay Bak, ilknur Batar ve Ciineyt Sen
Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, Trabzon

Karadeniz’in giineyinde Kizilirmak ve Yesilirmak deltalarinin bulundugu kisimlar hari¢ self daha
dar bir serit olusturur. S6z konusu dar selfteki tortular genellikle kiiciik-orta boylu yiiksek debili dereler ve
acik deniz akintilar tarafindan biriktirilir. Bu ¢aligmanin amaci self tortularindaki ana ve iz element
zenginlesmesini kontrol eden faktorleri anlamak ve ¢evre kayaglarin, self tortularinin bilesimlerinden yola
cikarak bolgesel esik degerlerin ortaya koyulmasidir.

Diizce (Akgakoca)-Trabzon arasinda 20 farkli noktadan (on iki ana lokasyon) deniz tortusu
ornekleri KTU DENAR-I Arastirma Gemisi tarafindan derlenmis ve drneklerin ana oksit ve iz element
analizleri ICP-MS yontemiyle ACME (Kanada) laboratuarlarinda yaptirilmistir. Pontidlerde yiizeylenen
kayaglara ait jeokimyasal verilerden itibaren ortalama bir deger olusturulamamasi nedeniyle, tortular
ortalama kabuk (*Taylor and McLennan, 1985) degerine gore normallestirilmis ve hesaplanan zenginlesme
faktoriine gore (EF): Cr>V>Ni>Cu>Ca0%> Ti0,%> Zr>MgO>Mn>Y zenginlesmesi bulunmustur. Sonug
olarak: bazi elementlerin zenginlesmesinin bdlgede ylizeylenen kayaglarin kimyasal 6zellikleri ile ilgisi
belirlenmis ancak Cr, V gibi elementlerin zenginlesmesinin kaynagi soru igareti olarak kalmustir.

Anahtar Kelimeler Giincel deniz ¢okelleri, jeokimya, Dogu Karadeniz
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Major and Trace element Geochemistry of Trabzon-Akc¢akoca (Diizce) coastal sediments
Tiilay Bak, ilknur Batar ve Ciineyt Sen
Karadeniz Teknik Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Boliimii, Trabzon

The shelf of the southern coast of Black Sea is so narrow with the exception of deltas of Kizilirmak
and Yesilirmak. The accumulated coastal sediments in this narrow shelf are carried generally by high
flowrated small creeks or lesser open sea currents. The main objectives are to understand the process
controlling major and trace elements in the surface sediments and to identify regional baseline levels in
order to using surrounding rock geochemistry.

Twenty surface sediment samples (twelve main locations) from Diizce (Akgakoca) to Trabzon were
collected by research vessel of KTU DENAR-I and were analyzed using ICP-MS (in ACME laboratories,
Canada) for major and trace elements. Due to insufficient geochemical data in the literature from the
outcrops of the Pontides formations to set off average crust value of Pontide, obtain data for sediments
normalized by using the average crust value of Taylor and McLennan, 1985. The results indicate that
enrichment of the some elements positively correlate with surrounding formations but source of enrichment
of some elements like Cr, V cannot be identified.

Key words Recent sea sediments, geochemistry, eastern Black Sea

*Taylor, S.R. and McLennan, S.M., 1985, The continental crust: its composition and evolution: Blackwell
Scientific Publications, Oxford, 312 p.
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Neojen Gol Sedimanlarinda Olusum Ortamina gore Mineralojik ve Jeokimyasal Degisimler (Elazig
Giineyi)

Dicle BAL AKKOCA
Firat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, Elaz1g

Bu ¢alismada Elazig’m giineyinde yer alan Neojen (Ust Miyosen-Pliyosen) tortullarin mineralojik
ve jeokimyasal ozellikleri ile bazi neoformasyon minerallerin olusumu ve dagilimlari incelenmistir. Killi,
kumlu, karbonatl seviyelerden olusan gol istifinde iki farkli lokasyondan alinan 6lgiilii kesitlerde X-Isinlart
difraksiyonu (tiim kayac¢ ve kil fraksiyonu), taramali elektron mikroskopi (SEM) ve jeokimyasal analizler
yapilmistir. GOl baseninin en yaygin parajenezi kiltkalsit olup bu birliktelige sirasiyla dolomit, kuvars,
feldispat ve opal mineralleri eslik etmektedir. Kil mineralleri smektit, paligorskit, klorit, illit, S-I, S-C,
sepiyolit ve halloysittir. GOliin kenar kesimlerinde kalsit, kuvars, feldispat mineralleri yliksek oranda iken,
basenin merkezine dogru dolomit ve sepiyolit mineralleri ortaya ¢ikmaktadir. Paligorskit her iki ortamda da
mevcuttur. GOl baseninin merkezine dogru pH, tuzluluk, alkalinite ve Mg/Ca artis1 dolomit ve sepiyolitin
olusmasina neden olmustur. Elementlerin jeokimyasal davranislari mineral birlikteliklerini gostermekte,
havzanin kenar ve merkezi kesimlerini ayirmada énemli olan mineralojik parajenezlere jeokimyasal veriler
de uyum gostermektedir. Ba/Sr ve Rb/Sr oranlari otijenik karbonat ve sepiyolitin olustugu basenin merkezi
kesimlerinden alinan 6rneklerde daha disiiktiir. Bu da Sr’mun karbonat ve Mg’ca zengin kil minerallerini
tercih etmesinden kaynaklanmaktadir. %95 giivenilirlikte MgO, CaO, P,0s, MnO, Ba, Sr ‘mun SiO, ile
negatif korelasyonu silikat-karbonat ayrimimi belirtmektedir. K,O ile TiO,, Cr,0s, Sc, Ga, Hf, Nb, Th, V,
Zr porzitif korelasyonu illitin detritik oldugunu, NTE elementlerinin Al,O; ile pozitif korelasyonu ise bu
elementlerin ayrigsma boyunca ortamdan uzaklagsmadigi ve killeri tercih ettigini gostermektedir.

Anahtar kelimeler Neojen golsel killer, paligorskit, sepiyolit.
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Mineralogical and Geochemical Changes of Neogene Lake Sediments as a Record of Environmental
Change, (Southern Elazig)

Dicle BAL AKKOCA
Firat Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Béliimii, Elaz1g

In this study, the mineralogic-geochemical properties, the formation and distribution of some
neoformation minerals of Neogene (Upper Miocene-Pliyocene) sediments which is located at southern
Elazig have been investigated. X-Ray diffraction (whole rock and clay fraction), scanning electron
microscopy (SEM) and geochemical analyses are carried out on clayey, sandy and carbonated samples
taken from two different measured sections. The common whole minerals of basin are clay+calcite, the
other minerals are in decreasing order; dolomite, quartz, feldspars and opal. The clay minerals are
smectite, paligorskite, chlorite, illite, S-1, S-C, sepiolite, and halloysite. The margins of the basin are rich in
calcite, quartz and feldspar. Dolomite - sepiolite emergence toward central of the basin because of
geochemical variations. Paligorskite is present at two section. Increasing of alkalinity, salinity, pH and
Mg/Ca caused for formation of dolomite+ sepiolite towards central parts of basin. Behaviour of elements
show mineral paragenesis, and geochemical data are in accordance with mineralogical paragenesis, which
are important for discrimination of merge and centre of the lake basin. Ba/Sr and Rb/Sr ratios are low in the
parts of centre of basin which have carbonate and sepiolite formations, because Sr prefer carbonate and
Mg- rich clay. Negative correlation of MgO, CaO, P,0s, MnO, Ba, Sr with SiO,, (95% confidence), show
silicate-carbonate discrimination. Positive correlation of TiO,, Cr,Os, Sc, Ga, Hf, Nb, Th, V, Zr with K,O
show detritic illite. NTE have positive correlation with Al,O;. This shows that NTE do not leave the
environment during decomposition and prefer clays.

Key words Neogene lacustrine clays, paligorskite, sepiolite.
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Soganh-Uyandik (Elaz1g) Arasindaki Elazig Magmatitlerinin Jeokimyasi ve Tektonik Ortam
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Inceleme alani, Dogu Toroslarda, Elazig iline bagli Kovancilar ilgesi simirlar1 igerisinde Soganli-
Uyandik kéyleri arasinda yer alir. Inceleme alan ¢evresinde temelde Geg Kretase yasl Elazig Magmatitleri
yer alir. Temel iizerine acisal uyumsuzlukla Orta-Ust Eosen yash Kirkgecit Formasyonu, Ust Miyosen-
Pliyosen yasli Caybagi Formasyonu ve Pliyo-Kuvaterner yash Palu Formasyonu yiizeylemektedir. Elaz1ig
Magmatitleri inceleme alaninda tabanda yastik yapili spilitik bazaltlardan, {ist seviyelere dogru piroksenli
andezitik lav akimtilari, piroklastikler ve bunlarla ardalanmali olarak riyodasit ve riyolitler ile en lstte
volkanojenik kumtaglarindan olugmaktadir.

Elazig Magmatitlerine ait volkanitlerin olustuklar1 jeodinamik ortami belirlemek amaciyla 20 adet
ornekten ana oksit, iz ve nadir toprak element igerikleri analiz edilmistir. Ti/Y-Nb/Y diagraminda volkanik
kayaglarin toleyitik karakterde olduklari (Ti/Y=46-218, Nb/Y=0,03-0,17) goriillmektedir. N-MORB’a gore
normalize edilmis driimcek diyagrami incelendiginde LIL (Rb, K, Ba, Th) ve Sr-Pb elementleri agisindan
bir zenginlesme, Nb-Ta elementlerince fakirlesme ve HFS elementleri agisinda N-MORB’a gore paralellik
gosterdikleri gozlenmektedir. Volkanik kayaglarin Zr, Y ve Nb element igeriklerinin pozitif korelasyonu,
olivin-klinopiroksen-plajiyoklas kristallenmesini isaret etmektedir. Bu diyagramlarda goéze carpan en
onemli 6zellik Th elementindeki pozitif ve Nb elementindeki negatif anomalilerdir.

Volkanik kayaglarin nadir toprak element sekillerinin kondrite gore normalize edilmis 6rimcek
diyagraminda genel olarak yatay veya yataya yakin goriiniimii [(La/Lu)N=0,61-2,99] ada-yay1 toleyitlerinin
tipik oOzelliklerinden birisidir. Alterasyona durayli iz elementlere dayali tektonomagmatik ayirtlama
diyagramlar1 volkanik kayaglarin okyanus i¢i dalma-batma zonu {izerinde olustuklarini gostermektedir.
Elazig Magmatitleri’ne ait kayaclar tizerinde tarafimizca yiriitiilen ¢aligmalardaki ayrintili arazi gdzlemleri
ve jeokimyasal analiz sonuglar1 gz oniine alindiginda, bu kayaclarin toleyitik magmadan tiiredikleri ve
Neotetis’in giiney kolunda okyanus i¢i dalma batma zonu iizerinde gelismis Ge¢ Kretase yasli ada yayina
bagl olustuklari anlagilmigtir.

Anahtar Kelimeler Dogu Toroslar, Elaz1g Magmatitleri, jeokimya, tektonik ortam, toleyitik, bazalt
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Geochemical Properties and Tectonic Setting of Elazig Magmatics Between Soganh — Uyandik
(Elaz1g)
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"Maden Tetkik ve Arama Genel Miidiirliigii, Maden Etiit ve Arama Dairesi, 06520, Ankara
2Cukurova Universitesi, Jeoloji Miihendisligi Béliimii, 01330 Balcali, Adana

? Adiyaman Universitesi, Mesleki ve Teknik Egitim Fakiiltesi, 02040 Adiyaman

*Maden Tetkik ve Arama Genel Md., Orta Anadolu 4. Bolge Miidiirliigii, 44100 Malatya

Study area located in eastern Taurides, between Soganli and Uyandik Villages of Kovancilar County,
Elaz1g province. The base geological unit of the study area is the Late Cretaceous aged Elazig Magmatics.
This magmatic succession includes different rock types: spilitic pillow lavas located at the bottom section,
piroxene bearing andesitic lava flows, pyroclastics and alternating riodacite and riolites and volcanogenic
sandstones as the uppermost unit were identified. Middle — Upper Eocene aged Kirkgegit formation, Upper
Miocene — Pliocene aged Caybagi formation and Plio — Quaternary aged Palu formation overlies these
units unconformably.

Major element oxides, trace element and REE analyses were conducted from twenty samples
collected from the volcanic section to identify the geodynamic setting of this section of Elazig Magmatics.
Volcanic section have a tholeitic characther according Ti/Y-Nb/Y diagram (Ti/Y=46-218, Nb/Y=0,03-
0,17). Enrichments in LIL (Rb, K, Ba and Th), Sr and Pb; depletion in Nb, Ta and paralel trendin HFS
elements were identified in spider diagram normalized to N-MORB. The positive correlation between Zr, Y
and Nb reflected the fractional cristallization of olivine-clinopyroxene-plagioclase system. Positive
anomaly of Th and negative anomaly of Nb elements are the most important observations.

The trends of the REE of the volcanic rocks in condrite-normalized spider diagrams are generaly flat
[(La/Lu)y=0,61-2,14] and this pattern is typical in island arc tholeiites (IAT). The tectonomagmatic
discrimination diagrams based on immobile trace elements suggest that they formed on the intra-oceanic
subduction zone setting. Detailed geological field observations and geochemical data indicate that these
volcanic units of the Elazig Magmatics are derived from toleitic magma and they are formed in Late
Cretaceous aged island-arc related to the supra-subduction zone of the southern branch of Neotethys.

Key words Eastern Taurus, Elazig Magmatics, geochemistry, tectonic setting, basalt

146



1V. Ulusal Jeokimya Sempozyum Bildirileri, Elazig 2010

Kiiciikfindikpinar-Erdemli-Mersin Bolgesinde Yetisen Karacam (Pinus nigra) Bitkisinin Bor icin
Biyojeokimyasal Prospeksiyonu

Onur Sahinol, Zeynep Ozdemir ve Erkan Demir
Mersin Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Béliimii, Ciftlikkdy-Mersin

Biyojeokimyasal prospeksiyon ydntemleri, bilinmeyen maden cevherlerinin ortaya c¢ikarilmasi
amaciyla bitki Orneklerinin kimyasal analizlerinin yapilmasi ilkesine dayanmaktadir. Bu amagla bor
elementinin olusturdugu maden yataklarinin saptanmasi i¢in Pinus nigra (karagam) bitki tiiriiniin belirtgen
bitki oldugu literatiirde saptanmistir. Calisma bolgesinde bol ve baskin olan Pinus nigra bitki tiirli ve
lizerinde yetistigi topraktan toplam 30 adet bitki ve toprak 6rnegi alinmistir. Toprak ve bitkilerin (dal ve
yaprak) element analizleri spektrofotometre ile gergeklestirilmistir. Elde edilen sonuglar literatiirdeki
toprak, bitki degerleriyle karsilastirilmistir. Analiz sonuglariyla hem Pinus nigra (r=-0.6819 dal igin, r=-
0.6819 yaprak igin, %99 giivenirlikle) bitki tiiriiniin belirtgen bitki oldugu onaylanmig hem de bélgenin bor
icerigi acisindan biyojeokimyasal prospeksiyonu yapilmistir. Bu bdlge bor yatagi icin umutlu sayilabilir.
Ayrintilt calismalarin yapilmasi 6nerilebilir.

Anahtar kelimeler B, Biyojeokimyasal Prospeksiyon, Kii¢iikfindikpinar-Erdemli-Mersin
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The Biogeochemical Prospecting of The Pinus nigra for Boron Growing in The Kiiciikfindikpinari-
Erdemli Area in Mersin

Onur Sahinol, Zeynep Ozdemir ve Erkan Demir

Mersin Universitesi Miihendislik Fakiiltesi Jeoloji Miih. Béliimii, Ciftlikkdy-Mersin

The method of biogeochemical prospection, with aim of exploring unknown mine ores, bases on the
principle of chemical analysis of plant samples. For this purpose, in order to determine the ore beds that
boron elements form, it is found out in literature that the Pinus nigra (larch) is the indicator plant. 30 pieces
of plant and soil samples are taken from that the Pinus nigra are abundant and dominant in operating area
along with the soil. Element analysis of soil and (twigs and leaves) plants are carried out by
spectrophotometer. The findings are compared with the soil and plant value in literature. With the analysis
results, both indicator plant -Pinus nigra (r=-0.6819 for twigs and r=-0.6819 for leaves, % 99 reliability ) is
approved and biogeochemical prospection for boron content were made. This area for boron mineral
deposits can be considered hopeful, detailed prospecting work may be recommended.

Key words B, Biogeochemical Prospecting, Kii¢iikfindikpinar-Erdemli-Mersin
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Eskipazar (Karabiik) cevresindeki yeraltisularinda tarimsal aktivitelere bagh nitrat ve agir metal
kirlilikleri

Tiilay EKEMEN KESKIN
Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, SIVAS

Diinyanin birgok iilkesinde tarimsal faaliyetler sirasinda kullanilan kimyasallar nedeniyle yeralt1 ve
yeriistii sular1 biiyiik bir kirlenme tehdidi altinda kalmaktadir. Bu tehdin 696 km® yiizol¢iimiine sahip
Eskipazar ve c¢evresinde var olup olmadigimi aragtirmak amaciyla calismalar yapilmistir ve gevsek
gakllltasl kumtasi, ¢amurtasi, silttasi, kiltasi, sev1yeler1nden olusan Orencik Formasyonu, kiregtaslarindan
olusan Orencik Formasyonunna ait Yoriik iiyesi, Orencik Formasyonu ve Yoriik iiyesinin birlikte
bulundugu alanlar ve aliivyondan bosalan sularda nitrat (NO3) kirliligi gézlenmistir. Bu alanlarda yogun
tarimsal aktivite gergeklestirilmektedir ve bu sular igme ve kullanma suyu olarak kullanilmaktadirlar.
Ozellikle NO; konsantrasonu ¢ok yiiksek olan Orencik Formasyonunda acilmis kuyularda
konsantrasyonlar1 donemsel olarak degisen B, Pb, Hg, Se gibi kirlilikleri de saptanmistir. Bu sularda S, Cr,
Mn, Fe, Cu, Zn, Ga, Br, Sr, Y, I, Ba, U miktarlar1 da ¢alisma alaninda bulunan diger soguk sulara oranla
biraz daha yiiksek diizeyde bulunmaktadir. Ayrica bazi kuyulardaki (EK-39 ve/veya EK-40) bazi iz
element konsantrasyonlart (Se, Hg, Pb, Cu, Zn, Ga, Y, Pd, I, Ba, U) caligma alaninda bulunan sicak
ve/veya mineralli su kaynaklarmin ortalama degerlerinden de daha yiliksek diizeyde bulunmaktadir.
Aliivyonda acilmis kuyuda ise NO; kirliliginin yaninda yiiksek diizeyde Ca ve SO, kirliligi de
gozlenmektedir. Kanalizasyon sisteminin tam oldugu ve herhangi bir cevherlesme, sanayi merkezi, ¢op
depolama alan1 vb. kirletici kaynaklarm bulunmadigi bu alanlarda, bu kirliliklerin tarim faaliyetleri
sirasinda kullanilan giibre ve tarim ilaglarindan kaynaklandigi diisiiniilmektedir. Bu sularda bazi iz element
degerlerinin donemsel olarak degismesi, su-kayag etkilesimi, giibre ve pestisit kullanim donemi, yagis
miktar1, yeraltisuyu seviyesi, elementlerin bitkiler tarafindan kullanimi, elemenlerin hareketliligi, ortamin
pH’1, redoks potansiyeli, adsorbsiyon/desorpsiyon olaylari, biyokimyasal siire¢ler vb. nedenlere bagh
oldugu diigtintilmektedir.

Anahtar Kelimeler Eskipazar, yeraltusuyu, nitrat, agir metal kirliligi
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Nitrate and heavy metal pollutions resulting from agricultural activity in Eskipazar (Karabuk)
vicinity

Tiilay EKEMEN KESKIN
Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, SIVAS

In most countries of the world, groundwater and surfacewater is under a big threat of pollution due to
chemicals used in agricultural activities. Research studies were performed in order to determine whether
this threat exists in Eskipazar and its surrounding with a surface area of 696 km® or not. Nitrate pollution
(NO;) was observed in waters discharging from Orencik Formation consisting of loose conglomerate,
sandstone, mudstone, siltstone, claystone levels, from Y&riik member of Orencik Formation consisting of
limestones, from areas where Orencik Formation and Y&riik member are located together and from
alluvium. Agricultural activities are performed in these areas. These waters are used as drinking water and
domestic water. In particular, pollutions such as B, Pb, Hg, Se with periodically changing concentrations
were detected in wells drilled in Orencik Formation featuring a very high NO; concentration. The
concentrations of S, Cr, Mn, Fe, Cu, Zn, Ga, Br, Sr, Y, I, Ba, U in these waters are also at a bit higher level
compared to other cold waters in the study area. The concentrations of some trace elements (Se, Hg, Pb,
Cu, Zn, Ga, Y, Pd, I, Ba, U) in some wells (EK-39 and/or EK-40) are at a bit higher level compared to
average values of geothermal and/or mineral waters in the study area. In addition to the NO; pollution, high
level of Ca and SO, pollution is observed in the well drilled in alluvium. In addition some trace element
concentrations determinated in the wells drilled in Orencik Formation are at higher levels compared to
average values of geothermal and/or mineral springs in the study area. These pollutions observed in these
areas featuring a complete sewage system, without any polluting sources such as mineralization, industrial
center, waste disposal area, etc. are believed to be arising from fertilizers and pesticides used in agricultural
activities. Water-rock interaction, usage period of fertilizers and pesticides, amount of precipitation,
groundwater level, usage of elements by the plants, mobility of elements, pH value of environment, redox
potential, adsorption/desorption, biochemical processes, etc. are believed to be the reasons of the periodical
change of some trace element values in these waters.

Key words Eskipazar, ground water, nitrate, heavy metal pollution
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Ust Kretase yash bazaltlarda (Trabzon) bozunma ile jeokimyasal 6zellikler arasindaki iliskiler
Selcuk ALEMDAG' ve Ziilfii GUROCAK*

! Giimiishane Universitesi Jeoloji Mithendisligi Boliimii, 29000 Giimiishane, Tiirkiye
? Firat Universitesi Jeoloji Miihendisligi Boliimii, 23119 Elazig, Tiirkiye

Bu caligmada farkli bozunma derecesine sahip bazaltlarda, bozunma derecesi ile jeokimyasal
ozellikler arasindaki iligkiler incelenmistir. Bazaltlardan ISRM tarafindan 6nerilen bozunma siniflamasina
uygun olarak farkli bozunma derecesine sahip Ornekler derlenmis ve bu Orneklerin ana oksit degerleri
belirlenmistir. Bazaltlarda bozunma derecesi ile ana oksitler arasindaki iligkiler basit regresyon analizleri
ile incelenmistir. Yapilan istatistiksel degerlendirmelere gore, bazaltlarda bozunmanin artmasi ile SiO,,
Na,O, TiO, ve K,O degerleri azalmakta, Al,O;, Fe,0;, MgO ve CaO degerleri ise artmaktadir. Bu

degisimler bazaltlarda bozunma ile birlikte ayrismanin da etkin oldugunu gostermektedir.

Anahtar Kkelimeler Ana oksit, ayrisma, bazalt, bozunma
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The Relationships between Weathering Degree and Geochemical Properties
in the Upper Cretaceous Basalts (Trabzon)

Selcuk ALEMDAG' ve Ziilfii GUROCAK?

! Giimiighane Universitesi Jeoloji Miithendisligi Boliimii, 29000 Giimiishane, Tiirkiye
*Firat Universitesi Jeoloji Miihendisligi Boliimii, 23119 Elazig, Tiirkiye

In this study, the relationships between weathering degree and geochemical properties in basalts
having different weathering degree were examined. Basalts having different weathering degree were
collected in accordance with the weathering classification of ISRM and major oxide values of these
samples were analized. The relationships between weathering degree and major oxide values were
evaluated using simple regression analyses. According to statistical evolutions, the values of SiO,, Na,O,
TiO, and K,O decrease and the values of Al,Os3, Fe,O;, MgO and CaO increase while the weathering
degree of basalts increases. These changes in the major oxides show that alteration also effects with

weathering on the basalts.

Key words Alteration, basalt, major oxide, weathering
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Tiirkiye’nin ayrisma indeksi haritasi ve baz endiistriyel uygulama alanlar

iskender ISIK', Deniz UZUNOGLU? Mehmet KARACA®

! Dumlupmar Universitesi, Seramik Miihendisligi Boliimii, Kiitahya
2D'ur{ﬂuplnar Universitesi, Fen Bilimleri Enstitiisi, Kiitahya
10, Avrasya Yer Bilimleri Enstitiisii, Maslak-Istanbul

Jeolojik bir terim olan ayrisma, yeryiiziinde veya yeryiiziine yakin kayaglarda hava, su, sicaklik
degisiklikleri, canlilar ve diger g¢evresel faktorler tarafindan yapilan parcalanma, ufalanma, ayrilma,
cozlinme ve ¢iiriime gibi degisikliklerin tiimiinii kapsayan bir tanima sahiptir. Ayrisma baslica; (1) fiziksel
(mekanik) ayrisma ve (2) kimyasal ayrigsma olarak iki alt tiire ayrilir.

Herhangi bir kayag diisiik sicaklik ve diisiik basingta, su ve atmosferik gazlari igeren yeryiizii sartlar
altinda (olusum sartlar1 dengesi bozuldugu zaman) kimyasal ayrisma meydana gelir. Kimyasal ayrigma
hidroliz, ¢oziinme, oksidasyon ve biyokimyasal etki seklinde olabilir. Kimyasal ayrismada etkin bir diger
parametre iklim kosullaridir. Ozellikle sicakligin yiiksek oldugu nemli yerlerde kimyasal ayrisma ¢ok daha
cabuk gerceklesir.

Fiziksel ayrigsma ise kayaglarin kimyasal bilesimleri degismeden ufak parcalara ayrilmasidir. Fiziksel
ayrigsmaya yol acan baglica siiregler; sicaklik ve basing degisimleridir. Donma-¢6ziilme, genlesme-biiziilme,
mekaniksel eksfolasyon ve slirtiinme baglica fiziksel ayrisma tiirleridir. Ayrica karinca ve solucan gibi
organizmalarda yasadiklar1 zemini gevsetmek ve karistirmak suretiyle fiziksel ayrigmaya yardimei olurlar.
Kimyasal ve fiziksel ayrigmaya maruz kalan mineral ve kayaglarda degisikliklerin olmasi s6z konusudur.
Ayrigma, baglica camur (kil ve silt) ve kum boyutlu tortular ile kirmtili ayrik kil yataklarint olusturur.

Bu aragtirmada 90 istasyona ait iklim verileri kullanilarak Tiirkiye’de ayrisma indeksi bolgeleri az,
orta ve ¢ok seklinde belirlenmistir. Sonuglara gére, Izmir, Mersin, Adana, Sinop, Antalya ve Trabzon
illerinde az ayrigma, Zonguldak, Samsun, Ordu, Giresun, Rize, Bayburt, Amasya, Karabiik, Tokat, Mugla,
Manisa, Aydin, Denizli, Osmaniye, Antakya, Kahramanmaras, Kilis, Kilis, Kirklareli, Tekirdag, Istanbul,
Kocaeli, Sakarya, Bilecik, Canakkale, Balikesir, Yalova, Aksaray, Nevsehir, Kirgsehir, Cankiri, Karaman,
Adiyaman, Sanlurfa, Batman, Siirt, Kars, [gdir, Ardahan ve Sirnak illerinde orta ayrisma bulunmustur.
Artvin, Kastamonu, Corum, Bartin, Glimiishane, Kiitahya, Usak, Afyon, Burdur, Isparta, Edirne, Bolu,
Bursa, Diizce, Eskisehir, Ankara, Kirikkale, Yozgat, Sivas, Kayseri, Konya, Nigde, Gaziantep, Van,
Mardin, Diyarbakir, Erzurum, Erzincan, Agri, Malatya, Elazig, Bingdl, Mus, Hakkari, Tunceli ve Bitlis
illerinde ¢ok ayrigma elde edilmistir.

Hazirlanan Tiirkiye’nin Ayrisma Indeksi Haritas1 (Sekil 1): (1) ayrisma indeksi farkliliklar ile kil
yataklar1 olusumu arasindaki korelasyonun (?) tanimlanmasinda, (2) dis cephe kaplama malzemelerinin
standardizasyonunda, (3) dogal yapitlarin ve arkeolojik kiiltiir varliklarinin korunmasinda ve (4)
karayollarinin atmosferik etkilere dayanimlarinin saptanmasinda belirleyici olacag diisiiniilmektedir.

Anahtar kelimeler Ayrisma, Tiirkiye Ayrisma Indeksi Haritasi, Kil.
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The Map of Weathering Indices in Turkey and Its Application in Some Industrial Areas
iskender ISIK', Deniz UZUNOGLU? Mehmet KARACA®

! Dumlupnar Universitesi, Seramik Miihendisligi Boliimii, Kiitahya
*Dumlupinar Universitesi, Fen Bilimleri Enstitiisii, Kiitahya
iTU, Avrasya Yer Bilimleri Enstitiisii, Maslak-Istanbul

Weathering is the disintegration and decomposition of rocks and minerals at or near the surface of
the earth. Two important classifications of weathering processes exist — physical and chemical
weathering. Weathering processes create sediments (primarily mud and sand) and soil.

In this study, weathering index regions of Turkey were prepared (Figure 1). According to the
calculated results, Izmir, Mersin, Adana, Sinop, Antalya and Trabzon were designated as negligible
weathered regions, Zonguldak, Samsun, Ordu, Giresun, Rize, Bayburt, Amasya, Karabiik, Tokat, Mugla,
Manisa, Aydmn, Denizli, Osmaniye, Antakya, Kahramanmaras, Kilis, Kirklareli, Tekirdag, Istanbul,
Kocaeli, Sakarya, Bilecik, Canakkale, Balikesir, Yalova, Aksaray, Nevsehir, Kirsehir, Cankiri, Karaman,
Adiyaman, Sanlwrfa, Batman, Siirt, Kars, Igdir, Ardahan and Sirnak were designated as moderate
weathered regions, Artvin, Kastamonu, Corum, Bartin, Giimiishane, Kiitahya, Usak, Afyon, Burdur,
Isparta, Edirne, Bolu, Bursa, Diizce, Eskisehir, Ankara, Kirikkale, Yozgat, Sivas, Kayseri, Konya, Nigde,
Gaziantep, Van, Mardin, Diyarbakir, Erzurum, Erzincan, Agri, Malatya, Elazig, Bing6l, Mus, Hakkari,
Tunceli and Bitlis were designated as severe weathered regions.

It is concluded that there should be 4 application fields in industry for the map.

Key words Weathering, Weathering Indices in Turkey, Clay.

mm Cok Avngma
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Sekil 1. Tiirkiye Ayrigma Indeksi Haritas1.
Figure 1. A4 Map of Weathering Indices in Turkey.
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Toprakta ikincil Karbonat Olusumunun Stabil izotop Jeokimyasi

Ahmet Mermut

Harran Universitesi Ziraat Fakiiltesi Toprak Béliimii, Osmanbey Yerleskesi Sanlurfa

Karbon jeokimyasi bilim adamlarmi giiniimiizde ve gelecek ylizyillarda en c¢ok ilgilendiren
konulardan biri niteligindedir. Stabil Izotop teknikleri ¢cevre ve ge¢mis iklimlerle ilgili yeni bilgiler elde
etme olanagi tamimaktadir. Bu tekniklerle karbon stoklari ve dongiisii hakkinda da ¢ok degerli bilgiler
vermektedir. Toprakta ikincil karbonatlar, bugiine kadar bilinenin aksine, ¢ogunlukla organik karbonun
oksitlenmesinden kaynaklandig1 anlagilmistir. Organik ve inorganik karbon bilesenlerinin yaklasik 3000 Pg
lik boliimi toprakta bulunmaktadir. Bu miktarin % i de atmosferde bulunmaktadir. Topraktaki yaklasik
1500 Pg organik ve 1500 Pg da inorganik karbon bulunmaktadir. Toprakta bulunan ikincil karbonatlarin
miktarlar1 hakkinda giivenilir bilgiler heniiz yeterli degildir ve stabil izotop jeokimyasi bize bugiin
giivenilir bilgiler vermektedir. Bu yontem beklendigi gibi fazlaca pahali ve ayn1 zamanda uzun siire alan bir
yontem olmadigindan gelismekte olan tilkelerde de kullanilabilir.

Havadaki CO, endiistriyel devrimden bu yana giderek artmaktadir ve bu artis diinyada sicaklik
artmasina sebep olmaktadir. 1960’11 yillarda artma hiz1 0.83 ppm yil”, 1970’li yillarda 1.28 ppm yil”,
1980’lerde 1.53 ppm yil™', ve 1992°de atmosferik CO, konsantrasyonu 355 ppm ulasmis bulunmaktadir
(Schimel et al., 1994). Bilindigi gibi artigin global - iklim degisimine tarimsal {iretime, insan sagligina, ve
karasal ve aquik ekosistemlere dogrudan etki yapmaktadir (IPCC, 2000). Bu sununun amaci toprakta
karbon dinamigini hakkindaki bilgilerimizin genel bir degerlendirmesini yapmak ve hangi yontemlerle
toprakta kalis siiresini arttirmanin yollarin1 gdzden gegirmektir.

Havadaki artan karbon miktarlarii azaltmak i¢in Onerilen yontemler arasinda havanmn CO, unu
oncelikle bitkilere baglamak ve sonrada organik maddenin oksitlenmesiyle toprakta ikincil kirece
dontistiirmek one siiriilmiistiir. Toprakta organik karbonun kalma stireci 2000 yildan az olmasina ragmen
ikincil karbonatlarin dongiisii 80 000 y1l olarak hesaplanmuistir. Bugiine kadar yapilan c¢alismalar karbon
stoklar1 ve dongiisii hakkinda daha ayrintili bilgi ¢agina ulasmis oldugumuzu gostermektedir.

Anahtar kelimeler Jeokimya, Ikincil Karbonat Olusumu, Stabil Izotop, Toprak
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